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But always in our ears ring the ominous words
of Plato, that wisest of all philosophers, “only the
dead have seen the last of war!”

Douglas MacArthur
Reminiscences

1964
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Foreword

During war and its aftermath, treatment of the .

wounded soldier has always assumed, for a tran-
sient time, a preeminent position in the literature
of trauma. But as the harsh memories of war
fade, the medical lessons learned in conflict and
the insights briefly gained are often forgotten.
Valid treatment modalities are lost to future gen-
erations of combat surgeons and are irretrievable
for application on new battlefields.

Equally serious are the false perceptions of
therapeutic effectiveness that arise as the shifting
theaters of war cause a wide dispersal in time and
place between the beginning and the end of a
curative effort. How often have combat surgeons
wondered about the effectiveness of a treatment
regimen whose results can only be evaluated in
a clinical setting far from the original source of
care? Unfortunately, many impressions of treat-
ment efficacy fail to survive the broader per-
spective of hindsight.

An estimated 10% to 15% of all war wounds in-
volve the highly functional and anatomically
complex maxillofacial area. In this book, an out-
standing group of Navy oral surgeons offer what
may well represent the definitive study of treat-
ment of maxillofacial injuries.

Here the principles of treatment are enu-

merated in a well designed, evaluative prospec-
tive-study. Beginning with the battlefield injury,
the authors follow patients through the early and
intermediate phases of treatment; ultimately,
definitive therapy is carefully and fully inte-
grated with investigations in bone transplanta-
tion and soft tissue reconstruction. The under-
lying principles evolved in this discussion fully
recognize the certitude that even the earliest ef-
forts must respect the next step in the therapy
cycle.

The authors also stress the importance of ad-
ministrative planning to ensure that treatment
is provided under the best possible circumstan-
ces. Precise personnel planning and organization
of treatment facilities are essential and are dis-
cussed in some detail here. So are the organi-
zation of patient evacuation systems, prompt dis-
persal of patients, and recall and evaluation
mechanisms.

A well-trained surgical team, aware of the les-
sons learned in previous wars and supported by
administrative programs functioning at top ef-
ficiency, can achieve an unchallengeable level of
professionalism. The result is the end all healers
seek: better patient care.

Willard P. Arentzen
Vice Admiral MC USN
Surgeon General of the Navy




Foreword

All who have been exposed to the experiences
of war appreciate the pathos of the wounded.
Those who are in a position to treat war casualties
and assist them in their return to a happy and
productive life are faced with a demanding, but
often rewarding, challenge. This is particularly
true in relation to the management of the oral-
facially injured as they present complex problems
of dental and medical rehabilitation that greatly
influence the functional and psychological integ-
rity of the afflicted individual. The dental officers
who have authored this text recognized the need
to analyze and document the results of oral-facial
casualty care in order to assure that the results
of their experiences would be passed on to future
generations of clinicians in a meaningful format.
They have prepared a publication that not only

narrates and critically reviews treatment modal-
ities but ~!so addresses the numerous war-related
factors that influence the care of the battle cas-
ualty. Of particular note is the repeated emphasis
on the necessity for inter-professional coopera-
tion to assure optimal long-term results. Both
medical and dental clinicians contributed to the
treatment results illustrated in the text, thus cor-
roborating the desirability of coordinated, har-
monious patient management. It is hoped that
this book will serve as a valuable reference source
for both battle casualty and civilian oral-facial
trauma management and will exemplify the pos-
itive contributions that can be made under the
auspices of federal health care organizations even
in the negative environment of war.

Robert W. Elliott, Jr.

Rear Admiral DC USN
Assistant Chief for Dentistry
and Chief, Dental Division
Bureau of Medicine & Surgery
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Foreword

Acquired disfigurement of the craniofacial re-
gion has received little attention by the research
community. Even though the resources devoted
to the care of the afflicted are extensive, trauma
has been called the “neglected disease” of mod-
ern society. The causes for maxillofacial trauma
are many and produce a broad range of injuries.
Thus preventive and treatment measures require
many different approaches and critical study.

In recent years the National Institutes of
Health have recognized the need for more re-
search focused on this health problem. Similarly,
the advancement of basic research knowledge
must be accompanied by a commitment to nar-
row the gap between scientific discovery and clin-
ical application.

The National Institute of Dental Research is
pleased to cooperate with the Naval Medical Re-
search Institute, Department of the Navy, in the
publication of this book in order to make avail-
able to the clinician and clinical researcher the
knowledge gained from the treatment of cas-
ualties. This superb documentation of acute and
longitudinal care of maxillofacial injuries should
contribute significantly to the treatment of mil-
lions of citizens who will suffer from physical
impairment due to trauma. Additionally, it is
hoped that basic scientists will identify clinically
applicable questions which can be addressed
through their studies, and a chapter on this sub-
ject has been included.

David B. Scott, D.D.S.
Director
National Institute of Dental Research
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Foreword

Severe maxillofacial injury is terribly damaging
to the victim’s functional and psychological in-
tegrity. Under the best circumstances, satisfac-
tory management of such injuries requires care-
ful coordination of early treatment through late
reconstructive surgery and a high degree of in-
ter-professional cooperation among medical,
dental and surgical specialists. Provision of sim-
ilar care to combat casualties is an even greater
challenge. The structure of the military casualty
management system, i.e., successive echelons of
evacuation and treatment, requires that utmost
attention be paid to the patient’s status at each

and every stage. This book fulfills an essential
need in that it prescribes procedures for the in-
ter-echelon coordination so essential to optimal
care of maxillofacial injuries. The book stands
as a testimony to the wisdom and foresight of
those individuals who initiated the long-term
study more than a decade ago, to the dedication
of the contributing dental and medical clinicians,
and to the skill and perseverence of the editor.
It will serve as a valuable reference source to the
military and civilian dental and medical
communities.

Captain C. E. Brodine

Commanding Officer

Naval Medical Research and
Development Command




Preface

At the beginning of the Vietnam conflict few
surgeons serving on active duty could provide
guidance in the treatment of complex war wounds
that was based on wide personal experience. Al-
though journal articles and textbook chapters
were available concerning various aspects of war
casualty treatment, no contemporary single-
source document existed that dealt solely with
the total management of jaw-injured patients in-
cluding early through late care. In this environ-
ment surgeons of all disciplines found themselves
relearning the lessons of casualty management
just as their predecessors did in previous wars,
In addition, treatment concepts that had been
developed since World War II and the Korean
conflict were being applied to Vietnam casualties
and the need to investigate their efficacy and
validity became readily apparent.

The primary impetus for this text was the apparent
need to compile and report data concerning the treat-
ment of oral and maxillofacial war casualties occur-
ring in Vietnam in order to establish a contemporary
perspective for such management. To accomplish
this, a long-term survey investigation of such in-
juries was conducted within the Dental Sciences
Department of the Naval Medical Research In-
stitute (NMRI) and has provided the basis for
this publication. The survey investigation de-
pended on the cooperation of clinicians in all the
Federal Services and in some instances civilian
practitioners. Selected cases were identified at
treatment facilities in Vietnam and investigators
at NMRI were provided with a documentation
of their treatment. The management of these
patients was followed prospectively through all
phases of casualty care including early treatment
in Vietnam, intermediate care at facilities along

the medical evacuation routes, and late care (re-
construction-rehabilitation) at a primary military
medical institution as well as at other Federal or
civilian facilities. In addition, some patients were
identified at the time of late care and were in-
cluded in the survey from that time forward with
retrospective investigation of their early and in-
termediate care. A total of 204 casualties were
included in the survey, although long-term fol-
low-up for all patients was not possible as evi-
denced by the number (N) of cases included in
the various data analyses that will be presented.
The conclusions set forth in this publication are
drawn not only from the survey data but also from the
clinical experience of the authors that was acquired in
the military hospitals in which they served. Although
the authors were primarily responsible for in-
dividual chapters they also provided input to
other sections of the text where appropriate.
The publication is meant to provide a research
and clinical perspective to the management of
casualties and is not primarily intended as a tech-
nique primer. An attempt has been made to ex-
tract those data most pertinent to the long-term
results of treatment. The data presented and the
treatment described represent those aspects of
casualty management which in the opinion of the
authors are most significant in relation to the jaw-
injured patient. In most instances, descriptions
of treatment have not been presented in a de-
tailed manner; rather, the references made to
previously published accounts of therapy are
meant to guide the reader to accurate and con-
temporary resumes that present more detailed
descriptions of the particular matter under con-
sideration. It is recognized that what is recom-
mended practice today may be inappropriate in
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the tuture, but hopefully what has been compiled
in this text will be useful and meaningful for at
least several decades. The authors unanimously
concur that despite the technologic advances in
biomedical science that have occurred during this
century the basic principles of maxillofaciai sui-
gery still remain essentially intact, and it is really
the opportunity to provide a wider range of treat-
ment options that has changed the perspective
for casualty management.

This publication exists because of the efforts
of numerous clinicians and research scientists as
well as the administrative support provided by
the Bureau of Medicine and Surgery (BUMED)
over the several years that the maxillofacial cas-
ualty study (MFCS) has been in effect. The MFCS
had its origins in conjunction with the investi-
gations of Captain Phillip ]J. Boyne, DC,
USN (RET.), during his tour of duty at NMRI. Dr.
Boyne and his associates, including Captain Harvey
W. Lyon, DC, USN (RET.), developed a particulate
cancellous bone marrow grafting system that de-
pended on the demonstrated osteogenic potential
of bone marrow elements. The first MFCS study
cases were acquired in an attempt to investigate the
clinical application of this bone grafting system.
Lieutenant Commander Allan B. Luke, DC, USN
(Deceased), and Captain Charles Myers, DC, USN
(RET.), of the Dental Sciences Department, NMRI,
were responsible for sustaining the casualty study
during its infancy, following the retirement of Dr.
Boyne. Without their dedicated interest this publi-
cation would never have materialized. During the
editors initial involvement with the MFCS, Captain
Tracey D. Cuttle, MC, USN (RET.) as Command-
ing Officer and Commander Gaspar W. Anastasi,
MC, USN as Chief, Plastic Surgery Service, Naval
Hospital, Boston (Chelsea), were extremely under-
standing and cooperative in fostering the concept
of a long-term casualty study. Captain John D.

Cagle, DC, USN, provided valuable assistance with
data collection and analysis during his tour at

NMRI and was responsible for compiling most of
the case reports from the MFCS records. Two of

the authors, Captain Bill C. Terry, DC, USN
(RET.), and Captain Henry J. Sazima, DC, USN,
were the principal advisors and supporters of this
study over the years and as a result of their vision
and enthusiasm were greatly influential in provid-
ing the encouragement and motivation necessary to
continue the investigation.

xviil

A series of Dental Officers who served as Chief
of the United States Navy Dental Corps, Bureau
of Medicine and Surgery, provided the basic sup-
port to the casualty investigation. Rear Admiral
Frank Keyes, DC, USN(RET"), approved the con-
ceptof the initial protocol, and his successor Rear
Admiral Edward Raffetto, DC, USN(RET.),
strongly supported the project in its initial phase
when he was Inspector General for the Dental
Corps and assured its continuity by vigorously
supporting it during his tenure as Chief. Rear
Admiral Jack P. Arthur, DC, USN(RET.), under-
stood the necessity for completing the project and
assured the cooperation necessary for the initia-
tion of this publication. The text was completed
during the tenure of Rear Admiral Robert W.
Elliott, Jr., DC, USN, who strongly supported the
project and encouraged the thorough and timely
completion of the work.

The Staff of NMRI and the Naval Medical
Research and  Development  Command
(NMR&DC) were closely associated with this pro-
ject and were unwavering in their support. Cap-
tain Charles E. Brodine, MC, USN. who was
greatly instrumental in implementing and over-
seeing the Navy medical department research
efforts in Vietnam, was a source of counsei snd
encouragement prior to and after assuming his
duties as Commanding Officer NMR&LC. Cap-
tain Kenneth W. Sell, MC, USN, during his te-
nure as Commanding Officer, NMRI. provided
the administrative support that directly resulted
in this publication and also reviewed and ap-
proved the manuscript. The dynamic, intelligent,
and far-sighted leadership of C ‘aptains Brodine
and Sell served as a strong motivation to all those
involved with the many aspects of casualty care
research.

Captain Gordon H. Rovelstad. DC. USN(RET")
(1969-74), and Captain Herman D. Tow. DC,
USN (1974-76), served in a pivotal role as direc-
tors of the Navy Dental Research Program and
coordinated the support of BUMED and the
NMR&DC. Captain Tow also held the position of
Chairman, Dental Sciences Department, NMRI,
from 1970-74, and in this capacity provided an
environment in which it was possible to fully
|mpl('mcm the casualty investigation. In addition

Captain Robert W. l,nngtun DC. USN., serving as
Chairman, Dental Sciences Department. NMRI,
carefully directed the administrative support
necessary to assure publication of the manuscript.
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The section of Chapter IV concerning hypo-
volemic shock was reviewed by Captain Clifford
M. Herman MC USN, Head, Experimental Sur-
gery and Physiology Division, Experimental
Medicine Department, NMRI and Thomas W.
Evans DDS MD, Columbus, Ohio, both of whom
took time from their busy schedules to assist with
this aspect of the publication.

Lastly and most importantly are the contri-
butions of the co-authors. It would not have been
possible to prepare this type of publication with-
out the knowledgeable and informed contribu-

July 1977

tions of these men. Their personal experience lends
a degree of credence to the text which is of particular
importance in relation to the management of war cas-
ualties. Tt is a credit to each of them that they
recognized the significance of the casualty treat-
ment with which they were involved and were
willing to devote the time and effort to prepa-
ration of a manuscript. As a result, their expe-
riences have been passed on to those surgeons
who in the future will have to deal with the com-
plicated and often tragic circumstances of war
casualty treatment.

J. F. Kelly
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CHAPTER 1

Historwcal
Perspective

By ROBERT G. TRIPLETT
JAMES F. KELLY

INTRODUCTION

The evolution of surgical therapy for deform-
ities of the jaws and face has been significantly
influenced by experience gained during periods
of armed conflict. In fact, for most of history, the
principal school of surgery has been the field of
battle. Not only have innovative new procedures
been developed but respect has been engendered
for those older methods found basically sound
and therapeutically effective. T'he observations of
Henry E. Sigerist, a medical historian, concerning
the effects of war on biomedical science are ap-
propriate in this regard. “The major immediate
contribution of war to medicine is negative—but
war, on the other hand, is also a challenge and a
stimulus to medicine, both technically and social-
ly. It provides opportunities for [justified] ex-
perimentation on a tremendous scale, such as
would never be available in times of peace.”
(Sigerist, 1943).

If a period of war is viewed retrospectively it can
be divided into three phases in relation to biomedical
scientific progress: Phase 1: A latent, negative, ini-
tial incubation period, which during World Wars
I and I1 lasted almost 2 years. Phase 2: An interim
stage of approximately the same duration in
which advances are rapid, diverse, and often un-
coordinated. Phase 3: A terminal phase during
which there is consolidation of ideas, application
of developments to clinical practice, and prolifer-
ation of additional scientific research (Porritt,
1953 [a]).

Formal surgical research efforts in combat hospi-
tals were not initiated until the Korean war, but

numerous structured investigations of both med-
ical and surgical therapy were carried out during
previous conflicts (Hardaway, 1967).

The earliest antiinfective agents, the sulfo-
namides and penicillin, were studied extensively
in war casualties and, as we know, their effects
virtually revolutionized the treatment of not only
war wounds but a vast number of other medical
and surgical diseases. Although these medica-
tions were effective in modifying numerous con-
cepts of wound care, they did have limitations;
and lessons were learned during application of
these “miracle” medicines as evidenced from the
following remarks of Stout (1954 [a]).

Sulphonamides were expected to do too much to
assist the surgeon, and it was not until the dramatic
discovery of the remarkable bacteriostatic effects of
penicillin on wound organisms that surgeons would
turn their attention to early closure of wounds. The
principles [of wound closure] were not new or
strange. They were relearned slowly, and some-
times laboriously, by a new generation of surgeons.
They will have to be learned again possibly by
another §eneration of surgeons who may have more
powerful bacteriostatics and possibly improved
techniques in other ways, but the cardinal principles
will remain.

Another example of evolutionary surgical
treatment during war is the concept of wound de-
bridement. The wide debridement of wounds was
first initiated during the Napoleanic War by Lar-
rey (1776-1842) who was inspector general of the
medical staff of Napoleon’s armies (Schwartz,
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1944). The principles of wound debridement in
the maxillofacial area were found to differ from
other less vascular parts of the body, and as early
as the Crimean War (1854-55), the following as-
tute observations were made: “In fractures of the
bones of the face from gun shot, we made an
exception to the general rule of removing frag-
ments which are nearly detached. The large sup-
ply of blood which is sent to every structure in the
region enables pieces of bone to resume their full
connection in a way that would be fatal to simi-
larly placed portions in other parts” (MacLeod,
1862).

A fallacy frequently advanced is that war
surgery and traumatic surgery are the same—

they are not. War surgery depends on many extenuat-
ing circumstances besides surgical knowledge and skill.
Fitness of the troops, prevalence of disease,
adequacy of logistic support, severity of the bat-
tle, and availability of evacuation are among the
conditions that influenced treatment more than
competence of the surgeon (Ogilvie, 1953 [a]).
One must keep this premise foremost in mind
when judging the surgical care rendered during
periods of armed conflict. Most advances in the
treatment of maxillofacial injuries that have
modern implications evolved during and since
World War I; thus this discussion will concentrate
on events from that time forward.

WORLD WAR 1

MAXILLOFACIAL WOUNDS

During World War I maxillofacial injuries
reached almost epidemic proportions as a result
of trench warfare. The nature of these cir-
cumstances and the type of wounds were well
described by Converse (1942) when comparing
World War I and II injuries: [During World War
I]1*. .. the combatant was protected by the trench.
His head was protected by a steel helmet and only
his face was exposed. Patients suffered only
maxillofacial injuries which were very severe be-
cause the machine gun bullet or bomb fragment
which hit the face, penetrated to the facial bones,
causing an explosive destruction of soft tissues of
the face and facial bones.” The severity of these
wounds was substantiated by data from the Sur-
geon General of the Army which indicated that
over 3,000 of approximately 8,000 wounds of the face
among the American Expeditionary Forces proved fatal
(Blair, 1943).

BALLISTICS

The principles of modern ballistics were just as
applicable during World War I as they are today.
Tissue damage was often extensive even though
missile velocities were not as great as at present.
Mechanisms of tissue damage by high velocity
missiles had not been thoroughly investigated,
but experienced surgeons were aware that dam-
age often extended well beyond the visibly injured tissues

as evidenced by the observations of Roberts (1919

[a]).

Gunshot wounds received in battle Yresem varying
ualities depending on the projectile which causes
:Lem. Bullets from a rifle inflict a different injury
from that caused by machine gun bullets: shrapnel
missiles damage tissue in a way unlike that shown in
traumatism from shells, mortars and grenades. The
shape and character of the wound is often modified
b{ the size, shape, velocity and deviation in contour
of the missile. The projectile may have obtained
from prior contacts and from obstructions through
which it has passed a new capacity for harm.

RESUSCITATION AND EARLY
TRANSPORTATION

With maxillofacial injuries reaching such mag-
nitude in both severity and numbers, the tradi-
tional methods of resuscitation and transportation
proved inadequate. During the early stages of the
war numerous maxillofacial casualties died en
route to the treatment facilities, not only from the
severity of their wounds but also because of medi-
cal inexperience in dealing with this type of
wounded patient. Initially it was thought accept-
able to transport such patients in a supine posi-
tion; thus if they became unconscious during
transport they experienced respiratory obstruc-
tion and often expired. To obviate these morbid
complications it became the practice for maxillofacial
patients to be transported sitting up or in a prone posi-
tion to protect the airway. This difficulty in maintain-
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Figure 1.—Diagrammatic illustration of emergency airway splint
employed during World War 1. The splint was designed to hold the
mandible forward to obviate airway obstruction during transporta-
tion of patients with maxillofacial injuries. It was simply constructed
of tongue blades and orthodontic wire. [From McGee, R. P. (1919):
Reprinted with the permission of the Joumal of the American Medical
Association. )

ing an airway during evacuation led to develop-
ment by McGee (1919) of an emergency splint to
hold the jaws in a forward position with the
mouth open (Figure 1) (Blair, 1943; Ivy and Eby,
1924 [a]).

WOUND COMFLICATIONS

During periods of battle activity, advanced
mobile hospitals were moved to forward positions
and sometimes patients were received as early as 2
hours after injury; however, maxillofacial
wounds could not be satisfactorily cleansed and
debrided in those mobile hospitals because of in-
adequate equipment, supplies, and technical
support. The total lack of experience in the
treatment of maxillofacial wounds by personnel

in the advanced aid stations resulted in limited
treatment consisting essentially of first aid. As a
result, sepsis was present in virtually all such patients
on arrival at the base hospital and was the chief
factor which delayed and complicated maxillofa-
cial wounds. In addition to infection, manage-
ment was further complicated by patients arriv-
ing at the base hospital at widely varying intervals
after injury (days to months). During this time
they were frequently transferred from one facil-
ity to another where maxillofacial experience was
limited and thus received uncoordinated and
usually ineffectual treatment (Ivy and Eby, 1924
[b]). The complications that developed in these
circumstances contributed to increased scar con-
tracture and bone loss, which added to the com-
plexity of management (Figure 2). As a result,
experienced surgeons at base hospitals strongly
urged that in the advanced treatment facilities
every effort be made to conserve bone, mucous
membrane, and skin and to approximate the re-
maining tissues to as nearly normal position as
possible. In avulsive defects it was advised that
mucosa be sutured to skin to protect raw surfaces
and reduce the extent of sepsis and scar contrac-
ture (Ivy and Eby, 1924 [c]), a treatment principle
which has withstood the test of time.

TREATMENT AT THE BASE HOSPITAL

In the base hospital debridement consisted es-
sentially of irrigation and removal of nonvital and
necrotic tissue. Various chemical medicaments
were tried for cleansing maxillofacial wounds
such as physiologic salt solutions, potassium per-
mangante, di-chloramine T., Carrel-Dakin solu-
tion, and bismuth iodoform paraffin paste
(BIPP). It was finally realized that the type of
solution or mixture was of little consequence and
that the principal therapeutic benefit resulted
from the frequency of irrigation (Ivy and Eby,
1924 [d]; Stout, 1945 [b]).

Teeth were removed if it was thought that they
would contribute to sepsis in any way, a premise
predicated on the experience with delayed union
and infection associated with retained dental
structures.

Open reduction of compound fractures was
discouraged because experience had shown that
this procedure was invariably unsuccessful since
infection and necrosis resulted. In essence, early
fixation and immobilization were recognized as

B e




4 + Management of War Injuries to the Jaws and Related Structures

Figure 2.—Left) Patient with severe maxillofacial injury shown at the time of arrival at the American Ambulance Hospital,
Paris, France, several weeks atter initial injury. He was admitted with untreated wounds complicated by gross sepsis and
necrosis. Right) Appearance of the same patient approximately 1 vear following injury. A large tissue deficiency still exists.
A mandibular splint, and a circumferential ligature are still being employed in an attempt to stabilize the mandibular frag-
ments at this very late interval. Of interestis the placement of the circumferential ligature which overlies the skin of the face.
Limited experience with this type of fixation had been gained at this time. [Reprinted with permission of Mr. Charles J.
Simpson from cases of Dr. Hunter W. Scarlet.]

prerequisites to proper healing and delayed fixa-

tion was viewed as the major contributing cause of

pl()l()nﬂc(l sepsis and exaggerated facial deform-
ity.

METHODS OF FRACTURE FIXATION

The concept of interdental occlusion as the key to
proper reduction was elucidated at this time. Previ-
ously, various authors, inc luding Imbert and Real
(1918), had advocated approximation of bone
fragments without regard for resulting malocclu-
sion presuming the mandibular joint would be
able to compensate for functional losses that re-
sulted. This type of treatment was found grossly

inadequate, as reflected by the statement of

Roberts (1919 [b]): “It is allowable to sacrifice
proper dental articulation for union of fragments

only when the resulting malocclusion of teeth will
be slight. Surg gery has outgrown the day when any
sort of solid union is satisfactory after m: indibular
fracture.”

Methods of fixaton for facial fracture were not
cntirely new developments of World War I Many
of thesc techniques conformed to, or were mod-
ifications of, older types such as the capped splint
ol Hullihen, the open-bite splint of Gunning
(1866). the interdental splints of Bean and Gun-
ning (Ivy and Eby, "924 [e]), and the interlocking
plane of Gilmer (1°87). All manner of bandages,
molded splims. and hollow caps were constructed
from a variety of materials such as pasteboard,
wire, felt, leather, gutta percha, and gauze stif-
fened with gypsum. All of these devices were
utilized in an attempt to bandage the jaws to-
gether. External b: m(lagc\ such as the four-tailed
(Figure 3) and the Barton types were also used,
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sometimes as the only inethod of immobilization.
Interdental wiring was developed and refined,
thus greatly simplifying immobilization, but the
results achieved by the various techniques de-
pended more on the application of sound princi-
ples of reduction and fixation than on any specific
method (Blair, 1943).

RADIOLOGY

In the mobile hospital roentgenographic examina-
tions were usually confined to fluoroscopic
examination for foreign bodies. Radiographic
prints were not usually available for fracture in-
terpretation in the advanced facilities. More
thorough examinations including stereoscopic
views were available in the larger base facilities.
Radiology, however, was in its infancy and the
quality of films and interpretations were fre-
quently tentative (Roberts, 1919 [c]).

ANESTHESIA

Anesthesia was a yet undeveloped science dur-
ing World War I and as a result the surgical teams
were required to be versatile, proficient, and
swift. Local anesthesia (procaine) was wusually
employed for management of maxillofacial injuries
in the advanced hospitals. When procaine alone was
insufficient it was supplemented with nitrous
oxide-oxygen particularly for patients in trauma-
tic shock (Beecher, 1955 [a]). While general
anesthetic agents such as chloroform, ether, and
nitrous oxide-oxygen were available, the nitrous
oxide-oxygen combination with local anesthesia was
thought to be superior because it was associated
with a lesser incidence of such complications as
bronchitis, pneumonia, and nephritis. Ether was
the next most common agent employed for max-
illofacial operations, but its administration was
associated with a high incidence of airway and pul-
monary complications thus necessitating the almost
routine use of tracheostomy. (Ivy, 1943; Roberts,
1919(d]; Beecher, 1955[b].

FLUID THERAPY

Oral administration of water and rectal administra-
tion of salt solutions were the accepted treatments for
resuscitation of severely injured patients (Cannon,

Figure 3.—Illustration of a four-tailed bandage that was used exten-
sively as a first-aid splint in World War I to immobilize the mandible.
[From Fry, etal. (1943): Reprinted with the permission of Blackwell
Scientific Publications Ltd.]

1927 [a]). Intravenous crystalloid solutions were
available though they were not routinely used at
this time. Blood transfusions became an accepted
clinical procedure during World War I but were
administered infrequently, and usually not more
than one “pint” was transfused at a time. There
was a high incidence of transfusion reaction. Var-
ious solutions such as “gum salt” with viscosities
similar to blood were also investigated (Beecher,
1955 [c]; Cannon, 1927 [b]).

SECONDARY RECONSTRUCTION

Factors Effecting Reconstruction

Reconstructive treatment of maxillofacial injuries
was essentially an undeveloped science prior to 1914.
Surgeons charged with this phase of care were
required to be innovative, imaginative, and
perservering in order to achieve success in the
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face of numerous complications associated with
logistics, anesthesia, surgery, and postoperative
care.

Late evacuation of maxillofacial casualties to
facilities in England or in the United States was
limited as there were rigid orders prohibiting patients
from going aboard a ship with jaws locked together
in any way because of the British experience dur-
ing the evacuation by sea early in the war (Eby,
1920). During that evacuation, a significant
number of casualties who were in intermaxillary
fixation became seasick while crossing the English
Channel and perished from strangulation result-
ing from aspiration of emesis. As a result, not a
single casualty was returned to the United States
with intermaxillary fixation in place during the
period of war that remained. When maxillofacial
patients were transferred to America their jaws
were mobilized at the embarkation hospital and
they were allowed to function freely until treat-
ment could be resumed after debarkation (Eby,
1920). This procedure obviously complicated
later secondary treatment, and some American
surgeons (Blair, 1941) recommended that pa-
tients be retained in Europe to assure less compli-
cated and more satisfactory maxillofacial recon-
struction.

Reconstructive procedures were performed
under both regional and general anesthesia.
Many of the bone graft operations were ac-
complished under regional anesthesia (local
block and spinal) in an attempt to reduce the
anesthetic complications associated with open-
drop ether. Reconstructive efforts, therefore,
were not undertaken lightly and skeletal recon-
struction was initiated only after prolonged con-
servative methods of treatment had been unsuc-
cessful (Ivy and Eby, 1924 [f]).

Mandibular Grafting

Surgery to restore mandibular continuity was not
performed until all sources of infection had been
eradicated and at least 6 weeks had elapsed after
the closure of sinuses and wounds (Ivy and Eby,
1924 [g]). Bone grafting of the mandible, the only
reported site in which grafts were placed, was
accomplished by various methods. Solid tibial
block grafts (free tibial and tibial osteoperiosteal)
(Figure 4) and pedicle grafts from the mandible
were the most commonly used systems. In one
series compiled by Ivy and Eby (1924 [h]) from

TABLE 1.—World War I Bone Grafts

Series Type of graft Successful Undetermined
[%] [%]
I. Ivy and Mandibular 29 [85.29] 0
Eby (1924) pedicle (N=34)
Tibia—cortex 39 [70.91] 0
and osteoperi-
osteal (N=55)
Rib (N=6) 6 (100.00] 0
Itium (N=7) 5 [71.43] 0
Bovine (N=1) 0 [00.00] 0
Total (N=103) 79 [76:70]
11. Hayes Tibia (N=27) 17 [62.96] 4 [14.81]
(1920)
Rib (N=4) 3 [75.00] 0
Total (N=31) 20 [64.52] 4 [12.90]
Combined total of both series
(N=134) 99 [73.88] 4 [02.99]

U.S. Army data, an overall success rate of 76.7%
(79 of 103) was documented. In Hayes (1920)
series, 64.5% (20 of 31) was successful. A compila-
tion of these data shows an overall success rate
for bone graft reconstruction of mandible of
73.9% (Table 1).

Stabilization of the grafted mandible was accom-
panied by either intermaxillary fixation or
monoarch splinting. If general anesthesia was
used, intermaxillary fixation was not employed.
Occasionally, however, an open-bite type of splint
was used that permitted both access to the upper
airway and intermaxillary fixation. Postoperative
fixation was usually prolonged (3—6 months).

In considering these reports of mandibular
grafting, it must be understood that the criteria for
success were not necessarily the same as apply to-
day. Restoration of continuity was the principal
objective for successful grafting and such
shortcomings as lack of masticatory function or
marginal esthetics did not necessarily signify fail-
ure. The basic principles that Hayes (1920) fol-
lowed in treating his graft patients included: 1)
elimination of sepsis before grafting, 2) utiliza-
tion of aseptic surgical techniques, 3) avoidance
of oral communications, 4) firm splinting for
segments, and 5) not using general anesthesia if
intermaxillary fixation was necessary. Except for
caution concerning the general anesthesia, these
principles are still basic to the performance of bone
grafting in the maxillofacial area.

To improve esthetics, soft tissue procedures were
employed following reconstruction of the bony

R : . -
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Figure 4 —Outline of a scheme for the utilization of bone fiom the upper end of the tibia in the repair of extensive defects of
the mandible. Upper left) Diagram representing an avulsive defect of the left mandible. Lower left) Outline of graft to be
taken from left tibia, a medial view. Lower middle) Anterior view of proposed graft. Upper right) Lateral view of the graftin
place. Lower right) Inferior view of the graft in place—although it was possible to morphologically reconstruct the mandible
with this type graft, morbidity and scarring at the donor site were important factors which restricted its selection. Addition-
ally, the graft consisted primarily of cortical bone and healing was therefore necessarily prolonged with patients remaining

in fixation from 3 to 6 months.

framework. In those instances in which bone
grafting was not possible soft tissue surgery was
the only type of reconstruction performed. Vari-
ous flap designs and skin grafts were introduced
and modified in an effort to achieve satisfactory
results. Esser (1917) conceived the idea of the
buried free skin graft, which became known as
the “epithelial inlay” and was used to to replace
lost mucous membrane. Skin grafting techniques
were further modified and improved by Gillies
who made innumerable contributions to the
treatment of maxillofacial injuries (Ivy and Eby,
1924 [i]; Converse, 1942).

CONCLUSIONS

This was the first time in recorded history thata
universal attempt had been made to accomplish
reconstructive surgery in patients who had sus-
tained maxillofacial battle injuries. Under these
circumstances the results obtained were truly remark-
able. Itis a testimony to the intelligence and skill of
the surgeons that many of the principles they
derived are still applicable to maxillofacial recon-
struction.

SN
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WORLD WAR II

MEDICAL PREPAREDNESS AT THE
BEGINNING OF THE WAR

Although President Roosevelt had proclaimed
a “limited national emergency” on 8 September
1939, the Armed Forces medical faciliies were
inadequate even for peacetime needs and forth-
coming appropriations for construction and
manning were aimed at a defensive posture
grossly inadequate for the unforeseen events that
drew the United States into World War II (Smith,
1956). Therefore the American Medical Forces
were iil prepared for the task of treating the vast
number of casualties that were to occur in widely
dispersed areas of the globe. This was due not
only to their small size at the beginning of the war
but also to the lack of experience of both military
and civilian surgeons in dealing with extremely
large numbers of severely injured patients of the
type encountered in battle. The situation, in fact,
corresponded with the phase I (latent, negative)
interval previously described (p. 1).

Further compounding the ability to efficiently
deliver casualty care was the fact that World War
I1 differed considerably from previous conflicts
in that it was the first major war in history in which
the number of fighting men was actually less than the
number of men supplying them. This, of course, was
due to the extensive logistic support necessary to
conduct war on two major fronts such as the
European and Pacific theaters. The long exhaus-
tive marches and the spells in the trenches subject
to constant bombardment that characterized
World War I were absent, but the complexities of
logistic support existed and had an equally significant
effect on battle casualty management.

Additionally, in 1939 military surgical methods
were essentially those of 1918 and as such were 20
years out of date. Also outmoded were the con-
cepts of the “. . . ponderously moving casualty
clearing stations and the permanently immobile
station hospitals.” (Porritt, 1953 [b] and Ogilvie,
1953 [b]).

ADVANCES IN PATIENT MANAGEMENT

Resuscitation

Many of the valid axioms of World War I were

heeded and, as an example, maxillofacial casual-
ties were now safely transported in the prone or head
down position, thus protecting the airway and
providing these patients an opportunity for re-
suscitation at forward evacuation hospitals.

Very significant progress was made in the de-
velopment of resuscitative measures during this war.
Perhaps the most notable advance was the evolu-
tion of a treatment protocol for resuscitation that
was predicated on initial lifesaving measures de-
signed to permit patient transportation to the
hospital, followed by, but continuous with, more
definitive therapy aimed at preparing the patient
to safely withstand the stress of emergency
surgery. Recognition of the essential unity of resus-
citation and operation was one of the most impor-
tant surgical advances of the war (Beecher, 1955
[d]).

The treatment of shock had progressed in the
interbellum period with the development of the
continuous intravenous infusion by Hendon and
Matas in 1926 and the ready availability by 1939 of
banked blood and blood substitutes such as plasma
and albumin (Ogilvie, 1953 [c]).

Anesthetic Management

Anesthesiology was well advanced as a specialty at
this time and the opportunities for safe, uncom-
plicated surgery under general anesthesia were
much greater than at the time of World War L.
Sodium pentothal had been introduced (Jarman
and Abel, 1936) and its use became standardized
in the Mediterranean theater after earlier
difficulties of administration had been corrected.
Development and introduction of the carbon
dioxide absorber (Waters, 1924) and the evolution
of nasotracheal intubation techniques (Magill, 1920
and Robatham, 1920) contributed significantly to
the reduction in morbidity and mortality as-
sociated with general anesthesia. Endotracheal
intubation and the employment of effective suc-
tion devices were advances particularly applicable
for reducing complications associated with anes-
thesia for maxillofacial surgery. No statistical data
exist, but it can be inferred from perusal of the
literature that the incidence of tracheostomy in
the anesthetic management of maxillofacial in-
juries was greatly reduced in comparison to
World War I. Additionally, recognition of the
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need for continuous, uninterrupted (pre-, intra-,
and post-operative) monitoring of maxillofacial
patients further reduced morbidity and mortali-
ty.

Wound Management

The importance of debridement was again over-
looked at the beginning of the war but it was soon
relearned, and this concept assumed a proper
role in wound management. In fact the British
adopted the concept of specialized teams to man-
age battle casualties in order to assure proper
implementation of debridement principles. It
was their impression that, “. . . when the early
surgery [debridement] was not done by the
specialist team the incidence of bone gap was
exactly the same but late bone infection was
nearly three times as common.” (Parsons, 1953).
Late infection, which delayed healing and com-
plicated treatment, was viewed as being directly
related to improper primary wound debride-
ment. As experience with maxillofacial wounds
was gained, it was learned that debridement in
this area required careful, experienced judgment
thus further supporting the British concept of
specialized teams to manage battle casualties.

Primary closure of wounds was discouraged in
the early stages of the war although with the
advent of penicillin it was employed at any time
during the first 24 hours following injury. Out-
moded principles do not succumb easily, how-
ever, and even after 1944 many of the older
surgeons were adamantly opposed to early pri-
mary wound closure because of their previous
experience during the preantibiotic era. Despite
this occasional reluctance, it became the concen-
sus that primary closure of facial wounds was
desirable and was directly dependent upon the
skill with which debridement, drainage, and clo-
sure were accomplished (Bricker, 1955 [a]).

In those instances in which maxillofacial
wound closure could not be accomplished in the
immediate postinjury period because of the large
number of casualties with higher treatment
priorities, delayed primary closure was employed
even as late as 72 hours post injury. When dealing
with these patients, it was thought advisable to
await the opportunity for definitive skeletal and
soft tissue management rather than to accomplish
early expeditious soft tissue closure over un-
treated underlying fractures. Availability of

chemotherapy and general appreciation of the
established principles of wound management
were key factors in assuring that infection was less
frequent and more localized than that described
during World War I (Bricker, 1955 [b]).

Fracture Management

Various splints and appliances were again used
for fixation and immobilization of fractures. The
American surgeons usually employed simplified
wiring techniques, such as continuous loop or arch
bars, when adequate dentition was available and
acrylic or vulcanite splints in edentulous cases. The
British preferved metal cap splints but also used
interdental wiring extensively when treating pa-
tients in the advanced area. The Gunning splint
was used most commonly for fractures of the
edentulous jaws. Retention and stabilization of
these splints were enhanced by alveolar and cir-
cumferential wiring techniques introduced by Fry
etal. (1943) and pyriform rim wiring introduced by
Thoma (1943).

Before 1942, midfacial fractures were treated
without intermaxillary fixation by a Kingsley splint
(1880) (Figure 5) secured to a head cap thus im-
mobilizing the maxilla independent of the man-
dible. This type of treatment was replaced by the
method of Fry et al. (1943), which involved the
use of intermaxillary fixation alone or in conjunction
with a plaster or strap head cap and splint extension
if traction was needed to reduce displaced or
unstable fractures. Plaster head caps were
difficult to apply by other than skilled and experi-
enced individuals and they frequently became
unstable during critical periods of treatment. A
more satisfactory method of cranial fixation was
needed and Crawford (1943) described a metal
headband appliance (Figure 6) that he had cast
from fragments of a propeller blade. This crea-
tion had numerous advantages such as elimina-
tion of movement, facilitation of craniofacial trac-
tion, applicability over scalp wounds, and ease of
application. The Crawford cranial headband
eventually replaced plaster or strap head caps for
the external skeletal treatment of facial fractures.

At about the same time, a non-war-related de-
velopment was described by Adams (1942) in
which he introduced the concept of internal sus-
pension wiring for the treatment of midfacial frac-
tures. This method was slowly adopted, and it was
not until after the war that its usage was wide-
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Figure 5.—Example of a Kingsley splint that was fabricated from an
impression tray. The tray portion (T) of the oral splint was seated
onto the upper arch by means of impression compound and the
splint was secured with wires (W) that extended from the flanges (F)
of the splint to the head cap (HC) apparatus after the fracture had
been reduced. [From Fry, et al. (1919): Reprinted with the permis-
sion of Blackwell Scientific Publications Ltd.]

Figure 6.—Crawford headband of the type that was introduced in ;

July 1943. The appliance was lightweight, 10% oz., easy to apply,
and much less cumbersome and more stable than previous cranial
fixation devices. [From Crawford, M. J. (1943): Reprinted with the
permission of the U.S. Navy Medical Bulletin.]

spread and the need for head frame devices was
eliminated in all but the most comminuted, un-
stable injuries.

Roger Anderson external skeletal-pin fixation de-
vices had been previously used for treating or-

thopedic injuries, and innovative adaptations for
use in maxillofacial injuries were devised by a
number of surgeons (Figure 7) (Clouston, Con-
verse, Fairbanks, Stout, Waknitz, and Walker,
1941-43).

After this type of fixation was introduced for
maxillofacial injuries, it was extensively used in
early care for reduction and fixation in the ab-
sence of immobilization thus allowing evacuation
by sea or air without fear of the previously de-
scribed hazards of motion sickness. The weight of
these devices was substantial and, as a result of
torque forces developed by the appliance during
masticatory movements, osteolysis occurred
around the pins and they often became loose and
ineffective. Dissimilar and/or biologically incom-
patible metals were also used in fabrication, which
further contributed to osteolysis and failure (Fry,
1953 [a]). The basic concept of treatment em-
bodied in the Roger Anderson fixation device was
sound, however, and more effective modifica-
tions were later developed.

Secondary Management

Evacuation of patients with maxillofacial wounds
who required reconstructive treatment was more
expeditiously accomplished as compared to that
in World War I because of improved modes of

Figure 7.—Illustration of an early maxillofacial adaptation of the
Roger Anderson pin fixation device. The device was heavy (> 21bs.),
cumbersome, and failed frequently as a result of the loosening
and/or infection of the bone at the pin site. Unless intermaxillary
fixation was used in conjunction with treatment in dentulous cases,
malocclusion often resulted. Its greatest advantage was its ability to
effectively control edentulous fragments, especially the proximal
ramus. [From Thoma, K. H. (1942): Reprinted with the permission
of the C. V. Mosby Co.]
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transportation and a better understanding of the
management requirements of maxillofacial
casualties during the process of transfer. In the
European theater patients were evacuated to 10
medical centers in England that were staffed and
equipped to treat maxillofacial injuries (Bricker,
1955 [c]). Patients from the Pacific theater were
evacuated to either Hawaii or the Continental
United States (CONUS) for treatment.

One important lesson learned from World War
I and aptly applied during World War II was the
need for formal communication between various disci-
plines concerned with the care of maxillofacial
casualties. During the war of 1914-18 expertise in
the treatment of facial injuries was shared by too
few surgeons, for whatever reasons, with the in-
evitable result . . . that unless the wound fell into
those hands, not only were they badly treated or
not treated at all but many of the patients died,
quite unnecessarily, from asphyxia.” (Fry, 1953
[b]). As a result of improved communications
major mistakes involving maxillofacial care were
avoided and the casualties were afforded more
consistent treatment.

The majority of bone grafts for reconstruction of
maxillofacial injuries were of the corticocancell-
ous, one piece, block variety. The principal anatomic
site of bone recovery was the iliac crest, which
had, since World War I, become the most fre-
quently used donor site for maxillofacial bone
grafting. These block grafts were slowly re-
vascularized and required at least 3 months of
immobilization to obtain stability. In addition, it
was thought that because of their compact nature

they were more susceptible to infection though
no specific data exist to substantiate this observa-
tion (Mowlem, 1944). Cancellous chip grafts were
introduced at this time by Mowlem (1944) and
gained acceptance during the later stages of the
war.

Improved fixation, availability of antiinfective
agents, and use of more viable graft material (i.e.,
cancellous component) contributed to the overall success
of reconstruction. It should be noted that successful
reconstruction was associated with fewer compli-
cations and was accomplished with greater ease
than during World War 1.

Skin grafting techniques were improved during
the period following World War I. A calibrated
knife, which was the first practical instrument
that allowed calibration of skin grafts and thus
regulation of thickness, was developed by
Finochietto in 1920 (Converse, 1974). Sub-
sequently, Blair and Brown (1929) described the
split-thickness graft which broadened the
applicability and effectiveness of skin grafting
and Padgett (1939) introduced the first der-
matone which greatly facilitated graft retrieval—
this instrument was utilized almost exclusively for
taking skin grafts during the second World War.
Split-thickness skin grafts were employed in re-
construction of facial injuries in a variety of ways.
For example, the split-thickness graft was used to
restore lost vestibular depth in patients who had
undergone bone grafting procedures to facilitate
wearing of oral prosthetic appliances and in con-
junction with flaps to establish a “mucosal” lining
for the oral cavity.

KOREAN WAR

At 0400 on Sunday, 25 June 1950, the North
Korean army swept across the 38th parallel trig-
gering the Korean war. American forces were
rapidly mobilized and on 1 July the first Ameri-
can combat unit landed in Korea (Reister, 1973

[a]).
LOGISTIC SUPPORT OF CASUALTY
TREATMENT

Hospital support was austere during the first
months of the war and adequate surgical care

could not always be rendered in-country; there-
fore, early air evacuation to Japan became
routine. By October 1951, however, sufficient
skilled surgeons were available to organize spe-
cialty teams, which were located in various mobile
medical facilities and Fixed Evacuation Hospitals
in Korea (Reister, 1973 [b]).

Two logistic innovations of this war were highly
instrumental in saving countless lives—the
Mobile Army Surgical Hospital (MASH) and,
most importantly, the concept of early evacuation
by helicopter. Casualties were sorted at medical
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clearing stations and then transported to MASH
or Fixed Evacuation Hospitals where they un-
derwent definitive treatment within hours of in-
jury. These facilities were staffed by surgical
teams composed of those specialists necessary to
manage the various types of wounds encoun-
tered. Such rapid evacuation of the severely in-
jured patients improved their opportunity for
survival, as is evidenced by Army data indicating
that 40% of 10,000 casualties was admitted to
medical care within 1 hour following wounding
and 70% within 3 hours. This early care, along
with other improved medical procedures, reduced
the mortality rate from wounding from 4.5% ex-
perienced in World War II to 2.5% in Korea
(Reister, 1973 [c]).

The patients transported by helicopter were
placed in specially designed litters that were se-
cured in place outside the cabin and therefore
were inaccessible during flight. To obviate airway
complications in the maxillofacial patient during
this type of transportation, tracheostomy was
performed at the medical clearing station if there
was any question of airway jeopardy. The
number of maxillofacial injury cases receiving
tracheostomy (10%) was therefore increased com-
pared with World War II (2%) (Chipps et al.,
1958).

WOUND MANAGEMENT

Debridement and Primary Closure

Debridement, which proved so vital in wound
management during previous conflicts, was
scrupulously applied. Primary closure of these in-
juries was routinely employed for the first time
and when properly applied this significantly im-
proved not only patients’ morale, but also re-
duced infection, facilitated healing, and reduced
scarring. Chipps et al. (1953) reported that in
their series of more than 1,000 maxillofacial war
injuries 30% of the primary closures involving the
mouth broke down. They attributed these fail-
ures to: 1) tight closure of wounds without provi-
sion for deep tissue drainage, 2) inadequate use
of bandages, 3) failure to treat the oral surface of
the wound, 4) secondary hemorrhage, 5) second-
ary manipulation of the repaired wound, and 6)
inadequate chemotherapy. The success of primary
wound closure was stated as being directly propor-

tional to the attention paid to standard surgical
principles of debridement, hemorrhage control,
proper suturing, maintenance of drainage,
adequate use of bandages, and administration of
adequate chemotherapy.

Delayed Wound Closure

In those instances in which wound breakdown
occurred, delayed primary closure was performed
after the wound had been prepared by use of
effective antibiotics, continuous wet dressings,
and redebridement. The process of wound prep-
aration rarely exceeded 5-7 days. Closure by
direct approximation of wound edges, skin graft-
ing, or suturing mucosa to skin across a defect
generally accomplished the desired results. No
such complex closure methods as pedical flaps
were attempted (Chipps et al., 1953).

Fracture Reduction and Fixation

Open reduction of fractures with direct osseous
wiring was another method of treatment used on
a large scale for the first time during the Korean
war. Although immobilization techniques varied
somewhat, the most simple technique consistent
with satisfactory results was considered to be the
method of choice—continuous loop wiring with
elastic traction was the most popular. Semirigid
arch bars were also commonly employed, particu-
larly with avulsive injuries, because of the im-
proved stability they provided (Oddo, 1953). Ex-
ternal skeletal-pin fixation, which had fallen into
disrepute during and after World War II, was
further improved with the introduction of the
biphasic appliance by Morris (1949). This
appliance will be discussed in more detail in later
chapters.

Anesthetic Management

Sodium pentothal supplemented with nitrous oxide
and oxygen was the anesthetic of choice and endo-
tracheal intubation was utilized in all maxillofa-
cial injuries except those in which tracheostomies
were performed (Oddo, 1953). Whenever pos-
sible, nasotracheal intubation was utilized to give
the surgeon unrestricted access to the mouth and
to allow reduction and immobilization of the frac-
tured facial bones by intermaxillary fixation.
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Reduced Overseas Hospitalization

As a result of the application of the sound principles
that had evolved up to the time of Korea, the casualties
were afforded an increased opportunity for satisfactory
wound treatment. During this conflict the average
patient spent 35 days in overseas military facilities
before evacuation to the United States, which is in
sharp contrast to World Wars I and II where

months or even years elapsed before evacuation
to CONUS. The reason for this shortened over-
seas hospitalization included the following: im-
proved early care including primary closure of
wounds (which resulted in more rapid healing),
improved fixation, and perhaps most important,
the general availability of air evacuation to
CONUS (Reister, 1973 [d]).

CONCLUSION

There has been deliberate, albeit sporadic,
progress in the treatment of maxillofacial war
injuries during this century. The meaningful
advances have evolved slowly and laboriously with
frequent retrial of therapies that have been
modified to meet the perceptions of the various
surgeons. Underlying the manner in which surgi-
cal progress has occurred are the human attri-
butes of surgeons, such as activism, ready adapta-
tion of an early position of advocacy for new
therapies, and a traditional adherence to the
value of testimonial evidence (Spodick, 1973).
During the past decade or two a notable interest
and an increase in scientific inquiry have per-
vaded the surgical world; it is anticipated that
future progress will be less sporadic and the valid-
ity of evolving therapies will be established sooner
and more conclusively than in the past.

Perhaps the most persistent truism that has

surfaced in the review of the history of maxillofa-
cial war injuries is the paramount importance of
interdisciplinary communication and cooperation in
the treatment of these complex injuries. While
there will always be a few men of uncommon
vision and skill from each generation, it falls on
the majority of surgical clinicians to achieve an
atmosphere of mutual respect and cooperation
characterized by a willingness to learn and share
with others in the management of war-injured
patients.

Itis apparent that in time of war there is a need
for surgeons trained in the treatment of condi-
tions affecting the maxillofacial area to unite in a
common effort to better achieve the common
goal of optimal patient care. Failure to attempt
such unification will invariably result in ineffec-
tive utilization of manpower and a compromise in
the management of casualties.

SURGICAL ADVANCES AFFECTING THE TREATMENT OF
MAXILLOFACIAL WAR INJURIES

1914-1919

—Protection of the airway in facial fracture pa-
tients with emergency splinting and correct
body positioning.

~Irrigation and debridement of orofacial
wounds.

-Early fixation and immobilization of skeletal
fractures with practical methods of interdental
wiring.

—Successful bone-graft reconstruction.

-Skin grafting for oral reconstruction.

1939-1945

—Antiinfective therapy that permitted primary
wound closure and greatly reduced postinjury
sepsis.

~The use of biologically compatible stainless-steel
wire for direct fracture reduction.

-Improved techniques of dental, interdental, and
direct wiring for treating facial fractures.

—Application of external skeletal-pin fixation to
the treatment of jaw fractures.

—Craniofacial suspension of midfacial fractures

sl
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utilizing a skeletal headband (synonymous with
head frame).
—Cancellous chip bone graft reconstruction.

fracture reduction.

Application of intermaxillary elastic trac-
tion for reduction of facial fractures.
1929 Split-thickness skin grafting introduced.

1923

1929 Introduction of Risdon dental wiring for
1 8
950-1952 fracture reduction.
—Successful rotary and fixed wing evacuation of 1938 Sulfonamide therapy introduced. :
war casualties on a routine large-scale basis. 1939 Dermatome (Padgett) employed for skin
—Routine primary closure of wounds. graft recovery. : £
—Routine open reduction of skeletal fractures. 1942 Introduction of internal suspension wiring
for treatment of facial fractures (civilian
development non-war related).
Interbellum Advances 1944 Development of dental acrylic resins for
1911 Procaine local anesthesia introduced in the iglr:lstterdu)cuon SIS e, Duint
United States. : : .
. : : 1949 Development of biphasic  external
1920 gDr:fot:kr)gc[:)l\?::yOf calibrated knife for skin skeletal-pin fixation for jaw fracture reduc-
1920 Introduction of eyelet dental wiring for e
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CHAPTER 11

Treatment Goals

By BILL C. TERRY
JAMES F. KELLY

ORAL AND MAXILLOFACIAL CASUALTIES

The management of oral and maxillofacial war
injuries presents complex therapeutic and logistic
problems as exemplified in the preceding chap-
ter. In the remainder of this text the nature and
magnitude of the problems encountered in the
Vietnam conflict will be reviewed and treatment
goals identified and discussed. A long-term maxil-
lofacial casualty study (MFCS) initiated by the Navy
Medical Department during the Vietnam period
serves as the basis for this analysis. This ongoing
study is a documented appraisal of maxillofacial
treatment, emphasizing masticatory or jaw in-
Jjuries, and includes the early, intermediate, and
late phase of casualty management as well as
long-term follow-up.

Although the involvement of the United States
in the Vietnam conflict spanned the period from
January 1961 to March 1973, substantial combat
forces (> 25,000) were not present until 1965
when U.S. troop strength reached almost
200,000. During the period of 1 January 1965

through 31 March 1973, U.S. military troop levels
in the Republic of Vietnam totaled 2,594,200. Of
this number 303,649 or 12% sustained war-
related injuries of which 153,309 or 6% required
hospitalization (U.S. Department of Defense,
1973). Maxillofacial casualties reportedly represent
between 10 and 15% of war injuries (Tinder et al.,
1969), thus the total number of maxillofacial in-
juries in Vietnam can be estimated at between
30,365 and 45,547. One factor influencing the
incidence of oral and maxillofacial injuries was
discussed by Maughon (1970). He evaluated the
nature of wounds resulting in killed in action in
2,600 Vietnam casualties and made the following
observation. “The large number of head and
neck wounds [46.6%] was impressive, especially
those where a single wound or small fragment
was the only apparent injury. There is no ques-
tion in my mind that the enemy was an expert
marksman in these instances and deliberately
aimed for the face or neck.”

LOGISTIC CONSIDERATIONS

Since the cases in the MFCS were managed
against the logistic background of the Vietnam
conflict (1961-73), a description of those cir-
cumstances is necessary to establish a perspective
for the environment in which treatment was ac-
complished. Climate, geography, and military
capability may preclude an exact application of
these experiences to future situations, yet certain

principles stand out as basic to the management
of maxillofacial injuries under any circumstances.

Understanding the fact that the care of battle
injuries was dependent on the logistics of the military
situation in effect at the time was extremely impor-
tant. This was particularly true with maxillofacial
casualties because they frequently involved pro-
longed and complex treatment carried out within

17
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the framework of existing logistic patterns that
were usually predicated on nonmaxillofacial con-
siderations.

Logistic considerations influenced treatment
and treatment goals through all stages of care.
These considerations primarily included dis-
tribution of health care personnel and organiza-

tion of treatment facilities at all levels, planning
and operation of an evacuation system, dispersal
of patients according to their therapeutic,
psychologic, and social needs, coordination and
documentation of care, and institution of an ef-
fective recall and follow-up system to provide
continuing therapy as long as required.

THERAPEUTIC GOALS

The overall therapeutic goal in the clinical
management of patients with maxillofacial war
injuries, in addition to immediate lifesaving
treatment, was to optimally restore all vital and
secondary functions associated with the orofacial
complex. This included reestablishment and
maintenance of masticatory and communicative
abilities as well as acceptable cosmetics. Such re-
habilitation was a demanding challenge for the

EARLY

LOGISTICS

During the early phase there was usually one or
more rapid medical evacuations by various
means. Early patient transport was critical and
was accomplished by stretcher, motor vehicle,
helicopter, boat, or a combination of these.
Transport vehicles usually did not have medical
support materials or personnel aboard. The first
transfer was most frequently to an established
secondary field care center. Further evacuation
was often necessary to a conveniently located
fixed hospital facility, but multiple early transfers
to different treatment facilities were minimized.
Whenever possible an attempt was made to
rapidly evacuate a severely injured patient by
helicopter directly from the field of battle to an
alerted definitive care hospital.

Essentially all early care, by definition, took place in
South Vietnam or in hospital ships in the adjacent
coastal waters. The early phase of treatment was
considered concluded at the time of evacuation of
the patient from the war zone hospital, normally
by air, to an intermediate staging hospital in Ja-
pan, the Philippines, Guam, or Hawaii. This med-

surgeon and all other personnel associated with
care of these patients.

Treatment goals may be logically discussed ac-
cording to the intervals of treatment—early, inter-
mediate, and late. The patients experienced differ-
ent but overlapping needs during each period.
These intervals will be discussed individually with
the knowledge that they were logistically and
therapeutically inseparable.

CARE

ical evacuation of patients from the war zone was
performed by specially configured transport air-
craft that normally carried medical support
materials and nursing personnel.

TABLE 2.— Hospital Admission and Medical Evacuation
Intervals (Days) for MFCS Patients

Mean Range

Date of injury (DOI) to

discharge, early facility (N=157) 7.75 I- 36
Discharge early to admission,

intermediate facility (N=39) 1.64 1- 7
Admission to discharge,

intermediate facility (N=105) 17.42 2-209
Discharge intermediate to

admission late facility (N=62) 3.15 1- 10
Total, DOI to admission,

late facility (N=154) 24.55 1-216
Admission to discharge,

late facility (N=138) 268.96 2-799
Total, DOI to discharge,

late facility (N=138) 289.26 22-858
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The time interlude of the early phase for MFCS
patients was usually rather short although it did
fluctuate depending on many variables such as
patient condition, general patient load, location
and tempo of battle activities, availability of
treatment facilities and personnel, and availabil-
ity of evacuation transportation. The mean dura-
tion of early care hospitalization was 7.75 days,
whereas the range was from 1 to 36 days (Table
2).

The general goal at the early treatment facilities was
to evacuate from Vietnam those patients in need of
long-term or special care as soon as initial and early
acute care was completed and the patient was
sufficiently stabilized to tolerate air evacuation
procedures. It should be noted that in Vietnam,
as with all wars, logistics were evolutionary and de-
pended on the location and tempo of battle activity,
which were continually changing (White, 1968;
1971).

PATIENT CARE

Initial Care

The early phase of treatment began with the
initial care that the patient received after sustain-
ing an injury and consisted of first aid and/or
resuscitative measures. This phase of military
medical care is referred to as first echelon (NATO,
1975). In Vietnam this care was usually initiated
by paramedical personnel who were operating
directly with combatant forces. These corpsmen
were trained and equipped to provide first aid as
well as more involved care including establishing
and maintaining an airway, controlling hemor-
rhage, and instituting therapy for shock. They
were usually able to evaluate the patient’s im-
mediate needs and initiate evacuation.

Initial transfer was to a facility staffed and
equipped to provide a continued and/or up-
graded level of therapy—second echelon care. This
was often a field aid station or mobile medical unit
staffed by physicians, dentists, and supporting
personnel whose function was to provide
emergency care including initial resuscitation
and to determine the priority of the casualty for
continued evacuation. These emergency stations
were usually located adjacent to a transportation
facility, either surface or helicopter, so that the
wounded requiring hospitalization could be

quickly transported to hospitals having facilities
to meet their immediate needs. The majority of
these patients were transported by helicopter.

In some instances, early wound care was pro-
vided by medical or paramedical personnel in
direct combat zone installations—third echelon care.
Some minor abrasions, lacerations, or sprains
were definitively treated while initial wound
care and resuscitation was provided in other in-
stances. The minor injuries usually did not re-
quire extensive care, were not severely handicap-
ping, and could be easily followed up in the aid
station at a more convenient time. Other patients
whose injuries were more severe were evacuated
to a rear echelon facility after initial care had been
provided.

Definitive Care

Patients whose injuries were more than ex-
tremely minor or would materially interfere with
the normal performance of duties were trans-
ported to evacuation hospitals—fourth echelon
care. Because of the rapid evacuation made possi-

ble by almost immediate triage and availability of

transportation at advanced facilities, resuscitative
measures and initial shock management were
often still being carried out on arrival at the
evacuation hospitals. In general, early care hospi-
tal facilities that provided definitive care had per-
sonnel, supplies, and equipment to begin wound
care once the patient’s vital signs stabilized.

For some maxillofacial injury patients it was
possible to render early care sufficiently definitive in
nature to obviate secondary reconstructive surgical pro-
cedures. In one series of 110 casualties treated
during the earlier phase of the Vietnam conflict
(1965-66) 41% of the patients received early
definitive surgical care that permitted them to be
returned directly to active duty in Vietnam within
60 days after convalescence at the early care facil-
ity (Terry, 1969). These patients were obviously

those that had not sustained substantial loss of

bone or soft tissue and did not have complicating
postsurgery problems. They were also among
those who were rapidly evacuated from the battle
zone and were able to receive definitive surgical
care within several hours following injury. The
number of patients for whom initial definitive
maxillofacial care was sufficient was probably
higher since some patients who would undoub-
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tedly not have required secondary maxillofacial
care had to be evacuated because of concomitant
injuries and were not included in the 41¢.

As the number of casualties increased the availabil-
ity of beds for convalescence at early care facilities was
sharply reduced and virtually all patients were
evacuated following their early treatment.

Regardless of the logistics involved in patient
management, surgeons rendering definitive care
attempted to follow certain basic principles
that were directed toward providing uncompli-
cated hard and soft tissue wound care. These
principles will be elucidated in the early care
chapter.

INTERMEDIATE CARE

LOGISTICS

Following early care all patients who could not
be returned to full duty were prepared for evacu-
ation to the intermediate care facilities through-
out the Pacific theater (PACOM) where their
treatment was continued. Occasionally, patients
were flown from Vietnam directly to military
hospitals in the Continental United States
(CONUS) (see Figure 43). The evacuation deci-
sions were based on the medical condition of the
patient as well as casualty flow numbers, patient
load, and other considerations related to
transportation that influenced the evacuation
plan. The mean interval of transfer from early
to intermediate facilities was 1.64 days (Table 2).

PATIENT CARE

Intermediate care encompassed the period
from arrival at the designated intermediate hos-
pital until evacuation to CONUS. The mean
period of intermediate hospitalization for MFCS
patients was 17.42 days with a range of from 2 to

209 days (Table 2). During this hospitalization a
variety of treatment was afforded including gen-
eral supportive care, management of postsurgical
complications such as infection or dehiscence, re-
vision of fixation devices, additional debridement
as indicated, and in some instances definitive frac-
ture reduction or wound closures.

In this phase it was particularly important to
establish positive rapport with the patient to en-
hance his mental attitude regarding his injury
and the projected treatment outcome. Experi-
ence in dealing with the psychologic aspects of
war injuries on the part of the surgeon proved
invaluable in building healthy psychologic at-
titudes in these patients. Early recognition of po-
tentially serious psychiatric abnormalities was, of
course, highly desirable though such conditions
were seldom manifested during this period. Im-
mense psychologic uplifting was provided by
concerned nursing personnel and others includ-
ing chaplains and their assistants. It was noted
that the overall morale of patients was better if
those having similar injuries could be grouped
together in the same ward or hospital area.

LATE CARE (RECONSTRUCTION-REHABILITATION)

The late care interval began approximately 3
weeks following injury. For the patients in the
MFCS the mean interval from date of injury to
the admission at the late care facility was 24.55
days (Table 2). Although the range for this inter-

val was from 1 to 216 days, it was rare that patients
arrived at a CONUS facility in less than 4 or 5 days
or in more than 30 days.

The late care facility was generally the military

hospital closest to the patient’s home with staff
and facilities necessary to manage his injuries and
their complications until final military disposi-
tion. On arrival at this hospital the casualty was again
thoroughly examined and evaluated. All accompany-
ing records including transfer summaries,
laboratory findings, radiographs, operation re-
ports, and oftentimes handwritten notes from
previous surgeons were carefully reviewed.
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Routine, as well as special, laboratory and radio-
graphicstudies were obtained. If the maxillofacial
injury was the only or most severe problem, the
patient was usually admitted to the service that
was best able to manage the principal maxillofa-
cial condition. When the maxillofacial injury was
not tiie most serious problem, or when patients
had multiple injuries, the maxillofacial surgeons
usually functioned in a consultative role. The
majority of jaw-injured patients were eventually
transferred to the Dental Service since their total
masticatory reconstruction and rehabilitation re-
quired the longest period of treatment.

During late care specific attention was directed
to the general goals of reestablishment and mainte-
nance of masticatory and communicative abilities as
well as acceptable cosmetics. Frequently this only re-
quired general supportive care during the heal-
ing of hard and soft tissues followed by minimal
physiotherapy to assist in reestablishing normal
function. Other patients required vestibuloplas-
ties, scar revision, and prostheses of varying com-
plexity. Still others required extensive recon-
structive surgical procedures including bone
grafting, soft and special tissue procedures, and
complicated prosthetic treatment.

Surgeons performing late care were faced with
many diagnostic and therapeutic challenges and
called upon other specialists in solving these
complex problems. Late management ideally became
a team effort because no one individual was pre-
pared to satisfactorily resolve all the varied prob-
lems presented by these patients. Every effort was
made to formulate treatment plans that would
eventually satisfy the identified treatment goals.
These treatment plans, which often would re-
quire months or even years to complete, were
frequently reviewed and altered as needed to fit
the overall goals. The patients were kept in-
formed of their progress and were encouraged to
become a cooperative part of the total team ef-
fort. Most MFCS patients underwent prolonged
treatment at the late care facilities. The mean
period of CONUS hospitalization was 268.96
days, thus the mean period of hospitalization
from date of injury to discharge from the
CONUS military facility was 289.26 days (Table
2). In addition, many of these patients require
continued follow-up that will extend the rest of
their lives. The remainder of the text will concern
specific problems of management during these
complicated and prolonged treatment intervals.
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CHAPTER 111

Anatomc Illustrations

Regardless of when or where a human being is
injured the common denominator of the surgical
care he receives will be anatomy. Nowhere is this
more evident than in the oral and maxillofacial
area where there exists an extremely complex
morphologic, functional, and esthetic mileu.

Perhaps the finest graphic illustrations of
human anatomy have been prepared by Frank J.
Netter, M.D., under the auspices of the CIBA
Foundation. Rather than developing illustrations
of maxillofacial anatomy for the numerous condi-
tions discussed in this text, we have elected to
reproduce selected Netter illustrations that, in
our opinion, clearly and accurately represent the

anatomy that is considered. These illustrations
(Figures 8-15) have been printed through the
courtesy of Dr. Netter and the CIBA Foundation.
We will not refer to them frequently but rather
will rely on individual readers to determine at
what point in the text they require an anatomic
reference to better appreciate the narrative. In
addition, it is the hope of the authors that in-
clusion of this section will provide a completeness
to the publication that will enhance it as a practi-
cal single-source document for those surgeons
who are called on in the future to manage the care
of maxillofacial casualties.
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CHAPTER IV

Early Care

By ELGENE G. MAINOUS
HENRY J. SAZIMA
THOMAS E. STUMP
JAMES F. KELLY

INTRODUCTION

The early care phase represented the most crit-
ical stage of overall patient management. This
was true because of the relatively high potential
mortality rate of this period, which depended on
the nature and extent of injuries as well as the
adequacy and speed of emergency care. Also, this
period was highly important because the ade-
quacy of early treatment rendered significantly
influenced the prognosis and course of inter-
mediate and late treatment required. Obviously,
the optimal preservation of soft and hard tissues,
judicious debridement, and anatomic reduction
at the time of early management permitted a
more ideal end result with fewer complications
and less need for reconstructive efforts in later
management periods. By definition the early
phase began at the instant of injury and encom-
passed all early managementincluding: the initial
first aicl measures instituted on the field of battle,
€a:" “efinitive surgical treatment, postsurgical
marnageinent, and transfer to the next echelon of
treaty, .ent,

The management of all casualties generally fol-
lowed a similar procedural sequence. This narra-
tive will be presented in a format consistent with
that sequence in order to attempt simulation of
the clinician’s perspective. Although a general
pattern of casualty care was evident, complete
consistency was seldom achieved. Numerous fac-
tors modified the management of individual pa-
tients, which required a flexible approach by the
surgeon.

FACTORS INFLUENCING TREATMENT

Three groups of factors that significantly influ-
enced the treatment of persons who sustained
bodily trauma are worthy of discussion.

Group I: The wounding agent, type of wound, and
intrinsic response to bodily trauma. These factors
were not modifiable by the surgeon. Military
combatants were essentially in good health and
therefore could be expected to exhibit an optimal
response to wounding, consistent with the extent
and nature of injury.

Group II: Access to and availability of treatment.
These factors depended on transportation op-
portunities and proximity of appropriate surgical
personnel, i.e., the logistics of the military opera-
tion.

Group I11: The skill and experience of the surgical
treatment team. Optimal care depended on early,
vigorous treatment provided by competent sur-
geons in adequate surroundings. These factors
relied on the ability of the military organization to
provide satisfactory operating facilities and to
staff such facilities with well-trained surgeons
who were screened and briefed for combat sup-
port duty.

DESIRABLE CHARACTERISTICS OF THE
COMBAT SURGEON

Certain traits were desirable in an individual
who was to be held responsible for the early surgi-
cal management of injuries in a combat environ-
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ment. Obviously the best combat surgeon was
one best trained, but it should not be assumed
that all trained surgeons possessed characteristics
suitable for managing battle casualties.

Numerous factors should influence the selec-
tion of surgeons for early treatment of casualties.
There was generally, and rather continuously, a
tremendous amount of stress on the military
combat surgeon. It was important that he be ca-
pable of coping with the multitude of devastating
permanent injuries and deaths constantly con-
fronted in the theater of war. Periods of endless
boredom were contrasted with sheer exhaustion
from long hours of overwork without rest. The
surgical clinician required a strong constitution
and positive self-motivation to endure these pres-
sures. He needed to be continually able to exer-
cise good judgment and make intelligent critical
decisions while performing with dexterity and
skill. He had to remain in a favorable and sober
state of mind with willingness to be fully coopera-
tive with his colleagues. The surgeon had to re-
spond rapidly, be highly innovative in his re-
sponse to unique circumstances, be flexible, and
be adaptable to sudden changes. These human
characteristics, while desirable in all individuals
charged with care of the wounded, were particu-
larly important in the surgeon since he had the
primary resp()mlblllty for definitive treatment of
combat injuries.

COORDINATION OF EVACUATION

In the early phase priority of casualty iransport to
the initial treatment facility was a triage or sorting
consideration, which usually depended on the
number of casualties present at the battle scene
and the availability of adequate transportation
resources. Additional triage considerations again
came into play at the treatment facility in deter-
mining relative priority of care among the incom-
ing patients from various locations.

Whenever possible, efforts were made to coor-
dinate the medical evacuation of wounded pa-
tients to that regional facility best equipped to
handle the number and types of injuries present.
Transport of an intracranial injury patient, for
example, bypassed the closest hospital facility, if it
had no neurosurgeon, in favor of a more distant
hospital with a neurosurgeon on the staff. In the
same manner, patients with orofacial injuries,
when possible, were selectively evacuated to those

facilities having a maxillofacial capability. This
highly effective rapid system, which was initially
implemented in Korea, depended on the accu-
rate diagnostic assessment by the initial medic,
physician, or dentist, and also on skilled helicop-
ter evacuation coordinated by alert and intelli-
gent radio communication. As a result, the op-
portunity of survival for the patient in Vietnam
was better than in any previous war. During
World War 11, 29.3% of the wounded died as
compared to 26.3% in Korea and 19% in Viet-
nam (Neel, 1968, 1975).

Once patients arrived at a hospital facility, all
surgical specialists were expected to assist in or
manage surgical problems not ordinarily within
the scope of their practice. For example, if the
primary injury of a patient involved the orofacial
area, he was triaged to the maxillofacial specialist
for definitive care. The maxillofacial specialist
consulted freely, as required, but was normally
expected to also care for accompanying minor
injuries involving other areas. This was the ac-
cepted modus operandi in Vietnam. Specialists
were also expected to be available for inclusion in
extemporaneous surgical teams for joint man-
agement of patients with multiple system injuries.
This type of patient was seen frequently and as a
result the mixed surgical team, conjointly rendering
operating room care, was very common. Depending
on presenting injuries and their distribution, the
surgical specialists assisted one another in the
same general injury site, or they worked concur-
rently upon injuries in different anatomic sites.
Cooperation and coordination were essential to
success.

TREATMENT FACILITIES

Four basic types of treatment facilities were
available in Vietnam in support of the combatant
forces. Their capability differed depending on
proximity to the actual combat area. The Minimal
Facility was temporary and mobile and was used
primarily to assess the adequacy of initial or first-
aid care and to supplement this care as required.
Stability of the patient’s condition was ascertained
and he was prepared for further evacuation.
Combatants with minor wounds were treated and
returned to duty directly from these installations.
Staffing usuall\ included a general medical
officer and hospital corpsmen—there was no
maxillofacial capability. The Mobile Limited Facil-
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ity was a surface vessel configured and staffed to
handle casualties. It was either a troop transport
capable of handling rotary winged aircraft and
landing craft or a small aircraft carrier. Once the
troops were disembarked for combat, the berth-
ing spaces were prepared for use as casualty care
areas. These vessels were positioned along the
coast in locations that were as near the combat
area as militarily practical. The medical staff in-
cluded a general surgeon, orthopedic surgeon,
anesthesiologist, and support paramedics. These
facilities were not routinely staffed by a maxillo-
facial surgeon. The use of Mobile Complete
Facilities or hospital ship depends on the presence
of alarge navigable body of water near the area of
combat. Obviously, their use was ideally suited to
the logistics of the Vietnam conflict. These ships,
the U.S.S. Repose and U.S.S. Sanctuary, were
outfitted as hospitals and were fully staffed with
medical personnel capable of providing the most
sophisticated diagnostic and therapeutic care.
The staff included personnel trained in maxillo-
facial surgery. Fixed Complete Facilities were the
equivalent of a major civilian hospital and in a
military sense provided the same capability as the
hospital ships. They were constructed as perma-
nent facilities in strategic locations that would or-
dinarily be well back from the actual combat area.
In the circumstances of the Vietnam conflict,
however, with battle lines obscure and insurgent

enemy infiltration frequent, these hospitals were
occasionally close enough to combat zones to be
subject to periodic enemy rocket attack. These
facilities were also staffed with a full complement
of medical personnel including at least two maxil-
lofacial specialists.

At the fixed and mobile complete facilities, pa-
tients were provided optimal early definitive care,
and then evacuated to intermediate facilities or
directly to the Continental United States
(CONUS).When early care was considered defini-
tive, patients were retained for up to 30 days and
when well were returned directly to duty. It was
necessary at all times to maintain an adequate
number of beds for reception of anticipated fresh
casualties; therefore, only a limited number of
patients could be retained at these facilities in
Vietnam for prolonged convalescence.

The American hospital system also provided
complete care for South Vietnamese troops and
other allied military personnel serving in this
area. Injured enemy soldiers were, of course, also
provided appropriate care, according to estab-
lished American policy of humanitarian care of
all wounded persons in need of help. The
greatest number of non-American patients to re-
ceive care were the Vietnamese civilians of both
sexes and all ages (Byerly and Pendse, 1971;
Stump, 1971).

WOUNDING AGENTS AND WOUNDS

BALLISTICS

In any treatise on war wounds, a review of the
physical principles of ballistics is necessary to af-
ford the reader a better appreciation of the na-
ture and mechanism of action of wounding
agents common to the conflict being discussed.
Of great importance, particularly in the maxillo-
facial area, is an understanding of how the flight
path and speed of a projectile are altered by sud-
den resistance, as for example, from human hard
and soft tissue structures. Equally significant is
knowledge of the amount and dispersal of impact
kinetic energy from the projectile that is dissi-
pated to impacted structures, and the effects of
this transposed energy on these tissues.

Ballistics can be defined as the scientific study

of the motion of projectiles in flight (Dorland,
1974). The severity of a missile wound is directly
related to the shape and size of the missile and to
its contained kinetic energy. Those factors most
important in determining the type and extent of a
missile wound included: 1) kinetic energy of the
missile, 2) mass, composition, and contour of the
missile, and 3) relative density and bulk of tissue
into which the missile impacts or through which it
passes (Figure 16) (Shelton and Albright, 1967;
Schmidt et al., 1969).

The impact kinetic energy of a missile is a function
of its mass and velocity. The amount of impact
kinetic energy is equivalent to one half the pro-
duct of the missile mass times the square of the
missile velocity, divided by the constant of gravi-
tational deceleration. This relationship is ex-
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Figure 16.—The comparative shape and size of various bullets (car-
tridges, rounds) and their projectiles or missiles (wounding agents).
50 Cal = 50 caliber machine gun bullet; 7.62 mm = NATO Automa-
tic Rifle bullet; M-14 = U.S. Automatic Rifle bullet; M-16 = U.S. Au-
tomatic Rifle bullet; AK-47 = Russian Automatic Rifle bullet; 30 Cal
= pistol bullet; 45 Cal = pistol bullet.

pressed by the equation E = Mv?*/2g. Since the
impact kinetic energy relates to the square of
the missile velocity, it becomes clear that this
value is a most significant factor in determin-
ing resultant wounding effect. The standard
allied weapon, the M-16 automatic rifle, was de-
signed to fire ammunition that produces a very
high muzzle velocity of 3,250 feet per second. In
addition to contributing most significantly to
the impact kinetic energy, the high velocity im-
proves the accuracy of the missile and permits
an increased effective range. To attain such a
high muzzle velocity, it is necessary to reduce
the weight or mass of the bullet to avoid a pro-
hibitive recoil. A fairly light 55-grain bullet
measuring 5.56 mm in diameter was thus uti-
lized in the M-16 weapon (Dimond, and Rich,
1967). The impact kinetic energy of the M-16
missile is derived as follows:

At increased ranges the missile velocity and con-
sequently impact kinetic energy show a progres-
sive decline from the initial muzzle value.

The 45-caliber pistol by comparison usually
takes a heavy 220-grain bullet, but produces a
muzzle velocity of only 850 feet per second which
results in an impact kinetic energy of 431 foot-
pounds or about 27% that of the M-16.

In Vietnam, opposing forces were most com-
monly armed with the AK-47 rifle. The bullet
mass for this weapon is 122 grains, the muzzle
velocity is 2,330 feet per second, and the resultant
impact kinetic energy is 1,798 foot-pounds. Although
the impact kinetic energies or wounding forces of
the AK-47 and the M-16 are roughly comparable,
the AK-47 derives more of its impact effect from
the larger missile mass, whereas the M-16 relies
on its greater velocity (Figure 16). The maximum
range of the AK-47 is 2,500 yards and that of the
M-16, 3,000 yards (Kjellgren, 1970).

TYPES AND PATTERNS OF INJURY

The types of tissue injury encountered in war
casualties included the following: soft tissue—
lacerations, avulsions, and burns; hard tissue—
noncomminuted fractures of bone and teeth,
comminuted fractures of bone, and avulsions of
bone and teeth. As a result of the violently de-
structive force of high velocity missiles, isolated
injuries of a single type were less common than
combinations of injuries. The nature and extent
of the wounds depended on the type of missile
and the pattern of injury produced.

The pattern of injury in missile wounds de-
pended on the manner in which the missile
traversed the tissues. When a high velocity missile
impacted and traveled through soft tissue, a
cone-shaped shock wave was produced which
created a transient cavitation space in the wake of
the bullet that could expand up to 30 times the
diameter of the bullet (Dziemian and Herget,
1950) (Figure 17).

1) Conversion of bullet weight in grains to pounds:

55 grains
5760 grain/Ilb.

= .00955 Ibs.

2) Calculation of impact kinetic energy:

Mv? : (.00955 Ibs.) (3,250 ft./sec.)?

E:

2g 2 (32 ft./sec./sec.)

= 1576 ft /Ibs. (muzzle value)

b Tl
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T. E. Stump, 1970

Figure 17.—Diagrammatic illustration of transient cavitation space that
is produced in the tissues by the shock wave generated with passage
of a high velocity missile (HVM). Tissue injuries generally conform
to the location and configuration of the cavitation space which can
extend up to 30 times the diameter of the missile.

This transient cavitation persisted for about
5-10 milliseconds before collapsing to leave the
permanent bullet tract. That tract and the extent
of wounding were highly dependent on the com-
position of the soft and hard tissues struck, as well
as on the size, shape, and impacting energy of the
missile. Generally, however, the injuries conform
directly to the location and configuration of the
cavitation space along the missile tract. If the mis-
sile completely perforated the body part, the
characteristic pattern of wounding was a small
entrance and much larger exit wound (Figure 18)
(Case report 01).

Although foreign matter was not always evi-
dent, it was usually present because it was carried
into the wound in front of the moving missile or
drawn retrograde into the vacuum of the tran-
sient cavitation space. Additionally, contamina-
tion from clothing fragments, dirt, or other debris

Figure 18.— Upper) Photograph of patient who sustained a high ve-
locity missile wound to the face and jaws. The relatively smaller
wound of entrance (En) is seen on the left cheek just lateral and
superior to the lip cornmissure. The missile trajectory was directed
posterioinferiorly and the large exit wound (Ex) is seen on the right
cheek overlying the body and ramus of the mandible. Middle) Extent
of underlying osseous damage along the missile tract as visualized on
a posteroanterior radiograph of casualty seen in upper figure.
Lower) Example of small entrance wound (area of nasolabial fold)
and much larger exit wound (check and preauricular area) on the
left face in another patient.

occurred via the exit site of the missile. As a result
all high velocity missile wounds were considered
to be contaminated.
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CLASSIFICATION OF MISSILE WOUNDS

A simple and useful classification of high veloc-
ity missile wounds includes: 1) penetrating, 2) per-
forating, and 3) avulsive (Rowe and Killey, 1970
[a]). These categories generally reflect increasing
amounts of velocity and impact kinetic energy of
the missile, but not necessarily increased wound-
ing effect (Figure 19).

Penetrating

The penetrating wound (Figure 19) was one in
which the wounding agent (missile) had been re-
tained within the injured tissues. According to

physical laws, this indicated that the wounded
tissues had completely absorbed and dissipated
all the impact kinetic energy of the missile. It was
convenient to subdivide penetrating wounds into
superficial and deep categories according to the
impact kinetic energy of the missile and its tissue
penetration (Figure 20).

After penetrating the skin, the missile was ca-
pable of lacerating and macerating soft tissues,
causing burns of surrounding tissues, producing
comminuted bone fractures, transecting vessels,
and entering organs and cavities. In all these
penetrating-type wounds, however, the single
missile or missile fragments eventually came to
rest within the injured tissues, and could usually

Figure 19.—Diagrammatic representation of the three types of high velocity missile wounds. A description of each type is

presented in the text.

1. PENETRATING

WOUND CLASSIFICATION

3. AVULSIVE

T. E. Stump, 1970
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Figure 20.—Upper left) Appearance of a 25-year-old casualty who sustained a blast injury to the face that resulted in superfi-
cial penetrating wounds. Upper right) Immediately post treatment. The wound had been thoroughly debrided and scrubbed
to eliminate foreign debris and reduce the potential for the development of scar tatoo. Lower left) Twelve months post

injury. Lower right) Sixty-one months post injury.

be demonstrated on radiographs (Figure 21).
The extent of severely damaged tissues extended
well beyond the limits of the observable wound
tract. This resulted from the effects of radiating
injury associated with the compression shock
wave generated at missile impact. From the point
of view of military effectiveness as a wounding
agent, the penetrating missile was highly efficient
in completely utilizing all its available energy in
the wounding process. Occasionally, however,
the penetrating-type wound was caused by mis-
siles with relatively low residual velocity, such as

almost spent bullets. In these cases, the effective
impact kinetic energy was considerably reduced
as was, of course, the resultant wounding effect
(Figure 22).

Although penetration wounds resulted from
single missiles, they were also caused more fre-
quently by fragmentation devices such as mortar
rounds, grenades, bombs, booby traps. or rockets
that created multiple small low velocity missiles
(Table 8). The missiles emanating from these
fragmentation devices were usually rough and
irregular, resulting from the exploding shell
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CASING

LEAD FRAGMENT
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Figure 21.—Upper left and lower) Diagrammatic example of a deep penetrating wound. The missile components (lead
fragment and casing) of an AK-47 missile separated after entering the cheek, traversed the maxillofacial region indi-
vidually, and came to rest within the tissues after expending their residual energy. Upper right) Pnstcmanwriur radiograph
of patient who sustained the missile wound described above. The lead fragment (LF) and casing (C) are seen lying in the

tissues where lh(‘}‘ came to rest.

casing itself, or they were also from specially de-
signed multiple mini projectiles contained within
the casing. In the past the fragments were com-
monly referred to as “shrapnel” after Henry
Shrapnel, a British artillery officer who was the
designer of the first known missile device that
contained secondary projectiles. Shrapnel’s de-
vice, which was described in 1842, consisted of a
projectile that carried a case provided with a
powder charge and a large number of small lead

balls that would be explosively dispersed in flight
when the contained powder charge was detonat-
ed. Itis descriptively more accurate not to use the
term “shrapnel” for fragments from modern
high explosive devices (Rich and Johnson, 1967).
The wounding effect of missiles from fragmenta-
tion devices, because of their frequently large
size, irregular shape, and relatively low velocity,
customarily resulted in multiple penetrating
wounds.
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TABLE 3.— Type of Weapons That Produced Fragmenta-
tion Wounds in a Sertes of War-Injured Patients Studied by
Rich and Johnson (1967)%

Number of

Missile patients Percent
Artillery and mortar 133 50.6
Grenades 73 27.8
Antipersonnel mines 20 7.6
Unknown 34 12.9
Rockets S E.1

l'otal 263 100.0

*Reprinted with the permission of the Journal of the Amencan Medwal Association

Byerly and Pendse (1971) reported on 1,381
patients who sustained missile injuries—70% were
fragmentation type and 30% gunshot wounds. In
a reported series of Vietnam maxillofacial cases,
penetrating missiles accounted for 80% of in-
juries, and of these, 38% were caused by bullets
and 629 by fragments from mortars, mines,
booby traps, and miscellaneous explosive devices
(Terry, 1969).

Table 4 describes the manner in which the
MEFCS patients were selectively divided into
groups to facilitate analysis of the data concern-
ing wounding and treatment. This grouping will
be used throughout the text.

Data concerning suspected wounding agents
for the injuries sustained by patients included in
the MFCS are listed in Table 5. The most com-
mon wounding agent for all groups was fragmen-
tation devices (51.30%). In those patients in whom
massive tissue avulsion occurred and bone graft-
ing was required (group 1), high velocity missiles
(45.98% and fragmentation devices (47.13%)
were implicated equally as etiologic agents. In
65.22% of the comminuted fractures (group I11I)
and 56.25% of the simple fractures (group 1V),
fragmentation missiles were the wounding
agents.

Although both gunshot and fragmentation
wounds were often grouped together under a
common heading of high velocity missile wounds,
the structure, number, ballistics, and wounding

Figure 22.—Upper) Posteroanterior radiograph of facial skeleton
showing spent missile that came to rest in the nasal cavity after per-
forating the axillary area and then penetrating the face just lateral to
the lip commissure. The missile had expended most of its energy be-
fore entering the face and, as a result of its low velocity, penetrated but
did not perforate the facial area. Middle) Path of the missile. Lower) Mis-
sile after its removal.
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TABLE 4.—Grouping of Maxillofacial Casualty Study
(MFCS) Cases by the Type of Mandibular Injury

Group I Osseous avulsion with bone graft
Group II Osseous avulsion without bone graft
Group III Osseous fracture with comminution
Group IV Osseous fracture, simple-linear
Group V Minimal or no osseous damage

potential of the wounding agents differed sig-
nificantly. In its normal effective range, the singu-
lar smooth gunshot missile was unquestionably a
high velocity missile with a great potential for
tissue damage. By comparison, irregular shrap-
nel fragments were usually of a relatively lower
velocity and individually have a lessened wound-
ing effect than singular gunshot missiles. How-
ever, these fragments, or “frags” as they were
called, usually struck the patient as a group of
missiles and as such were highly destructive, gain-
ing their wounding advantage from the multiplic-
ity of their action.

Perforating

Although fragmentation-type wounds were

nearly always multiple, and often involved widely
dispersed locations in an individual victim, the
gunshot wounds by contrast were usually singular
and, typically, were perforating in nature.

The perforating type of war wound (Figure
19) was one in which the wounding missile had
completely passed through and exited from the
wounded tissue. Thus, by definition, there was
always an entrance and exit wound. The tissues
absorbed only a portion of the impact kinetic
energy of the missile. The balance of the unneu-
tralized energy was expended in producing a con-
tinued trajectory at a diminished velocity after the
missile had exited the tissues. Radiographically
there was a picture of tissue destruction but no
metallic evidence of the major missile mass. Occa-
sionally, however, the tissues retained some
minor fragmented metallic debris residual from
the departed missile. Perforating wounds were
caused by either high or low velocity missiles.
Typically, however, the perforating wound was
the result of a high velocity gunshot projectile and
there was a small, discrete entrance wound and
a large, destructive exit wound (Figure 18).
The entrance wound was related to the size,
shape, and entry position of the missile and
usually had a narrow peripheral border of

TABLE 5.—Suspected Etiology of Injury for the Five Groups of Patients Included in the MFCS

High
velocity Fragmen- Small
Group missile tation arms Other
I (N= 87 40 [45.98]* 41[47.13] 6 6.90] 0 [00.00]
II  (N= 49) 23 [52.27] 19 [43.18] 0 [00.00] 2[ 4.55]
I (N= 23) 7[30.43) 15 [65.22] 0 [00.00] 1[ 4.35]
IV (N= 32) 6[18.75] 18 [56.25] 0[00.00] 8 [25.00]
V. (N= 7 1[14.29] 6[85.71] 0 [00.00] 0[00.00]
Total (N=193) 77 [39.90] 99 [51.30] 6[ 3.11] 11[ 5.70]

*Figures in brackets equal percentage of N.

Figure 23 .— Upper left) Large exit wound of right face and neck resulting from a high velocity missile that entered the cheek
justinside the right corner of the mouth. The size of the exit wound was accentuated by secondary osseous missiles created }
as the primary gunshot missile fragmented the bone during its course through the maxillofacial region. Upper middle) The
patient prepared for surgical treatment of the wound which had been copiously irrigated and scrubbed with an antiseptic

soap solution. Only those bone fragments not attached to soft tissue that could be irrigated from the wound were removed.

Upper right) Wound following closure. Contused wound margins were sharply excised and local tissue flaps undermined,
advanced, and closed without undue tension. The wound was drained through its posterior corner. Primary closure was
successfully accomplished because of the application of correct wound closure principles and the fact that the extent of soft

tissue avulsion was more apparent than real. Middle) Appearance of patient 63 months post injury. Only slight weakness of

the marginal mandibular branch of the 7th cranial nerve was evident. The wound and open reduction scars were well
healed and presented an esthetic appearance. Occlusion was within normal limits. Lower left) Panoramic radiograph of the

right mandibular ramus 3 months post injury showing the extent of osseous comminution. No direct wire reduction had

been performed. Lower right) Panoramic radiograph of right mandible 62 months post injury. The major portion of the
ramus had consolidated but had been augmented with an autogenous iliac bone graft 21 months following injury.
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burned tissue in the circumference of the skin.
The nature and size of the exit wound were more
variable and depended on the impact kinetic en-
ergy of the missile as well as the number of sec-
ondary missiles created by fragmentation of hard
structures such as bone, teeth, or dentures. These
secondary missile fragments, which were created
and put into motion from the primary missile,

acted independently with their own trajectories--

and paths of destruction. Often these lower ve-
locity secondary missiles were penetrating in
nature rather than perforating. The maxillo-
facial area was particularly prone to secondary
missile damage because of the relatively high pro-
portion of hard structures located there (Figure
23).

Avulsive

Avulsive wounds (Figure 19) were caused by
either high velocity missiles or missile fragments
that perforated the tissues, produced multiple
secondary missiles, and carried large segments of
hard and soft tissues out a very large exit site. As
with the nonavulsive perforating wounds, there

was usually minimal radiographic evidence of re-
sidual missile within the tissues. There was, how-
ever, ample evidence radiographically and clini-
cally of the major extent of the avulsive injury
(Figures 24 and 25). Because of the massive de-
struction and loss of tissue along the missile path,
this type of wound was usually the most severe
and management of all stages presented the
greatest challenge to the surgeon.

Many wounds that on first inspection appeared
to be avulsive in nature, subsequently could be
shown to have little or no actual tissue loss. The
injured tissues were simply displaced to a sig-
nificant degree, and after debridement and ex-
ploration, it was possible to reconstruct them and
perform primary closure. In essence there was
ggparem versus real tissue loss (Figures 23 and

).

The wounding pattern was highly variable in
avulsive injuries, and underlying skeletal avulsion
was common. Discontinuity defects of the mandi-
ble occurred frequently—their management wiil
be discussed in subsequent sections of the text.
Such wounds most often resulted from high ve-
locity rifle missiles (Table 5).

INITIAL CARE

INTRODUCTION

Treatment at the site of injury or during initial
medical transit in the combat zone was usually
minimal and expeditious. This was predicated on
ready availability of rapid, early evacuation to
more definitive treatment facilities and initial
care was most often provided by fellow combat-
ants or paramedical personnel.

AIRWAY MANAGEMENT

Assessment of the Airway

The airway was frequently compromised and of
primary concern. Initially the airway was assessed
to determine partial or complete obstruction.
This assessment included inspection and gross
debridement of blood, teeth, and foreign mate-
rial. Clearing the mouth and oropharnyx of de-
bris usually obviated upper airway or supraglottic

obstruction. When available, suction was used in
conjunction with inspection and debridement. If
the patient was conscious and in possession of
reflexes, he was usually able to maintain his own
airway if placed in either a lateral, semi-Fowler’s,
or lateral prone position. Patients with severe
maxillofacial injury and potential airway com-
promise were never allowed to remain on their
back, since in the supine position they were most
susceptible to the aspiration hazard of blood,
emesis, oral secretions, and foreign materials
such as teeth, dental appliances, and wounding
missile fragments.

Artificial Airway Assistance

When airway patency and adequate respiration
could not be established and maintained by in-
spection and debridement of the upper airway,
some type of artificial airway assistance was
employed. The first method of assistance was in
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Figure 24.-Upper left) Wound of entrance (En) for a high velocity missile in the right cheek of a 22-vear-old casualty. Upper
right) Wound of exit in left cheek. Lower left) Anteroposterior radiograph showing the extreme comminution and avulsion
that occurred in the midfacial skeleton as a result of the missile injury. The major extent of damage was above the level of
the apices of the maxillary teeth and below the orbit. Although a portion of the left orbital floor was avulsed. damage to the
eye was not severe enough to warrant enucleation. The face was noticeably elongated. Lower right) Posteroanterior Waters
projection radiograph 49 months following injury showing the healing that had occurred in the midfacial arca. Following
consolidation of the midfacial skeleton, a bone graft was placed in the orbital foor-zygomatic area to support the globe and
restore contour.
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Figure 25— Upper left) Lateral cephalometric radiograph of casualty shown in Figure 24 four months after injury showing
intermaxillary fixation and internal suspension wiring that were providing fixation and stabilization to the facial skeleton.
The pterygoid plates were intact and it was possible to restore the vertical dimension of the face with this means of stabiliza-
tion during healing. Upper right) Lateral cephalometric radiograph 49 months following injury showing normal vertical
dimension of the facial skeleton as well as a normal maxillary mandibular relationship. Lower) Panoramic radiograph 49
months following injury showing the well-healed midtacial area and the normal relationship of the maxilla to the mandible.
Numerous small missile fragments are still present in the tissues. There has been rehabilitation of the remaining dentition.
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Figure 26.— Upper and Middle) Injury produced by a high velocity
missile in the left cheek. There had been soft tissue avulsion al-
though in this instance the extent of tissue loss was more apparent
than real. Lower) Satisfactory wound closure that was possible only
because of a limited, real loss of tissue.

the form of a supraglottic airway that was usually
of the oral type. These were adequate for short
periods prior to definitive treatment but were
usually not well tolerated by fully conscious pa-
tients and were more appropriate for the uncon-
scious patient as a temporizing measure.

It upper airway obstruction could not be

cleared by mechanical measures or by insertion of

an artificial airway, consideration was given to
opening the airway beneath the level of lh(' vocal
cords by a (Il(()lh\l()l(l membrane penetration.

C ll(()lll\l()l()ln\ was fast and simple and could
be safely per rformed by trained paraprofession-
als. This procedure was temporarily lifesaving in
acutely obstructed patients.

In those instances where paraprofessionals
were trained in endotracheal intubaton this
method of airway maintenance was emploved
(Salem, 1967). Either of these procedures was
safer and less complicated than tracheostomy and
allowed further transportation under observa-
tion to a location where definitive care could be
accomplished. Tracheostomy was not attempted by
personnel without surgical training and when
performed was accomplished only when there
were adequate operating facilities including light-
ing, suction instrumentation, and trained surgical
assistants (Lehr, 1972).

Altered Consciousness

In the conscious patient obstruction was usually
quite evident since patients exercised protective
reflexes in an attempt to clear air passages thus
suggesting the presence of obstructive material.
On the other hand, unconscious or semiconcious pa-
tients with diminished protective reflexes experi-
enced varying dcgrces of obstruction with no
gross evidence of airway u)mplmmw For this
reason the maxillofacial patient with altered con-
sciousness required extremely careful airway ob-
servation until he came under continuous medi-
cal supervision.

Respiratory Diagnosis

Although (liuqn()s‘.is of respiratory lesions
below the upper airway in patients with maxillo-
facial injury is not within the purview of this text,
a comment concerning the respiratory systemas a
whole is necessary. The airway is a component of
the respiratory system and compromise of respir-

Attt
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ation may result not only from supraglottic obstruc-
tion but also from infraglottic obstruction, pulmonary
pathology, or central nervous system depression or
damage. Efforts to sustain respiration will fail if
the upper airway alone is maintained while other
serious respiratory lesions are neglected. As an
example, clearing the upper airway will assist
resolution of, but not correct, a ventilatory defi-
ciency resulting from the sequelae of severe pul-
monary trauma. The main objective of airway
management in the initial care period was to es-
tablish and maintain the upper airway and pro-
vide ventilatory assistance as required until de-
finitive diagnosis and treatment could be pro-
vided for other suspected respiratory problems.

Effect of Facial Fractures on the Airway

Patients with loss of mandibular continuity had
significant potential for airway jeopardy depend-
ing on the severity of the injury. The mandible
provides support to the tongue and floor of
mouth (Figures 11 and 12, Chapter III) and
when this support was lost these structures col-
lapsed into the airway producing partial obstruc-
tion; swallowing became difficult and the effects
of edema, increased secretions, and debris on the
patency of the upper airway were magnified.
These patients required careful management to
prevent avoidable respiratory obstruction and
death. By careful observation, patient position-
ing, manual support, and retraction with clamps,
sutures, or dressings, the mandible and tongue
were maintained in a forward position to provide
for a maximal airway opening. These casualties
were placed in the lateral prone position since this
allowed gravity to assist rather than worsen the
airway situation. Intubation or tracheostomy was
accomplished as soon as possible in these cir-
cumstances.

The deleterious effects of maxillary/midfacial
fracture result from the tendency of these struc-
tures to become inferiorly and posteriorly
positioned in the presence of fracture disruption.
This skeletal and soft tissue retropositioning, in
conjunction with edema and a tendency for
profuse bleeding from the maxillary area, also
produced compromise of the airway and the
attendant measures were appropriate to prevent
asphyxia. The most satisfactory position for mid-
facial injury, especially with a relatively intact
mandible, was either semi-Fowler’s or upright,

providing such a position could be adequately
tolerated by the cardiovascular status and/or
other injuries.

OTHER ADJUNCTIVE INITIAL CARE

Only the most obvious and gross debridement
and cleansing of wounds were indicated at this
interval. Bleeding was controlled by pressure
dressings and attempts were made to tie off bleed-
ing vessels only if they were large, readily visible,
and a judgment could be made that they would
continue to bleed profusely even if covered with
pressure dressings. Orthopedic splinting of
maxillofacial fractures is not possible though
simple dressings, such as the barrel or modified
Barton bandage, were occasionally used for tem-
porary support of the unstable mandible (Rowe
and Killey, 1970 [b]). If applied, such bandages
were placed to provide essentially vertical sup-
port and thus avoid accentuating the tendency of
the unsupported jaw and associated muscles to
collapse backward and downward into the airway
(Figure 27).

CORRECT VECTOR

INCORRECT
VECTOR

Figure 27 —Diagram illustrating the correct and incorrect vector of
application for bandages applied for temporary support of a frac-
tured, unstable mandible.
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Supportive therapy was desirable but de-
pended on the skill of the attendant personnel
and available medical supplies. Whenever possi-
ble, an intravenous line was established very early
to prepare for medically directed infusion of ap-
propriate resuscitative fluids and medications. At
this stage, pain medication was usually best ad-
ministered by the intramuscular route.

It is evident from the foregoing that the major

effort of initial care by nonprofessionals or
paraprofessionals was directed toward mainte-
nance of the airway because this is the most
life-threatening complication of maxillofacial in-
juries. Treatment beyond the temporizing mea-
sures described was reserved for those subse-
quent facilities that were staffed and equipped to
medically manage casualties.

TRIAGE AND PATIENT EVALUATION

TRIAGE CONCEPTS

Triage is essential in all phases of casualty care.
It can be defined as the sorting out and classifica-
tion of the wounded who have been brought to a
treatment facility. The requirement for triage
exists when there is a discrepancy between the
volume of patients presenting for treatment and
the available treatment resources. Triage was not
confined to major medical facilities but in fact
began shortly after injury when patients were first
seen in casualty clearing areas or minimal
facilities. Priorities for early care were based on
the establishment of categories of patients accord-
ing to urgency so that patients were cared forin a
time frame consistent with their injuries. At the
initial triage point the objective of triage was to sort
patients on the basis of their medical condition for: 1)
immediate transfer to large facilities after asses-
sing stability of their airway, bleeding, and circu-
lation or 2) temporary retention to provide im-
mediate lifesaving emergency surgery (i.e.,
tracheostomy, thoracotomy, etc.) in preparation
for later transfer, or 3) retention for minor medi-
cal or surgical procedures in preparation for re-
turn to duty. Triage from the advanced battle
facility was coordinated with the evacuation sys-
tem, and patients were routed to more sophisti-
cated facilities depending on the location of these
facilities, the nature of the patient’s injuries, and
the availability of patient beds and specialized
professional personnel required for treatment
(i.e., neurosurgeon, ophthalmologist).

The fully implemented concept of triage was
accomplished at the major complete facilities
where staffing and equipment permitted optimal
management of casualties. The triage officer was
ideally the general surgeon most experienced in

combat trauma treatment. He worked in a triage
area staffed by paraprofessionals well trained in
emergency resuscitation. This area was designed
to be simple and efficient and permit rapid turn-
over of patients. Most patients were transported
ona litter, and at many facilities, movable wooden
supports were used for litter holders rather than
fixed tables. This arrangement eliminated the
necessity for transfer of patients from one table to
another and permitted greater flexibility of
movement within the triage area. The triage
officer directed patient resuscitation and estab-
lished priorities for presurgical workup. Surgical
specialists were called by the triage officer as re-
quired to assist with specialty diagnoses and to
accept responsibilty for supervision of the treat-
ment workup after the triage officer had estab-
lished the priority of management.

In the triage process patients were generally
sorted into three broad categories: 1) Those casual-
ties with relatively minor wounds, 2) casualties
with major wounds that were potentially life-
threatening, and 3) mortally wounded casualties
whose injuries appeared likely to be fatal. The
guiding principle was to do the best for the most
persons with what was available by way of supplies
and personnel. To most effectively utilize availa-
ble personnel, it was thought to be more impor-
tant to devote the maximum time and energy to
those who could certainly be salvaged rather than
to those who might survive only with enormous
expenditure of man-hours and resources (Wil-
son, 1970).

Management varied according to the location
and facilities of the treating hospital and also ac-
cording to the immediate combat situation. The
majority of the injured who were evacuated to the
complete hospital facilities were retained until all
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requisite treatment had been completed. The
minimally injured or category 1 patients, under
normal circumstances, were not assigned high
priority for care since they were better able to
await treatment without developing serious com-
plications. Category 2 patients usually ranked top
priority for earliest care. Mortally wounded
category 3 patients received at least humanitarian
pain-obtunding medications as indicated. As pro-
fessional personnel became available, all appro-
priate lifesaving surgical and/or medical proce-
dures were carried out on these morally injured
patients regardless of the prognosis.

PATIENT MANAGEMENT IN THE TRIAGE
AREA

Primary Procedures

The triage area permitted ease of movement
and provided ready access to supplies, laboratory,
and radiography spaces. General and specialty
surgeons and medical technicians had their triage
responsibilities clearly defined and regimen of
treatment standaraized.

Initially vital signs were obtained and com-
pared to any previously recorded notations and
then recorded at appropriate intervals depend-
ing upon the condition of the patient. One or
more intravenous routes were established with in-
dwelling intravenous cannulas, and blood was
drawn tor typing and cross-matching (Knight,
1973). The earliest possible typing and cross-
matching were required to permit the laboratory
blood bank time for preparation of compatible
donor blood. More coustant and reliable labora-
tory results were obtained when this initial blood
typing preceded transfusion of volume-expand-
ing solutions such as dextran, which compli-
cated the cross-matching procedure.

Intubation under direct vision and without
adjunctive anesthesia or medications was the cus-
tomarily indicated emergency procedure when
the airway was seriously compromised (Salem,
1967). A narcotic, if not contraindicated by
neurologic injury or respiratory compromise, as-
sisted tolerance to the nasotracheal or oro-
tracheal intubation. Tracheostomy was deferred
until the patient was brought to surgery.

To accomplish the necessary examinations all

clothes were removed from the patients, ca
being taken not to disrupt splints or protectiv.
bandages that might be acting as pressure stops to
bleeding. Removal of clothes was often facilitated
by cutting them off. Care was taken to detect un-
detonated ordinance remaining in combat cloth-
ing. To minimize further injury, it was prudent
to avoid excessive manipulation of the head,
neck, or other potentially injured parts. Although
physical examination was one of the most impor-
tant procedures to be accomplished on these pa-
tients, in the triage area it was necessarily con-
densed, and the definitive preoperative physical
examination was deferred until the surgical
specialist who would be performing the treat-
ment accepted responsibility for the patient.

Control of pain was not a serious problem and
few patients required analgesics before surgery
(Knight, 1972, 1973).

Sequence of Management

Priority of treatment was established and those
injuries requiring earliest repair were identified.
The sequence of patient management was altered
depending on the priority of treatment estab-
lished for the various injuries and combinations
of injuries. Figure 28 diagrammatically illustrates
the potential routes utilized in bringing patients
to the operating room for definitive care.

The most common route was:

Triage — Radiology — Surgical Staging —
Operating Room.
Variations in this routing were usually predicated
on the acute needs of the patients, particularly
their requirement for immediate treatment of
extensive vascular injuries. The surgical staging
area was a buffer between triage-radiology and
the operating room. More definitive pre-
operative diagnostic assessment of the casualty
was accomplished in this area by the surgical
specialist(s) responsible for treatment. Direct
routing to the operating room from triage oc-
curred only for eminently life-threatening condi-
tions. Radiographs were not obtained when the
need for rapid surgical intervention outweighed
the value of the information that could be derived
from the films. It is obvious that expediency was
far more prevalent in these conditions than in the
ordinary clinical environment although it should
not be inferred that treatment was less than opti-
mal. Incorporation of patients into the medical
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Figure 28.—Diagrammatic illustration of the potential course that casualties followed en route to the operating room at the
Early Care Hospital Facilities where they were to undergo definitive treatment of their wounds.

system was highly dynamic, and flexibility of
management was essential.

Priority of Treatment

If all resources were available, the following
types of injury in order of priority required the most
urgent treatment: 1) major vascular or burns, 2)
major thoracic, 3) major abdominal, 4) major
urologic, 5) major brain and spinal cord, 6) or-
thopedic (extremities), and 7) oral and maxillofa-
cial.

Numerous factors influenced the priority of treatment

and these included the following: 1) stability of
vital signs, 2) number of anatomic areas injured,
3) number of patients injured, 4) availability of
surgical facilities, 5) availability of general anes-
thesia, and 6) availability of surgeons.

Treatment of maxillofacial injuries could normally
be deferred once the vital signs were stable, air-
way established, fluid and electrolyte replace-
ment initiated, hemorrhage controlled, and pain
medication administered. However, in the case of
the multiply injured patient, maxillofacial in-
juries were treated simultaneously with other in-
juries whenever possible.

PNy S——
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HYPOVOLEMIC SHOCK

CLASSIFICATION

It was necessary for all surgeons responsible for
the management of battle casualties to be knowl-
edgeable concerning the subject of shock, since
resuscitation and maintenance of patients in
hypovolemic shock were major components of
early care.

Although controversy persists concerning the
definition, type, etiology, and mechanisms of
shock, it is still desirable to briefly review what is
known and generally accepted concerning this
entity in order to establish a suitable frame of
reference for a discussion of diagnosis and
therapy.

Blalock (1930) classically described four major
categories of shock, which served as a basis from
which our knowledge of this subject has evolved.
A contemporary classification of shock and its etiology
includes: 1) hypovolemic (blood, plasma, or water
loss), 2) cardiogenic (infarct, arrythymia, tam-
pondade, late hypovolemia, epidural, or general
anesthesia), 3) peripheral pooling (spinal anes-
thesia, endotoxemia), and 4) cellular deficit (de-
creased oxygen utilization) (McClean, 1971).

MECHANISMS AND PHYSIOLOGIC
MANIFESTATIONS

Shock results from failure of the pump (heart),
the pumped fluid (blood), the arterial resistance
of vessels (arterial tone), the integrity of the capil-
lary bed, the capacity of the venous bed (venous
tone), or combinations of these (Shires, 1966 [a]).
In essence, regardless of the cause, the shock state
implies inadequate tissue perfusion. A low perfusion
rate of blood to the tissues is the most common
reason for irreversible damage to the cells (Gelin
and Border, 1970). The major type of shock en-
counterd with war injuries, including maxillofa-
cial wounds, was hypovolemic, therefore further
discussion will be limited to this particular entity.

Hypovolemic shock is caused by a significant
depletion in the circulating blood volume. This vol-
ume deficiency may be from the loss of whole
blood (hemorrhage from lacerations), plasma
(burns and crush injuries), or extracellular fluid
in extravascular spaces (water loss or depriva-
tion). In war-wounded patients hemorrhage was

the predominant etiology. Acute hypovolemic
shock, apart from local responses in the injured
area, brings about generalized increase in peripheral
resistance in response to the reduction in intravas-
cular volume. This compensatory vascular re-
sponse to hemorrhage, which is a homeostatic
attempt to maintain hemodynamic integrity, is
effected through reflex activation of the sympa-
thetic and adrenal systems and is mediated by
release of serum catecholamines. When these
adaptive mechanisms can no longer compensate
for the reduced circulating blood volume, blood
pressure falls, cardiac output is reduced, and venous
return to the heart is diminished, as evidenced by a
low central venous pressure. The initial blood
pressure change is a fall in systolic pressure and
narrowing of the pulse pressure. With continued
deficit, the diastolic pressure falls progressively
and compensatory tachycardia becomes promi-
nent.

Biochemical changes also occur with onset of the
shock state. Because of the low perfusion condi-
tions there is a reduction in the amount of oxygen
delivered to organs and tissues, and consequently
a mandatory change in metabolism from aerobic to
anaerobic. The most immediate effect of the
anaerobic shiftis the production of lactic acid that
replaces carbon dioxide as the end product of
metabolism. A progressive metabolic acidosis re-
sults as lactic acid accumulates and there is deple-
tion of available buffer bases.

In severe hypovolemic conditions reflex shunt-
ing mechanisms come into play to selectively divert
most of the available blood to essential organs,
particularly the brain and heart. This shunting is
at the expense of other organ system perfusion,
particularly the kidney which is the first to dem-
onstrate functional impairment. The biochem-
ical aberrations which have been described are
magnified by the compromise of renal function.

CLINICAL MANIFESTATIONS

Presenting signs and symptoms of hypovolemic
shock included hypotension, increased pulse
rate, increased rate and depth of respiration,
cool-ashen to cyanotic skin, thirst, early restless-
ness progressing to apathy or coma, and fre-
quently nausea and vomiting. “Clammy skin™ was
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not normally a feature. A rapid pulse is consi-
dered to be a manifestation of early hypovolemic
shock, but some patients failed to develop a
tachycardia especially if blood loss had been very
sudden and the patient kept in a reclined posi-
tion. Tachycardia was stimulated if the patient
was brought to an upright position (Knight,
1973). These patients often presented a deceptive
appearance since they manifested little or no dis-

tress and complained only of chills and thirst. If

the shock condition was advanced and therapy
inadequate or absent, the apathetic state pro-
ceeded to coma. When cerebral perfusion was
compromised to the extent that unconsciousness
ensued, the prognosis became very poor. Lesser
degrees of shock were more common and the
signs and symptoms were similar but of reduced
magnitude.

MANAGEMENT

Management of the patient in hypovolemic
shock first required a prompt and accurate diag-
nostic assessment followed by rapid, aggressive,
and appropriate care. Selected laboratory data were
obtained on venous and arterial samples to estab-
lish a biochemical profile for the patient and serve
as a base line for subsequent studies. Collins et
al. (1970) reported the following findings in 450
seriously injured combat casualties when first
admitted to the hospital. As the blood pressure
lowered, arterial hydrogen ion concentration,
lactate concentration, and pulse rate increased
and arterial pH, blood buffer base, carbon
dioxide tension, and hematocrit decreased. Indi-
vidual variations were great especially in the
hypotensive patients; acid-base status could not
be accurately predicted on clinical grounds.

The major therapy for hypovolemic shock was
adequate replacement of depleted blood volume
by crystalloid solutions and properly cross-
matched, type-specific whole blood (Lowery, et
al., 1971; Moss, 1972). The amount of fluid that
could be passed into the hypovolemic circulation
depended on the reactivity of the recipient veins,
the size of the hollow tube used for administra-
tion, and the rheologic properties of the sub-
stance given. Spasm was overcome by use of large
veins proximal to the knee or elbow. Only the
largest size cannulas were recommended for use,
and needles were avoided since they could be-
come dislodged at critical times. Cold blood is

slow and sticky whereas crystalloid solutions are
fast and free. Thus, it was common practice to
accomplish rapid massive replacement of volume
deficits with crystalloid solutions and await the
availability of whole blood if required (Dudley,
1973).

The crystalloid solutions were administered at
a rapid initial rate of 1 to 2 liters within the first
hour. This was useful, not only to restore cir-
culatory fluid but also helped to restore depleted
extracellular fluid reserves, which were com-
monly seen in the tropical climate of Vietnam
(Thompson, 1967; Knight, 1973).

Blood was indicated if the initial fluid replace-
ment with crystalloid was unsuccessful in restor-
ing and stabilizing vital signs to a satisfactory
range or there was a need to reestablish oxygen-
carrying capacity at physiologically acceptable
levels. Whenever possible, only type-specific,
cross-matched blood was transfused, but it was
occasionally necessary to use “O” negative blood
with low anti-A titer for the initial emergency
treatment of critical patients with life-threatening
hypovolemia.

Crystalloid electrolyte solutions were some-
times followed or supplemented with colloid solu-
tions such as plasma, albumin, or dextran. Most
popular of these was human plasma. Although
readily available and effective, its main disadvan-
tage was the risk of viral hepatitis, especially if the
plasma was from a pooled source. It also had no
significant oxygen-carrying capacity and there-
fore was not considered a definitive whole-blood
substitute. Low molecular weight dextran was oc-
casionally used as a plasma expander solution. Al-
though it remained intravascular for longer
periods than crystalloid solutions, it again had no
oxygen-carrying capacity and occasionally caused
allergic reactions. Dextran also produced defects
in the clotting mechanisms, an obvious detriment
in a patient with hemorrhage problems.

The adequacy of fluid replacement was usually
monitored by the response of the arterial pres-
sure, urine output, temperature and color of the
skin, level of consciousness, and central venous
pressure (Carey et al., 1971). A depressed or
normal central venous pressure that did not rise
significantly with rapid administration of a crys-
talloid solution was thought to reflect reduced
venous return or capacitance and thus
hypovolemia. Conversely, an elevation of the
central venous pressure after fluid administra-
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tion was considered indicative of impairment of

the pump mechanism in the right heart as a result
of fluid overload. At present, more sophisti-
cated methods of evaluating cardiovascular
hemodynamics in critically ill patients are availa-
ble. These involve the measurement of the filling
pressures of the right and left ventricles as well as
cardiac output by balloon flotation catheteriza-
tion techniques (Swan, 1975; Swan and Ganz,
1975).

A horizontal position of the body with the head and
knees slightly elevated was usually advocated for
the patient with hypovolemic shock. Some redis-
tribution of pooled blood was effected by this
elevation of the head and legs. The Trendelen-
burg head-down position was not recommended,
especially for the patient with maxillofacial
hemorrhage since this position stimulated
hemorrhage and also interfered with respiratory
exchange.

Oxygen support was administered via nasal
mask or carefully placed nasal oxygen catheters
into the nasopharynx. In these patients an air-
tight oronasal anesthesia mask was frequently
contraindicated because of the severity of orofa-
cial injuries.

Placement of an indwelling urinary catheter,
which was accomplished in all patients with major
injuries (Knight, 1973), permitted recovery of
urine for laboratory evaluation and allowed sub-
sequent monitoring of urine output as an indi-
cator of the adequacy of renal perfusion. Satisfac-
tory renal perfusion was in turn indicative of a
stabilizing hemodynamic status.

Pain was not normally a significant problem
with the maxillofacial patient in hypovolemic
shock. As care and general medical support be-
came apparent to the conscious patient, his anxi-
ety was reduced, and accordingly his need for
analgesics was less. If, however, pain medications
were required, it was probably best to administer
them in the form of narcotics in small readily
effective intravenous doses because these did not
contribute significantly to the potentiation of the
shock syndrome.

The use of steroid therapy or digitalis in the
patient with hypovolemic shock was not ordinar-
ily indicated (Shires, 1966 [b]). Vasopressors were
used selectively and sparingly in the management
of hypovolemic shock because the major
physiologic imbalance was inadequate tissue per-

fusion, and increasing peripheral vasoconstric-
tion tended to further aggravate this condition.

The ultimate evaluation tor adequacy of therapy
was a response of the patient to resuscitative mea-
sures such that anesthesia could be administered
and surgical repair of wounds initiated. Success
was best reflected in stabilization of vital signs,
restoration of cerebration, and resumed organ
perfusion as exemplified by adequate urinary
output.

A succint, reasonable discussion of what consti-
tutes an acceptable physiologic status for resusci-
tated battle casualties prior to surgical wound
care has been presented by Dudley (1973). He
stated:

The only overriding major contraindication to the
administration of an anaesthetic is a fall of available
oxrgen (Richards, 1944; Nunn and Freeman, 1964)
to levels at or close to oxygen needs. This matter can
easily be represented on a two-dimensional graph
[see Figure 29]. Available oxygen is the product of
cardiac output, haemoglobin and oxygen carrying
capacity; at any moment it is possible for the body to
operate within a triangle bounded at the lower limit
by threshold oxygen consumption, at the upper
limit by optimal cardiac output, and to the rigf‘l)t by
the normal level of haemoglobin. From Figure [29]
it is clear that, provided cardiac output is main-
tained, haemodilution down to 8G% is tolerated
without transgressing a level of available oxygen 1.5
times the basal oxygen requirement—a fact long
known to and exploited by cardiac surgeons who use
dilutional perfusion for cardiac bypass. It follows
that resuscitation with crystalloid or haemoglobin
free colloid to maintain cardiac output is acceptable
within the critical triangle and sucﬁ rapid restora-
tion of cardiac output by volume replacement raises
available oxygen to levels which will permit anaes-
thesia. For this purpose it is the speed at which
replacement exceeds loss that will count, and very
fast infusion, even if composed of substances that
will soon dissipate themselves from the circulation,
are effective in making the patient ready for
surgery. The efficacy <f Ringer-lactate in this re-
gard rests on its ability to flow rapidly through infu-
sion eqmﬁ)mem and provided it is used in large
amount (1.5-2.00 liters/10 minutes) it will restore
circulating volume and available oxygen, thus allow-
ing an operation to begin. It has consequently been
the practice of most teams in Vietnam to use rapid
massive replacement of circulating volume with
Ringer's solution, recognizing that lﬁe effect will be
shortlived, but that by the time escape into extravas-
cular spaces has occurred, haemorrhage will have
been controlled and blood become available
(Figure 29).
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Figure 29.—“The relationship between available oxygen, haemoglobin, and cardiac output. Full saturation (95%) and
normal oxygen-carrying capacity (1.34 ml/g Hb) has been assumed. The theoretical available oxygen has been multipled by
0.7 which is the maximum extraction ratio. It is seen that if cardiac output can be maintained—and this in oligaemia is a
function of blood volume—haemodilution down to approximately 6G % is compatible with actual available oxygen which
will meet basal requirements. A level of 8G % provides a reserve equal to 1.5 x basal requirements—{a safe level]. By con-
trast even with a normal haemoglobin a reduction of cardiac output by [50%] puts available oxygen into the danger area.
This diagram treats the body as a whole. Normal extraction ratios vary for different tissues. Thus the heart may be more
sensitive to reductions in flow because its extraction ratio is usually high.” [Reprinted with permission from Dudley, H. A F.
Some Aspects of Modern Battle Surgery. | Royal Coll Surg (Edin) 18:20, 1973.]

PRESURGICAL CONSIDERATIONS

INTRODUCTION

Individual circumstances frequently dictated
modifications of treatment and therefore a
“standard” approach to these complex injuries
was neither possible nor desirable. However, it
was advantageous to follow certain general prin-
ciples which were used as guides to management
in the formulation of individualized treatment
regimens. Some of these principles are well known
and widely accepted, but others are more empiri-
cal and controversial with less scientific validity.
One purpose of this text is to review and analyze
the results of various modalities of management
and hopefully to establish a reasonably valid,
long-term scientific perspective for them. Follow-
ing is a description of some of the immediate
presurgical considerations that were found effec-
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tive in managing oral and maxillofacial injuries
during the early care period.

The principle of “team management” was of
paramount importance in the handling of severe
and multiply traumatized patients. Although a
single team member was clearly the leader, the
composition of the team was highly variable,
being dependent on the nature of presenting in-
juries. The team leader was ideally the member best
qualified in the area of principal injury. Frequently
more than one surgical team concurrently
evaluated and treated injuries on the same pa-
tient to expedite care and minimize operating
room time. Team leaders or members occasion-
ally shifted roles. For example, in the manage-
ment of multiple head injuries the maxillofacial
surgeon was occasionally an assistant member of
the neurosurgical team, after which he accepted
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responsibility for directing the maxillofacial
care with assistance as appropriate from the
neurosurgeon. Cooperation and mutual respect
of well-qualified specialists were the key ingre-
dients to the successful team approach, thus as-
suring that the best of each discipline was utilized
to provide the most effective patient care.

STATE OF READINESS

In the war theater where the hospital workload
requirements were sporadic and unpredictable,
the hospital staff emphasized a high state of pre-
paredness (Knight, 1972). This included thorough
preplanning for sudden mass casualties so that availa-
ble physical and personnel resources of the
treatment facility could be optimally utilized.
All types of combinations of injuries were
envisioned and contingency plans formulated
for their management. Necessary medications,
equipment, and supplies were adequately stocked
well in advance of their projected need. Members
of the surgical staff became familiar with the to-
tal available armamentarium. Periodic supply
problems developed even though the supply sys-
tem, particularly in relation to medical supplies,
was remarkably efficient. Many obstacles were
overcome in efficiently maintaining these very
long and complex supply lines. It was necessary to
intelligently estimate future medical supply re-
quirements and assure that necessary supplies
were ordered well in advance so that adequate
inventories could be maintained for periods of
heavy usage. It should be emphasized that the
surgeon did not completely delegate this impor-
tant responsibility as he was the one required to
utilize these supplies, and therefore, ideally, was
closely involved in the planning for timely acqui-
sition. In general, the maxillofacial war surgeon
developed his early care treatment plans predi-
cated on a relatively simple or uncomplicated
surgical armamentarium with a necessity for lim-
ited prosthetic support (Fleet, 1975).

It was found desirable to study and if possible
practice in advance special procedures or
techniques not commonly employed. As a result
of such advanced mock preparation, when clini-
cal application was required it was done expediti-
ously since there were no operating room delays
for tamiliarization with these special procedures.

Surgeons were required to keep an open fertile
mind in dealing with nonconventional injuries.
Although accepted surgical principles were not
intentionally violated, it was occasionally de-
sirable or even necessary to modify, innovatively,
conventional techniques when faced with highly
variable and unusually complex problems. This
challenge was most evident in dealing with major
avulsive injuries resulting from high velocity mis-
siles in which there was extensive mutilation that
left distorted and unstable anatomic parts.

Surgical technicians were essential and ex-
tremely important members of the casualty care
team. It was mandatory for these individuals to be
adequately trained prior to combat medical as-
signment because of the frequency of rotation of
paramedical personnel within the surgical team,
treatment facility, and theater of combat opera-
tion. This advanced combat medical training was
regularly reinforced and enhanced at the treat-
ment facility to ensure a continued high level of
competence in triage and operating room proce-
dures.

INITIAL OVERALL MANAGEMENT

Total Patient Assessment

It was the responsibility of the specialist to
maintain a state of awareness concerning the
general status of the patient during preparation
for surgical treatment. Despite any previous as-
sessment, it was important for the maxillofacial
surgeon to perform his own examination of the
patient to determine the integrity of all organ
systems.

Airway

The airway, as always, was the first priority of
evaluation and care. The principles of airway
management discussed under initial care and
triage management were applicable in this defini-
tive care setting, with the exception that the
proper environment for performing tracheos-
tomy was now readily available. In many instances
artificial maintenance of the airway had already
been initiated by this time. However, if the pa-
tient’s airway problems had become acute, im-
mediate insertion of an oral endotracheal tube
was still the procedure of choice, since this obvi-
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ated immediate tracheostomy, permitting it to be
delayed for performance under more favorable
circumstances in the operating room. Awake in-
tubation was considered the safest technique be-
cause it minimized aspiration complications
(Salem, 1967).

Control of Hemorrhage

The next matter for consideration was control
of hemorrhage. The vascular supply to the
maxillofacial area is generous, and although
hypovolemic complications are not ordinarily as-
sociated with blunt trauma to this region, bleed-
ing from missile wounds was profuse and hemor-
rhage control was often necessary during presur-
gical care.

The patients presented with both dressed and
undressed wounds, depending upon the logistics
of their postinjury transfer and the extent of their
initial care. If no dressing was present, the
wounds were inspected and obvious bleeding was
controlled. If a dressing was present, it was re-
moved to allow presurgical assessment of the
wounds. Aggressive investigation of wounds to detect
potential bleeding sites during the presurgical prepara-
tion of the patient was not recommended because it
could lead to the development of profuse bleed-
ing that could not be adequately controlled with-
out surgical anesthesia. Detailed wound inspec-
tion was therefore delayed until the patient was
under general anesthesia and prepared for
surgery. This was especially true where there had
been a history of persistent or recurrent bleeding
from the dressed wound or significant wound
instability. If bleeding occurred during inspec-
tion it was controlled by appropriate measures
such as direct pressure on the bleeding part or
local arterial pressure points, hemostatic clamps,
vascular ties, or occlusive dressings.

As a result of the rich blood supply, intraoral
and intranasal bleeding was often brisk and con-
trol was complicated by poor access, limited visi-
bility, and compromise of airway. The most ex-
peditious method was the use of gauze pressure
dressings that were applied with careful consid-
eration for airway adequacy. It should be reem-
phasized that these temporizing measures were
considered a prelude to the definitive manage-
ment of vascular injury as a component of overall
wound treatment, which was best accomplished

later in the operating room.

Vital Signs

While completing a rapid initial total-body
evaluation, and managing airway and significant
hemorrhage, attention of personnel was also di-
rected to acquistion, recording, and evaluation of
vital sign data. Whenever possible this information
was obtained by paramedical personnel, thus
freeing the primary clinician for performance of
definitive surgical evaluation and care. Minimum
data acquired included: measurement of blood
pressure, pulse rate, respiratory rate, and deter-
mination of level of consciousness. Monitoring of
vital signs during the presurgical period was con-
tinued at appropriate intervals dependent on the
status of the patient.

Intravenous Infusion

Intravenous routes had been inserted during
initial care or triage, but their adequacy had to be
determined and additional routes added as
necessary in anticipation of more rapid sustained
fluid replacement during the operative period.
Since many of these patients required prolonged
intravenous sustenance, indwelling cannulas
were recommended rather than needles. Large
lumen, proximal veins were used in preference to
smaller distal veins such as those in the hand.
Simple venipuncture was sometimes quite
difficult in the “bled-out” patient with low
peripheral venous pressure, and it was often

* easier to cannulate a vein if the skin was anes-

thetized with local anesthesia before trying to
insert the cannula (Knight, 1973). The most
common presurgical replacement fluid was a
crystalloid solution such as lactated Ringer’s, the
amount and rate dependent on the clinical as-
sessment of the surgeon in charge of the patient.

Laboratory Studies

When the intravenous infusion was initiated, a
sample of blood was drawn for laboratory exami-
nation. Routine blood tests included hemoglobin,
hematocrit, electrolytes, complete blood count,
and differential leukocyte count. If not already
performed, typing and cross-matching were also
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ordered as a preliminary to procurement of com-
patible whole blood for transfusion. Additionally,
a heparinized refrigerated arterial blood sample
was frequently obtained to determine base line
values of pO:2, pCO2 and pH in patients
with compromised cardiopulmonary function, as
for example, hypovolemic shock or partial air-
way obstruction.

A urine specimen was obtained for standard
laboratory analysis. If the patient was unable to
void or had major injuries, a urethral catheter was
placed (Knight, 1973).

PRESURGICAL EVALUATION

Once the initial assessment had been ac-
complished and necessary lifesaving resuscitation
measures performed, attention was directed to a
more definitive evaluation of the patient in prep-
aration for the surgical treatment of wounds.
Byerly and Pendse (1971) reviewed the manage-
ment of patients over an 11-month period at a
surgical hospital designed, staffed, and equipped
to handle battle casualties. They found that, al-
though there were no specific time limits set, it
required approximately 60 minutes (range 40-
360) to resuscitate and evaluate the patient, ob-
tain radiographs, and prepare him for surgery.

History

Conscious and alert patients were usually ap-
prehensive; therefore, during the period of
evaluation, it was desirable not only to acquire
necessary medical information but also to provide
reassurance. Because of the need to expeditiously
accomplish treatment, only pertinent historical
data were obtained such as allergies, current
medications, special problems, and time and con-
tent of last feeding. Few patients were expected to
have a remarkable medical history because of the
rigid medical screening required of all military
personnel prior to combat deployment. However,
all newly admitted hospital patients including
trauma victims were carefully evaluated for the
presence of diseases indigenous to the combat
area. Malaria, dysentery, intestinal parasites, and
fungal infections were among the incidental
diagnoses observed. Concomitant medical dis-
ease was seen most frequently during the late care
period (see Table 18, Chapter V) (Gilbert, 1968).

In the noncommunicative patient available in-

formation was obtained from uniform, wallet,
and dog tags. Frequently, stretcher bearers or
other personnel accompanying the injured pa-
tient provided accounts of useful historical in-
formation concerning the patient that had been
related to them during the period of transfer.

On a humanitarian basis Vietnamese patients,
both military and civilians, were frequently seen
and managed in American Early Care Hospital
facilities. These patients presented many special
problems, the most frustrating of which was the
language barrier that made communication more
difficult (Stump 1971). Even when interpretors
were available, an uncommon circumstance, cus-
tomary oral communication was significantly
compromised. Consequently, highly verbal pro-
cedures such as obtaining meaningful historical
data were most inadequate, and a crude form of
sign language became the only available com-
munication link for obtaining information or
providing instruction. Despite these hardships,
the Vietnamese were generally highly coopera-
tive and grateful patients. Professional,
specialized maxillofacial surgical care through
domestic Vietnamese civilian or military facilities
for these patients was limited.

Physical Examination

Effective definitive surgical care was predi-
cated upon an adequate presurgical examination
protocol that included intelligent assessment of
the extent of injury and all organ systems fol-
lowed by formulation of a logical treatment plan.
A competent physical examination to properly
access the amount, extent, and nature of injuries
was the most important of all preoperative pro-
cedures.

The examination was thorough yet expediti-
ously performed. Although it was not always pos-
sible to record findings at the time of evaluation, it
was necessary to complete the patient chart at the
earliest interval consistent with the pressing de-
mands of casualty care. Paraprofessional person-
nel were of great assistance in performing some
of these clerical duties. If an earlier examination
had been performed and recorded at another
facility, such records were reviewed prior to initi-
ation of examination. Special attention was di-
rected to those anatomic areas and systems that
had sustained apparent injury or to those
symptomatic areas without overt evidence of

T S Yo,




Early Care - 59

TR

damage. Clothing had usually been removed in
the triage area, but if this had not been completed
it was necessary to finish disrobement to permit
examination of the entire body. Bandages and
dressings previously placed by personnel in ear-
lier treatment facilities were carefully removed if
appropriate and required for preoperative in-
spection of the underlying wound. If definitive
surgical care was to be delayed, the wound was
redressed. Frequently, some of the definitive por-
tions of the examination were best deferred until
after the patient was under general anesthesia
and initial debridement had been effected.

In those patients where the maxillofacial injury
appeared to be the only injury, the physical exami-
nation included an assessment of all systems and was not
limited to the apparent site of damage. Concomitant
injuries, especially those from fragmentation
weapons, were common. Extremity injuries
(53.77%), and head and neck injuries (37.69%),
other than those directly associated with the
maxillofacial injury, were seen most commonly in
the MFCS patients. The severity of the maxillofa-
cial injury was not related to the incidence of the
various concomitant injuries because the fre-
quency of these injuries was found to be similar
for all the maxillofacial casualty study (MFCS)
groups (Table 6).

The concomitant injuries were not always obvi-
ous and even in the asymptomatic patient it was
necessary to be alert to their possibility, particu-
larly undetected cranial or cervical injuries. Ap-
propriate evaluation of these siructures was ac-
complished prior to further evaluation and/or
treatment of maxillofacial injuries. Neurologic
findings were recorded as the base line to be used
as a frame of reference for interpretation of sub-
sequent findings.

Examination of the neck was accomplished

with the understanding that it was desirable to sur-
gically explore all penetrating missile wounds (Fitchett
etal., 1969). Laryngeal injury was associated with
visible or palpable evidence of wounding such as
swelling, airway obstruction with stridor, retrac-
tion and cyanosis, hoarseness or aphonia, em-
physema and crepitation, and inability to swallow
secretions. Surgical management of neck wounds
was initiated by the appropriate specialist when
positive findings of injury were noted.

Itshould be emphasized that patient evaluation
included not only initial physical examination but
also continuing assessment of the condition of the pa-
tient during the preoperative period. Since this
text deals with oral and maxillofacial injuries,
further comments concerning examination will
concentrate on this area.

Examination of the Facial Skeleton: Numerous
descriptions of the examination for patients with
facial fractures are in the literature (Guralnick,
1968; Kruger, 1968 [a]; Thoma, 1969; Rowe and
Killey, 1970 [c]; Waite, 1972; Converse, 1974 [a];
Osbon, 1974; Archer, 1975); therefore, in this
section we will highlight only those aspects of the
oral and maxillofacial examination that are con-
sidered most pertinent to casualty care.

The examination procedure for the facial
skeleton was organized into upper, middle, and
lower thirds. In the battle-injured patient it was
more convenient to include the oral, nasal, and
sinus cavities with the lower face. The examina-
tion included a visual survey of the superficial
tissues and palpation of underlying osseous struc-
tures to determine the morphologic integrity and
stability of the facial skeleton. Radiographic
examination was accomplished after completion
of the clinical examination and was used to
confirm physical findings rather than as a pri-
mary source of diagnostic information.

TABLE 6.—Listing of the Incidence of Concomitant Injuries by General Anatomic Region for the Five
Groups of Patients Included in the MFCS

Group Head and Neck Thorax Abdomen Extremity

I (N= 93) 29 [31.18]* 18 [19.35] 9[9.68] 52 [55.91]
I (N= 45) 20 (44.44] 2( 4.44] 6{13.33] 20 [44.44]
1801 (N= 22) 7(31.82] 5[22.73] 4[18.18] 12 [54.55]
v (N= 32) 18 [56.25] 8 [25.00] 7[21.88] 19 [59.38]
A (N= 7 1[14.29] 0[00.00] 2[28.57] 4[57.14)
Total (N=199) 75 [37.69) 33 [16.58) 28 [14.07) 107 [53.77)

*Figures in brackets equal percentage of N.
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Upper Third of the Face. In the absence of a
primary head injury, the upper third of the face
was carefully scrutinized in conjunction with
examination of the rest of the cranial vault. Scalp
lacerations are known to bleed profusely; there-
fore, care was exercised when temporary dress-
ings were removed from the craniofacial area.
Lacerations, contusions, and abrasions were care-
fully examined to detect the presence of underly-
ing skull fracture and/or the presence of missile
fragments or other foreign bodies. In hirsute
areas all hair was removed by scissors and shaving
before the patient was examined, with the excep-
tion that the eyebrows were never shaved. Neuro-
surgical opinion was solicited in those cases where
there was confirmation or reasonable suspicion
concerning the presence of skull fracture. Dam-
age to the frontal sinus area was evaluated with
the understanding that underlying osseous frac-
tures could involve both the outer and inner table
of the sinus and thus produce an open injury to
the brain.

Middle Third of the Face. It was possible to
evaluate injury to the midfacial region by review
of damage to the following anatomic units: orbital
area, zygomaticomaxillary cheek area, naso-
orbital area, and the areas described by the Le
Fort fracture patterns. Because of the extensive
nature of these wounds, isolated injuries to a
single unit were the exception rather than the
rule.

Orbital injuries involved bone, soft tissue, and
specialized tissue of sight. It was ordinarily the
function of the maxillofacial specialist initially to
assess the skeletal and nonocular soft tissue dam-
age and determine the functional integrity of the
eye. Visual acuity was determined and efforts
were made to save every eye in which there was at
least light perception. Lacerations of the lids and
associated soft tissues including the globe were
noted, with the understanding that repair by an
ophthalmologist was desirable. Subconjunctival
hemorrhage was a common finding in orbital
fractures but did not in itself signify ocular injury
of any consequence. Hyphema, on the other
hand was particularly dangerous and ophthal-
molegic evaluation and treatment were essential
in managing such injuries to assure that second-
ary glaucoma was correctly treated. In any pa-
tient who sustained direct trauma to the eye the

presence of corneal abrasion was suspected
(CINC PAC, 1971 [a] and NATO, 1975 [a]).

Continuity and contour of the orbital rims were
determined by palpation, with the knowledge
that the most common fracture locations, other
than from direct missile damage, would be at the
infraorbital rim and the zygomaticofrontal su-
ture. Avulsion, displacement, or instability of the
orbital rims caused malposition of the orbital con-
tents and/or malfunction of the extraocular mus-
cles, thus producing visual disturbances such as
diplopia. Ophthalmologists were routinely in-
volved in the management of orbital injuries and,
regardless of the extent of injury, it was desirable
whenever possible to have patients sustaining or-
bital trauma undergo ophthalmologic examina-
tion. A more detailed description of bony orbital
injury will be presented in the section on surgical
considerations.

Zygomaticomaxillary cheek injuries involved soft
tissues, fracture, and avulsion. Missiles traversing
the lateral facial area frequently damaged the
facial nerve and parotid gland (Figure 13, Chap-
ter 1II). It was desirable to ascertain the degree
of functional compromise at this time to de-
termine the nature and extent of surgical repair
that would be required. In addition to avulsion
and comminution at the site of the missile tract,
there was also fracture of the zygomaticomaxil-
lary complex that occurred in the usual patterns
(Knight and North, 1961).

Naso-orbital fractures ordinarily are produced
by crushing injury to the central portion of the
upper midfacial area; they may be isolated or
more commonly are associated with Le Fort 11 or
111 fractures. Although these injuries were rare in
Vietnam, the naso-orbital area was occasionally
involved in missile injuries to the midface and it
was necessary to diagnose the complex of naso-
orbital injury to obviate the development of late
adverse sequelae. The classic picture of fractures
in the naso-orbital area is a backward displace-
ment of the nasal skeleton and the medial wall of
the orbit into the interorbital space. This pro-
duces a characteristic depression over the upper
portion of the bridge of the nose as well as de-
formity of the canthal area resulting from lateral
displacement of the attachment of the medial
canthal ligaments (Converse, 1974 [b]). If the
cribiform plate and roof of the ethmoid were
fractured, thus producing open injury in the an-
terior cranial fossa and cerebrospinal fluid leak-
age, neurosurgical consultation was required.

The patterns of facial fracture were originally de-
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scribed by Le Fort (Tilson et al., 1972) and in a
general sense remain valid today. Although dif-
ferent combinations of the various Le Fort frac-
tures (1, 11, and III) were occasionally seen in Viet-
nam, this was not the typical injury pattern from
war wounds. High velocity missiles more com-
monly created wounds, with severe comminution
or avulsion in the direct missile tract. When pres-
ent, however, as primary or secondary injuries,
Le Fort fractures were treated in a conventional
manner without violation of basic treatment prin-
ciples. The common denominator of these frac-
tures was disruption of the occlusion by fracture
through the midfacial skeleton at a level some-
where between the maxillary dentition and the
base of the anterior cranial fossa. Treatment in-
volved stabilization at the most superior unin-
jured point on the facial skeleton. Therefore, the
essential objective of the examination was to determine
the superior level of fracture since the inferior level
was established by the maxillary teeth or edentul-
ous alveolar ridge.

In Le Fort I injury only the maxilla was
unstable—the line of fracture was in a horizontal
plane just above the apices of the teeth. Clinical
findings included ecchymosis, swelling of the
maxillary vestibular mucous membranes, facial
edema, nasal bleeding, and malocclusion.

In Le Fort II or pyramidal fractures, the
superior level of the fracture lines extended
superomedially from the malar buttresses across
the maxilla to the midportion of the infraorbital
rim and then continued superomedially to join in
the midline at about the level of the nasal bones.
In addition to the Le Fort I findings, there was
paresthesia of the infraorbital nerves and notice-
able elongation of the middle third of the face in
conjunction with periorbital swelling and ec-
chymosis. Visual disturbances were seen if the
floor of the orbit or the extraocular muscles were
involved in the fracture line. These fractures
were often seen as combinations of Le Fort IT and
Le Fort III.

Le Fort III injuries, the so-called craniofacial
disjunctions, are the most severe midfacial in-
juries other than gross avulsion. The upper level
of fracture extended across the superior portion
of the midfacial skeleton, running from the
zygomaticofrontal suture on each side medially
through the walls of the orbits and joining in the
midline at or just below the level of the cribform
plate of the ethmoid bone. The findings of Le

Fort I and II injuries were present as well as any
or all of the following: marked periorbital swel-
ling and ecchymosis, subconjunctival hemor-
rhage, occular impairment, visual disturbances
secondary to extraocular muscle imbalance
and/or damage to the orbital floor, and canthal-
nasal deformities such as those described previ-
ously for naso-orbital injuries. When cerebrospi-
nal fluid was escaping into the naso-oral cavities
via fracture of the cribiform plate, neurosurgical
consultation was indicated. The incidence of
cerebrospinal rhinorrhea in nonmissile injuries is
reported as approximately 25% (Lewin, 1954;
Rowe and Killey, 1970 [d]). The incidence in
missile injuries is not known although it relates
to the path of the missile as well as the extent of
secondary craniofacial fracture. In these exten-
sive fractures the entire midface was elongated
and often displaced posteriorly as a result of the
action of the internal and external pterygoid mus-
cles acting on the pterygoid plates of the sphenoid
bone just posterior to the maxilla (Figure 10,
Chapter III).

Inall these fractures it was possible to grasp the
maxilla and demonstrate movement of the mid-
facial skeleton below the level of fracture. Most of
the midfacial war injuries were secondary to di-
rect or concussion effects of missiles and included
severe comminution and avulsion in addition to
the usual Le Fort patterns of skeletal fracture.
Combinations of injury were common. In some
instances missiles traversed the entire midface
and produced instability of the osseous skeleton
by frank avulsion and fracture comminution
(Figure 24). It was esser.ial that the maxillofa-
cial surgeon have a thorough knowledge of the
anatomy and function of all structures in the mid-
facial area to assure thorough diagnostic assess-
ment of the damage imparted by the wounding
agents. It was often necessary to involve an oph-
thalmologist and neurosurgeon as well as the
maxillofacial specialists in the management in
order to establish a definitive diagnosis concern-
ing the extent of injury.

Lower third of the face. During examination of
the lower one-third of the face, the basic consid-
eration was to determine whether the injury had
produced disruption of mandibular continuity by
either fracture or avulsion. The foundation of the
facial skeleton was an intact mandible capable of stable
dental occlusion.

Mandibular stability, range of motion, and the
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status of the occlusion were determined, even
though it was recognized that in cases of severe
damage inadequacies were grossly evident. Pat-
terns of injury were variable and included all
regions of the mandible though the body and
symphysis areas were more commonly (lanmgcd.
The classical clinical findings in jaw fractures, as
described by Rowe and Killey (1970 [e]), include:
history of injury, pain, functional interference,
abnormal mobility, malocclusion, deformity,

swelling, ecchymosis, crepitus, and absence of

transmitted movement.
In those situations where comminution and
avulsion had occurred, no attempt was made to

determine the potential viability of residual osse-
ous fragments since it was found by experience
that such decisions were best delayed until the
time of definitive surgical debridement when all
areas of the wound could be meticulously investi-
gated.

Examination of Soft Tissues. Severe disruption
of the oral sphincter occurred as a result of mis-
sile wounds to the anterior portion of the lower
and midface. Retraction of the orbicularis and
other muscles of facial expression (see Figure 9,
Chapter 111) often caused injuries to appear
more extensive than they actually were. Careful
assessment of the missile damage including pre-

Figure 30.— Upper left) Fragmentation wound to the lower face involving the lips. Upper right) Assessment of the amount and
type of tissue available for closure. Lower left) Closure immediately following surgery. The vermilion border of the lip was
used as a guide in the approximation of displaced tissues. The oral commissure was not directly violated although care was
taken that it not be distracted during wound closure to prevent lip dysfunction at the corner of the mouth. Lower right)
Appearance of patient 18 months after injury. Lip competence is evident and the scars are maturing satisfactorily.
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Figure 31 —Upper) High velocity missile produced extensive injury

to the orofacial region including damage to the tongue, floor of

mouth, and mandible that effected loss of muscular support to the
tongue and floor of mouth. Initial airway maintenance was followed
by tracheostomy thus obviating upper airway compromise. Lower)
Lateral radiograph illustrating the inferior and posterior collapse of
the anterior mandible that was associated with the injury.

liminary repositioning of tissue flaps was desir-
able to assist in determination of the approximate
amount and type of tissue that would be available
for closure—the vermilion border of the lip was
the key landmark in these situations (Figure 30;
Case report 02). It was recognized that it was not
possible to definitely assess the adequacy of soft

tissues available for closure until the underlying
skeletal structures had been repaired.

A very significant consideration was the exten-
siveness of the injury to the tongue and its stabili-
ty. The tongue was affected by either direct
wounding, which produced hemorrhage and
edema, and/or by loss of its anterior muscular
support (Figures 11 and 12, Chapter I1I) due
to fracture avulsion of the mandible, which pro-
duced posterior collapse (Figure 31; and Case
reports 03, 04, 05, 06). Both conditions were po-
tential hazards to the upper airway, and continu-
ous monitoring of ventilatory exchange was re-
quired if tracheostomy or intubation had not
been accomplished before the presurgical ex-
amination.

The floor of the mouth, palate, pharynx, and
nasal and sinus cavities were examined to deter-
mine the extent to which their anatomic integrity
had been disrupted. Hemorrhage and edema
that could possibly compromise the airway were
consistent features of injury to these structures.

At this time it was necessary to examine for
overt and suspected evidence of communication
between oral and neck wounds such as avulsive
missile tracks or mucosal lacerations suggestive of
missile penetration (Figure 32).

Because the oral-pharyngeal-nasal area is ex-
tremely vascular (Figures 12, 14, and 15, Chap-
ter III), produces copious secretions, and pro-
vides difficult access, visual examination was
difficult. These examinations were best accom-
plished with additional light, suction, and as-
sistance.

Radiographic Examination

Preoperative radiographic studies were impor-
tant diagnostic aids to help determine or confirm
such matters as: osseous fracture sites, retained
missile fragments and foreign bodies, subcutane-
ous emphysema (particularly in neck injuries)
and the pulmonary status in anticipation of gen-
eral anesthesia. Such radiographically deter-
mined information was helpful in planning sub-
sequent surgical procedures, particularly if the
surgeon took an active part in ordering, obtain-
ing, and interpreting the films. Generally, the
patient was not sent to the radiology department
until his condition and vital signs were reasonably
stable. Because of the continuous threat to the
airway the maxillofacial patient was carefully at-
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Figure 32.-Left and Upper right) Lateral and posteroanterior radiograph of the maxillotacial-neck region showing the pres-
ence of a high velocity missile (AK-47). The missile was almost spent when it struck the patient’s chin as it had penetrated
the thigh of a fellow combatant. It passed through the symphysis and floor of mouth and came to rest within the posterior
wall of the pharynx just anterior to the spinal cord. After careful examimation of the wounds, the missie was located and
removed without incident. The wound was drained through the floor of the mouth and out the edentulous space that had
been created in the symphysis area of the mandible. Neck exploration was not considered necessary m this case. Lower right)
Posteroanterior radiograph of mandible following treatment showing the novial relationship of the mandible and maxilla
that has been established by closed fracture reduction with intermaxillary ixation. No divect wire fixaton of the fractures

was accomplished.

tended at all times.

Although the capability existed for com-
prehensive radiographic evaluation (i.e., lami-
nography, arteriography), such studies were
rarely ordered preoperatively and only the most
essential views were obtained to expedite prep-

aration of the patient for surgery by avoidance of
logistic delays in the radiology department. The
number of radiographic views was reduced in
comparison to nonbattle circumstances, but there
appeared to be little compromise in the diagnostic
and therapeutic capability of the maxillotacial
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surgeon. Occasionally the radiology department
was bypassed entirely if inmediate surgical inter-
vention was critical to the patient’s survival (Fi-
gure 28).

All patients requiring general anesthesia had a
posteroanterior (PA) chest radiograph and maxil-
lofacial patients were additionally evaluated with
a series of extraoral facial films which commonly
included just five views: Water’s PA projection, PA
and lateral skull, and right and left oblique lateral
projections of the mandible. The PA and lateral
skull radiographs were taken with large films in
order to facilitate positioning and provide for
inclusion of neck structures in the study. Sup-
plemental views were occasionally ordered if
there was a distinct need for additional radio-
graphic information and if the condition of the
patient permitted. These additional views in-
cluded: Townes, submento-vertex, paranasal
sinuses, and floor of the mouth-occlusal.

Radiographic survey of the cervical spine was
indicated mainly for determining the presence
and location of foreign bodies or demonstration
of emphysema rather than for detection of cervi-
cal spine fracture or dislocation, which is more
commonly associated with blunt, nonmissile
trauma. If there was any possibility of cervical
spine injury, manipulation of the head for
radiographic purposes was accomplished with ex-
treme caution.

The quality of the radiographs in these neces-
sarily expedient circumstances was frequently
compromised as a result of the following prob-
lems: large, bulky facial dressings that prevented
visualization of anatomic references by the
radiology technician; traumatic alteration of

normal anatomy; extensive soft tissue swelling;
oral secretions and bleeding; painful head posi-
tioning; and obtunded, uncooperative patients.
In addition, poor quality films were occasionally
produced because of expeditious positioning,
exposure, or processing that occurred while the
radiology staff was attempting to meet the de-
mands associated with an exceedingly heavy
input of casulaties.

Whereas radiographs were of great value as diagnos-
tic aids in maxillofacial trauma, they were never a
substitute for astute clinical evaluation. Some types of
fractures, such as maxillary or alveolar, were
often much easier to determine clinically than
radiographically; indeed, it was sometimes im-
possible to demonstrate an apparent clinical frac-
ture on poor radiographs. When such diagnos-
tic conflicts arose, primary reliance was placed on
the clinical evaluation.

Documentaticn of Examination Findings

If time permitted, photographs were obtained
and diagrams of the pattern of damage were pre-
pared since they were valuable for subsequent
reappraisal of the injury, particularly at the time
definitive plans for reconstruction and rehabilita-
tion were being formulated in the late or recon-
structive phase of management. This later phase
of patient management occurred at a different
facility and by a different team of surgeons that
had no means of convenient communication
other than initially provided written records and
photographic documentation of findings. 4 stand-
ardized form for oral and maxillofacial injuries
was not available but is considered to be a neces-

TaBLE 7.—Incidence of Osseous Injury for Various Anatomic Sites in the Maxillofacia! Region for the Five Groups of
Patients Included in the MFCS
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sary future requirement to assist this type of
supplementary documentation and treatment
planning.

ANALYSIS OF EXAMINATION FINDINGS
IN MAXILLOFACIAL CASUALTY STUDY
PATIENTS

Cases included in the MFCS were reviewed to
determine the type and site of oral and maxillofa-
cial injury. The patients were divided into 5
groups (Table 4), which were determined by the
nature of mandibular injury since these injuries
were most common in the maxillofacial area
(Tinder et al., 1969).

The most common site of osseous injury in the
mandible was the body (67.51%), followed by the
symphysis (46.19%), angle (35.03%), ramus
(25.38%), and condyle (7.11%) (Table 7).

These data contrast with civilian-type mandible
fractures (blunt trauma). Hagan and Huelke
(1961) concluded that the location of such frac-
tures was related to the cause, force, and location
of injury, an observation that was confirmed by
Salem et al. (1968) in their analysis of 423 man-
dibular fractures of non-gunshot etiology in pa-
tients treated at U.S. Army installations. Huelke
et al. (1962) found that the association of frac-
tures between location, site of impact, etc., was
not haphazard and could be statistically
confirmed. Although this may be true for blunt-
type civilian trauma, the matter is far more com-
plicated for combat injuries because they are
almost all due to randomly directed, highly de-
structive missiles and as such are more severe and
complex and do not follow common patterns.

In the midfacial area, 19.80% of the MFCS
patients sustained maxillary segmental fractures
and 11.68% some type of Le Fort fracture. Other
midf~cial osseous injuries seen in these patients
were zygomatic (15.74%), naso-ethmoidal
(8.12%), and orbital (13.7%). The highest inci-
dence of midfacial bony injuries was seen in those
patients with avulsive osseous injuries of the
mandible that did not require bone grafting
(group II), reflecting the multiplicity and severity
of their maxillofacial injuries.

The distribution of maxillofacial injuries in
Federal Services treatment facilities was studied
by Lilly and Kelly (unpublished data) in an
analysis of 3,104 facial bone fractures. They
found the following distribution of fractures:

mandible 64 %, maxilla 13%, zygoma 14%, and or-
bital floor 8%. These fractures were from all types
of causes though only 0.5% were gunshot wounds.

Other sites and types of injuries in MFCS pa-
tients are listed in Tables 8 and 9. Teeth were
fractured in 62.44%, avulsed in 42.64%, and re-
quired extraction in 62.94% of all patients. As
would be expected, the highest incidence of den-
tal damage was in group I patients in whom
osseous tissue was avulsed to the extent that bone
grafting was required.

Intraoral soft tissue injuries were most com-
mon in group I patients in which the following
incidence was noted: tongue (47.25%), floor of
mouth (62.64%), palate (13.19%), and pharynx
(13.19%). For all groups the tongue (31.98%) and
floor of mouth (40.10%) were injured in the
largest percentage of patients.

For all groups extraoral soft tissue injuries were
most common in the cheek (57.78%)—75.82% of
the group I patients sustained cheek injuries. The
sub- and infra-mandibular area (32.99%) and the
lower lip (32.49%) were the next most common
sites of injury. Salivary gland injuries were seen
infrequently in these groups of patients; they oc-
curred in only 8.12¢% of all cases for submaxillary
and 2.54¢ for parotid.

ADDITIONAL PREOPERATIVE
CONSIDERATIONS

Once the essential diagnostic information had
been accumulated it was possible to proceed with
definite plans for operative treatment. Formula-
tion of these plans was dependent on continued
observation of the clinical and physiologic status
of the patient as well as the presurgical logistics in
the casualty care area. The treatment category
and priority assigned in the triage area (p. 49)
were important in determining the timing of
surgical intervention. This priority was reap-
praised in light of any dramatic changes that had
occurred in the condition of the patient.

Preliminary Wound Care

In some instances it was elected to superficially
debride wounds during the staging period prior
to operation (Figure 28). Such preliminary
wound preparation was desirable, but it was done
only if long delays were definite and it was im-
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TABLE 8.—Incidence of Orofacial Inj .ry to the Teeth, Alveolus, Tongue, Floor of Mouth, Palate, and Pharynx for all
Groups of Patients Included in the MFCS

Teeth Alveolus

Floor of

Group Tongue Fead

. ; ; Palate Pharynx
Fracture Avulsion | Extraction Maxilla Mandible

I (N=91)| 70[76.92]* | 54[59.34] | 68[74.73] | 38[41.76] | 66[72.53] | 43[47.25] | 57(62.64] 12(13.19] | 112[13.19]

I (N=44)| 23[52.27] 15(34.09] 19[43.18] 5(11.36]) 3(6.82) 12[27.27] 12[27.27] 7(14.29]) 3(6.82]
III (N=23)| 8[34.78] 5(21.74] 15[65.22] 1[4.35] 1[4.35] 2(8.70] 4[4.35] 3(13.04] 0[{00.00] 3
IV (N=31)| 17[54.84] 8[(25.81] 17(54.84] 2(6.45] 2(6.45] 4(12.90] 4(12.90] 2{6.45] 0{00.00]

V(N=8) 5[62.50] 2(25.00] 5[62.50] 1[12.50] 2[25.00] 2(25.00] 2[25.00] 2(25.00] 0[00.00]

Total (N=197)] 123[62.44] 84[42.64] | 124[62.94]) | 47[23.86] | 74[37.56] | 63[31.98] | 79(40.10] | 26[13.20] 15(7.61]

*Figures in brackets equal
percentage of N.

possible to take the patient directly to surgery.
Serious bleeding must have been controlled by
hemostats or temporary ligatures before initia-
tion of the procedure. This preliminary super-
ficial debridement in advance of preparation in
the operating room was accomplished by vigor-
ous fluid irrigation. A method of wound debride-
ment referred to as hydrodynamic was described by
Peacock (1971[a]); this is essentially what was ac-
complished in these contaminated war wounds.
By forcefulirrigation onto the wound surface of a
large volume of irrigating solution (saline), con-
taminants could be flushed away and the number
of bacteria presumably reduced, which helped
assure primary wound repair after closure. Sub-
stantiating these efforts are reports that a recently
developed pulsating jet lavage, which is in effect a
hydrodynamic flushing device, has reduced the
number of bacteria and debris as well as the inci-
dence of infection in wounds experimentally con-
taminated (Gross et al., 1971, 1972; Stewart et al.,
1971; Green et al., 1971).

If the maxillofacial injury was obviously so se-
vere that a high priority of treatment was estab-
lished and wound care was imminent, it was ad-
visable to defer any type of wound debridement
and, in fact, even wound examination until the
patient was resuscitated and in the operating
room.

During the delay in the staging area, other sim-
ple procedures could be performed that im-
proved the patient’s status during the interim and
also expedited the subsequent operating room
procedure. Temporary immobilization of unstable
mandibular fractures, for example, could be ac-
complished by simple measures such as tying ad-
jacent and/or opposing teeth together with a liga-
ture (dental floss, suture, wire, etc.) to stabilize the
fragments thus minimizing associated pain. Oc-
casionally, time and circumstances permitted the
application of dental fixation devices under local
anesthesia. This was done in the staging area or,
in some instances, patients were temporarily
transported to a clinic area where more ideal

TABLE 9.— Incidence of Orofacial Injury to the Lips, Cheek, Sub- and
Infra-Mandibular Area, and Salivary Glands for all Groups of Patients Included in

the MFCS
Lips Sub and Salivary glands
Group Cheek infra-
Upper Lower mandible Parotid |Submaxillary

I (N=91) 9[9.89]* | 43(47.25] | 69[75.82] | 60[65.93] 4[4.40] | 14[15.38]
I1 (N=44) 4[9.09] 9[20.45] | 16[36.36] 4[9.09] 0[00.00] 0[00.00]
111 (N=23) 1[4.35] 3[13.04] | 11[47.83] 0[00.00] 1{4.35] 1{4.35]
IV (N=32) | 8[25.00] 6[18.75] | 13[40.63)] 1(3.13] 0[00.00] 1[(3.13)
V(N=7) 2(28.57) 3[42.86] 5(71.43] 0[00.00] 0[00.00] 0[00.00]

Total (N=197) | 24[12.18] | 64[32.49] | 114{57.87] | 65{32.99] 5{2.54] 16(8.12]

*Figures in brackets equal
percentage of N.
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facilities, such as better lighting, were available.
Soft tissue measures included not only superficial
wound debridement as a preliminary to definitive
care but also placement of temporary tacking su-
tures or dressings to cover gaping wounds.

When occlusive dressings were used for tempor-
ary wound coverage, they were moistened with
either Betadine® (povidone-iodine solution)* for
external application or saline for intraoral place-
ment. Although moist dressings are known to
contaminate clean wounds, it was thought that in
these instances of temporary open packing of
contaminated wounds the antiinfective nature of
povidone-iodine would reduce rather than
exaggerate contamination and also maintain a
moist wound surface, thus lessening cellular
injury secondary to desiccation. The moisture
prevented surface coagulation and promoted
drainage, which lessened the drying of a viscous
exudate on the surface. To assure identification
and retrieval, intraoral dressings were tagged with
long heavy-gauge suture material (0 or 00) that
was brought out of the mouth and secured to a
stable portion of the craniofacial skeleton. These
patients were under careful observation while
awaiting surgery, and personnel in attendance
wcre instructed to make sure that oral dressings
did not become dislodged and compromise the
airway.

All these measures were accomplished in an-
ticipation of primary closure of the orofacial la¢-
erations which, because of the excellent blood
supply, could be closed primarily even after a delay of
up to 24 hours. Delayed primary closure of maxil-
lofacial wounds was seldom performed in Viet-
nam though it has been successfully accom-
plished, in other conflicts where military logistics
did not permit routine primary wound treatment
(Chipps et al, 1953; Awty and Banks, 1971).

Facial fractures normally constituted no
“acute” emergency in relation to such injuries s
those requiring major vascular repair though i
was highly desirable to reduce and fix them as
early as possible. Reduction was sometimes de-
layed for up to 10 days as a result of associated
wound complications. However, in those in-
stances where orofacial soft tissue wounds were
closed and underlying skeletal fractures not re-
duced, the wound closures were invariably dis-
rupted when definitive fracture reduction pro-

*Purdue Frederick Company, Yonkers, New York.

cedures were later performed.

Anesthetic Management

Presurgical Planning. During the immediate
preoperative period it was necessary to consult
with the anesthesiologist that was to be responsible
for the patient during surgery. Fortunately, the
maxillofacial surgeons were familiar with the
problems that might complicate anesthetic man-
agement and preoperative consultation between
surgeon and anesthetist proved valuable in cases
of maxillofacial injury. During this session under-
standing and agreement was sought concerning
the following significant management issues: 1) in-
tended intraoperative surgical treatment plan, 2)
requirements expected of the anesthetist, 3) esti-
mated length of the operative procedure, 4) tim-
ing and type of intermaxillary fixation, 5) use of
oral or nasoendotracheal tube, 6) necessity and
duration of postsurgical endotracheal tube reten-
tion, 7) necessity, timing, and technique of
tracheostomy, 8) estimated intraoperative surgi-
cal blood loss and transfusion requirements, 9)
type, dosage, and route of administration for an-
ticipated preoperative and intraoperative medi-
cations.

Intubation. Intubation of these patients was
mandatory, and in most instances, a nasal as op-
posed to oral endotracheal tube was preferred to
improve access for the surgeon and to permit
intermaxillary fixation when required. Although
nasoendotracheal intubation was difficult, it did
facilitate surgical wound management. If it was
not possible to place a nasal tube, oral intubation
was performed though it was understood that
intermaxillary fixation would be deferred until
an appropriate time after removal of the tube.

Tracheostomy. If not already accomplished,
tracheostomy was performed most commonly
after intubation, with the patient anesthetized.
The indications and techniques of tracheostomy
have been described in the literature (Sicher,
1952; Rowe and Killey, 1970[f]; McKelvey, i.. E.,
1972; Converse, 1974[c]). There was ordinarily
no need to vary from the standard techniques—
most of the tracheostomies were performed
through a horizontal incision and a layered ap-
proach to the trachea was followed. It was under-
stood that in most instances the tubes would re-
main in place at least during the period of medical
evacuation and frequently well into the late phase
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of treatment, as will be discussed in the inter-
mediate care chapter.

The overall incidence of tracheostomy in the
MFCS patients was 47.21% (Table 10). Group I
patients (bone graft) had the highest incidence
(64.84%) followed by group II (avulsive—non-
graft) patients (45.45%). The combined incidence
for these two groups was 58.52%. The combined
incidence for groups 111, IV, and V, the less se-
verely injured, was 22.58%. The incidence for
these three groups is more consistent with that for
the heterogeneous maxillofacial casualty popula-
tions reported by Terry (1969) and Tinder et al.
(1969) in which they found a tracheostomy inci-
dence of 17% and 14%, respectively. The frequen-
cy with which tracheostomy was performed was
related to the severity of the orofacial injury and
it was in fact a routine procedure in the face of
extensive tissue damage.

The fact that tracheostomy was performed far
more frequently than in previous conflicts (p.
12, Chapter I) was perhaps related to the evolu-
tion of improved cardiopulmonary management
procedures and the need to prepare patients for
early long-range evacuation. However, tracheos-
tomy was not an innocuous procedure and its po-
tential complications will be discussed in the in-
termediate management chapter.

TABLE 10.—Incidence of Tracheostomy for the Five
Groups of MFCS Patients

Group Tracheostomy Percent

I (N =91 59 64.84

II (N = 44) 20 45.45

11 (N = 23) 6 26.09

IV (N = 32) 8 25.00
VN=T 0 00.00

Total (N = 197) 93 47.21

I, IT (N = 135) 79 58.52

I, IV, V (N = 62) 14 22.58

Anesthetic Techniques. Most patients were anes-
thetized with a thiopental-type induction and
maintained with halothane, nitrous oxide, and
oxygen. Halothane had definite advantages for
use in a combat zone including ease of adminis-
tration, nonexplosiveness, and wide applicability.
In addition, rapid emergence from anesthesia
and decreased incidence of nausea and emesis
postoperatively reduced the requirements on
personnel in the surgical intensive-care unit.
Halothane was not recommended for marked
hypotensive patients because it is a potent vasodi-
lator and it was difficult to maintain and obtain
blood pressure during induction (CINC PAC,
1971[b)).

SURGICAL MANAGEMENT

INTRODUCTION

A rigidly standardized approach to the surgical
treatment of these complex injuries was neither
possible nor desirable; however, it was advan-
tageous to adhere to accepted principles regard-
less of the extent of wounding. The material
discussed in this section is a correlation of basic
surgical principles with results of an analysis of
the U.S. Navy maxillofacial casualty study and the
personal experience of the authors.

Since the proper healing of a wound was influ-
enced by what was done at the operating table,
several questions were considered prior to and
during the surgical procedure—was the wound
massively contaminated, had it been adequately
irrigated and debrided, had effective hemostasis
been achieved, and had provisions been made for
adequate drainage. If these questions were prop-

erly considered the majority of wound-healing
complications were-avoided.

WOUND PREPARATION

As evident from the previous sections of this
chapter, missile wounds differed from elective
surgical wounds in that there was almost univer-
sal contamination and greater damage to and loss
of tissue. As a result, the preoperative wound
preparation was principally directed to reducing
the potential for postsurgical sepsis by adherence
to aseptic technique and performance of meticu-
lous debridement.

If hydrodynamic debridement (p. 67) of the
wound had not been accomplished then it was
employed at this time. Operating room time in
combat situations was valuable and the prelimi-
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nary preparation of the wound helped reduce the
time of wound preparation in the operating
room. Antibiotics were not added to the irrigation
solutions since there was no conclusive evidence
that they improved the effectiveness of the hy-
drodynamic debridement (Gross, 1972). It is un-
likely that topically applied antibiotic irrigants
permeate the tissues and free-floating bacteria
were equally well washed away with a saline solu-
tion. Achieving a therapeutic level of antibiotics
in the tissues by systemic administration is a
sounder antiinfective approach to bacterial con-
trol (Robson et al., 1973).

The usual principles of presurgical wound
preparation were employed including cleansing
of tissues surrounding the wound with an anti-
septic soap solution after the removal of all hair
from the field of operation by shaving. Shaving of
the patient was performed very carefully in con-
junction with a disinfectant because, as known,
razor trauma can provide an additional portal of
entry for exogenous bacteria (Robson et al,
1973). The most commonly used antiseptic soap
solution was Betadine®.

At the time of wound preparation, all dirt and
debris that had been driven into the cutaneous
aspect of the wound by the blast was removed by
vigorous scrubbing with sponges or brush to pre-
vent development of a permanent tatoo scar (Os-
bon, 1969; Terry, 1969) (Figure 20).

Although scrubbing of the skin and wound sur-
face with a medicated soap solution was an impor-
tant prelude to surgery, it was recognized that
correct draping, guarding against the soaking of
drapes with irrigation fluids intraoperatively, and
completing the surgical procedure in an ex-
peditious manner were equally important in re-
ducing the extent of infection.

CONTAMINATED WOUNDS AND
ANTIBIOTIC THERAPY

Factors Effecting Contamination

Every open war wound was considered to be
contaminated at the time of initial surgical
examination following injury.

Because these wounds were characterized by de-
vitalization of tissue, extravasation of blood, disruption
of local blood supply, introduction of foreign bodies, and
contamination by various bacteria, severe infection
resulted if proper precautions were not insti-

tuted. The devitalized tissue and extravasation of
blood provided nutritional support for bacterial
growth, whereas edema produced tension within
the wound and exaggerated the hypoxic condi-
tions resulting from diminished blood supply
thus favoring the development of wound sepsis.

Early surgical intervention was probably the
most important means of reducing the likelihood
of wound infection. Cleanly incised, viable tissues
with an adequate blood supply were best able to
combat bacterial invasion. Although antibiotic
therapy was also important in reducing infection,
it was not viewed as the primary therapeutic measure.
The success of antibiotics in ameliorating wound
infection depended more upon the prompt in-
stitution of sound surgical principles.

Contaminating Microorganisms

The type of bacteria present varied with the
geographic location and terrain, the type of de-
bris soiling the wound, the bacteria residing on
the skin and clothing at the time of injury, and the
time between wounding and treatment (NATO,
1975([b]).

Seasonal variations in the incidence of micro-
organisms in wounds were well documented.
For example, Staphylococcus epidermidis was the
most common microorganism isolated in
January, Escherichia coli and Pseudomonas
aeruginosa in the summer months of June and
July, and Aerobacter aerogenes was prevalent in
March and April. Despite seasonal variations,
however, S. aureus and P. aeruginosa were the
most common organisms isolated on a year-
round basis whereas the group of enteric or-
ganisms, including 4. aerogenes, E. coli, and Pro-
teus, were the next most prominent. Mixed
cultures were also found which contained vari-
ous combinations of S. aureus, P. aeruginosa, and E.
coli, but these constituted less than 5% of the initial
positive cultures (Kovaric et al., 1968; Matsumoto
et al., 1969). Enteric organisms were prevalent in
Vietnam because of the relatively primitive waste
disposal methods, use of human waste as fer-
tilizer, and the continuous hot, humid climate.

Antimicrobial Therapy

Initial antibiotic therapy, which included
penicillin and streptomycin, was directed to com-
bating both gram-positive and gram-negative or-
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ganisms. However, streptomycin was usually
administered for a short term (5 days or less) be-
cause of its potential toxicity and, as a result, there
was a predisposition to secondary invasion by the
ubiquitous gram-negative organisms (Kovaric et
al., 1968). Therefore, although the patients were
receiving antibiotics, it was necessary to be con-
tinuously alert for the development of infection.

Two conditions were essential for antibiotic
control of bacterial proliferation in tissues.

1. The antibiotic must be capable of destroying
or suppressing the etiologic organisms
which in turn must be sensitive to the drug
employed. Bactericidal agents were prefer-
able to those with bacteriostatic properties.

2. A therapeutic concentration of the antibio-
tic must be established in the tissues that
harbor the bacteria for a period sufficient to
allow destruction of the invading microor-
ganisms (NATO, 1975 [c]).

In certain conditions, such as shock or abscess forma-
tion, the effectiveness of systemic antibiotics was
restricted until the underlying physiologic ab-
normality was corrected. Patients in shock ex-
perienced compromised circulation and as a re-
sult the efficiency of systemically administered
antibiotics was limited by poor distribution of the
agent to the tissues. Large abscesses were as-
sociated with avascular, necrotic, or fibrotic bar-
riers that reduced blood supply and prevented
antibiotics from reaching the infecting organisms
in the area of the abscess.

Table 11 lists the suggested choice of antimi-
crobial agents for the majority of organisms that
were implicated in contaminated or septic
wounds. Table 13 gives the daily dosage and
routes of administration of antimicrobial agents
that were used against the pathogenic organisms.

Control of Contamination

The following principles were found effective
in managing septic or contaminated wounds.

1. Immediate surgical treatment.

2. Adequate wound excision and debride-
ment.

3. Adequate hemostasis in the initial surgery
to prevent subsequent hematoma forma-
tion.

4. Removal of foreign bodies within the
wound if this could be performed without
causing damage to vital siructures.

5. Provisions for adequate drainage of the
wound.
6. Closure of the wound without tension and
with elimination of dead space.
7. Adequate immobilization of the fractured
or injured jaws.
8. Maintenance of a dry dressing over the
wounds.
9. Prevention of secondary contamination by
medical personnel.
10. Prophylactic  antimicrobial
(NATO, 1975[b]).

therapy

GENERAL PRINCIPLES OF WOUND
MANAGEMENT

Inside-out—Bottom-up

The basic principle of treatment for these in-
juries was to start with repair of the skeletal dam-
age and work upward from the mandible to the
superior extent of bony injury, whereas to repair
soft tissues one works outward to the skin, or as
Small (1971) has stated, approach the injury from
the inside-out and dottom-up.

The key to restoration of the form and function
of the facial skeleton is interdigitation of the teeth
in a position of occlusion that is considered ac-
ceptable for the patient. Thus alignment of the
teeth and alveolar segments was accomplished
first and the restored segments then brought to-
gether into occlusion. Following this, the remain-
ing facial skeletal injuries were repaired and the
soft tissues closed, proceeding outward from mu-
cosa to skin. If this procedure was followed it was
not necessary to disrupt previously repaired tis-
sues by working back through them to correct
underlying injury that remained untreated. A
common error in reducing facial skeletal injuries
of this magnitude was to start at the orbits and
work downward. When this approach was used,
fragments could easily be incorrectly positioned
and malalignment was so magnified at the level of
the dental occlusions that it was impossible to
establish a functionally correct intermaxillary re-
lationship.

Recovery of Foreign Material

Some missiles shattered bone on contact and
fragmented into smaller metallic particles. Pre-
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TABLE 11 —Suggested Choices of Antimicrobial Agents*

Infecting microorganism

Agent of first choice

Alternative agents

I. Aerobic bacteria
A. Gram-positive cocci

1. Staphylococci

a. Non-penicillinase-producing

b. Penicillinase-producing

2. Streptococci
a. Pyogenic-groups A, B, C

b. Viridans

c. Enterococci (group D)

. Gram-negative cocci
1. Neisseria catarrhalis
2. N. gonorrhoeae

. Gram-negative bacilli
I

. Escherichia coli

2. Aerobacter (Enterobacter)
aerogenes
3. Klebsiella species

4. Pseudomonas aeruginosa

5. Proteus
a. P. mirabilis

b. Other Proteus

6. Serratia species
7. Alcaligenes faecalis

8. Salmonella typhi

9. Haemophilus species
a. H. influenzae
b. H. ducreyi

Penicillin

Penicillinase-resistant, penicil-
lin (e.g., methicillin, oxacil-
lin).

Penicillin

Penicillin with or without strep-
tomycin.

Penicillin G with or without

streptomycin.

Penicillin

Penicillin

Ampicillin, cephalothin
Kanamycin
Cephalothin

Gentamicin

Amipicillin
Kanamycin
Gentamicin
Chloramphenicol or tetracyc-

line
Chloramphenicol

Ampicillin
Tetracycline

Cephalothin, vancomycin,
erythromycin, lincomycin.

Cephalothin, vancomycin,
erythromycin, lincomycin,
gentamicin.

Erythromycin, cephalothin,
ampicillin.

Ampicillin, vancomycin with or
without streptomycin,
cephalothin, erythromycin.

Ampicillin, chloramphenicol,
tetracycline.

Tetracycline.
Tetracycline.

Kanamycin, tetracycline, gen-
tamicin, chloramphenicol.
Tetracycline, with or without
streptomycin, gentamicin.

Kanamycin, polymyxin,
chloramphenicol.

Colistin, polymyxin, carbenicil-
lin.

Kanamycin, cephalothin, gen-
tamicin.

Nalidixic acid, cephalothin,
carbenicillin, gentamicin.

Kanamycin, chloramphenicol.

Penicillin G.

Ampicillin, cephalothin.

Tetracycline, cephalothin.
Sulfonamides, streptomycin.

I1. Microaerophilic bacteria
A. Gram-positive cocci

1. Streptococci
a. Hemolytic

b. Nonhemolytic

Penicillin G

Penicillin G

Ampicillin, tetracycline,
chloramphenicol.

Ampicillin, tetracycline,
chloramphenicol.

I11. Anaerobic bacteria

A. Gram-positive cocci
1. Streptococus species

Penicillin G

Ampicillin, tetracycline,
chloramphenicol.

*NATO Handbook, Emergency War Surgery; First United States Revision, Emergency War Surgery, 1975, pp. 128-131.
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TABLE 11.—Suggested Choices of Antimicrobial Agents (Continued)

Infecting microorganism

Agent of first choice

Alternative agents

III. Anaerobic bacteria (Continued)

B. Gram-positive bacilli
L. Clostridium specics

C. perfringens
. C. novyi

C. histolyticum
. C. septicum

C. sordeili

F. sporogenes
. C. tetani

p

c

moan

o

C. Bacteroides species

Penicillin G and tetracycline
Penicillin G
Penicillin G
Penicillin G
Penicillin G
Penicillin G
Penicillin G

Tetracycline with sulfadiazine

Cephalothin, erythromycin.
Tetracycline, cephalothin.
Tetracycline, cephalothin.
Tetracycline, cephalothin.
Tetracycline, cephalothin.
Tetracycline, cephalothin.
Tetracycline, cephalothin.

Chloramphenicol, Vibramycin.

IV. Miscellaneous

Sulfadiazine.
Penicillin G.

1. Actinomyces bovis Penicillin G
2. Nocardia species Sulfadiazine
3. Fusobacterium fusiforme Penicillin

4. Calymmatobacterium granulomatis

Tetracycline

Tetracycline, erythromycin.
Streptomycin.

cise localization and surgical removal of these re-
tained missiles or fragments were difficult and
were ordinarily not recommended. Usually the
retained fragments presented no significant im-
pediment to resolution of infection, healing, or
function. Ill-advised surgical exploration for elusive
embedded fragments in the maxillofacial area was non-
productive, and caused unnecessary surgical insult
while taking valuable operating room time. Attention
to the effects of the wounding agent and their
repair was far more important than recovery of
the spent missile. A dictum for these cases that has
been passed down and remains valid is “a bullet

ceases to cause damage when it ceases to move”
(Shira, 1972).

Neck Exploration

However, in those situations in which a missile
had damaged the maxillofacial area and pene-
trated or come to rest in a region where vascular
or other vital tissues were present, such as the
cranium or neck, it was desirable that the region
be surgically explored to assess and repair dam-
age to vital structures and to prevent the develop-
ment of later complications such as vascular mal-
formations or neurologic deficits (Figures 33 and
34) (Jones et al., 1967; Fitchett et al., 1969; Ash-
worthetal., 1971; McInnis etal., 1975; Arpin and
Downs, 1975; Rich, 1976). Surgical neck explora-

tion was performed in 8.85% of patients in the
MFCS (Table 12). As would be expected, the
highest incidence (12.79%) was in those patients
with avulsive damage that subsequently required
bone grafting (group I) since they had received
the most severe and extensive injuries.

TABLE 12.—Incidence of Neck Exploration of MFCS
Patients at Time of Early Wound Care

Group Neck explored Percent

I (N =86) 11 12.79

II (N=44) 3 6.82

I (N =23) 1 4.35

IV (N =32 2 6.25

V (N=17) 0 0.00

Total (N = 192) 17 8.85
HARD TISSUE

Principles

Inaword, the basic principle guiding the surgi-
cal care of hard tissues was conservation. Avulsed
teeth were lifted from the wound surface, but
teeth contained within comminuted bone frag-
ments were given the opportunity to survive so
they could be used for fixation or to preserve the
integrity of major osseous fragments. Removal of
root fragments from loose bone segments was not
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Figure 33.—Upper and Middle) Penetrating high velocity missile

wound of the right cheek in an 18-year-old casualty. There is exten-
sive swelling of the neck and the tissues overlying the mandible.

Lower) Appearance of patient 1 week post injury showing the heal-

ing incision line for neck exploration.

only difficult but harmful because in the attempt
secondary fractures were often produced and it
was also necessary to strip mucoperiosteal at-
tachments thus depriving the fragments of their
blood supply. It was best to retain and periodi-
cally evaluate these root fragments and, if neces-
sary, remove them 4-6 weeks later after the bone
had consolidated. At that time, because of
periodontal membrane thickening and granula-
tion tissue proliferation about the roots, the
technical procedure was easier and jeopardy to
the major fragments was reduced. The preserved
alveolar bone was useful at a later date to support
prosthetic appliances or as an underlying base for
secondary soft tissue reconstructive procedures
such as wsul)ul()pldsl\

The conservation of bone and soft tissue cannot be
overemphasized. 1f a tooth was to be removed, care
was taken not to displace or fracture the bone
fragments or tear the soft tissue. When suturing
the gingiva and mucoperiosteal tissues, every at-
tempt was made to ensure that all bone was cov-
ered with mucosa.

Loose and scattered bone particles, and espe-
cially those which were soiled or dirty, were re-
moved although these fragments had usually
been flushed from the wound at the time of hy-
drodynamic debridement. Osseous fragments
with soft tissue attachment that were considered
to have a chance for survival were retained and
restored as near as possible to correct anatomic
position.

Mandibular Injuries

Mandibular injuries were addressed first, be-
cause in utilizing the principle of bottom-up re-
pair for multiple facial skeletal injuries the man-
dible was the foundation. If closed comminuted
fractures existed thev were treated by closed
methods of reduction. The fragments were
molded into the best possible position by digital
pressure and maintained by external pressure
dressing and appropriate fixation (Case report
07). If the comminuted fractures were open as
a result of soft tissue laceration or avulsion
they were managed with very conservative di-
rect reduction. Extensive open reduction of
comminuted fractures by multiple direct wiring
or plating resulted in devitalization of bone
fragments as a result of soft tissue stripping
that occurred during the placement of wires or
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TABLE 13.—Daily Dosage and Routes of Administration of Antimicrobial Agents*

Adult or maxi-

Drug Oral dose Intramuscular dose Intravenous dose mum dose per day
Cephalothin 40-80 mg/kg in 40-80 mg/kg in 120¢g
(Keflin) 4 doses 4-6 doses
Chloramphenicol 50-100 mg/kg in 50-100 mg/kg in 3-4 | Child: 3.0 g
(Chloromycetin succinate) 4 doses doses (10% solution)| Adult: 4.0 g
Colistin 6-8 mg/kg in 3 1.5-5.0 mg/kg in 300 mg
(Coly-Mycin) doses (5 mg/ml) 2-4 doses
Erythromycins 30-50 mg/kg in 10-20 mg/kg in 40-50 mg/kg in Oral: 2.0 g
(Erythrocin) 4 doses 3-4 doses 4 doses I.M.: 600 mg
(IHlotycin) I.V.:2040¢g
(Pediamycin)
Gentamicin sulfate 2-3 mg/kg in 3 5 mg/kg
(Garamycin) doses (7 to 10 days)
Kanamycin 50 mg/kg in 15 mg/kg in 15-30 mg/kg in 2-3 Oral: 4.0-6.0 g
(Kantrex) 4 doses 2-4 doses doses (2.5 mg/ml) IM.: 1.0-15g
ILV.:1.0-15g
Aerosol: 1.0 g
Peritoneum: 0.5 g
Lincomycin 30-50 mg/kg in 10-20 mg/kg in 10-20 mg/kg in Oral: 2.0 g
(Lincocin) 3-4 doses 2-3 doses 2-3 doses IM.:1.2-18¢g
IV.:12-18¢g
Penicillin G 0.1-2.0 million 20,000-50,000 20,000-50,000 20-60 million
Potassium or sodium units in 4-6 doses units/kg in units/kg in units (in se-
Y%-1 hr 4-6 doses 4-6 doses lected cases,

Semisynthetic penicillins:

Ampicillin
(Amcill)
(Omnipen)
(Penbritin)
(Polycillin)
(Principen)

Methicillin
(Dimocillin-RT)
(Staphcillin)

Oxacillin
(Prostaphlin)
(Resistopen)

Polymyxin B
(Aecrosporin)

Tetracycline
(Achromycin)
(Panmycin)
(Polycycline)
(Steclin)
(Sumycin)
(Tetracyn)
(Tetrex)

before meals

50-200 mg/kg
in 4 doses

50-100 mg/kg
in 4 doses

10-20 mg/kg
in 4 doses

20-40 mg/kg
in 4 doses

100-300 mg/kg
in 4 doses

100-300 mg/kg
in 4 doses

50-100 mg/kg
in 4 doses

2.5 mg/kg
in 4-6 doses

12 mg/kg
in 2 doses

100-300 mg/kg
in 4-6 doses

100-300 mg/kg
in 4-6 doses

50-100 mg/kg
in 4-6 doses

2.5 mg/kg in 2-3
doses (0.4 mg/ml
in 5% dextrose
in water for
endocarditis)

10-15 mg/kg in 2
doses (1.0 mg/ml)

100 million units)

Oral: 40 g
IM.:8-l4 g
LV.:8-l4g

120 g

6.0¢g

Oral: 400 mg
I.M.: 200 mg
1.V.: 200 mg

Oral: 20 g
ILV.:20g
L.M.: 500 mg

*NATO Handbook, Emer,

War Surgery: First United States Revision,

gency
Emergency War Surgery, 1975, pp. 128-131.
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Figure 34.— Upper left) Posteroanterior radiograph showing injury to the right mandibular body and ramus, a displaced
tooth, and a portion of the responsible missile. Upper right) Right lateral radiograph showing the entire missile low in the
neck as well as the tooth in a position outside of the mandible. Middle left) Posteroanterior radiograph 3 days post treatment.
A closed reduction of the mandibular fracture was accomplished and the neck was explored. The missile was not located
although major vessel repair was accomplished. No attempt was made to remove the displaced tooth since it did not inter-
fere with fracture reduction and was not encountered during neck exploration. Middle right) Posteroanterior radiograph
11 weeks post injury. The displaced tooth was removed at a late care facility via an extraoral submandibular approach.
Intermaxillary fixation devices had been removed and the fracture was healing well. No symptomatology was associated
with the missile at this interval and its removal was not attempted. Lower left) Posteroanterior radiograph 66 months tollow-
ing injury. The mandible was well healed with normal symmetry. The missile (AK-47) had been removed under local anes-
thesia from the right posterior triangle of the neck without incident 13 months following injury. Persistent neurologic
symptoms presumably arising from the cervical spine area prompted removal of the missile. Lower right) Panoramic radio
graph of right mandible 66 months following injury
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plates. In severely comminuted injuries such
osseous devitalization would most assuredly oc-
cur since the arterial blood supply to the bone
was usually disrupted and the soft tissue at-
tachments to the fragments provided their only
blood supply. Complicating the survival of
osseous fragments was the fact that because
of the contaminated nature of these wounds the
retained devitalized fragments were prone to in-
fections, which accentuated the later loss of bony
substance. Infection was exaggerated by the
presence of injudiciously applied internal metal
fixation (Figures 35 and 36).

When direct open reduction was accomplished,
it was best performed with the smallest gauge
wire that would retain the fragments in apposi-
tion (26-32GA)—the objective was to directly re-
duce only a limited number of major fragments
that would positively assist restoration of con-
tinuity (Figure 37). In some instances the
damage to bone and the dentition was so severe
that even with a conservative approach to de-
bridement it was necessary to leave a discon-
tinuity defect. When this occurred, a future re-
quirement for bone grafting was assumed and all

Figure 35.—Panoramic radiograph that shows multiple wires that
were placed at the time of treatment of a fragmentation wound to
effect reduction of comminuted mandibular fragments. The de-
vitalized osseous fragments in the region from the veriical ramus o
the cuspid tooth (#22) were subsequently sloughed and/or debrided
from the wound as a result of persistent infection

measures were taken to assure primary healing
and thus the opportunity for early grafting—re-
sidual fragments were correctly aligned and
fixed, drainage was performed, and soft tissues
(oral and facial) were closed primarily (Figure
38).

Alloplastic implant materials to restore discon-
tinuity (e.g., metallic, plastic) were contraindi-

av
.
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Figure 36.— Upper) Panoramic radiograph showing a metal plate
that was placed to reduce a fracture-avulsion of the right mandible
resulting from a high velocity missile. Middle) Plate (MP) that be-
came exposed in the oral cavity 10 days following treatment. The
wound was grossly infected and it was necessary to remove the plate
and the screws that were securing it to the bone. Lower) Plate and
screws after removal from wound
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Figure 37.—Upper) Posteroanterior radiograph showing severely
comminuted fracture of the mandible in a 24-yvear-old casualty who
sustained a fragmentation wound. There is displacement of the
fragments as well as avalsion of bone and teeth. Lower) Posteroan-
terior radiograph 10 days post treatment. The ossecous mjury was
treated by directly molding the displaced fragments into approxi
mately their normal position and providing mternal stabiliny with o

mgle wire. The prinapal means of fixanon was by imtermasillan

fixation with arch bars

cated in these contaminated wounds because they
invariably contributed to the development of
wound infection and required removal at a sub-
sequent interval to control the extent and severity
of the infection as well as the associated osseous
destruction (Figure 39; Case report 08).

Although this section is concerned with hard
tissue management, a word must be said concern-
ing treatment of lacerations within the dental
arches. Betore the definiuve reduction and fixa-
tioni of the skeletal injuries were completed, lac-
erations of the tongue, floor of mouth, lingual
mucosa and gingiva, and pharynx were closed
because atte mpts to U.llll access to these tissues at a
later interval uxull((l destabilization of the
reduced skeletal fractures.

Midfacial Injuries

Maxilla. In keeping with the principle of work-
ing upward on the facial skeleton, the nextunit o
be considered was the maxilla and associated bones.
As mentioned previously, the classical Le Fort
patterns of midfacial injury were not seen as often
as direct missile damage. Regardless of the type of
injury the treatment was umdc(l by two consider-
ations: 1) reduction of di splaced  fragments with
occlusal relationships as the guide, 2) immobilization of
the reduced fragments between the fixed plane of occlu-

sion and the most stable superior point on the facial

skeleton. Methods of achieving these objectives
varied according to the severity of the mjury.
Direct wiring ()f fragments was emploved only
with large lc.l(lll_\ “accessible fragments that
needed to be directly fixed to maintain the
skeletal integrity of the midface. When Le Fort-
type fractures existed they were reduced via the
usual approaches described in the literature
(Dingman and Natvig, 1964; Rowe and Killey,
1970[g)).

Injuries to the maxillary antra were repaired
directly only if the wound was open or there was a
need for support of other facial fractures or con-
trol of hemorrhage by antral packing (Fig-
ure 40). If at all possible, it was best to treat
fractures through the antrum by closed methods.

Zygomaticomaxillary and Orbit. Wounds in the
aygomaticomaxillary area caused commimution and
fracture that frequently mvolved  the orbu
Methods of treatment tor mjunes of this npe
varted, but when the 2vgoma, masailia
flown

aned n\‘\\LI(

woere bractured reducton and fiva wenre
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Figure 38.— Upper left) Right oblique radiograph showing severe comminution of mandibular body as a result of a fragmen-
tation wound. Upper right) Appearance of wound over right jaw 48 hours following closure and drainage. Note the depen-
dent position of the drains and the direction of the drainage flow. Treatment consisted of extensive debridement of the
mandible with irrigation of bone and teeth from the wound that produced a discontinuity defect in the midbody. Middle
left) Panoramic radiograph 1 month post treatment. The discontinuity defect that resulted from the severe wound is evi-
dent. The wound has healed uneventfully as a result of the adequate, but in this case not gross, debridement. The frag-
ments are fixed in stable, correct alignment by intermaxillary fixation. Middle right) Photograph of discontinuity defect at
time of bone graft operation 3 months post injury. The proximal (P) and distal (D) fragments are in excellent posi-
tion for grafting. The soft tissues are supple and well vascularized after uncomplicated healing. Lower left) Panoramic
radiograph of right mandible showing successful regeneration of bone at the site of PCM grafting 12 months after the
graftoperation. Lower right) Clinical photograph of occlusion and rightalveolar ridge 49 months postinjury and 46 months
post grafting. At this interval a prosthesis was being worn by the patient and the radiographic appearance of the graft area
was unchanged from that seen at the 12-month interval.
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Figure 39.—Upper) Appearance of oral wound 3 days following
treatment for a high velocity missile injury of the orofacial area. An
alloplastic implant that had been fabricated with heavy Kirschner
wires and acrylic was placed in the wound to bridge a discontinuity
defect of the symphysis. There is dehiscence of the infected wound
and exposure of the implant. Lower) Appearance of implant follow-
ing its removal. The fragments were satisfactorily maintained in po-
sition by intermaxillary fixation following implant removal after
which the infection resolved, allowing healing to progress in an un-
complicated manner. A bone graft was subsequently placed to re-
store the discontinuity defect (see Case report 08).

indicated. The orbital floor could be examined
through the maxillary sinus to determine the
presence of fracture, collapse of the orbital floor,
and/or herniation of orbital contents into the an-
trum. When the floor was depressed without es-
cape of orbital fat, packing the maxillary sinus
usually provided adequate support until the bone
fragments became consolidated. In those in-
stances where orbital contents extruded through
the orbital floor and fat was visualized in the
antral roof the need for an orbital floor implant
was recognized, although because of the highly

contaminated nature of these wounds the im-
plant insertion was best deferred until a later
interval. In combat conditions where operating
room time was limited and wound contamination
was certain, packing the maxillary sinus was the
procedure of choice for orbital floor fractures.
Providing the suspensory ligaments were intact,
this approach usually gave adequate support
until an orbital implant could be performed (ca.
14 days) at an intermediate or late care facility.
Timing of secondary orbital floor surgery was
effected by ophthalmologic as well as logistic con-
siderations (Figure 40).

If the wound was not directly open to the sinus
a Caldwell-Luc approach was used to enter the
antrum. Blood clots and debris were removed
and an antral pack placed to support the orbital
floor after orbital fat was gently directed back
into the orbit. Care was taken to assure that no
sharp bony fragments that might cause ocular
damage were forced into the orbit with the fat.
Antral packing was exited from the antrum
either via the oral vestibule or a nasoantral open-
ing that was established beneath the inferior tur-
binate.

Ideally orbital injuries were managed in conjunction
with an ophthamologist and the ocular status of the
patient was followed by him during hospitalization
(CINC PAC, 1971 [c]; Converse 1974 [d]).

Naso-Orbital-Ethmoidal Complex. Naso-orbi-
tal-ethmoidal injuries were not common and
when they existed were managed with the same
principles that applied to injuries resulting from
blunt trauma (Converse and Smith, 1963; Rowe
and Killey, 1970[h]; Converse, 1974[e]). The es-
sential feature of the treatment of these injuries
was to maintain the morphologic and dimen-
sional integrity of the interorbital anatomy, rely-
ing on open procedures if there was any doubt
concerning the adequacy of reduction (Figure
40). These injuries were best managed in colla-
boration with an appropriate specialty consultant
when available. When cranial damage was pres-
ent in association with such injuries neurosurgical
management was mandatory.

Stabilization of Fractures

Intermaxillary and Skeletal Fixation. In most
instances stabilization of the reduced fractures
was accomplished with intermaxillary fixation
alone. If there were fragments of the mandible
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Figure 40.— Upper left) Appearance of 21-year-old casualty who sustained a missile wound to the face. In addition to the left
cheek laceration, the facial skeleton was fractured in a Le Fort 11 pattern and there was avulsion of dental and osseous
tissues from the anterior maxilla. Upper right) Intraoperative photograph showing extent of laceration and underlying tis-
sue damage. Middle left) Intermaxillary fixation had been established in conjunction with circumzygomatic suspension wir-
ing. Naso-orbital fractures had been treated by wire reduction. Muddle right) Appearance of patient at completion of opera-
tive treatment. Lacerations had been closed and the suspension wires were ready for attachment. Both of the maxillary
sinuses were packed with gauze that was exited via nasal antrostomies. Although fractures were noted in the orbital floor at
the time of antral examination, gross egress of orbital contents had not occurred thus orbital floor implants were not placed
until the patient arrived at a late care facility. Lower left) Occlusion and fixed dental prosthesis 87 months post injury. Lower
right) Appearance of patient 54 months post injury. Facial symmetry was excellent and the extensive laceration of the left
cheek had healed with minimal scarring. Vision at that time was within normal limits.




e -y

82 - Management of War Injuries to the Jaws and Related Structures

that could not be controlled by intermaxillary
fixation because they were edentulous or had
been rendered edentulous by the injury (e.g.,
proximal body-ramus segment) external
skeletal-pin fixation was recommended for appli-
cation at the appropriate interval post injury.
These devices were not routinely used for early
primary care because of general lack of availabil-
ity and the fear that, if placed, they would fail
because of the increased risk of infection as-
sociated with introduction of alloplastic materials
at this interval.If external skeletal fixation was to
be used at the time of early care, it was best
employed where the logistics were such that it was
possible to have continuous control over the pa-
tient for at least 14-15 days in order to carefully
monitor the wounds and fixation devices for the
presence of infection. A discussion of the control
of edentulous fragments by skeletal fixation will
be presented later in the text.

Splints. Splints were not recommended for
early treatment since their construction was time
consuming in the exigencies of combat casualty
treatment and they were invariably associated
with lessened oral hygiene and thus created a
greater risk of infection and wound breakdown.
Adjustments, that are always necessary with sur-
gical splints, were difficult to accomplish in the
postinjury period because of swelling and pain,
thus the splints became ill-fitting and detracted
from, rather than assisted treatment.

Suspension Wiring. 1f midfacial stability could
not be maintained without control of the mandi-
ble, suspension wires from the most appropriate
stable point on the facial skeleton above the level
of the fracture were placed by standard methods
(Adams, 1942; Rowe and Killey, 1970[i]).

Head Frame Fixation. External skeletal fixation
(cranial frame) for stabilization of severe midfacial

crush injuries was rarely used for the early primary
treatment of these injuries. It is recognized that this
method of fixation is indicated in cases of massive
midfacial avulsion or comminution where ptery-
goid-maxillary integrity has been violated.

Analysis of Fracture Reduction in MFCS Cases

Mandibular fracture reduction at the time of
early care in the MFCS cases was accomplished by
open means in 43.48% of cases and closed means
in 50.31% (Table 14). Group I patients were
treated more frequently by closed (55.95%) than
by open (41.67%) methods. This does not imply
that open osseous wounds were not treated, but
rather that it was not the practice to directly wire
the fragments in avulsive injuries. After the value
of conservative reduction in conjunction with
stable fixation became fully appreciated, aggres-
sive or inappropriate open reduction procedures
were seldom attempted.

Open reduction of midfacial fractures was
necessary in only 6.83% of patients whereas closed
reduction was required in 14.91%. In some in-
stances the severity of other injuries precluded
definitive early reduction, thus in 5.59% of pa-
tients with fractures no early reduction was ac-
complished.

SOFT TISSUE

Principles of Primary and Secondary Closure

Soft tissue orofacial wounds were sutured as
soon as possible after injury since primary repair
and healing were the goals of treatment in contrast to
wounds in other locations (i.e., extremities) where
conditions for primary healing were not as favor-
able (NATO, 1975[d]). The period following in-

TABLE 14.—Incidence of Open, Closed, and No Reduction for Mandibular and Midfacial Fractures
Sor Groups I, II, I1I, and IV Patients During the Early Phase of Management

g Mandible Midface No ea'rlv
Open Closed Open Closed PO

1 (N =84) 35[41.67)* 47[55.95) 3[03.57) 15(17.86] 2[02.38)

I (N = 32) 12[37.50) 17[53.13] 6(18.75] 2[06.25] 3[09.38)

11 (N = 20) 8[40.00] 10[50.00] 1[05.00) 3(15.00] 2[10.00]
IV (N = 25) 5[60.00) 7[28.00) 116.00) 4(16.00) 2[08.00]
Total (N = 161) 70[43.48) 81{50.31] 11{06.83) 24(14.91) 9(05.59]

*Figures in brackets equal percentage of N.

bt imiie D
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jury during which primary suturing of facial
wounds was considered permissible depended on
the type of wound and the judgment of the sur-
geon. Although primary suturing was best per-
formed during the first 4 hours after injury, the
rich vascularizaion of the facial tissues permitted
successful primary closure of uncomplicated lac-
erations as late as 24 hours after injury.

If many hours had elapsed since injury and the
open wounds were extensive and badly contused
with clinical evidence of infection such as rapid
swelling, erythema, or even sepsis, the closure was
best delayed until the wound surface was pre-
pared for closure and infection brought under
control. Suturing of inflammed and edematous
wounds rarely produced satisfactory results.
Preparation of a wound for delayed closure usu-
ally took about 2-10 days and included cleansing
of the wound, moist dressings, maintainance of
free drainage, immobilization of tissues with
gentle but firm pressure dressings, and systemic
antibiotic therapy. During the period of prepara-
tion healthy, pink granulation tissue proliferated
in the wound as a sign of satisfactory progress.
Quantitative bacteriologic assessment of biopsied
tissue from contaminated wounds, although not
widely used in the treatment of orofacial wounds
in Vietnam, has reportedly been successful for
establishing the timing of delayed wound repair
and should be considered in the management
of these types of problems (Robson et al., 1973;
Krizek and Robson, 1975).

If the patient was first seen several days after
injury and healing was well advanced but the
tissues distorted, which was often the case with
civilian casualties, it was preferable to permit
spontaneous healing and anticipate secondary
repair.

Wound Closure

Suturing and Local Flaps. Ragged, badly con-
tused wound margins were excised to provide a
clean smooth surface for closure. In the richly
vascular orofacial region it was possible to be
more sparing in the excision of damaged tissues than
would be the case in extremity wounds. The skin
was undermined to permit approximation of
wound edges without tension. Fine subcuticular
sutures were used to eliminate dead space, ap-
proximate the base of the dermis, and relieve
tension on wound edges and sutures.

In the face there was a greater chance of survi-
val for flaps of partially avulsed tissues that were
attached only by narrow pedicles. The decision to
maintain such flaps was a difficult one and de-
pended on the surgical judgment of the clinician.
If the flap assumed a deep cyanotic color it was
usually an indication that the pedicle, although
sufficiently wide to allow passage of arterial
blood, was too narrow to permit adequate venous
return and sustained viability of the flap was un-
likely. If the cyanotic tinge was less accentuated or
if digital pressure on the flap caused blanching
followed by rapid return to color, the efficiency of
the dermal vessels was considered adequate for
nourishment and the chances of survival were
good (Peacock, 1971[b]).

Although these missile wounds resulted in dis-
organization of the tissues and a great amount of
tissue damage, the true loss of tissue was often not
as extensive as it appeared. The damage was in
effect more apparent than real. The exaggerated
size of the wounds was due to factors which in-
cluded retraction of the borders of the wound by
contraction of the severed muscles, elasticity of
the surrounding skin, local inflammation and
edema, the weight of detached soft tissue flaps,
and displacement of bone fragments. Perhaps the
most important aspect of soft tissue management
was determining the actual extent of tissue loss
and planning the type of closure that would be
required; primary closure was performed when-
ever possible. This was accomplished by the
trial and error positioning of tissue flaps over the
underlying repaired skeletal structures. Known
anatomic landmarks such as the vermilion border
of the lip were used as starting points for putting
the puzzle back together (Figures 41 and 42, Case
report 09).

When a small or moderate amount of tissue
had been lost, only the undermining of skin edges
was necessary to permit suture closure. If this was
not possible, a small rotation or transpositional flap
was used to fill the defect although these were
reserved for ideal conditions. Free split-thickness
skin graft dressings were occasionally applied to
areas whenever the defect was too large to be
closed by direct approximation or local flaps. The
skin grafts provided a temporary dressing for the
wound until later reconstructive procedures
could be performed. When there was loss of ex-
tensive full-thickness tissue around the oral cavity
and closure was impossible, it was necessary to




84

Management of War Injuries to the Jaws and Related Structures

Figure 41 .— Upper left and right) Appearance of 19-year-old casualty who sustained a high velocity missile wound to the lower
face and neck. There is evidence of tissue avulsion sufficient to possibly preclude primary closure of the wound. Middle left)
Posteroanterior radiograph showing extent of osseous injury to the anterior mandible. Middle right) Primary wound closure
immediately before the placement of a pressure dressing. Irregular and obviously devitalized tissue along the wound mar-
gins had been sharply incised and the cutaneous flaps undermined and advanced to permit primary closure. Drainage had
been effected through the inferior pole of the laceration at the right side of the neck. Lower left) Panoramic radiograph 1
month post injury showing extent of osseous avulsion at mandibular symphysis. Arch bars had been removed and the
radiograph taken before construction of a mandibular lingual splint that was used to provide monoarch stabilization until
consolidation occurred. Lower right) Panoramic radiograph 86 months post injury and 66 months following bone grafting
to the mandibular symphysis. The graft had been performed for cosmetic augmentation and to strengthen the symphysis
region. (Continued in Figure 42)
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Figure 42. Continuation of Figure 41—Upper) Occlusal radiograph

that illustrates a residual bone fragment that at one time was part of

the lingual cortex of the mandible. The fragment was drawn lingu-
ally by the genial musculature at the time of injury and healed in that
position without incident. Middle and Lower) Appearance of patient
86 months post injury.

accept the fact of a deficit and suture mucosa to
skin to minimize scar contraction. This type of
closure sufficed until a later reconstructive pro-
cedure could be performed. This procedure is
consistent with the principle of providing an
inner mucosal lining as well as an outer skin cov-
ering for all tissue deficiencies in and about the
orofacial area to prevent excessive scarring and
contraction (Case reports 02 and 04).

Failure of wounds to heal following primary
closure usually résulted from one or more of the
following causes: lack of drainage for wounds in
which there had been extensive tissue dissection,
inadequate immobilization of the wound by pres-
sure dressing, failure to properly immobilize the
Jjaws, and failure to properly close the oral mucosa
thus exposing the facial wound to contamination
by oral fluids. Additionally, secondary manipula-
ton of mdd(quatel\ reduced fractures caused
dehiscense of primary facial and oral wound clo-
sures. As stated previously, reduction and immobili-
zation of facial fractures before priniary wound
repair were considered essential in all instances,
unless the precarious condition of the patient
precluded treatment other than expeditious
superficial wound repair (Kruger, 1968[b]; Os-
bon, 1969; Rowe and Killey, 1970[j]; Curtin,
1973; Converse, 1974[f]).

SPECIALIZED TISSUES

Salivary Gland

Parotid. Whenever a deep injury of the cheek
or preauricular area was present the wound was
carefully examined for possible injury to the
parotid gland or duct as well as the facial nerve. It was
sometimes possible to see the cut ends of the duct
at the time of initial inspection of the wound. The
proximal segment was identified by the presence
of salivary flow which if not evident could be
elicited by pressure over the gland. If integrity of
the duct was questionable, a small polyethylene
catheter (no. 2 or 4) was introduced into the
mucosal ostium and threaded proximally to de-
termine if it passed directly into the gland or
entered the wound via a disrupted section of
duct. An isolated tear or complete disruption of
the duct was repaired with polyethylene catheter
in the lumen to act as a support stent. When it was
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not possible to locate the proximal duct, the
drainage tube was exited from the distal duct or
directly through the mucosa into the oral cavity to
initiate development of an intraoral salivary
fistula and thus prevent accumulation of saliva in
the wound. The principle objective when treating
this type of wound was to guide drainage of saliva
into the oral cavity and thus prevent formation of a
salivary-cutaneous fistula (Kruger, 1968(c]; Osbon,
1969; Converse, 1974[g]). Secondary manage-
ment of parotid salivary complications will be dis-
cussed in the late care chapter.

Submaxillary. 1f the submaxillary salivary ap-
paratus was damaged in extensive open injuries
to the floor of mbuth or neck it was best to excise
the gland rather than attempt to deal with salivary
secretions since the procedure was technically less
difficult than parotidectomy and usually was as-
sociated with inconsequential morbidity. Re-
moval of the gland eliminated the possibility of
postoperative salivary swelling in the tissues of
the neck and later development of a salivary
fistula. If the duct could be easily identified and
repaired in the anterior floor of the mouth, it was
acceptable to do this although a tedious time-
consuming procedure to correct a problem of this
nature was not warranted because it was not
commensurate with the overall objectives of sur-
gical treatment in an early care facility.
Polyethylene catheter drainage of the submaxil-
lary gland via the duct was not usually successful
and duct catheter drainage of the gland via the
mucosa, such as in the parotid area, was not prac-
tical since gravity prevented the free flow of saliva
up into the mouth.

Facial Nerve

The same type of wounds that damaged the
parotid area affected the facial nerve. It was de-
sirable to identify severed major trunks of the nerve and
repair them by suture approximation at the time of
primary wound repair (Converse, 1974 [h]).
Whenever possible this procedure was best per-
formed under magnification by specialists famil-
iar with microsurgery, and while it was time con-
suming it was of greater significance than salivary
duct repair and therefore higher on the list of
necessary surgical priorities. If the logistics of
surgical care did not permit sufficient time for
definitive nerve repair, silver clips or colored

monofilament sutures were placed on the cut
nerve ends to facilitate location at the time of later
repair. If the facial nerve damage was diagnosed
as intratemporal, the treatment was deferred
until the neurologic status of the patient permit-
ted appropriate specialized surgical care and
facilities were available.

Ophthalmologic Injuries

Injuries to the eye and orbit were routinely
managed in conjunction with an ophthalmologist.
Penetrating injuries to the eye and hyphema were
recognized at the time of initial examination and
treated definitively by an ophthalmologist (p.
60). There are certain ophthalmologic principles
concerning other injuries to the eye that were
employed and that should be emphasized in this
text in order to provide the maxillofacial surgeon
with a basic perspective for the treatment of in-
juries to this area.

Lacerations of the lid which exposed the globe
required early treatment. It was highly important
to provide cover of the globe to prevent desicca-
tion of the corneal epithelium, which greatly in-
creased the risk of abrasion. The lid is an ex-
tremely viable structure and recovered well after
multiple severe lacerations. Treatment usually
consisted of suturing the lid with fine braided
material as early as possible and covering any
exposed area of the cornea with an ophthalmic
antibiotic ointment in a petrolatum base. The eye
was then covered with a dressing until it was
necessary to remove the sutures. While waiting to
repair the lid, exposed cornea was covered with
generous amounts of ophthalmic ointment and
the eye was covered with a sterile dressing.

The most common injury to the cornea was
abrasion of the epithelium. This occurred follow-
ing exposure when the lids were lacerated or dur-
ing repair. To prevent and/or treat this injury the
cornea was kept moistened as described above. A
mydriatic agent was instilled to counteract spasm
of ciliary muscles, thus resting the eye.

Lacerations of the conjunctiva not associated
with penetrating wounds of the globe or exten-
sive lacerations of the lid were not sutured, be-
cause in the absence of infection they healed
spontaneously without complication. If the con-
junctival laceration was deep and wide healing
was assisted by approximation of the edges with
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fine interrupted braided sutures.

If the canaliculi of the nasolacrimal apparatus was
severed accurate repair at the time of primary
closure was desirable. A nylon filament or small
polyethylene tube was passed down the canaliculi

into the sac to allow end-to-end continuity to be
maintained during the period of the repair and
subsequent healing (Rowe and Killey, 1970[k];
CINC PAC, 1971[a]; NATO, 1975[al).

POSTSURGICAL CONSIDERATIONS

INTRODUCTION

Postsurgical management was an essential com-
ponent of the early care continuum. The postopera-
tive course of the combat casualty was determined
by the effectiveness of surgical wound repair, the
cumulative effect of concomitant injuries, and the
physiologic response to injury. The postsurgical
period involved the interval between surgical
treatment and evacuation to the next level of
care which in the cases studied was about 7 days
(Table 2, Chapter I1.)

As virtually all the patients had been found
physically fit prior to combat, the postoperative
period was ordinarily not complicated by exacer-
bation of preexisting chronic disease such as
might be seen in a more heterogeneous popula-
tion. In addition, attending surgeons in the post-
surgical period had the advantage of dealing with
arelatively more stable patient than that encoun-
tered in the usual postinjury emergency setting.
The patient had survived the physiologic insult of
acute traumatic injury and his status was
documented by a history and physical examina-
tion as well as a record of surgery, anesthesia,
medication and subsequent care.

Management of patients at this time was ac-
complished with the understanding that they
would be evacuated within a few days postopera-
tively. There was no attempt to prepare patients
for secondary surgery unless it was necessitated
on an emergency basis by the development of
complications. Many patients had sustained in-
juries to multiple systems and though they were
not compromised by preexisting chronic diseases
it was nonetheless necessary to anticipate proba-
ble and possible complications. Time lag between
wounding and definitive care, effects of climate,
military activities prior to wounding, and the re-
quirements for early evacuation were all factors
that influenced the development and manage-
ment of complications.

SIGNIFICANT ASPECTS OF MANAGEMENT

Five separate aspects of management were re-
lated to or occurred during the postoperative
period and were most important in caring for the
casualty following the primary care of his
wounds.

Operative Considerations

Many of the casualties arrived at the early care
facilities with a full or partially full stomach and it
was desirable to place a nasogastric tube in the
more severe injuries to evacuate stomach con-
tents and lessen the possibility of emesis. This was
a particularly important consideration in the case
of maxillofacial patients since they were almost
routinely placed in intermaxillary fixation during
treatment and emesis was a threatening event. If
a tube had not been placed prior to surgery for
the management of concomitant injuries, it was
passed at the beginning of the procedure rather
than during the postoperative period when the
passage was usually more difficult and the patient
more vulnerable to associated complications. The
tube was later used for feeding during the early
postoperative period although, unless maxillofa-
cial injuries were extremely severe, oral alimenta-
tion was usually not compromised for a pro-
longed period.

A urinary catheter was placed if multiple injuries
were present or extensive resuscitation had been
necessary during the initial management at the
early care facility and it was desirable to precisely
monitor fluid output.

Immediate Postoperative Care

The airway and respiration were constantly mon-
itored. When there was doubt concerning ade-
quacy, the cuffed endotracheal tube was left in
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place until these concerns were resolved, if tra-
cheostomy had not been performed. The cuff
was deflated periodically and the tube and
trachea were cleansed with sterile saline solution.
Moist air in the form of cool vapor was directed to
the tracheostomy orifice. Coughing and deep
breathing were encouraged to ensure sustained
pulmonary ventilation.

In the presence of multiple injuries a pulmo-
nary condition referred to as progressive pulmonary
insufficiency (PPI) or shock lung developed in some
patients with particularly morbid effects. Fluid
overloading coupled with compromise of alveolar
air exchange and/or pulmonary capillary perfu-
sion provided the most frequent setting for de-
velopment of progressive hypoxia and hypercar-
bia. The key factors in preventing PPl were
avoidance of fluid overload during resuscitation
and surgery, extensive use of blood gas monitor-
ing and aggressive pulmonary supportive care
(CINC PAC, 1971[d]).

The patients were naturally anxious concern-
ing their survival, the nature of their wounds, and
the efficacy of treatment. Thus, it was essential
during the immediate postoperative period to
develop and establish good rapport between the
patient and professional personnel with whom he
was in contact. In this regard it should be noted
that while specially trained nursing and profes-
sional personnel staffed the recovery/intensive
care units of the early care facilities, the units
were frequently filled to capacity with seriously
injured patients and surgeons were frequently
required to personally perform routine nursing
care themselves or delegate these responsibilities
to other paraprofessionals who were not ordinar-
ily assigned to this environment. It was necessary
that all these individuals be cognizant of the emo-
tional needs of the patient.

Supportive Care

All the supportive care was ideally coordinated
by a single responsible surgeon. The recovery
and intensive unit personnel were instructed to
develop an acute awareness of the nature of po-
tential complications for the different types of
injuries such as subtle variations in vital signs,
respiration, state of consciousness, or laboratory
values. Patients who sustained maxillofacial in-
juries required only minimal to moderate pain
control or sedation. In these patients no medica-

tion was used that would depress respiration.

Fluid, electrolyte, and nutritional needs were di-
vided into replacement and maintenance categories.
The basic replacement requirements usually had
been met during the period of resuscitation,
presurgical preparation, and surgery. This re-
quirement was determined by correlating clinical
assessment, laboratory studies, and cardiovascu-
lar-renal response to fluid therapy. In the un-
complicated maxillofacial injury, replacement
therapy was determined by standard postopera-
tive formulas (Shires, 1971). When severe con-
comitant injuries were present the additional
need for replacement fluids was judged by the
extent of injury and tissue damage and was de-
termined by the surgeon responsible for manag-
ing these problems.

Oral intake was encouraged as soon as possible
post surgery, starting with clear liquids and con-
tinuing to more nutritional fluids that provided
adequate caloric and protein requirements (Wil-
son, 1970; Randall, 1971). The ability to maintain
satisfactory oral hygiene, thus allowing uncom-
plicated wound healing, and the ability of the
patient to take oral feedings were the principal
factors that determined the rapidity with which
oral intake could be resumed. In general, hydra-
tion was more important than nutrition during
the first 24-48 hours.

Pressure dressings, which had been placed fol-
lowing surgery, were removed after 48 hours to
inspect the surgical site and advance or remove
drains. If the incision was grossly covered with
blood or secretions it was cleansed with sterile
water or a mild disinfectant soap solution. It was
best not to repeatedly attempt meticulous cleans-
ing of wound surfaces during the period of pri-
mary healing. The sutures were not removed un-
til it was possible for adequate tensile strength to
develop in the wound, usually no sooner than 6
days (Madden and Peacock, 1971). Alternate su-
tures were occasionally removed at 3 days and the
suture lines supported by tape and dressings. To
assure esthetic wound healing, sutures were re-
moved with the same meticulous care with which
they were placed.

Drains were removed as soon as there was evi-
dence they were no longer required to evacuate
exudate from the wound. Most drains were re-
moved or advanced 2-3 days post surgery;
whenever possible all drains were removed prior
to transfer from the early care facility. If it was
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necessary to continue wound drainage during the
period of evacuation, it was essential that a spe-
cific note be made in the record advising attend-
ing personnel of the presence of a drain and the
need for its management. Culture of drainage
was indicated if any purulence was noted. In the
face of persistent drainage antibiotics were not
changed until there was definite evidence that the
cultured organism(s) were resistant or not sensi-
tive to the antibiotics already being used. If the
drain was advanced it was again necessary to se-
cure it to the wound surface with a suture. Irri-
gation of wounds via drainage tracks was per-
formed only in the presence of infection and with
sterile or mildly antiseptic solutions.

Drains from the parotid gland into mouth via
the buccal mucosa were left in place as long as
they were effective in directing the flow of saliva
into the mouth. If salivary flow was not evident,
the drainage tract was gently irrigated to clear
viscous secretions that might be obstructing the
flow of saliva. It was occasionally necessary to
reposition a new drain through the drainage
wound in the buccal mucosa in an attempt to
reestablish salivary flow. However, if the initial
drain was not functional, secondary attempts at
salivary drainage from the damaged parotid area
were usually not successful. Management of
obstructive salivary gland complications will be
discussed in a later chapter. If drains had been
placed in other areas of the oral cavity for pur-
poses other than salivary drainage they were re-
moved as early as possible (2-3 days) to prevent
secondary contamination.

Little adjustment of fixation was required dur-
ing the postoperative phase at the early care
facilities since in most cases fixation achieved at
the time of surgery was adequate. Because the
patients were to be transferred by air evacuation,
wires were not used to replace previously applied
intermaxillary elastics. Virtually all of the fixation
was by intraoral or direct reduction wiring, and
few attempts were made to apply additional fixa-
tion (i.e., external skeletal, splints) at the early
care facilities since these adjunctive measures
were ordinarily accomplished at the intermediate
or late care facilities. At this interval the most
important consideration relative to fixation was to
maintain adequate oral hygiene in the area where
the devices were attached to the teeth.

Nasal packs that had been placed to control
hemorrhage were usually removed by the 5th

day. At the time of removal preparations were
made for replacement in the event bleeding re-
curred. Antral packs for support of skeletal facial
fractures were not removed for at least 10 days
and were frequently in place at the time of patient
transfer—here again notes to this effect were
made ip the patient’s chart in a very conspicuous
manner.

Complications

Few complications attributable solely to the
maxillofacial injury developed during treatment
at the early care facilities. The various body sys-
tems were continuously monitored and, although
problems such as pulmonary atelectasis were oc-
casionally seen, the patient whose principal injury
was in the maxillofacial areas generally experi-
enced a relatively smooth postoperative course.
This was in part attributable to the vigorous early
treatment and intensive supportive care that the
patients had received as well as the relatively
more relaxed circumstances of the postoperative
period (in comparison to the triage — operating
room phase) which permitted early consultation
for management of developing systemic compli-
cations. With very few exceptions primary wound
closures did not exhibit gross infection and
breakdown during the early care phase (see Table
51, Chapter VI).

Evacuation Procedure

Aeromedical evacuation was, in almost all in-
stances, an inevitable fact of casualty care. During
the early period of the conflict some patients who
did not require secondary reconstruction or re-
habilitation were retained at mobile or fixed
complete facilities until their wounds were healed
(p- 18). As the number of casualties increased
it was not possible to retain patients for convales-
cense because all beds were required for support
of early wound care.

The reality of aeromedical evacuation has been
well described by White (1968) in the following
paragraphs.

Screening of patients for movementis made at the
originating hospital and at each successive casualty
staging unit or treatment facility. The desired goal is
that no patient will be moved by any means until he
has reached ‘stabilization.’ In practice it has been




90 .

Management of War Injuries to the Jaws and Related Structures

found that stabilization varies dependent upon cir-
cumstances. In the ideal situation, as occasionally
exists in South Vietnam (SVN), with a low incidence
of casualties with adequate beds and readily availa-
ble emergency and surgical care, patients can be
held in country for a 2—§ reek period for stabiliza-
tion prior to movement. This was particularly valu-
able in chest, abdominal and severe multiple ex-
tremity wounds.

On the other hand, in a forward combat situation
or when a large number of recently wounded pa-
tients flood in-country (SVN) facilities and rapid
movement is required, stabilization is only that
which will permit safe transportation for relatively
short flights. Between the two extremities is a situa-
tion where conditions permit the holding of patients
in in-country treatment facilities for 3-10 days.
Here, stabilization permits restoration of body
fluids, electrolyte balance and gastrointestinal, renal
and pulmonary function.

Timing of Evacuation. Under normal condi-
tions patients were not recommended for man-
ifesting from the combat zones to CONUS unless
they were several days post injury. However, it
was not always possible to conform to this
schedule because of the disparity between the
number of beds at the early care facilities and the
number of casualties being received. As a result,
earlier evacuation to CONUS or intermediate
care Pacific theater facilities often occurred.
Management of casualties at the intermediate
facilities, which was heavily dictated by logistics,
will be discussed in the next chapter.

The timing of the evacuation procedure for the
patients in the maxillofacial casualty study was
presented in Table 2 of Chapter II. It was seen
that the mean patient stay at the early care
facilities was 7.75 days. This is consistent with
data reported by White et al. (1971) in which they
listed a mean departure time from Vietnam for
3,987 patients of all categories of 7 days.

Effects of Evacuation on the Casualty. In for-
mulating the decision to evacuate a casualty, the
surgeons took into consideration the nature of
the evacuation aircraft, the conditions of flight,
the duration of the transfer process, and the
physical and physiologic changes that might
occur during transfer that could influence the
condition of the patient. The aircraft were basi-
cally cargo planes designed for freight handling
and as such were noisier and more dimly lit than
passenger planes. Medical supplies and equip-
ment were brought on board and the interior of
the aircraft was set up to accommodate the pa-

tients. Care was essentially supportive and con-
sisted of measures such as drug administration,
infusion of fluids that had been ordered prior to
evacuation, use of suction and oxygen as neces-
sary, and other routine care.

The physical and physiologic changes that
might occur in carualty evacuees were related toa
variety of factors that influenced the condition of
the patient commensurate with the nature and
severity of his wounds. These included pro-
longed exposure to extremes of thermal condi-
tions, rapid change in climate and time zones,
dehydration, and the atmospheric condition of
the aircraft cabin. All these factors contributed to
accentuation of fatigue which in turn increased
the susceptibility of the patient to complications
(White, 1968; CINC PAC, 1971[e]).

Figure 43 illustrates the evacuation routes that
were used and the distances between the princi-
pal intermediate stops and CONUS. Transfer
from an in-country fixed facility (Vietnam) to a
CONUS destination extended over approxi-
mately 92-102 hours (4 days), if the patient expe-
rienced an optimal travel schedule. It was not un-
common to add as many as 4 additional days for
overnight stops and delays that were require« as a
result of logistic coordination of large-:cale casu-
alty evacuation. The intervals for all stages of
evacuation are listed in Table 2, Chapter 11. Rec-
ommendations for coordination of treatment
during evacuation with emphasis on intermediate
stage management will be discussed in the chap-
ter on intermediate care of the casualty.

Selection, Preparation, and In-Flight Manage-
ment of Evacuees. The basic criteria for selecting
patients for evacuation took into consideration
the possibility for expansion of gases within body
cavities, the presence of fever, bleeding, dehydra-
tion, and inhibited respiration.

Patients who were to be transferred via the
aeromedical system were at the very least ex-
pected to meet minimum basic criteria which in-
cluded the following: 1) stable hemotocrit of 35
v/v and hemoglobin of 11 gm%, 2) stable vital
signs, 3) no active bleeding, 4) adequate hydra-
tion.

If a tracheostomy tube was in place it was
changed immediately before evacuation to assure
a clean and well-functioning tube at the begin-
ning of the long and tedious transfer process—a
tube with a cleaning cannula was essential. It was
necessary to order humidification of the tracheos-




Early Care - 91

ANCHORAGE

WASHINGTON
2430

Figure 43.—Routes of aeromedical evacuation from Vietnam through intermediate facilities to CONUS. Air mileage be-

tween various points of transfer are listed.

tomy site since the humidity of the aircraft cabin
was usually quite low (ca. 10%). Patients were not
transferred with endotracheal tubes in place.
Hypoxemia during aeromedical evacuation has
been shown to develop in injured patients as a
result of lowered cabin oxygen tension and
recommendations have been made that supple-
mental oxygen be administered to seriously in-
jured patients during flight to prevent hy-
poxemia and its potential complications (Henry
et al., 1973). The supraglottic airway was phys-
ically compromised in patients with maxillo-
facial injuries treated by intermaxillary fixation
without tracheostomy. Podlesch et al. (1975) con-
cluded from studies of patients undergoing ex-
tensive maxillofacial surgery that hypoxemia
does occur postoperatively but that it can be cor-
rected by an increase in oxygen content in the
inspiratory air. Thus it would seem desirable to
include supplemental in-flight oxygen in the or-
ders for evacuation of future maxillofacial pa-
tients even though they might not be listed in the

seriously injured category.

Transfer of patients with cerebrospinal fluid
(CSF) drainage was obviously a neurosurgical de-
cision although aeromedical evacuation was usu-
ally discouraged in these cases unless other
reasons superseded. As the atmospheric pressure
was decreased in the aircraft cabin during flight
there was an increase in the CSF egress; it was
thought that when the cabin pressure was in-
creased on returning to the ground there was an
ingress of fluid and air which carried with it sig-
nificant elements of contamination.

If intravenous catheters were to be required for
fluids, they were replaced within 24 hours of
evacuation since it was desirable to leave these
catheters in place for only a maximum of 48-72
hours.

Medications were ordered by means of the pa-
tient’s standard evacuation tag, which, although
an admittedly imperfect document, was used to
give recommended en route treatments and in-
structions and was an acceptable international
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document. If the possibility of an undesirable
extension of medication existed, “stop” orders
were written clearly on the tag. The availability of
medications during evacuation was determined
and if drugs were ordered that were not in stan-
dard supply, an adequate supply to cover the
duration of need during evacuation was dis-
pensed to accompany the patients. Whenever
possible oral, in lieu of parenteral medications,
were used; for the patients in IMF, drug suspen-
sions were necessary since it was difficult and in
some instances dangerous for these patients to
attempt ingestion of tablets and capsules at this
stage of oral wound healing (CINC PAC,
1971[e)).

It was rarely necessary to provide an attendant
for patients with maxillofacial wounds since their
needs could usually be managed by the flight
medical crew.

When jaws were immobilized by wire or elastics
it was necessary to prevent aspiration secondary
to emesis by providing either a cutting device or
incorporating a quick release mechanism into the
fixation devices. It was prudent to write instruc-
tions to aircrew members concerning access to
intermaxillary wires and positioning of the pa-
tient in the event of emesis. Patients were told to
assume a prone position with their head down over the
edge of a bed if they experienced emesis thus
helping to prevent gravitational flow of vomitus
into the trachea and lungs.

Oral hygiene was a definite problem during
evacuation because of the limited capability for
accomplishing these measures and the lack of
familiarity that flight crews had with specialized
oral wound care.

The status and management of orofacial
wounds during evacuation will be discussed in the
next chapter.

The need for having succinct information eas-
ily available to all attendants concerning the status
of a patient as he progresses through various
medical echelons has long been recognized. This
is particularly true with patients who sustain max-
illofacial injuries because they have unique prob-
lems not readily evident to nonspecialized sup-
port personnel and require carefully coordinated
treatment that is best accomplished by individuals
who are fully knowledgeable concerning the en-
tire spectrum of management. It is evident that
the present evacuation tags, while helpful during
each leg of a patient’s movement, do not tell a
complete story and there is a need to develop a form
that will chart the essential points of a patient’s
history, his condition and treatment from initial
point of entry into the chain of medical care, and
the final disposition. With contemporary data-
processing capabilities, such a form could be used
for data analysis in relation to specific problems
that have been formally selected and pro-
grammed for investigation (White et al., 1971).
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CHAPTER YV

Care at
Intermediate
Facilities

By W. ROBERT HIATT
EUGENE J. MESSER
JAMES F. KELLY

INTRODUCTION

The mean interval of patient care at inter-
mediate phase facilities for MFCS patients was
17.42 days though this interval was occasionally
prolonged (see Table 2, Chapter II). In discussing
intermediate care we are actually referring to patient
management at the intermediate facilities within the
military echelon structure rather than any specific type of
treatment. During this interval, sutures, packs, and
drains were removed, antibiotic coverage was
evaluated, and fixation was adjusted, replaced, or
removed. Ideally, this period of convalescence
was characterized by gradual increase in strength,
satisfactory wound healing, and psychologic as
well as physiologic acceptance of the injury. Un-
fortunately, this optimum postinjury situation
was not routinely observed since these combat
injuries were complicated by a multiplicity of
problems that were often unique, frequently
bizarre, but always required careful early diag-
nostic evaluation, intensive therapy, and close ob-
servation.

Numerous factors had affected the achieve-
ment of ideal treatment results under the cir-
cumstances of early management and therefore
surgeons at the intermediate facilities became re-
sponsible for more than just maintenance of
ideally treated patients. It was not uncommon to
receive casualties at a hospital over 2,000 miles
from the combat zone 48 hours post injury with
wounds that, because of the tempo of war, had
been expeditiously managed and required exten-
sive treatment. Even as late as 10 days following
injury, the condition of the combat casualty often

remained equivocal in contrast to the civilian
trauma patient who might be considered for dis-
charge at this time. Additionally, necessary logis-
tic considerations associated with evacuation oc-
casionally created circumstances that contributed
to the development of wound complications.
Thus surgeons in the intermediate facilities were
prepared to manage a variety of complications
and to provide, when necessary, secondary
definitive treatment.

The logistics of the evacuation procedure actu-
ally predicated the need for a distinct intermedi-
ate phase of treatment. Three groups of patients

could be identified in the evacuee population.
The first group had sustained extensive injuries
for which they had received satisfactory early
care, and were in good condition when they ar-
rived at the intermediate facility. These patients
were not considered for return to duty because
they required late management and were trans-
ferred to CONUS as soon as possible. The second
group consisted of patients in whom complications
to early care had developed or were developing
and temporary retention at the intermediate
facility was required for diagnostic evaluation
and/or treatment before transfer to CONUS.
This group will receive the major attention in this
chapter. The third group had received satisfactory
early care for injuries that would be expected to
heal within 60 days. These patients were retained
for convalescent care and then returned to duty
within this time frame.
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RATIONALE OF MANAGEMENT

Patients arrived at the intermediate facilities at
virtually any time of day or night. At Guam, a
logistic pattern evolved wherein the patients were
received in the late afternoon. Although the time
of arrival and specific logistics for Guam are not
typical of all intermediate facilities, this experi-
ence will be described since it is considered
sufficiently representative of the general princi-
ples of casualty reception and management at
such hospitals.

A special van was used to transport patients
from the airport. Prior to arrival of the transfer
van at the hospital, all specialists had been alerted
and were available for consultation before the
patients were received. All patients were taken to
one ward and evaluated by an experienced triage
officer who then referred cases to the appropriate
specialists. The triage officer, usually a general
surgeon, assigned patients on the basis of the specialty
that would be responsible for primary care of the princi-
pal injury. In many instances the maxillofacial in-
jury superseded other injuries or conditions such
as uncomplicated fractures, lacerations, or
malaria, and the patient was admitted to the max-
illofacial service with the understanding that the
maxillofacial surgeon would seek consultation as
required. At the time of reception on the air
evacuation ward, decisions were made concern-
ing isolation, intensive care, or immediate
surgery. Initial patient evaluation or screening

included a search for occult injury, impending
medical or surgical complications, and evaluation
of the mental status of the patient. All decisions
concerning management made at this time were
subject to modification since additional informa-
tion was frequently obtained during subsequent
workups that had been accomplished less ex-
peditiously and thus more comprehensively. It
was necessary for the attending surgeon to be
decisive yet flexible in his approach to patient
management. Transfer to a specific ward from
the air evacuation ward did not occur until the
following day unless immediate surgery was re-
quired. In these cases the patients went to the
operating room and then to the ward of the par-
ent service. Occasionally patients were placed di-
rectly on the next day’s air evacuation flight for
transfer to a CONUS facility.

Understanding the status of the patient relative
to his future treatment needs was of utmost im-
portance when therapy was administered during
this phase of casualty care. Major modifications in
management were instituted only if initial efforts
were obviously unsuccessful. In summary, the
principal goal of activities during the intermediate
phase was to accomplish treatment in coordination with
early and late care rather than to establish and
implement an independent program of definitive
management.

PROTOCOL OF MANAGEMENT

HISTORY OF INJURY

Of utmost importance during treatment of
maxillofacial wounds at intermediate phase
facilities was knowledge of the history of wounding,
wound management, and posttreatment patient prog-
ress. It was not uncommon for these patients to
have been treated by a variety of doctors, nurses
and corpsmen at several different facilities. The
medical record was viewed as the single most im-
portant source of information concerning the
progress of the patient but, unfortunately, con-
sistent records were not always available at the in-

termediate facility because of the complexities of
the evacuation process. Without adequate rec-
ords unique means of transmitting information
from early to intermediate surgeons were com-
monly employed. These included special notes on
air evacuation tags as well as handwritten mes-
sages delivered by medical personnel or even the
patients themselves. As much information as pos-
sible was obtained concerning the patient by
whatever means available, only then could the
intermediate surgeon proceed intelligently with
his diagnostic evaluation.
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CLINICAL EVALUATION

An immediate impression of the patient’s gen-
eral condition was formulated from vital signs,
information from flight attendants, and the pa-
tient’s general appearance. Although airway
obstruction, hemorrhage, and impending or con-
tinuing shock were usually under control, they
were nonetheless uppermost in the mind of the
attending clinician.

Airway

Acute airway problems were seldom seen at this
time, but many patients had tracheostomies (see
Table 10, Chapter I'V) that required careful man-
agement because of the serious and even fatal
complications that could result. We do not have
data on complications of tracheostomy in Vietnam
casualties, but some idea of the nature and inci-
dence of such problems can be appreciated from
a report of Stemmer et al. (1976). They reviewed
the fatal complications of tracheostomy in a gen-
eral care Veterans Administration hospital over a
20-year period and found that hemorrhage, in-
fection, airway obstruction, and cardiopulmo-
nary collapse were among the most common
causes of death attributable to the procedure.
Chew and Cantrell (1972) reviewed reports of
1,928 tracheostomies, which included 100 at their
own Naval facility. The overall complication rate
was 15.8%, and the most frequent complications
were similar to those that Stemmer et al. had
reported as commonly associated with tracheos-
tomy fatalities. Tube displacement was noted as a
most striking direct complication, and in those
patients where this occurred there was a 25% mor-
tality rate. Skaggs (1969) observed that the rate of
complications with emergency tracheostomy was
2-5 times higher than with elective procedures.

Because of the potential morbidity and mortal-
ity associated with tracheostomies special precau-
tions against complications were taken at the inter-
mediate care facilities. Obviously, the position
and security of the tube were carefully monitored
at all times, particularly at the intervals desig-
nated for tracheostomy care. To obviate obstruc-
tion and reduce infection, careful aseptic toilet of
the tube and orifice, along with cultures, was
routinely performed.

Diagnostic dilemmas did arise concerning cul-
tures and infections in the tracheobronchial tree,
i.e., the need to treat vigorously with antibiotics or
continue only local care with appropriate hygiene
and irrigations.

Pulsation of the tube, the presence of blood-
tinged mucus, or persistent bleeding about the
tracheostomy orifice were noted as possible signs
of impending major vessel hemorrhage. Blood
gas monitoring was instituted in those patients
who were not completely stabilized following
their injuries. Expert nursing care was essential
for the patient with a tracheostomy and this could
only be assured by the surgeon writing specific
orders to include all aspects of tracheostomy care.

The decision to maintain or discontinue the
tracheostomy was based on many factors includ-
ing the need for additional, sequential surgical
treatment as well as the timing and type of air
evacuation. In most instances tracheostomies
were not removed until the patient reached his
final CONUS destination and/or impending sur-
gical treatment requiring general anesthesia was
completed.

Wound Evaluation

Soon after admission to the intermediate facil-
ity dressings were removed and wounds in-
spected. When there was no sign of infection in
wounds that had been debrided and sutured,
simple cleaning of the surface and redressing
were indicated. When drains were present they
were advanced or removed. The microbiologic
status of infected wounds was evaluated by cul-
ture and sensitivity (C&S) methods to determine
the specific etiology of infection. Antibiotic
therapy included both local and systemic ad-
ministration of agents selected on the basis of
C&S studies, if available. A myriad of antimicro-
bial agents were available each with indi-
vidualized dosage schedules. In the absence of
sensitivity testing, or while awaiting results of
C&S studies the selection of the proper agent and
dose was problematic. Table 11, Chapter 1V, lists
the suggested choices of antimicrobial agents for
use against the various types of microorganisms,
whereas Table 13, Chapter 1V, lists the dosages
and routes of administration for the different
agents.

According to Matsumoto et al. (1969), the or-
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TABLE 15.—Review of 1,531 Initial Wound Cultures,
at an Intermediate Facility
(1 January 1967 to 31 March 1968)*

Total Percentage of Percentage of

Microorganism P amber total initial total positive

culture initial culture
Staphylococcus aureus 387 25.3 29.2
S. epidermidis 64 3.1 48
Pseudomonas aeruginosa 243 15.9 18.3
Proteus species 84 5.5 6.3
Escherichia coli 230 15.0 17.3
Aerobacter aerogenes 73 48 5.5
Klebsiellg, pneumoniae 17 1.1 1.3
S. aureus + P. aeruginosa 76 4.9 5.7
S. aureus + A. aerogenes 42 2.7 3.2
P. aeruginosa + E. coli 43 2.8 32

No Growth 204 13.3

Others 64 4.5 4.8

*Matsumoto, T., et al.. Combat surgery in communication zone 1. War wound and bacteriology (Preliminary report). Milit Med 134(9):655-65, 1969.

ganmisms most frequently isolated from wounds at an
intermediate phase facility were Staphylococcus aureus
(29.2%), Pseudomonas aeruginosa (18.3%), and Es-
cherichia coli (17.3%) (Table 15). At these facilities
they found penicillin and ampicillin to be ineffec-
tive against the microorganisms cultured,
whereas streptomycin-resistant organisms were
cultured from 50% of the patients. P. aeruginosa
was sensitive to neomycin, colistin, and man-
delamine upon initial and repeated cultures. E.
coli was sensitive to colistin, cephalothin, nalidixic
acid, and nitrofurantoin. Methicillin, chloram-
phenicol, cephalothin, cloxacillin, and vancomy-
cin were all effective against S. aureas on the initial
and repeated cultures.

Heggers et al. (1969) obtained aerobic and
anaerobic cultures from biopsy specimens of wounds
in war casualty patients when they arrived at a
CONUS facility from Vietnam. Of the tissue
specimens cultured, 92% grew at least a single
bacterial species and, in 8%, more than one species
were isolated. Table 16 lists data from their study
concerning the frequency distribution of bacte-
rial species in the culture and tissue biopsy
homogenates. P. aeruginosa (46.9%), and S. aureus
(19.6%) were the most commonly identified or-

anisms. Gram-negative rods were cultured from
§5% of the homogenates as opposed with 25%
gram-positive cocci. Thus, late or chronic wound
infections in Vietnam patients were more likely from
enteric gram-negative bacteria than from gram-positive
species.

TABLE 16.— Bacterial Species Isolated in Pure Culture
From Tissue Biopsy Homogenates*

. % Pure
§)

pecies Numbers  alatas
Pseudomonas aeruginosa 43 46.9
Staphylococcus aureus 18 19.6
Proteus species 2 12 13.0
Klebsiella Enterobacter group 11 1.9
S. pyogenes 5 54
Escherichia coli 3 32
Total 92 100

*H rs, J.P., et al.: Microbiai flora of orthopaedic war wounds. Milit Med
l34(8):5‘§£‘3. l9169. y

Complicating the problem of infection was the
enemy’s practice of fabricating homemade explo-
sive devices with a variety of materials that even
after wound debridement elicited foreign-body
response; these included nails, rubber, wood,
stones, leather, and plastic. As mentioned in the
early care chapter (p. 70), fecal contamination
was rather common and, in fact, the wounding
agents were reportedly contaminated with
human or animal excreta that further magnified
the potential for infection. As a result of these
unusual complicating agents, wounds did not
uniformly respond to conventional therapy.

Additional Considerations

The adequacy of arch bars or other fixation

!
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devices that were attached to the remaining denti-
tion was determined with the understanding that
for effective treatment these devices must be sta-
ble and not detrimental to the teeth, soft tissues,
or investing bone. Splints, if present, were
evaluated for appropriateness, cleanliness and
utility.

The functional integrity of all cranial nerves was
determined and, if neurologic abnormalities
were observed, necessary consultations (i.e., oph-
thalmology, neurosurgery, etc.) were obtained.

Swelling in the area of the major salivary glands
was carefully evaluated. Lacerations of the major
salivary glands and/or ducts can result in collec-
tion of interstitial saliva with considerable distress
to the patient. The differential diagnosis in-
cluded, in addition to salivary gland injury,
edema, hematoma, infection, and aneurysm.
Most injuries to the parotid gland healed spon-
taneously if the major collecting ductal structures
were intact. This matter will be discussed in more
detail in the late care chapter.

Finally, arteriovenous fistulas were occasionally
seen and therefore auscultation was included,
especially over the great vessels of the neck. Post-
traumatic A-V fistulas may be late in developing
and it was necessary to be alert to this possibility
throughout all phases of management (Arpin
and Downs, 1975).

RADIOGRAPHIC EVALUATION

Panoramic films were obtained on all am-
bulatory patients if this capability existed. In pa-
tients who were unable to be positioned for
panoramic examination, a limited number of ap-
propriate facial bone films were obtained. In pa-
tients with midfacial injuries the standard Waters
projection (upright, if possible) was an excellent
screening, as well as diagnostic view, since the
entire facial skeleton was well visualized in this
projection. For lower face injuries standard views
included in the “mandible series” were obtained.
The need for additional specialized views was
determined by clinical evaluation and a study of
all current as well as any previous films that ac-
companied the patient. Laminagrams could be ob-
tained in any projection and were occasionally
required, but the need for these views was the
exception rather than the rule and was predi-
cated on inability to obtain necessary information

by more conventional techniques.

The diagnosis of a mandibular or maxillary
fracture was seldom an incidental finding on
radiographic examination. These examinations
were used to confirm clinical impressions, deter-
mine the extent of osseous damage, and guide the
course of treatment rather than as primary diag-
nostic tools. There were times, however, when
serendipitous information was obtained and the
need for appropriate radiographs was thus rein-
forced.

If there was a normal PA and lateral chest
radiograph in the patient’s jacket from a previous
facility and there was no clinical or historical
evidence to suspect change, it was the practice not
to repeat this study. In general, the number of
radiographic examinations was limited and based
on specific indications.

LABORATORY EXAMINATION

Admission laboratory examinations at the in-
termediate facilities were essentially no different
than at other secondary hospitals. Admission
studies included CBC, differential, hematocrit,
hemoglobin, and VDRL. Sequential multiple
analyzer (SMA) examinations were not generally
available at this time, but they have subsequently
replaced piecemeal testing and should be used
when available. Routine urinalysis was ordinarily
adequate and if other abnormalities were seen,
especially the presence of red blood cells, a
urologic consultation was obtained. Abnormally
high urine-specific gravity was not uncommon
because many of these patients were hypovolemic
as a result of long air evacuation and the tropical
environments.

Blood gas studies were obtained on patients with
tracheostomies (Stemmer et al., 1976) and/or with
intermaxillary fixation if there was evidence of
compromised respiratory exchange.

A stool sample for ova and parasites was required
by hospital instruction because of the high inci-
dence of intestinal parasitic disease in the South
East Asian theater (Gilbert et al., 1968).

In the multiply injured patient consultants
were frequently required. In such cases it was best
to allow the consulting specialist to indicate which
additional laboratory studies he would require
rather than to anticipate his needs by an order for
a battery of seemingly indicated tests. With the
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advent of SMA, a wider variety of laboratory data
was routinely available.

SECONDARY TREATMENT OF
MAXILLOFACIAL INJURIES

Skeletal Fracture

Fracture treatment at the early facilities was
usually by intermaxillary fixation (IMF) methods
and was aimed at obtaining a reasonable reduc-
tion and establishing the patient’s occlusion in
what most closely approximated the preinjury
relationship. In a small percentage of MFCS pa-
tients it had been possible to provide only tem-
porary reduction and immobilization and the in-
termediate surgeon was required to accomplish
secondary reduction and fixation. Open mandibular
reduction was accomplished in 7.45% of patients
and closed reduction was performed in 5.59%.
Secondary reduction of midfacial fractures was
even less common—open (1.86%) and closed
(3.11%) (Table 17).

TABLE 17.—Incidence of Fracture Reduction Performed at
the Intermediate Care Facility for Patients in the MFCS

Mandibular Reduction | Midfacial Reduction
Open Closed Open Closed
1 (N=84) 6(7.14]* 8[9.52] | 0[00.00] 4[4.76)
I (N=32) | 1(3.13] | 1(3.13] | 2(6.251| 1[3.13]
111 (N=20) 1[5.00] 0[00.00] | 0[00.00] [ 0[00.00]
IV (N=25) 4[16.00] | 0[00.00] 1[4.00] | 0[00.00]
Total (N=161) 12[7.45] 9(5.59] 3[1.86] 5(3.11]

*Figures in brackets equal percentage of N.

Groups

In those cases where there was severe comminu-
tion or avulsive osseous injury, the objective of
treatment was to immobilize the remaining frag-
ments in close anatomic position during healing.
If this was done in areas of comminution, con-
solidation occurred and the patient was left with
near normal form and function. In instances of
avulsion, where full-thickness discontinuity
existed, an attempt was made to at least correctly
align the residual fragments for later bone graft-
ing procedures. Bone grafting concepts will be
discussed in the chapter on late care.

Various methods were used to immobilize the
osseous fragments including arch bars, wire fixa-
tion, splints, and external skeletal-pin fixation.
No one method was exclusively employed be-

cause unique situations dictated the appropriate
techniques for the particular surgical situation
(see Case reports).

Splints. In some patients with loss of bony con-
tinuity, IMF utilizing remaining teeth was not
always possible and intraoral acrylic splints were
used as satisfactory adjuncts to treatment. In spite
of edema, secretions, etc., it was possible to obtain
fairly accurate impressions by modifying the im-
pression procedure. Initial impressions were
sometimes used only as a matrix to construct a
tray for the final impression. Accuracy was of
relative importance since it was often necessary to
modify or section casts because of arch displace-
ment. In addition, uniform precise tissue adapta-
tion was not required since the tissues were ex-
pected to undergo changes in character and
contour during the progress of healing.

Because of the variable and unique anatomy
that was present after injury, it was necessary to
be innovative in splint construction while at the
same time following prosthodontic principles.
Future prosthodontic considerations as well as
immediate treatment needs were incorporated in
the planning of these temporary prostheses, i.e.,
maintenance of intermaxillary space, creation of
spaces for feeding, and airway and incorporation
of fixation attachments such as arch bars. Appro-
priate circumferential wiring (i.e., mandibular,
peralveolar) was used for stability in addition to
circumdental ligation. There was concern for tis-
sues underlying these splints, and it was necessary
to assure that splints were properly relieved and
that meticulous oral hygiene was maintained.
The basic function of splints at this interval was to
passively stabilize bony fragments and not to serve as
active reduction devices in which case they invariably
caused ulceration regardless of the adequacy of
relief and hygiene.

In those patients with oroantral communica-
tion maxillary obturator splints were constructed
after the primary wounds had healed sufficiently
to effect a transition from packing to obturation.

External Skeletal Fixation. Unfixed edentulous
fragments usually could be maintained in reason-
able position during the first several days post
injury as a consequence of the splinting action of
the tissues resulting from pain and edema. Dur-
ing this time the patients arrived at the inter-
mediate or late care facilities and, in the absence
of gross wound infection or local infection at sites
of anticipated pin placement, it was then possible
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to apply skeletal fixation when indicated. Under
the logistic conditions in which these patients
were managed, it was best to apply this type of
fixation at the late care facilites unless the patient
was to be under observation at the intermediate
hospital for a relatively long period (Case reports
10 and 16). More specific comments concerning
the application of external skeletal fixation will be
presented in the bone graft reconstruction sec-
tion of the late care chapter.

Craniofacial head frame fixation of midfacial
skeletal injuries was seldom utilized. However,
when extensive fractures occurred in this region,
head frame fixation was a useful method and was
probably best applied at this interval. The prin-
ciples of this type of fixation were the same as
those applied in nonbattle injury.

Operative Treatment—open reduction, de-
bridement. In cases of badly comminuted frac-
tures, treatment was continued by closed
methods if at all possible. If secondary extraoral open
reduction procedures were necessary to reduce
and fix major fragments, they were not under-
taken until infection was under control. Intraoral
open reduction, while somewhat difficult at this
postinjury interval as a result of pain, trismus,
etc., could be performed under local anesthesia
thus lessening the potential for morbidity. The
patient’s ability to withstand an awake reduction
greatly influenced the selection of the type of
operative procedure.

As previously mentioned it was inaduvisable to
remove all fractured teeth during early and inter-
mediate intervals because large segments of via-
ble bone were often lost when this was attempted.
It was noted that the retention of root fragments
did not ordinarily complicate early healing. Pa-
tients were carefully observed for signs and
symptoms of dentally related infection, and re-
sidual, uncomplicated fragments were electively
removed several weeks post injury when their
removal was less difficult and could be ac-
complished with greater conservation of bone (p.
73, Chapter 1V).

No attempt was made to remove residual foreign
bodies, such as bullet fragments, unless they were
easily accessible or directly associated with infec-
tion or functional impairment. Alloplastic im-
plants were placed by some surgeons at the early
facilities for maintaining space or effecting re-
duction of fragments. When this was done infec-
tion invariably ensued and it was necessary to re-

move most of these implants at the intermediate
or late facilities (p. 77, Chapter IV). However, if
they were providing a positive adjunct to treat-
ment, they were allowed to remain until such time
as they interferred with function or were seri-
ously complicating the healing of bone or soft
tissue as a result of infection.

Soft Tissue

Management of soft tissue wounds was of
major importance at intermediate facilities and
many unique problems were encountered. When
dealing with unsutured wounds it was necessary
to perform delayed primary closure as soon as it was
possible to control sepsis (Chipps et al., 1953;
Robson et al., 1973; Krizek and Robson, 1975).
Late secondary closure and/or skin grafting was
reserved for the more complicated cases.

Eradication of wound infection began with cul-
ture of exudates and selection of specific antibi-
otics as previously described. If there were no sys-
temic signs of infection or cellulitis, antibiotics
were sometimes withheld and only local wound
care was accomplished. Irrigations and/or an-
tiseptic soaked packings alone often controlled
sepsis in such wounds very effectively and quite
rapidly.

Irrigation was performed with various empiri-
cally selected solutions. When dealing with P.
aeruginosa infection, it was common practice to
perform lavage with a weak acetic acid solution. It
was the opinion of many surgeons that this
method of treatment was very effective against
the ubiquitous P. aeruginosa organisms even in
deep wounds. Perhaps the most commonly used
antiseptic irrigating solution was Betadine®, which
was used as an antiseptic for all types of facial and
oral wounds even in the absence of overt infec-
tion. Another irrigating solution commonly used
in oral wounds was 9-aminoacridine, which was
employed as a solution of benzalkonium chloride,
water, and the chemical 9-aminoacridine that was
easily formulated by a hospital pharmacy. The
irrigation protocol of one author included normal
saline for routine irrigation of contaminated
wounds or a solution of bacitracin, neomycin, and
polymyxin in saline for grossly contaminated, po-
tentially life-threatening infected wounds. Cau-
tion should be exercised in the use of local
antibiotics since systemic absorption may cause
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severe toxic reactions, for example, nephro-
toxicity from topical bacitracin or polymyxin B
and deafness from neomycin (NATO 1975).

Normal saline was an excellent irrigant and was
used in very large volumes (several liters), par-
ticularly when extensive mechanical flushing was
required. Hydrogen peroxide (H202) was alsc used
for irrigation, especially when anaerobic or-
ganisms were suspected or confirmed or when
the wound tissues were relatively avascular.
When using H,O, in and about the oral cavity,
especially in the presence of IMF or in patients
with tracheostomy, the foaming property of
peroxide may occasionally produce respiratory
complications.

Betadine® soaked packs were often employed and
were changed as often as four times a day, de-
pending on the condition of the wound. As the
wound healed the amount of packing was re-
duced until a clean granulating surface was pres-
ent. Once the wound was clean and free of sepsis,
it was secondarily closed or covered with a skin
graft as indicated. If the granulating surface area
was quite small, the wound was covered with a
sterile dressing until it epithelialized.

NONOPERATIVE MANAGEMENT

Fluid Therapy

Fluid and electrolyte imbalance was common
and was usually the result of patients having been
transferred over long distances through tropical
climates. The deficits observed were not ordinar-
ily severe and were amena’ e to correction by the
administration of fluids that were selected by em-
pirically judging the patient’s condition, monitor-
ing input and output, and determining serum
electrolyte levels. As a result of their orofacial
wourids, these patients frequently were not tak-
ing sufficient fluids by mouth during the period
of transfer either because of a reluctance on their
part or a lack of encouragement by general duty
nursing personnel. Assuring adequate oral intake
through positive encouragement by all personnel
facilitated the correction of fluid imbalance and
at the same time helped to reestablish the func-
tional integrity of the injured orofacial tissues.

Management of Fever

The differential diagnosis of fever was compli-
cated not only by the multiplicity of injuries but
also by the potential for patients to have con-
tracted various “fever diseases” endemic to the
combat theater. If the elevation of body tempera-
ture was over | degree and lasted for more than 2
days, then diagnostic studies were undertaken to
determine etiology. It is, of course, obvious that
fever can result from both infectious and noninfec-
tious causes.

Postoperative. The differential diagnosis dur-
ing an immediate postoperative period, that is the
first 12 hours, included metabolic or endocrine
factors secondary to anesthesia and/or organ
system disruption, inadequate tissue perfusion
resulting from hypovolemia, or transfusion reac-
tions if blocd had been administered. Minor ele-
vations in temperature often responded to an-
tipyretic agents and/or increases in either oral or
intravenous fluids, which inferred a noninfec-
tious etiology related to fluid imbalance or minor
metabolic alterations. If a general anesthetic had
been administered pulmonary complications were
considered one of the most likely causes of fever.
Fevers associated with pulmonary derangements
could be of the infectious or noninfectious variety
depending upon the extent and complication of
the disease process. The patients were carefully
examined for tachypnea, tachycardia, rales, and
decreased breath sounds indicative of atelectasis,
the most common postanesthetic complication.
It was desirable to establish an early diagnosis for
suspected incipient pulmonary complications
and to initiate appropriate pulmonary therapy to
preclude the development of bacterial
pneumonitis. The possibility of developing pul-
monary complications was enhanced by a variety
of conditions that existed in these patients such as
depression of the cough reflex by narcotics,
dyspnea secondary to muscular splinting as-
sociated with constricting bandages, aspirated
foreign bodies, or pulmonary parenchymal
pathology (shock lung) secondary to extensive
trauma.

Phlebitis. Virtually all these patients had un-
dergone multiple phiebotomies for the adminis-
tration of intravenous infusions (IV), and as a
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result, the potential for developing throm-
bophlebitis existed. The most common present-
ing symptom of post IV phlebitis was tenderness
along the course of a vein, but fever was occasion-
ally present, subsiding with treatment of the vas-
cular inflammation.

Genitourinary Tract. Symptoms of dysuria,
chills, increased frequency, and flank or sup-
rapubic pain in conjuction with fever drew atten-
tion to genitourinary complications. Low grade
urinary-tract infections that existed previous to
surgery were occasionally unmasked during the
postoperative period. This was especially true if
catheretization had been performed or there was
prolonged urinary retention and stasis.

Medical Disease. The most common diseases
and disease categories observed in U.S. Army
troops in Vietnam, other than pulmonary and
venereal, were malaria, diarrheal diseases, and
fever of unknown origin (Gilbert et. al., 1968).

Table 18 cites the incidence, timing, and type
of concomitant medical disease entities found in
MFCS patients. The overall incidence was
16.13%, with a majority of diagnoses being estab-
lished at the intermediate or late (12.90%) as com-
pared to the early (3.23%) facilities. Of the 30
diagnoses listed, malaria (8), parasitic disease (5),
hepatitis (4), and pneumonia (4) were most com-
mon.

Malaria was viewed as the most important
communicable disease in U.S. troops and
chemoprophylaxis against malaria was routinely

TABLE 18.—Incidence, Timing, and Type of Concomitant
Medical Diseases that Occurred in Patients Included in the

MFCS
T
A. Incidence and timing
Early Intermediate Total

N = 186 6[3.23]* 24[12.90] 30[16.13]
B. Type

Malaria -8

Parasitic diseases - 5

Hepatitis -4

Pneumonia -4

Meningitis -2

Urethritis -2

Other =5

30

*Figures in brackets equal percentage of N.

provided to all personnel in Vietnam because of
the endemic nature of the disease. Despite these
precautions malaria was a prime consideration in
the diagnosis of all fevers. The active disease typi-
cally presented with irregular fever, malaise,
headache, and chills. Two types of malaria, Plas-
modium vivax and P. falciparum were most com-
monly encountered in Vietnam returnees. It was
important to establish an accurate species diag-
nosis to select the appropriate therapeutic regi-
men. Primary P. vivax attacks began abruptly with
shaking chills, followed by fever and profuse
sweating. The initial chill was usually preceded by
a short period of malaise or headache. The fever
lasted from 1 to 8 hours and after it subsided the
patient felt entirely well until the next paroxsym,
which in uncomplicated cases usually occurred
every 48 hours. P. falciparum malaria was as-
sociated with shaking chills that were preceded by
a chilly sensation. The paroxsyms lasted from 20
to 36 hours and were associated with prostration
and headache as prominent symptoms. The
temperature rose more gradually and tended to
fall by lysis rather than crisis. Intervals between
paroxsyms were exceedingly variable and the pa-
tient remained ill and usually ran a low grade
fever during these periods. Except in rare in-
stances the species diagnosis was established in
blood smear and the patient then remained
under medical care with the maxillofacial injuries
being managed in consultation.

The etiology of diarrheal disease included rae
entire spectrum of enteric pathogens including
Salmonella, Shigella, amebiasis, and Entamoeba his-
tolytica. Diagnosis was established by medical con-
sultants and medical management followed.

Acute, undifferentiated febrile disease was among
the most frequent causes of admission among
army personnel in Vietnam. A diagnosis of
“FUO” was reserved for febrile illnesses that per-
sisted for longer than 3 weeks and in which the
diagnosis was uncertain after 1 week of study in
the hospital following initiul complete histoy,
physical examination, and lacoratory studies in-
cluding malaria smears (Gilbert et al., 1968).

Initial Rehabilitation. 1f the physical condition
permitted, early ambulation was encouraged for
all maxillofacial patients. It was the opinion of the
maxillofacial surgeons that bedridden patients
with associated orthopedic injuries or other seri-
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ous disease, in comparison to ambulatory patients
had slower recovery from their facial wounds,
developed more complications, were reticent in
their communication, and tended to be more
reluctant to accept their wounds. This simple act
of ambulation, of being up and about for a short
period no matter how difficult, dramatically
changed patient attitude and improved well
being. Ambulation produced psychologic bene-
fits as well as physical improvement resulting
from enhanced circulation, facilitated ventilatory

exchange, and increased basal metabolic rate.
The will to live and the desire to “get better” and over-
come physical adversity combined with the reality
of physical improvement were hallmarks of satis-
factory patient convalescence.

Numerous other factors influenced patient
care during the intermediate phase. Those we
have discussed were considered most significant
and therefore have been emphasized by discus-
sion in this chapter.
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CHAPTER VI

Late Care
(Reconstruction-

Rehabilitation)

By PETER W. CONNOLE
BILL C. TERRY
JAMES F. KELLY

WOUND MANAGEMENT AND SPECIAL PROBLEMS

INTRODUCTION

The mean interval for admission to the late
care facility for all groups in the MFCS was 24.55
days (Table 2, Chapter II). The total length of
treatment varied depending on the severity of the
injuries. Those few patients who were retained at
the intermediate care facilities for longer than the
average period had their reconstructive and re-
habilitative treatment initiated at those locations.
Once at the late care facility, many patients re-
quired extensive reconstruction and prolonged
rehabilitation for periods longer than 6 months,
particularly those included in the MFCS groups
I and 1I (Table 4, Chapter 1V). Others required
less involved surgical management and were dis-
charged from the hospital within 3-6 months;
they were typically those included in group III
buta limited number were in groups [l and IV. In
the remaining patients, management was usually
less complicated and their hospital care, which
was completed within 3 months, was mainly con-
valescent. The majority of group IV and V pa-
tients were discharged within 3 months.

Most patients were sent to a hospital near their
home and at that time entered an even more
complex emotional and psychologic period than
that already experienced. Up to that time they
had survived the initial trauma, resuscitative and
surgical care at the early facility, and had been
involved in and preoccupied by the transporta-
tion to and continued care at the intermediate
facilities. When the patients were reunited with
relatives and friends, they were immediately con-

fronted with many questions concerning their ul-
timate recovery and for probably the first time
were beginning to seriously consider what impact
their wounds would have on their future. It was
therefore not unusual to recognize varying de-
grees of depression during the initial phase of this
period. Adjustments were easier, just as in the
early and intermediate period, if casualties with
similar problems and injuries were placed in the same
hospital area. This provided them with the oppor-
tunity to associate with similarly injured patients
whose wounds were in various stages of healing
and rehabilitation. They were thus able to ob-
serve the therapeutic benefits of treatment and to
develop a more optimistic attitude toward their
own problems. These relationships and observa-
tions relieved some of their initial anxiety and
assisted them in accommodating to the reality of
their role in the process of orofacial rehabilita-
taon.

CLINICAL EVALUATION AND
TREATMENT OF WOUNDS

The chinical problems encountered in the man-
agemernit of these patients were varied and often
uncertain. It has been repeatedly emphasized
throughout the text that there was a need for con-
stant reevaluation of injuries, general medical condi-

tion, and response to therapy. In this section we shall
review and discuss problems that were of concern
during this later care period other than those
specifically associated with bone graft reconstruc-
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tion or preprosthetic surgery.

In the previous sections of this buok, an at-
tempt has been made to follow a chronologic
order of management. However, during the late
care period the sequence of management was
variable and depended on the condition of the
patient at the initiation of late care as well as his
progress during hospitalization. For this reason,
the following discussion is not as chronologically
structured as the preceding sections.

Airway Assessment and Management

Tracheostomy. Patients with tracheostomies
were evaluated to determine the need for this
method of airway management. Tracheostomy
was retained for the following reasons: 1) the
necessity to manage problems or complications
other than those related to the maxillofacial in-
juries; 2) the immediate or contemplated need
for extensive surgical procedures under general
anesthesia such as exploration and debridement
for infection control, secondary wound closure or
soft tissue grafts, or placement of splints and fixa-
tion appliances for alignment and stabilization of
fractured bony segments.

When tracheostomies were discontinued, the
orifice of the tube was either gradually closed or
completely occluded for increasing periods and
the patient was closely observed for signs of res-
piratory distress. If there was any question of
respiratory insufficiency, blood gas monitoring
was utilized to assist in confirming the clinical
impression. Only after it was firmly established
that the patient could tolerate the occluded tube
was it removed.

Intubation for Surgery. Essentially all of these
patients were in intermaxillary fixation and pre-
sented airway problems for subsequent surgery
under general anesthesia. The nasotracheal route
was preferred for intubation and was usually ac-
complished as a blind, awake procedure. Al-
though not generally utilized during the Vietnam
conflict, fiberoptic visualization systems are now
available. Intubation using this aid significantly
simplifies the procedure particularly in patients
in intermaxillary fixation, with restricted man-
dibular movements, or with anatomic variations
that complicate the usual intubation procedures
(Tavlor and Towey, 1972; Davis, 1973).

Following surgery the nasotracheal tube was
maintained until the patient was stable, respon-

sive, and alert. After the tube was removed
placement of a buccal airway, as described by
Doneker and Hiatt (1966), held the lips apart and
allowed addiuonal air exchange through the
mouth (Figure 44). This also provided easy access
to the oral cavity for removing blood and secre-
tions. This device was usually left in place for 12—
24 hours following surgery or until the patient
could manage secretions and satisfactorily main-
tain his own airway.

Wound Evaluation and Management

Objectives of Management. During the late care
period the overall objectives of wound evaluation
and management were as follows: 1) providing
supportive care to promote healing; 2) irradicat-
ing infection; 3) identifying conditions where
there were compromised function or esthetics;
and 4) planning for appropriate rehabilitation.
Achieving these objectives was made difficult by
the location of wounds, complexity of the tissues
involved, and associated functional and esthetic
requirements.

There were often both extraoral and intraoral
components to the wounds that could involve
skin, muscles, mucosa, gingiva, bone, and teeth,
as well as other associated specialized structures,

Figure 44.—Buccal airway device that was used to support the lips
and cheeks in patients who had undergone jaw surgery and been
placed in intermaxillary fixation. This device facilitated mainte-
nance of the upper airway, thus reducing airway complications and
often obviating the need for tracheostomy.
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such as salivary glands, their excretory ducts, and
both motor and sensory nerves. In this section
consideration will be given to the most significant
management problems. Some that were discussed
in the preceding intermediate care chapter will
be reviewed in the section on bone graft recon-
struction.

Wound Infection. The threat of infection
existed during all phases of casualty management
and the underlying principles of treatment were
the same regardless of the interval at which the
diagnosis was established. A diagnosis of wound
infection was made in 41.98% of MFCS patients.
The greatest number of infection diagnoses (21.60%)
was made during the 8- to 21-day postinjury period.
Late care facilities were the locations where the
diagnoses were most frequently established
(25.93%) (see Table 31). It was the observation of
the authors that there seemed to be a higher
incidence of wound infection in those patients
who, because of the exigencies of battle activity,
were transferred directly to a late care facility
without intermediate hospital admission. The
reason for the higher incidence of infection in
such patients was probably related to the follow-
ing: 1) large numbers of patients of necessity
being cared for by fewer personnel under less
than ideal situations during the aeromedical
evacuation period; 2) delays en route because of
unpredictable logistic problems related to
mechanical difficulties, inclement weather, etc.,
which extended the aeromedical evacuation
period. In addition, if one or more patients be-
came critically ill during the period of evacuation,
they could monopolize the efforts of attending
personnel for a considerable period of time while
the remainder of the patients necessarily received
less attention than they would under less difficult
circumstances. These comments are not meant as
criticism of the aeromedical evacuation system
which performed remarkably in transporting
and caring for casualties, but rather as a reflection
of the reality of the circumstances of evacuation.

Extraoral Wounds. The principles of manage-
ment for extraoral wounds were essentially no
different from those described in the inter-
mediate care chapter. These wounds were readily
accessible and could be debrided and kept clean
by careful local care. It must be reemphasized that
continued drainage from wounds that did not respond to
antibiotic and local conservative care usually reflected
an underlying skeletal infection related to devital bone,

teeth, or retained foreign matter. Successful therapy
included elimination of the contributing factors
by appropriate surgical intervention.

The optimal time for delayed primary wound
closure had passed by the time patients entered
the late phase and for this reason was rarely ac-
complished at this interval. Wounds that were
granulating were selectively covered by skin
grafts once they were free of infection. In the
MFCS patients skin grafts constituted 19.09% of
the secondary soft tissue procedures that were
performed (see Table 33). In most instances the
skin grafts were used to cover raw surfaces and
were subsequently revised.

Intraoral Wounds. The management of in-
traoral wounds was more complicated because of:
1) limited access; 2) exposed bone, damaged
teeth, or root fragments; 3) accumulation of de-
bris around the fixation devices, remaining teeth,
and in the wound bed itself. Debridement of de-
vitalized tissue was accomplished to encourage
and maintain healing. If the wound was not man-
aged properly, adjacent healthy tissues were
jeopardized because they became involved in the
necrotic process and were severely damaged
and/or lost. In those instances where this hap-
pened a greater tissue defect resulted and in some
instances discontinuity actually resulted from un-
controlled osseous infection.

The oral hygiene regimen used to maintain
wound cleanliness included: 1) irrigation and
mechanical suction after each feeding; 2) cleans-
ing the remaining teeth and fixation devices with
a small child-size toothbrush at least 3 times daily
(patients were encouraged to do this themselves
as soon as they were physically able); 3) irrigation
of the wound bed and/or exposed bone with an
antiseptic solution at least daily or more often if
purulent exudation was present. Covering the
soft tissue bed and/or bone with a petrolatum
gauze dressing, which was changed periodically,
provided a waterproof barrier and aided in pro-
tecting the underlying tissues from debris (Main-
ous and Terry, 1974). In some instances there
had been extensive orofacial tissue destruction
followed by secondary wound breakdown, and
maintenance of satisfactory wound hygiene in the
face of oral feeding was virtually impossible.
Nasogastric tube feedings (Randall, 1971; Con-
verse, 1974[a]) were initiated in these patients
until the wounds were sufficiently healed to per-
mit oral intake.
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Debridement. Tooth and Root Fragments.
Periodontal and pulpal health of remaining tooth
and root fragments were carefully evaluated. The
objective of this evaluation was to determine if
they could be retained to assist in stabilizing bony
segments or provide support for future pros-
theses. In some instances salvagable teeth or roots
which were critical to the rehabilitation but man-
ifested pararadicular pathology were endodon-
tically treated. If there was any question that retained
dental structures would compromise healing, they were
removed. This included tooth and root fragments
that had been retained during early care with the
understanding they would possibly be removed
later with less potential damage to surrounding
adjacent structures (p. 73, Chapter IV). Serial
radiographs and clinical examination were
utilized in evaluating the status of these struc-
tures. The clinical examination included stand-
ard periodontal evaluation with recording of
pocket depth and tooth mobility. Usual methods
of pulp testing were not applicable in many of
these patients because of the regional sensory
deficits that had been caused by the injury.

Periodontal and periapical pathology that de-
veloped late in the course of treatment, after con-
solidation of osseous injuries, maturation of soft
tissue wounds, and restoration of masticatory
function, were managed in a conventional man-
ner. Additional considerations regarding the
management of tooth and root fragments will be
discussed in the bone graft reconstruction section
of this chapter.

Bone and Foreign Debris. The policy of conser-
vative bone debridement previously discussed in
the early and intermediate care chapters was con-
tinued. Bony sequestra that presented either in-
traorally or extraorally were removed when they
could be lifted from the wound with gentle ma-
nipulation. Unexposed devital bone that was con-
tributing to a chronic suppurative process
presented a more complex problem regarding
diagnosis and surgical management. It was not
always possible to identify bony sequestra ra-
diographically because of their small size or the
superimposition of adjacent bony structures. In
the presence of a suppurative process that
could not be resolved by nonsurgical means, it
was necessary to surgically explore the area even
though no obvious source of infection could be
identified clinically or radiographically. Such
surgical redebridement was accomplished

either intraorally or extraorally although the
extraoral route was preferable because there
was usually better access for a wider ex-
ploration, the wound was easier to manage,
and there was not the problem of oral conta-
mination.

During wound exploration all free bone frag-
ments were removed as well as other embedded
matter (i.e., metal, clothing, tooth fragments) that
was easily accessible and could be removed with-
out jeopardizing adjacent healthy tissue. Debris
that had been identified clinically or radiographi-
cally but was not in the immediate area of de-
bridement was generally not removed unless it
was or became symptomatic.

Following debridement, wounds were irrigated
frequently with saline or antiinfective solutions
and packed open with dressings. Occasionally,
irrigation catheters were placed and wounds were
closed following debridement. Specimens re-
moved at surgery were submitted for culture and
sensitivity testing for selection of appropriate an-
tibacterial therapy. It was not unusual to have
additional bony fragments spontaneously ex-
pelled from the wound during the subsequent
phase of healing. If adequate osseous debridement was
not accomplished, it was not possible to control these
chronic suppurative processes in a reasonable period of
time.

Retained Missile Fragments. Large retained mis-
sile fragments remote to the wound that interfered
with function or might present future complica-
tions, i.e., vascular or neurologic, were evaluated
clinically and radiographically for removal. If vas-
cular injuries were suspected, angiography was per-
formed to confirm the existence of aneurysms,
arteriovenous fistulas or other vascular abnor-
malities (Arpin and Downs, 1975).

Posteroanterior, lateral cephalometric radio-
graphs, and submental vertex views were valuable
tor locating fragments in the maxillofacial area.
These films were technically simple .0 obtain and
often provided sufficient information to deter-
mine if removal was warranted (Figure 45).

The decision to remove retained fragments was not
taken lightly since locating them in the tissues at the
time of surgery could be extremely difficult. If
the decision was made not to remove a fragment,
it was important to make the patient aware of its
presence and encourage him to return for
follow-up evaluation (Figures 33 and 34).

| —
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Alignment and Stabilization of Osseous
Fragments

Secondary reduction to align and stabilize bony
fragments by either open or closed methods was

T Y

performed in 15.534% of MFCS patients with frac-
tures. The highest incidence (21.43%) was in
group | patents. Midfacial fracture reduction
during late care was rare—2.48% (Table 19).

"I -

Figure 45.—Upper left) Appearance of 23-year-old casualty who sustained a penetrating missile wound (arrow) to the right
cheek. Lower left) 45-caliber missile that was recovered without incident. This relatively low velocity missile was “spent”
when it entered the cheek and thus did little damage and did not perforate the head. Upper, Middle and Lower right) Post-
eroanterior, true lateral and submento-vertex radiographs used to provide 3-dimensional localization of the missile which

had come to rest within the pharynx.
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TABLE 19.—Incidence of Secondary, Open or Closed,
Fracture Reduction for Mandibular and Midfacial
Injuries at Late Care Facilities for MFCS Patients

in Groups 1, 11, 111, and IV

G Mandible Midface
Foup (open or closed) (open or closed)

1 (N =84) 18[21.43)* 2(02.38]

11 (N = 32) 3[09.38]) 1[03.13)

11 (N = 20) 3(15.00] 1{10.00]

IV (N = 25) 1[04.00] 0[00.00]

Total (N = 161) 25[15.53]) 4[02.48)

*Figures in brackets equal percentage of N.

Methods and devices used to maintain alignment and
stabilization of bony segments were constantly
evaluated. It was not unusual to progress to other
means of fixation during this period or to reapply
or reinforce the devices already being used. The
ingenuity of each surgeon in managing fixation
and stabilization problems was reflected in the
great variety of devices used during all stages of
treatment. Itis apparent that there was no one way to
manage these problems, and the solution had to be
adapted to the needs of each patient.

Fixation periods were prolonged for the non-
graft patients because of the slow consolidation
that occurred in the face of severe comminution
and avulsion and the high incidence of infection.
The mean period of fixation in the non-graft
patients was 51.78 days. The patients with the
more severe avulsive injuries (group II) ex-
perienced the longest episodes of fixation—the
mean interval was 60.25 days and the range was
from 19 to 168 days (Table 20).

TABLE 20.—Period of Intermaxillary Fixation Following
Early Care for Non-Graft Patients in MFCS Groups 11,
111, and IV (days)

Group Mean Range
II (N = 28) 60.25 19-168
11 (N = 17) 45.82 21.74
IV(N=9 47.78 17 - 150
Total (N = 54) 51.78 17- 168

Arch bars ligated to the remaining teeth were
the most common form of fixation. They had
often been placed under hurried circumstances
in the busy acute care facilities and frequently

became loose and ineffective by the time of late
care admission. In fact, when loosened they acted
as orthodontic appliances and caused shifting of
teeth and associated bony segments, thus defeat-
ing their intended purpose. Splints were used
ubiquitously as an adjunct to IMF. Arch bars or
cast metal lingual appliances were most com-
monly employed to allow earlier function and
monoarch stabilization once osseous consolida-
tion had progressed to the point that IMF could
be discontinued (Case report 06 and 13).

When teeth anchoring fixation appliances were
lost as a result of debridement during inter-
mediate or late care, the use of IMF as the only
means of fixation was precluded and other
methods were employed such as splints or exter-
nal skeletal fixation. The biphase external skeletal
fixation device was very useful, especially in the
severely comminuted mandible or when discon-
tinuity existed. The advantages and disadvan-
tages of this appliance for controlling osseous
fragments are discussed in the bone graft recon-
struction section.

RESTRICTIVE JAW FUNCTION

Introduction

Although MFCS patients required prolonged
therapy to restore normal function of the jaws,
including conservative resolution of jaw restric-
tion, severe limitation of mouth opening requiring
aggressive intervention was rarely seen in this
rather homogeneous population. However, se-
vere restriction of jaw function was encountered
in other Vietnam conflict patients, both military
and civilian, and it has also been identified as a
serious problem in maxillofacial casualties since
World War I (Converse, 1974[b]; Connole, un-
published data). Therefore, a review of the man-
agement principles applicable to the treatment of
jaw restriction is included as a necessary compo-
nent of late care rehabilitation.

When encountered, successful resolution of
jaw restriction depended on accurate diagnosis and
adequate management. There were a plethora of
conditions which could result in inability of the
war trauma patient to open the mouth normally.
Although radiographic examination was helpful
in establishing the etiology of restriction, accurate
diagnosis was most often gained with an orderly
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evaluation of the patient’s history, his symptoms,
and a careful clinical examination that included
an assessment of residual mandibular function.

Of particular importance was the anatomic location
of injury. When not grossly obvious (i.e., facial
scarring, etc.) the involved area could often be
pinpointed by the location of pain elicited during
forceful attempts at jaw movement. Identifying
the anatomic location of the stricture within the
masticatory apparatus was the key to successful
management of these patients. The adequacy of
management varied considerably depending on
the anatomic sites of stricture; however, once the
location was established, a progressive treatment
rationale could be selected with confidence that
generally satisfactory results could be obtained
depending on the severity of the condition. For
the foregoing reasons, management of these
problems will be discussed by anatomic site. Prior
to doing so, it is necessary to place in perspective
the matters of ankylosis and trismus and also to
discuss the general methods of mechanically ap-
proaching the problem of jaw restriction.

Ankylosis

True bony ankylosis of the temporomandibu-
lar joint of traumatic etiology results most com-
monly from an indirect force such as a blow to the
chin that causes condylar fracture or intracapsu-
lar injury. Ankylosis was exceedingly rare in
combat casualties and the vast majority of condi-
tions causing restrictions were extra-articular. Al-
though missile injury caused extensive tissue
damage, there seemed to be less tendency for
energy to be transmitted through bone and cause
indirect fracture (p. 35, Chapter IV). Thus, un-
less the temporomandibular joint was directly involved
in missile injury, ankylosis was an unlikely cause of
restriction.

Most para-articular restrictions (pseudoan-
kylosis, etc.) were due to fibrosis, although
mechanical bony impactions and ossifications did
occur.

Trismus

Trismus often accompanied restricting fibrosis
and its treatment was essential for successful re-
solution of the overall problem.

Trismus is defined as “motor disturbance of the
trigeminal nerve, especially spasm of the mas-

ticatory muscles with difﬁculty'in opening the
mouth.” (Dorland, 1974). Except when conver-
sion reaction (hysterical trismus) (Thoma, 1958
[a]; Salmon et al.,, 1972) or tetatnus (Richter,
1971) are suspected due to lack of local clinical
findings, trismus was the ubiquitous companion
of inflammed masticatory muscle whether the
cause was trauma, infection, foreign body, or
scarring. Pain caused increased spasm and pro-
moted a vicious cycle of further pain and spasm.
Trismus was considered a component of re-
stricted opening whenever pain was present.
Eliminating or neutralizing painful spasm was a pre-
requisite to treatment of any restrictive lesion. In man-
agement, causes of continuing inflammation
were controlled or removed (chronic infection,
foreign bodies, etc.) and muscle relaxation was
encouraged with heat and gentle exercise.

Jaw Exercisers and Physical Therapy

Over the years, numerous jaw exercise
appliances and protocols for their use have been
advocated (Gray, 1969; Alexander et al., 1970;
Rowe and Killey, 1970; Kwapis and Dyer, 1974;
Mincey et al., 1975). These can be characterized
briefly as those for intermittent use and those for
continuous use. Both have been employed effec-
tively. The important feature of each was to avoid
traumatic force which could generate additional muscle
spasm or microhemorrhage and fibrosis within muscle.
Alexander et al. (1970) described an excellent
physical therapeutic protocol consisting of dia-
thermy, local heat, and muscle relaxing exer-
cise, which can be used as a prelude to dilating

jaws in trismus.

It was often found that injuries which initially
appeared to require more aggressive surgical
therapy responded to the patient employment of
conservative physical therapy. Preliminary
physiotherapy was of limited value in extreme
cases with massive fibrosis or bony impingement;
however, in most circumstances, initial treatment
of painful trismus simplified management of re-
strictive lesions.

Anatomic Locations of Restriction

Temporoparietal. Whether due to blunt trau-
ma, missile wound, or a surgical incision for
craniotomy scarring in the temporal muscle origin




112

* Management of War Injuries to the Jaws and Related Structures

Sfrequently resulted in restricted mandibular function
(Khosla, 1970; Kwapis and Dyer, 1974) (Figure
46). Often this type of restriction was remedied
by conservative treatment. If this was not success-
ful, it was necessary to place the patient under
general anesthesia and employ a short-acting
muscle relaxant. An attempt was made to lyse the
fibrous adhesions by forcefully dilating the jaws

Figure 46.— Upper and Lower) Twenty-four-year-old casualty with a
high velocity missile injury of the soft tissues in the left temporal re-
gion involving the temporalis and superior proximal portion of the
masseter muscles. There was also an associated brain concussion.
The soft tissue wound was debrided and closed primarily with provi-
sions for drainage. The wound healed uneventfully, but the patient
was unable to depress his mandible more than 10 mm as measured
between the maxillary and mandibular central incisors. After reas-
sessment for the possibility of overlooked mandibular fracture, a
diagnosis of mandibular restriction associated with temporalis and
masseter muscle fibrosis was made. Treatment consisted of daily
torced opening using a side opening mouth dilator for 2 weeks until
a 45 mm of mandibular depression was achieved. At 6 weeks the pa-
tient could easily effect a 40 mm opening with unrestricted func-
tional movement.

with a mechanical ratchet (Thoma, 1958(b]). If
this was unsuccessful, the insertion of the tem-
poral muscle was released by coronoidectomy. In
either circumstance, bite blocks were placed to
maintain maximum jaw dilation while the patient
was under anesthesia and postoperatively. Al-
though an inconvenience to the patient, keeping
bite blocks in place for 4-5 days postoperatively
greatly reduced relapse tendency due to muscle
spasm caused by postoperative pain. Following
this, a gentde regimen of jaw (llldung exercise
was provided until normal, pain-free range of
mandibular function was achieved and no further
tendency toward relapse was noted.

Zygoma~Coronoid Process--Maxillary Tuber-
osity. A common site for extra-articular restric-
tions to occur was the region where the coro-
noid process in its normal excursion came in
close proximity to the zygoma and maxillary
tuberosity. Fibrosis or bony adhesion of the
coronoid process to the zygoma or maxilla oc-
curred following injury. Treatment generally
consisted of coronoidectomy followed by jaw-
dilating exercises. By itself, conservative physio-
therapy was not usually effective in treating lesions
of this area.

Occasionally a fractured, severely depressed
zygomatic complex that was not adequately
treated impinged on the coronoid process
sufficiently to mechanically block its normal ex-
cursion. If delayed zygomatic complex fracture
reduction was impossible, coronoidectomy and
conservative physiotherapy were necessary be-
fore mandibular function could be restored
(Brown et al.,, 1946; Warsow, 1971; Findley,
1972; Sperling, 1973).

In addition to the effects of trauma, infection
and foreign bodies at this site caused or accentuated
fibrosis andlor bony consolidation. It was necessary to
eliminate the contributing factors (infection,
foreign bodies) in conjunction with conservative
physiotherapy in order to resolve the problem.

Pterygomasseteric. Direct trauma, infection,
and missile fragments were the most common
causes of restrictive lesions associated with the
pterygomasseteric muscle complex. Because of its
external position the masseter was more fre-
quently involved. Aggressive surgical intervention
was seldom necessary in treating lesions of this area
since conservative therapy to relieve trismus in as-
sociation with gentle exercise was generally effec-
tive after infection had been controlled and sig-
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nificant foreign bodies had been removed.

If fibrosis was extensive as indicated by severe
rigidity, either medial or lateral to the ramus, it
was necessary to very gradually initiate physical
therapy to allow maturation and spontaneous sof-
tening of the scar tissue. While this conservative
approach could take up to a year, an acceptable
degree of function was often recovered, particu-
larly when a continuous use jaw-exercising
appliance was used. It was extremely important
not to employ traumatic jaw dilation or attempt to
strip fibrous adhesions under general anesthesia
because this caused additional fibrosis and the
natural softening of the scar tissue was delayed.

Buccal Circatrix. Constricting buccal scar
bands which bound the maxilla to the mandible
developed from such injuries as lacerations, avul-
sions of buccal tissue, and burns. These scar
bands not only limited mandibular movement but
also compromised dental prosthetic restoration.
Preprosthetic management of this type of prob-
lem is discussed in the section on preprosthetic
surgery.

Rowe and Sowray (1965) proposed the follow-
ing means of managing restrictive intraoral scar
bands: 1) Use of mechanical aids, 2) excision of
scars, 3) excision of scars and Z-plasty, 4) excision
of scars with Thiersch type of skin grafting, and
5) Esser inlay graft. They also noted that pedicled
tissue may be required when structures other
than the mucosa are involved.

The most effective and reliable method of relieving
moderate to extensive intraoral restrictive scar bands
was a modification of the intraorally placed epithelial
inlay as originally used by Waldron in World War
I (Ivy and Eby, 1924; Converse, 1974 [c]). The
purpose in this instance was not to establish a
deeper vestibule as was the original intent, but
rather to interpose the fold of skin graft between
the scar band and its previous attachment to
bone. The maxillary approach was preferred for
two reasons: 1) It allowed greater latitude, i.e., if
the coronoid process was noted to be involved in
the stricture it could be removed as a portion of
the maxillary procedure; 2) the buccal inlay skin
graft is an ineffective procedure for vestibular
extension as a preprosthetic consideration in the
mandibular arch (Maclntosh and Obwegeser,
1967). If mandibular preprosthetic surgery was
also required, we employed the buccal inlay
technique in the maxillary arch to achieve mouth
opening and the skin graft vestibuloplasty (Re-

hrmann, 1959; Maclntosh and Obwegeser, 1967)
to achieve an adequate prosthetic foundation in
the mandible.

Restriction of mouth opening due to extensive
loss of substance or full-thickness scarring of the
cheek was treated successfully only by surgical
recreation of the defect and replacement with
pedicled tissue for both covering and lining
(Crockett, 1963; Tempest, 1966; Converse, 1974
[d]).

Summary

The majority of limitations had a large compo-
nent of true trismus and were amendable to con-
servative therapy. Trismus was treated prior to a
definitive determination of the nature and extent
of the restrictive lesion.

When a restrictive fibrous or bony lesion was
encountered, successful treatment depended on
the following protocol: 1)Deferment of treatment
until the patient was at a facility capable of provid-
ing the necessary clinical support and long-term
observations that were required for successful
management; 2) solicitation of active patient
cooperation; 3) performance of functional
surgery prior to correction of cosmetic defects; 4)
implementation of a flexible and thorough pro-
cedure that did not need to be repeated; 5) force-
ful dilation of the jaws under anesthesia was not
to be repeated if relapse was encountered since
additional fibrous or bony adhesions often re-
sulted; 6) surgery was indicated only when previ-
ous conservative efforts had failed; and 7) utiliza-
tion of a gentle continuous jaw-exercising
appliance as opposed to an intermittent device
during the postsurgical period.

SALIVARY GLANDS

Of those patients included in the MFCS, 10.66%
sustained salivary gland injuries: 2.54% in the
parotid and 8.12% in the submandibular gland
(Table 9, Chapter IV).

These injuries involved the gland or their excretory
ducts and sometimes resulted in a draining extraoral
fistula. 1f the injury was to the gland, any fistula
that formed usually closed spontaneously after
wound repair and return of normal excretory
function. Injuries to the parotid duct forward to
the anterior border of the masseter muscle or to
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the submaxillary duct usually formed a spon-
taneous fistula. If this did not occur, drainage was
established surgically through the mucosa adja-
cent to the severed duct and was maintained with
an indwelling catheter or drain until a permanent
fistulous tract developed.

Injuries to the parotid duct posterior to the
anterior border of the masseter muscle with ex-
traoral fistulization were more difficult to man-
age and were best approached by direct surgical
repair with the goal of reestablishing ductal con-
tinuity to permit gland drainage as described in
the literature (Converse, 1964; Musgrave, 1969;
Converse, 1974 [e]).

When the injury had actually destroyed a major
portion of the duct and only a short proximal
stump remained, the usual methods of repair
were not applicable. In this situation the duct had
to be reconstructed to provide a path from the
anterior border of the masseter through the buc-
cinator muscle into the oral cavity to restore the
normal anatomy (Figures 9, 10, and 14; Chap-
ter I1I). A procedure for accomplishing this was
described by Kuttner (1906) and a modification
of this technique was utilized successfully in
MFCS patients for this type of reconstruction
(Figures 47 and 48).

CONCOMITANT INJURIES AND MEDICAL
DISEASE

In all patients appropriate consultation was re-
quested to evaluate and assist in managing as-
sociated head and neck injuries and disturbances
such as ophthalmologic, neurologic, and ear,
nose, and throat. Other medical specialists were
called to manage general medical problems such
as those discussed in the previous chapter (p.
96, Chapter V). The incidence of medical com-
plications was 16.13%—rarely did they compromise
successful management and eventual healing of the
maxillofacial injury.

The severity, multiplicity, and complications of

concomitant injuries were the major factors that
effected maxillofacial wound management and
healing. For example, in a patient with empyema
and multiple infected extremity wounds mainte-
nance of oral hygiene and meticulous care of the
maxillofacial wound were difficult. In addition,
the deleterious effects of chronic infection or
compromised physiology of any etiology obvi-

Figure 47— Upper) Appearance of a 26-year-old casualty on admis-
sion to a secondary early care facility, showing massive left facial
swelling that was present 36 hours after a missile injury to the face
that had been treated without provisions for drainage of a severely
damaged parotid duct system. Middle) Photograph 5 weeks post in-
jury showing cutaneous salivary fistula on the cheek. Lower) Post-
eroanterior radiograph showing a fluid level in the left maxillary
sinus that on surgical drainage was found to result from saliva.
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B. C. Terry, 1967

Figure 48.—Upper left) Diagrammatic illustration of operative site in left cheek of patient shown in Figure 47 at time of
parotid duct repair. The stump of the parotid duct (P) is seen overlapping the vertical fiber of the masseter muscle (M). The
horizontal fibers of the buccinator muscle (B) are seen anterior to the masseter. Upper middle) Diagrammatic illustration of
an anteriorally based, full-thickness buccal mucosa pedicle flap (F) that was designed to be of sufficient length to bridge the
distance from the oral cavity to the remaining parotid duct stump. Upper right) A tract was developed through the
buccinator muscle and the end of the mucosal flap (F) pulled into the extraoral wound. Lower left) The flap was formed into
an oral mucosa lined tube (T) by suturing around an appropriate sized polyethelene catheter. Lower right) End-to-end
anastomosis of the mucosa lined tube (T) and parotid duct stump (P) was accomplished after the catheter was directed into

the end of the residual proximal duct.

ously had a negative effect on wound healing in
general.

Illustrating the sometimes precarious physiologic
status of war casualties during late care, even after
satisfactory early care, is a report by Biron et al.
(1972) concerning a clinical syndrome that they
observed in Vietnam casualties with orthopedic
and associated injuries. The usual number of
maxillofacial injuries were included in this group
(ca. 10-15%). They observed that many of these
patients manifested inordinately complicated
and delayed wound healing as well as serious
episodes of hypotension during periods of

surgery under general anesthesia and postopera-
tively. They measured blood volumes and found
unexpectedly large reduction in red cell mass (ca.
40%) that were not commensurate with hemoglo-
bin and hematocrit values. When red cell mass
deficits were corrected by red cell transfusion, the
clinical management of the patients was far less
complicated. An explanation for this phenome-
non, referred to as the “anemia of trauma,” has not
been established. Surgeons managing trauma pa-
tients should be familiar with this clinical syn-
drome since it can greatly affect the success of
surgical rehabilitation.
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BONE GRAFT RECONSTRUCTION

INTRODUCTION

Bone graft reconstruction of the maxillofacial
area was most frequently performed in the mandible for
patients included in the MFCS, principally be-
cause there was a greater incidence of avulsive
mandibular injury (Table 8, Chapter 1V). Or-
dinarily, adequate masticatory function could not
be restored to the mandible by prosthetic means
when discontinuity had resulted from avulsive
injury, whereas in avulsive maxillary injuries con-
struction of a prosthesis frequently effected ac-
ceptable functional restoration, thus reducing, al-
though not eliminating, the necessity for bone
grafting. Onlay grafts to the zygomatic-maxillary
area for restoration of morphology were rare—
only two such grafts were accomplished on MFCS
patients. This section therefore emphasizes man-
dibular grafting since this was the most common
osseous reconstructive procedure.

EVOLUTION OF MANDIBULAR BONE
GRAFTING

Historically the mandible has been most fre-
quently reconstructed in maxillofacial war in-
juries. Ivy (1920) reported on the treatment of an
estimated total of 1,125 gunshot fractures of the
mandible by the American Expeditionary Forces
in Europe during World War I. Of these patients
123 or 11% required bone grafting. The methods
of grafting included the osteoperiosteal (37%),
local pedicle graft method (30%), cortex of the
tibia (17 %), crest of ilium (7 %), rib graft (6 %), and
ramus sliding graft (3%). Of these operations,
76% were considered successful though the
criteria of success were not indicated. These pro-
cedures were performed without the use of an-
tibiotics. At that time the success of long-term
bone grafting was noted by Kirk (1924) as 65 % in
a series of 156 patients.

Mandibular bone graft reconstruction in
United States military facilities during World
War II was surveyed by Blocker and Stout (1949).
This survey covered 1000 grafts including one-
piece iliac (81 %), rib (15 %), tibia (2 %), and iliac
chip (1 %). Results were reported in terms of the
success of union. “Primary take” was achieved in
90.7 % of patients though they qualified these re-

sults by the following remarks, “Statistics which
appear in the table below are in many cases esti-
mates rather than accurate reports because of
lack of access to records. It was particularly
difficult to obtain figures on complications. And
lack of follow-up may be responsible for a higher
percentage of primary take than should actually
be the case.”

Mowlem (1944) introduced an innovation in
grafting during World War Il involving the use of
iliac cancellous bone chips; he reported 36 mandibu-
lar grafts all of which were successful insofar as
union was concerned. Mowlem’s observations de-
scribed the essence of this as follows: “In using
cancellous chips we are reversing the accepted
standard of bone grafting. Instead of splinting
the defect with a dense, almost non-cellular
transplant which may also act as a bridge for
osteogenesis or as a poor source of new bone—
and for neither of these purposes is it histologi-
cally suitable—we rely on other methods for fixa-
tion and fill the defect with a cellular mass, the
survival of which will produce the requisite
amount of new bone within a matter of weeks.”

The work of Mowlem was scientifically substan-
tiated by the investigations of Burwell in the 1960’s.
After an extensive series of experiments concern-
ing the fate of bone grafts, he concluded, “cancellous
bone after its transplantation has the capacity to promote
osteogenesis in red marrow.” He further stated, “the
new woven bone produced by an autograft of
fresh marrow containing iliac bone is derived not
only from osteoblasts on the surfaces of grafted
bone, but also from osteoblasts created by the
differentiation of littoral cells lining the vascular
sinusoids of its surviving red marrow” (Burwell,
1964).

A more elaborate discussion of bone physiol-
ogy would be relevant to the subject of bone graft-
ing, but we conciuded that such a presentation is
best reserved for a treatise specifically concerned
with bone as a tissue rather than in a text primar-
ily concerned with a survey documentation of
clinical experience. Burwell (1969) compiled an
excellent review of bone transplantation in which
he presents a very reasonable discussion of the
state of the art that remains valid to date.

Thus a variety of methods have been used to recon-
struct the mandible in battle casualties. To date, the
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most commonly employed transplant has been
autogenous iliac bone, either as a solid one-piece
segment or augmented with highly osteogenic
cancellous marrow chips. Recently there has been
renewed interest in the efficacy of allogeneic
(homogenous) bone grafts augmented with au-
togenous cancellous marrow as a means of reduc-
ing morbidity associated with donor operations
(Jones et al., 1972; Burwell, 1976; Friedlaender,
1976; Kelly, 1976). These methods hold promise
for the future, particularly in light of the exten-
sive developments that have occurred in the field
of transplantation immunology (Najarian and
Simmons, 1972).

CRITERIA OF SUCCESSFUL
RECONSTRUCTION

Before we discuss the MFCS bone graft pa-
tients, it is first necessary to identify what we con-
sider the objectives of mandibular reconstruction
and the criteria for judging successful treatment.
A review of the literature relative to this subject
suggests that in most instances restoration of con-
tinuity by achievement of union has been consid-
ered the definitive measure of success. From the
data acquired in our study, we concluded that
although establishing continuity through graft
union is important, this does not always provide
the patient with a satisfactory functional and
esthetic result. We offer the following objectives
of graft reconstruction as necessary to assure that
complete rehabilitation is achieved. I. Establish-
ment of mandibular continuity. 2. Establishment of an
osseous alveolar base for a prosthesis. 3. Correction of
alveolar and vestibular soft tissue deficiencies in prep-
aration for prosthetic reconstruction.

Establishment of continuity should be ac-
complished in such a manner that it is possible to
achieve both an esthetically acceptable contour as well
as a maxillary-mandibular relationship suitable for
prosthetic dental restoration.

It was often difficult to achieve all these objec-
tives by a single operation and in the patients
successfully rehabilitated it was frequently neces-
sary to proceed through as many as three stages of
surgical treatment to obtain the desired results. If
the first-stage operation had achieved only the
establishment of continuity, then it was necessary
to perform second-stage bone graft augmentation
to provide an osseous alveolar base for a pros-
thesis. A third stage of surgical treatment was

necessary, if the soft tissues associated with the
reconstructed alveolus were unstable over the
crest or were residually positioned in the vestibu-
lar areas in a manner that precluded construction
of a satisfactory prosthesis.

The necessity for a second- or third-stage pro-
cedure, or both, could not always be established
before initial bone grafting. However, the proce-
dures needed to be identified as possible exten-
sion of treatment so that the patient could ap-
preciate the endpoint that was to be achieved. To
ensure cooperation during a potentially long
period of reconstruction, the patient was made
aware of the objectives of the program and the
procedures necessary to accomplish them. This
explanation was clearly presented and every ef-
fort made to accomplish treatment objectives as
soon as possible, in keeping with adequate heal-
ing and maturation of tissue, because this was the
time of optimum cooperation and motivation.

The opportunity to afford a rational program
of staged mandibular bone graft reconstruction
directed toward total rehabilitation has been
greatly enhanced by the recent reemphasis of pre-
prosthetic surgery. These methods of reconstruc-
tion are aimed at restoration of proper oral and
maxillofacial form and function through a variety
of hard and soft tissue surgical procedures (Re-
hrmann, 1959). Diagnostic criteria have been
refined and new surgical techniques have evolved
(MacIntosh and Obwegeser, 1967). The various
treatment approaches are not described here
since they will be discussed later, but we em-
phasize the need for including them in any pro-
gram of oral and maxillofacial rehabilitation if a
desirable, functional, and esthetic endpoint is to
be achieved (Kelly, 1973).

PROCEDURAL FORMAT FOR
RECONSTRUCTION-REHABILITATION

Figure 49 illustrates what we consider to be the
correct progress of treatment during the late phase of
management. The essential continuity of treatment
is exemplified in this diagram, as well as the op-
portunity and necessity for including all types of
reconstruction at the appropriate interval.

Three basic principles, previously discussed in
this chapter, must be applied prior to bony con-
solidation or grafting. Infection must be con-
trolled, debridement of devitalized hard tissue
accomplished, and the bony fragments stabilized
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|. CONTROL OF EXISTING INFECTION
2. SECONDARY HARD TISSUE DEBRIDEMENT (TOOTH AND BONE)
3. FIXATION OF OSSEOUS FRAGMENTS TO MAINTAIN PROPER ALIGNMENT

CONTINUITY -
CONSOLIDATION

P N e

PRE PROSTHETIC
SURGERY

PROSTHESIS

CONTOUR AUGMENTATION
BONE GRAFTING
AND/OR
ESTHETIC SOFT
TISSUE REVISION

DISCONTINUITY ~
BONE GRAFT

Figure 49.—Procedural format diagram

in proper alignment.

If consolidation occurs and continuity is restored
with the osseous fragments in satisfactory posi-
tion, a prosthesis may be constructed and esthetic
soft tissue revision performed if required. When
conditions are unfavorable for construction of a
prosthesis, indicated preprosthetic surgical pro-
cedures should be accomplished before definitive
prosthetic restoration and soft tissue revision.
Contour augmentation bone grafting can be per-
formed as an adjunct to final scar revision but
should precede the soft tissue operation.

If discontinuity exists after the preliminary prin-
ciples have been applied and bone grafting is re-
quired, prosthetic restoration, preprosthetic

surgery, contour augmentation and scar revision
may be accomplished as required after the graft
operation.

Application of this simple formula has led to
improved and complete results in the reconstruc-
tion and rehabilitation of maxillofacial casualties.

ANALYSIS OF BONE GRAFT CASES

There were 93 patients reported in the MFCS
who required bone graft reconstruction. In this
group, 114 grafts were performed, with 20 pa-
tients requiring multiple grafting procedures. All
of these grafts were performed with autogenous
material (iliac, rib, particulate cancellous marrow
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[PCM]), except for 6 composite grafts that con-
sisted of allogeneic (banked) mandible combined
wi'h autogenous cancellous marrow. In 80 pa-
tients who received 101 grafts it was possible to
acquire sufficient data for valid analysis of the
long-term results of surgery (Table 21). The
mean length of follow-up postgrafting for the 80
patients was 1,992.01 days or 5.46 years (Table
22).

Table 23 lists the incidence forvarious types of
primary and secondary bone grafts performed
for augmentation or continuity restoration. Of
the total of 101 grafts, 83 (82.18%) were per-
formed for continuity restoration and 18
(17.82%) for augmentation. The great majority of
the primary or first bone graft operations were
for continuity restoration (90%) whereas the
secondary operations were about equally divided
between those performed for augmentation
(47.62%) and for continuity restoration (52.38%).
Of the 18 augmentation grafts, 11 were per-
formed with iliac crest bone, 4 with rib, and 3 with
the PCM system.

Table 24 presents the success of mandibular
bone grafting in terms of continuity restoration,
which it will be recalled is only one of the criteria
that was used for evaluating the grafts per-
formed. Thirty-five iliac crest grafts were per-
formed for continuity and 30 (85.71%) were suc-
cessful for this purpose. Of the 5 secondary iliac
grafts for continuity, 100% were successful as
compared to 83.33% of the 30 primary proce-
dures. A total of 8 rib grafts were performed for
continuity—in 6 patients (75%) continuity was
achieved. PCM grafts were performed for con-
tinuity in 37 patients—31 (83.78%) of these were
successful. Only 3 composite (autogenous-
homogenous) grafts were performed on patients
included in the MFCS—all to restore continu-

TABLE 21.—Success of Achieving Long-Term Follow-Up
Jfor Patients Included in the MFCS Who Underwent Bone
Graft Reconstruction of the Mandible

Original Long-term
data data available
Number of
patients reported .................. 93 80 [86]*
Number of grafts ................ 114 101 [89]
Patients requiring
TERPARUBE svioweivlorss shlivovsnsas oy 20 20 [100]
*Figures in brackets equal percentage of N.

TABLE 22.—Mean Interval-Date of Graft to
Last Follow-Up

Type of graft Days Years
Iliac crest (N=34) 2095.29 5.74
Rib (n=8) 2568.38 7.04
PCM (N=36) 1808.17 4.95
Other (N=2) 1240.00 3.40

Total (N=80) 1992.01 5.46

ity—and only 1 was successful. Of the total of 83
grafts, continuity was achieved in 68 (81.93%). For
those grafts that were the primary or initial re-
constructive procedure, continuity was achieved
in 80.56%, whereas in patients who received sec-
ondary grafting following an initial unsuccessful
operation the success rate was 90.91%.

The incidence of bone grafts for continuity in
various anatomic regions of the mandible is listed
in Table 25. In 32 patients, 38.56% of the total,
the graft included the symphysis alone or in com-
bination with other adjacent regions. Of these 32
patients, 19 received grafts that included the sym-
physis plus the body or the parasymphysis area.
Six of the eight rib grafts reported were per-
formed for defects involving the symphysis.
Forty-four grafts, 53.01% of the total, included
the body or the body in combination with the
angle or ramus. Twenty-four of the 37 PCM
grafts were employed for reconstruction of the
body combination defects as compared with 15 of
35 iliac and 2 of 8 rib grafts. Iliac grafts were
performed with equal frequency in the body and
symphysis regions. e '

More grafts were performed on the right side
(56.63%) than on the left (30.12%) although there is
no explanation for this predilection and it would
appear to be a random distribution rather than
one produced by any specific factors associated
with wounding. in 13.25% of patients the grafts
included both sides (Table 26).

Table 27 presents data for success in achieving
continuity for grafts in various anatomic sites of
the mandible. The success of achieving continuity
for iliac grafts was 80% for the symphysis combi-
nations, 93.33% for the body combinations, 80%
for the angle-ramus region, and 85.71% for all
sites. For rib grafts 66.67% were successful for the
symphysis combinations, 100% for the body, and
75% overall. PCM graft success was 81.82% for
symphysis, 83.33% for body, 100% for angle-
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TABLE 23.—Frequency of Bone Grafts Performed for Augmentation
or Continuity Restoration

Type of graft A“K"(:f:l‘;a“" :i‘::‘;'r:::ﬁ Total
A. llac crest
Primary 4(11.77)* 30(88.23] 34(100]
Secondary 7(58.33] 5(41.67] 12[100]
11[23.91] 35(76.09] 46[100]
B. Rib
Primary 1[12.50] 7(87.50] 8[100]
Secondary 3(75.00]) 1[25.00] 4[100]
4(33.33] 8(66.67] 12[100]
C. PCM
Primary 3[08.33] 33[91.67] 36[100]
Secondary 0[00.00] 4[100.00] 4[100]
3(07.50] 37[92.50] 40[100]
D. Composite
Primary 0[00.00] 2[100.00] 2[100]
Secondary 0[00.00] 1{100.00] 1[100]
0[00.00] 3[100.00] 3[100]
E. All grafts
Primary 8(10.00] 72[90.00] 80[100]
Secondary 10[47.62] 11[52.38] 21[100]
Total I 18[17.82] I 83(82.18] I 101[100]

*Figures in brackets equal percentage of N.

ramus combinations, and 83.78% overall. For all
grafts, continuity was achieved in 68 of 83 in-
stances (81.93%).

Eighteen bone grafts were performed for aug-
mentation (Table 28). Ten of these operations
(55.56%) were secondary procedures to a primary
continuity graft whereas 44.44% were primary
operations done solely for augmentation. Thir-
teen (72.22%) were for functional augmentation
of the alveolar segment of the mandible and 5
(27.78%) were for cosmetic augmentation.

The number of patients requiring a denture
after bone grafting is listed in Table 29. In 5

(7.35%) of the total patients a denture was not
required because the injury and subsequent graft
had not affected the denture-bearing area,
whereas in 12 patients (17.65%) masticatory func-
tion was possible without a denture because there
was sufficient residual dentition, i.e., graft prox-
imal to first molar or second bicuspid with full
complement of teeth. Thus, in 51 of 68 grafts
(75%) a denture was indicated for restoration
of masticatory function following bone grafting.
Prosthetic rehabilitation will be discussed in the
preprosthetic surgery section of this chapter.

s

o
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TABLE 24.—Bone Graft Success (Continuity Restoration)

S Total for Continuity Faile.d o
Type of graft continuity achieved “h,'evf’
continuity
A. lliac crest
Primary 30[100]* 25(83.33) 5[16.67]
Secondary 5(100] 5[100.00] 0[00.00]
35[100] 30[85.71] 5[14.29]
B. Rib
Primary 7(100] 5[71.43] 2(28.57]
Secondary 1[100] 1[100.00] 0[00.00]
8[100] 6[75.00] 2(25.00]
C. PCM
Primary 33[100] 27(81.82] 6[18.18]
Secondary 4[100] 4[100.00] 0[00.00]
37(100] 31(83.78] 6(16.22]
D. Composite
Primary 2(100] 1[50.00] 1[50.00]
Secondary 1[100] 0{00.00] 1{100.00]
3[100] 1[33.33]) 2(66.67]
E. All grafts
Primary 72[100] 58(80.56] 14[19.44]
Secondary 11[100] 10[90.91] 1[09.09]
Total 83(100] 68[81.93] l 15[18.07]

*Figures in brackets equal percentage of N.

TECHNICAL MANAGEMENT

Introduction

The success of bone graft reconstruction was
largely due to the adequacy of previous treatment
and the thoroughness of evaluation and prepara-
tion prior to grafting. The period of time over
which the patients were prepared for grafting
was prolonged, principally as a result of chronic
infection and slow healing. The mean length of
time from date of injury to bone grafting for
MFCS patients was 253.16 days and the range was

from 38 to 799 days (Table 30).

Basic principles necessary to follow for successful
grafting were: 1) Awaiting and/or providing
adequate vascularity and nutrition of the graft
bed, 2) establishing stable immobilization of
grafted segments, 3) assuring asepsis in conjunc-
tion with grafting. Comprehensive postoperative
care and follow-up were strongly emphasized to
prevent or reduce complications that might lead
to graft failure. Satisfactory management of these
patients was carried out within a well-developed
but flexible treatment plan. In the following dis-
cussion of the essence of such a plan, we recognize
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TABLE 25.— Incidence of Type of Bone Grafts in Various Anatomic Regions of the

Mandible
Type of graft
Anatomic site Composite Total
Iliac Rib PCM
A. Symphysis
S only 2 = 2 = 4 [04.82)*
S+ B 9 4 6 - 19 [22.89]
S+B+ A 3 1 1 5 [06.03]
S+ B + A + Rt 1 1 2 - 4 [04.82)
15 6 11 “ 32 [38.56]
B. Body
B only 5 1 12 3 21 [25.30]
B+ A 5 1 9 = 15 [18.07]
B+ A+R 5 = 3 = 8 [09.64]
15 2 24 3 44 [53.01]
C. Angle-ramus
A only 2 = 2 - 4 [04.82]
A + R 2 = = 2 [02.41]
R only 1 - - - 1 [01.21]
5 = 2 - 7 [08.43)
Total 35 I 8 | 37 l 3 l 83 [100.00]

*Figures in brackets equal percentage of N.
tS = Symphysis; B = Body; A = Angle; R = Ramus.

TABLE 26.—Anatomic Location of Mandibular Bone Graft-Side of Grafting

Location Iliac Rib PCM Composite Total
Bilateral* 5 4 2 = 11 [13.25]F
Right 18 3 23 3 47 [56.63]
Left 12 1 12 = 25 [30.12]

Total 35 8 37 3 83 [100.00]

*Defect involved both sides including the midline.
tFigures in brackets equal percentage of N.

that this does not constitute the only valid ap-
proach but rather an overview of a management
philosophy representing a distillation of cumula-
tive experience that has served well.

As previously mentioned, in this and the in-
termediate care chapter, the initial considera-
tion in management was the overall systemic evalua-
tion of the patient. It was highly desirable to the
success of bone grafting that the patient be in
optimal physiologic condition prior to operation.
Of particular concern, in addition to establishing
the integrity of all organ systems, were fluid and

electrolyte status, nitrogen balance as determined
by adequate intake-output and active weight gain,
and blood volume. Patients with multiple wounds
and chronic infection were restored to positive
physiologic balance slowly even though they were
under continuous medical supervision.
Fortunately, in most instances the maxillofacial pa-
tients were in good health by the time reconstructive
surgery was planned as they had been under con-
tinuous medical observation since the time of in-

jury.

-
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TABLE 27.—Success of Mandibular Bone Grafts for Continuity by Anatomic Site

Location of grafts by anatomic regions*

Symphysis combinations Body combinations Angle-ramus
Type of graft S+B+ B TO‘I'A‘I* i
x el " s 15 A R ¥
*Sonly | S+B | S+B+A |0 0 Total only | B¥A |[B+A+R|  Toul only | AR | opiy| Toul ALL
SITES
5 . — _4—
A. lhac
Continuity 2 7 2 1| 12(80.00]% 5 4 5 |14[93.33) 2 1 1| 4[80.00] 30[85.71]
No continuity 0 2 1 0 3[20.00] 0 1 0 1{06.67) 2 1 1| 1{20.00] 5(14.29]
e SR iai 2 9 3 1 15[100] 5 5 5 [15[100) 2 2 2 | 5(100] 35(100]
B. Rib
Continuity 0 4 0 0 4(66.67] 1 1 0 2(100] 0 0 0 | 0[00.00] 6(75.00)
No continuity 0 0 1 1 2(33.33] 0 0 0 0{00.00] 0 0 0 | 0[(00.00) 2(25.00]
3 0 4 1 1 6(100] 1 1 0 2(100] 0 0 0 | 0{00.00] 8(100]
C.PCM "B
Cnminu-i(_\ ; 2 5 1 1 9(81.82] 9 8 3 [20.[83.33] 2 0 0 | 2[(100] 31(83.78]
No continuity 0 1 0 1 2(18.18] 3 1 0 4[16.67) 0 0 0 | 0[00.00] 6[16.22]
—a
2 6 1 2 11[100] 12 9 3 |24{100] 2 0 0 | 2(100] 37(1006)
D. Composute 7
Conlinuf()' ) 0 0 0 0 0[00.00] 1 (] 0 1(33.33] 0 0 0 | 0(00.00] 1(33.33)
No continuity 0 0 0 0 0{00.00] 2 0 0 2(66.67] 0 0 0 0[00.00] 2(66.67)
] 0 0 0 0[00.00] 3 0 | 0 3[66.67] 0 0 0 L0(()01)0] 3(100]
*S= Symphysis: B = Body; A = Angle. o o S WA R e A v
tFigures in brackets equal percentage of N.
TOTAL, ALL GRAFTS WITH CONTINUITY ................. 68(81.93)
TOTAL, ALL GRAFTS WITH NO CONTINUITY ............. 15[18.07]
FOTAL ALL/GRAFTS . oo oiionncss v ssiamanmiies sushsaas s 83(100]

TABLE 28.—Incidence With Which Augmentation Bone
Grafting to the Mandible Was Performed for Either
Functional or Cosmetic Restoration in Both Primary

and Secondary Grafting Situations™*

Graft Functional Cosmetic Total[%]
Primary 6 2 8[44.44]t
Secondary 7 3 10[(55.56]

Total 13[72.22] 5[27.78] 18[(100]

*18 of 101 grafts were performed for augmentation in patients in whom continuity
was I)f(‘i(‘“lv
FFigures in brackets equal percentage of N.

Preoperative Evaluation

The bone grafting candidate shared in com-
mon with other maxillofacial casualties, the re-
quirement for a complete and thorough orofacial
examination.

Evaluation of the remaining dentition took an addi-
tional significance in the grafting candidate be-
cause of the following considerations:

1) The long-term positive jaw immobilization
required in association with graft recon-
struction.

2) The potential advantage of retaining spe-
cific teeth for both jaw immobilization and
subsequent prosthetic rehabilitation.

3) The adverse influence of odontogenic in-
fection on grafting—when infection oc-
curred near the time of grafting, total graft
failure could result.

Radiographic examination of the teeth and support-
ing bone was essential and included standard ex-
traoral and panographic views as well as periapi-
cal radiographs of all teeth, particularly those
adjacent to graft sites. Although panographic
films were more easily obtained and provided a
convenient serial assessment of osseous repair,
they were not utilized to establish a definite as-
sessment of the state of the dentition. When ap-
propriate radiographs were combined with clini-
cal evaluation of the remaining dentition to de-
termine vitality, mobility, and periodontal status,
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TABLE 29.—Patients Needing Dentures Following
Successful Bone Grafting for Continuity Restoration

No dentures required
Number
Adequate of
Type of graft occlusal patients
Denture N/A function requiring
without dentures
pros.
Iliac crest 3 [09.68]* 5 [16.13] 23 [74.19]
(N =31
Rib 0 [0.00] 1 [16.67] 5 [83.33)
(N =6)
PCM 2 [06.67] 6 [20.00] 22 [73.33)
(N =30)
Other 0 [0.00] 0 [0.00] 1 [100]
(N=1)
Total (N=68)| 5 [7.35] 12 [17.65] 51 [75.00]

*Figures in brackets equal percemage of N.

TABLE 30.—Mean Intervel (Days) from Date of Injury to
Date cf Graft for Patients in the MFCS Who Received
Mandibular Bone Grafts

Type of graft Mean Range
Iliac (N=34) 392.35 73 - 799
Rib (N=8) 312.28 157 - 697
PCM (N=36) 202.92 38 - 444
Other (N=2) 236.00 136 - 336

Total (N=80) 253.16 38 - 799

intelligent appraisal of their potential advantage
or liability could be made.

Study casts were also obtained because they pro-
vided an excellent guide in planning anatomic
reduction of the remaining jaw segments, served
as models for intraoral surgical splint fabrication,

and were helpful in assessment of the residual
dental occlusion in relation to future prosthetic
requirements. Most patients undergoing bone
graft reconstruction required dental prosthetic
appliances subsequent to grafting as an integral
part of their management (Table 29). Prosthetic
evaluation during the preoperative phase of
treatment established the basis of coordinated
surgical and prosthetic treatment, thus assuring
preservation of essential teeth and creation of
alveolar ridge relationships favorable to denture
construction.

Control of Sepsis

Forty-six (56.10%) of MFCS patients with avul-
sive mandibular defects requiring bone grafting
(group I) presented with infection at varying
times during their postinjury course. The
greatest number of these infections (27) were
diagnosed at the late or CONUS facility (Table
31). Infections were usually chronic but acute
exacerbations were not unusual—they were
treated as previously described in this chapter.

Once initial soft tissue healing had occurred,
subsequent episodes of infection were usually as-
sociated with the presence of nonvital tissue
(teeth, bone) or foreign material such as alloplas-
tic implants or wires (Case report 11); it was un-
common for missile fragments to cause latent in-
fection (p. 73, Chapter IV). Surgical wire or
other foreign debris was carefully scrutinized for
possible removal, even in the absence of clinical
infection, if they were in the bone grafting area
(Figures 50 and 51). The matter of foreign-body
removal was sometimes conjectural and, in retro-
spect, some decisions were regretted. For ex-
ample, a questionable fragment of debris that was

TABLE 31.—Incidence and Timing of Maxillofacial Wound Infection Diagnosis Following Definitive Early Care

Interval during which diagnosis made Locale where infection diagnosed
Group

0-7 days 8-21 days 22+ days Total Early Intermediate CONUS
I (N=82) 13[15.85]* 23[28.05] 10[12.20] 46[56.10] 8[09.76] 11[13.41] 27(32.93]
II (N=35) 1{02.86] 6[17.14] 3[08.57) 10[28.57) 1[02.86) 2[05.71) 7[20.00)
11 (N=20) 0[00.00] 3[15.00] 4[20.00] 7(85.00] 0[00.00] 1{05.00] 6[30.00]
IV (N=20) 0[00.00] 3(15.00] 2(10.00] 5[25.00] 0[00.00) 3(15.00] 2(10.00]
V (N=5) 0[00.00] 0{00.00] 0{00.00] 0{00.00] 0{00.00] 0[00.00] 0[00.00]
Total (N = 162) 14[8.64) 35[21.60) 19[11.73] 68[41.98] 9[05.56] 17(10.49] 42[25.93]

*Figures in brackets equal percentage of N.
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Figure 50.— Upper left) Panoramic radiograph of 22-year-old casualty taken 8 weeks following a high velocity missile injury
to the jaw at the time the patient was admitted at the late care facility. Debridement, open reduction and IMF with arch bars
had been accomplished at the time of injury. Chronic infection had developed and the mandibular right second bicuspid
had been removed at an intermediate facility in conjunction with limited wound debridement and supportive care. Upper
right) Panoramic radiograph 4 months post injury. The mandibular right first bicuspid and first molar had been removed.
Middle left) Panoramic radiograph 6 months post injury following debridement of bone and wire from the mandibular
wound. The circumdental wires seen about some of the mandibular teeth were securing a lingual acrylic splint which was
providing monoarch fixation. Presence of the single molar tooth in the proximal fragment was critical as it provided control
of this fragment by splint fixation and occlusion with the opposing dental arch. Middle right) Appearance of acrylic splint
described in narrative for middle left radiograph. Lower left) Panoramic radiograph 9 months following injury at approxi-
mately the time drainage from the wound finally ceased. Lower right) Panoramic radiograph 1 year following injury just
prior to bone grafting. Although the wound was now healed a non-union existed at the fracture site. (Continued in Figure
51.)
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Figure 51. Continuation of Figure 50.—Left) Panoramic radiograph 3 months following PCM bone graft reconstruction of
the mandible with evidence of graft repair. Right) Panoramic radiograph 74 months post injury and 26 months following
bone grafting. Endodontics had been performed on teeth adjacent to the graft in the distal fragment and the proximal
ramus fragment was in proper alignment as a result of its control during the pre- and postgrafting period.

in remote relation to the graft bed subsequently
contributed to a postgraft infection as a result of a
previously undetected fistulous tract (Figures 52
and 53).

Teeth adjacent to the injury site with questionable
radiolucencies were definitely potential sources
of late infection and thus required a most critical
appraisal. Determination of vitality by conven-
tional means was not possible when sensory in-
nervation to the area had been disrupted. It was
then necessary to rely on such imprecise criteria
as tooth stability and color with the hopeful as-
sumption that sufficient viability had been pro-
vided the dentition via the vascular network of
the labial and the lingual mucosa. Bell (1969,
1971, 1973, 1976) showed that the viability of
dento-osseous jaw segments can be maintained if
a soft tissue vascular pedicle is intact on at le2st
one surface of the fragment.

Endodontic therapy was recommended, even
without confirmed nonvitality or abscess forma-
tion, when such teeth were viewed as being critical
to adequate jaw fixation or for eventual prosthetic
restoration. Conversely, when questionable teeth
were of minimal advantage, it was prudent to
remove them before grafting. There was no abso-
lute formula applicable to this particular problem
and these cases were decided on an individual
basis. If endodontic therapy was not possible or
had previously failed, it was considered desirable
to resolve such situations in favor of tooth re-

moval to enhance the potential for graft survival.

When frank residual infection was observed in
the potential graft area, removal of involved teeth
was accomplished in conjunction with surgical
redebridement preliminary to reconstruction. To
suppress the infection with antibiotic treatment
without appropriate surgical therapy was unwise
and could cause an exacerbation in the midst of
reconstruction. Bone grafting was not recommended
until at least 6 weeks after redebridement, to permit
revascularization and maturation of the tissues in
the area. The final decision for grafting in these
instances was made only after a careful clinical
evaluation of the prospective graft bed to ensure
it was well healed and free from infection. If
grafting was accomplished too soon after such
procedures there was very little chance of graft
success.

Selection of Critical Dentition

Selection of teeth, which were most critical to
surgical reconstruction, necessitated a detailed
appraisal of the dentition in relation to the func-
tional capacity of the jaws.

Teeth in the proximal fragment adjacent to an
avulsive defect in the mandibular body presented
either an advantage or a liability. In general, non-
functional teeth or those that had the potential of
developing pericoronitis were removed. Teeth
that were in functional occlusion were of great

—
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Figure 52.—Upper) Panoramic radiograph of a 22-year-old casualty taken 2.5 months post injury. Mandibular, extremity,
and trunk injuries had resulted from fragmentation wounds that occurred when the patient stepped on a booby trap. The
right mandibular injury had been treated by open reduction. biphasic pin fixation and intermaxillary fixation with arch
bars. Secondary debridement had been performed and teeth and bone had spontancously sequestered from the floor of
the mouth. A calcified fragment that appeared like a tooth (arow) was seen at the fracture site. Middle) Panoramic radio-
graph 5 months post injury. A mandibular right second bicuspid had been extracted and all fixation had been removed
although mobility was still evident at the fracture site. The tooth-like fragment (arrow) was still evident. Lower left) Occlusal
radiograph of the floor of the mouth taken at the same time as the radiograph in the middle frame. The calcified fragment
(arrow) that had been noted on panoramic radiograph was localized as being in the floor of the mouth at this time. It was
elected not to remove the fragment. Lower right) Occlusal radiograph showing calcified fragment in floor of mouth just
prior to its remaoval 5 months tollowing unsuccesstal PCM gralt. (Contnued in Figure 53).
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Figure 53. Continuation of Figure 52.—Upper) Panoramic radiograph 9 months following injury and 4 months post bone
grafting. The mandibular right first molar had been removed 4 months before the time of grafting. The calcified fragment
was still evident. A chronic infection developed at the site of the bone graft and the graft did not stabilize. Middle)
Panoramic radiograph 6 months post bone grafting. The fragment had been removed from the floor of the mouth since it
was thought to be a contributing source of the chronic infection which had resulted in failure of the bone graft. A fistulous
tract was identified from the fragment to the area of non-union at the graft site. Lower) Panoramic radiograph 3 months
following a second bone graft (rib) that succeeded the first procedure by 15 months. All IMF had been removed and the
mandible was stable. The graft was consolidated and mature and the mandible functional when the patient was last seen 45
months following the second bone graft.
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Figure 54.— Upper) Panoramic radiograph of a 19-year-old casualty 12 days following a high velocity missile injury to the
face and jaw. Discontinuity existed in the left body of the mandible and there had been avulsion of a portion of the inferior
border to and including the symphysis

eatment had consisted of debridement and conservative open reduction (one
wire in right parasymphysis area) and fixation by intermaxillary fixation with arch bars. Two molar teeth in the proximal
fragment had been brought into occlusion and used for fixation thus aligning the fragment. Middle) Panoramic radiograph
5 months post injury and 1 month following autogenous iliac bone graft reconstruction of the mandible. The proximal
fragment was still maintained in correct alignment by the occlusion of the molar teeth. No other teeth were lost during the
course of healing prior to bone grafting. Lower) Panoramic radiograph 62 months post injury and 58 months following
bone grafting. The graft was well healed, the molar teeth were still in functional relation with the maxillaand symmetry of

the mandible was normal as a result of controlling the proximal fragment during the early healing and in conjunction with
bone grafting.
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benefit in maintaining the normal anatomic posi-
tion of the proximal ramus by preventing the
anterosuperior malpositioning of this fragment
(Figure 54; Case reports 09, 12).

Obviously, canine teeth were advantageous
both for splinting and prosthetic restoration and
considerable effort was expended to retain them
when it was determined they would not unduly
compromise grafting.

Sometimes, when there was a limited number
of remaining mandibular teeth and they were
insufficient for fixation or offered little prosthetic
advantage, it was considered expedient to remove
them and provide graft stabilization by means
other than intermaxillary fixation.

During routine prosthetie treatment, maxillary
teeth that opposed an edentulous mandible were
removed when necessary to relieve stress on the
mandible and minimize resorption and atrophy.
This philosophy was not considered applicable
during mandibular reconstruction because it was
necessary to retain all infection-free, functionally
capable teeth for as long as possible to provide the
greatest potential for mastication.

Soft Tissue Considerations

Adequacy of Tissue. The sequelae of soft tissue
injury markedly influenced osseous reconstruc-
tion so it was necessary to closely coordinate man-
agement of soft tissue problems with the man-
agement of related skeletal injury.

Occasionally, in an overzealous attempt to
achieve primary closure of avulsive perioral soft
tissue wounds, the principle of suturing mucosa
to skin was violated at the time of early treatment
with resultant microstomia. In such cases it was
obviously essential to reestablish adequate access
to the oral cavity to permit continuing wound and
dental care, such as elimination of oral sepsis,
definitive care of the dentition, and construction
of study casts and splints. This was best ac-
complished by some type ¢¢ commissurotomy as
soon as possible after injury and unquestionably
before the time of bone grafting. The needless
delay and increased complexity of management
seen in these cases served to strongly reinforce
the absolute necessity of proper early surgical
wound care (pp. 69-87, Chapter 1V).

The quantity and quality of soft tissue in the area of
the osseous defect were evaluated to ensure that it
was ample to provide both cover and lining for an

anatomically positioned bone graft that was of
adequate size and contour. When sufficient soft
tissue was available bone grafting preceded final
soft tissue revisions. If there was insufficient soft
tissue for grafting, pedicled or rotational flaps
were performed before grafting to correct
deficiencies (Converse, 1964; Converse, 1974 [f];
Parsons, 1975). Remaining jaw segments were
anatomically reduced prior to bringing in addi-
tional soft tissue to assure a more accurate apprai-
sal of soft tissue requirements. After additional
tissue was transposed it was essential to allow
sufficient time for revascularization before osse-
ous reconstruction (Case report 04).

In the MFCS series, 48 patients (32.88%) re-
ceived 110 secondary soft tissue procedures ex-
clusive of those performed for preprosthetic
surgery. The greatest number of procedures
were required in group I (40%) and group II
(34.48%) patients. An average of 2.29 procedures
were thus required per patient (Table 32). Of the
total procedures, scar revisions (38.18%) and lo-
cal flaps (25.45%) were most commonly used.
The distinction between local flaps and scar re-
visions was arbitrary since most scar revisions
were performed by local-flap methods yet listed
in the record only as scar revision. The important
point is that 63.63% (local flap and scar revision)
of all soft tissue procedures were of the local
variety. Distant flaps constituted 11.82% of the
total procedures, skin grafts 19.09%, and mu-
cosal grafts 5.45% (Table 33).

Scar and Malalignment. When anatomic reduc-
tion had been effected and maintained for a
reasonable time post injury, malalignment due to
scar-tissue contracture was minimal and did not
pose a management problem. This was the case
with most of the patients in the MFCS. However,
in situations where appropriate early and inter-
mediate care was not provided, intense scar tissue

TABLE 32.—Incidence of Soft Tissue Procedures

‘ Number of | Number of | Procedures
Group o ; e
patients procedures | per patient
I (N=85) 34[40.00]* 74 2.17
I (N=29) 10[34.48] 25 2.50
I, 1v, v
(N=32) 4(12.50] 11 275
Total (N=146) 48(32.88] 110 2.29

*Figures in brackets equal percentage of N.
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TABLE 33.—Type and Incidence of Soft Tissue Procedures

Flaps Grafts
Group S(.‘a.r Total
Distant Local Skin Mucosa Tewsion
| 8[10.81]* | 18[24.32] | 13[17.57] 5[6.76] 30[40.54) 74 (100.00]
11 3(12.00] 7(28.00] 5[20.00] 1(4.00] 9[36.00] 25[100.00]
L 1v, v 2(18.18] 3(27.27) 3(27.27] 0[00.00] 3(27.27) 11[100.00]
Total 13[11.82) 28[25.45) | 21[19.09) 6[5.45) 42[38.18] 110 [100.00]

*Figures in brackets equal percentage of total procedures performed.

resulting from lack of fixation and chronic infec-
tion caused considerable malalignment of jaw
segments, which necessitated scar excision and
surgical repositioning of segments prior to graft-
ing. Patients with these problems were commonly
seen by both military and civilian surgeons in-
volved with reconstruction of civilian casualties.
Connole (1974) described the management of
these adverse sequelae in the following way:

Scar contracture in the discontinuity defect pre-
vented anatomic reduction of remaining mandibu-
lar fragments until scar release was carried out [well
in advance of bone grafting]. The jaws were
stabilized anatomically at the same time as scar tissue
was excised to prevent recurrence of the collapse as
a result of additional cicatrix formation. Three to
four weeks were allowed for mucosal healing before
bone grafting. The notable exception to prelimi-
nary scar release was in instances in which the defect
included the angle or vertical ramus of the mandi-
ble. In such instances, the proximal fragment is
drawn superiorly and medially by unopposed mas-
ticatory muscle action [Figures 9 and 10, Chapter
I11]; the fragment heals in that position. It is best to
reposition such fragments at the time of bone graft-

ng.

Such a treatment rationale was appropriate in
cases of gross malalignment due to contracture
since stable reduction could seldom be achieved
in these instances without preliminary release.

When releasing and reducing a proximal ramus

fragment at the time of grafting, it was prudent to
remove the coronoid process to permit unrestricted
realignment of the ramus. Once the proximal
fragment had been returned to its normal
anatomic position, it occupied a much more in-
ferior position. For this reason, the incision for the
surgical approach was placed much lower in the neck
than would ordinarily appear appropriate. This
lower incision facilitated identification of tissue
planes, enhanced safety of the seventh nerve
branches, and assured that the incision closure
would fall beneath the border of the mandible in
a more esthetic position.

Fixation Appliances for Grafting. Objectives of
Fixation. The means of obtaining stable fixation of
remaining jaw fragments in grafting cases were
similar to those methods described in the early
and intermediate chapters. There was no universal
method of fixation that was acceptable to all cir-
cumstances and, in general, the simplest and least
cumbersome technique which provided stability in a
given circumstance was selected. The principal
reason that appliance selection did vary from
routine maxillofacial fracture treatment was the
requirement for extremely long-term positive
fixation encompassing both the period from time
of injury to graft reconstruction as well as the
postgraft interval. The previously noted mean
interval from injury to grafting for MFCS pa-
tients was 253.16 days (Table 30), whereas the

TABLE 34.—Period of Intermaxillary Fixation in Conjunction with
Successful Bone Grafting for Continuity

Type of graft Mea'n fixation Rangc: of fixation
period (days) period (days)
A. Iliac (N=21) 69.67 36 - 131
B. Rib (N=4) 77.00 51 - 116
C. PCM (N=22) 47.73 21 - 85
D. Other (N=1) 70.00 -
Total (N=48) 60.23 21 - 131
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mean period of intermaxillary fixation following
graft reconstruction was 60.23 days (Table 34).

During the pregrafting period emphasis was
placed on maintaining reduction with adequate
fixation by closed means. Whenever feasible, the
use of monoarch fixation was employed to permit
more satisfactory dietary intake as well as access to
the oral cavity (Figures 50 and 51; Case report
13). This not only allowed improved oral hy-
giene and wound care, but greatly simplified
anesthetic management during treatment of
other injuries.

Stabilization appliance requirements were
reappraised in the immediate pregrafting phase
of treatment. If the case was uncomplicated and
the dentition adequate, the only need was to en-
sure that IMF was still secure and did not have to
be readjusted or reapplied.

Table 35 lists the frequency of utilization for
the various methods of fixation in conjunction
with bone grafting. Intermaxillary fixation with
stock arch bars was used in 43.59% of the patients,
while custom arch bars were fabricated for
19.23%. Not uncommonly, it was necessary to
supplement intermaxillary fixation to provide the
positive stability required in grafting. This was
usually due to a lack of sufficient dentition or the
complex nature of the injury. The inadequacy of
simple intermaxillary fixation in these cir-
cumstances was overcome with various types of
custom fabricated intraoral splints or arch bars,
extraoral fixation appliances, and in some cases
with internal fixation achieved during recon-
structive surgery. In 26.92% of the patients a

combination of fixation methods was utilized.
The most common conjoint fixation systems were
custom splints in conjunction with stock arch bars
in 11 patients [14.10%] followed by biphasic ex-
ternal skeletal fixation and intermaxillary fixation
in 7 [8.97%]. (See footnote table 35)

Oral Splints. In many respects, the intraoral
splints used for graft stabilization resembled con-
ventional fracture splints though the require-
ments for absolute stability of fragments in con-
junction with grafting were more critical. Splint
failure during fracture treatment usually necessi-
tates only the inconvenience of reapplication and
possible delay in union, whereas failure of a splint
during grafting was more serious and frequently
resulted in an unsuccessful graft. Whereas
monoarch splinting was acceptable in the pre-
grafting period, it was generally recommended
that splinting plus intermaxillary fixation be used
in conjunction with grafting to assure positive sta-
bility, particularly during the early phase of osse-
ous repair. Once satisfactory graft healing and
union were evident, it was possible to return to
monoarch splint stabilization while the graft un-
derwent maturation.

Rigid one-piece splints that spanned the avulsive
defect were used most commonly; they were con-
structed in either acrylic resin, gold, or chrome-
cobalt alloy. Cast metal splints had the advantage of
providing very positive fixation with a minimum
of bulk. However, they were extremely unfor-
giving of any technical or planning errors and
were difficult to modify at surgery. Even a slight
alteration in the relation of osseous fragments

TABLE 35.—Frequency of Various Methods of Fixation in Conjunction with Bone Grafting

Aips shm StockArCh e Custom (sl:l:(l::n i Lot
Iliac (N=33) 11[33.33]F 6[18.18] 2[06.06] 1[12.50] 12[36.36]
Rib (N=8) 1{12.50] 0[00.00] 2[25.00] 1[12.50] 4[50.00]
PCM (N=34) 20(58.82] 8[23.53] 0[00.00] 1[02.94] 5[14.71]
Other (N=3) 2(66.67] 1[33.33] 0[00.00] 0[00.00] 0[00.00]

Total (N=78) 34{43.59] [ 15(19.23] 4(05.13] 4[05.13) L 21{26.92]
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was greatly magnified at the dentition-splint in-
terface, thus precluding insertion of the splint
without significant adjustment. For this, reason, it
was often the practice at the time of grafting to
utilize acrylic splints that could be more easily ad-
justed to planned or anticipated changes in frag-
ment position. If a metallic splint was desirable
but there existed a possibility of fragment reposi-
tioning at surgery that might preclude metal
splint adjustment, an acrylic splint was also con-
structed to be used as an alternative and thus
eliminate the necessity of abandoning splint sta--
bilization altogether. At an appropriate interval
following surgery, the acrylic splint could be re-
placed with a metallic splint that permitted more
satisfactory long-term stabilization including
monoarch fixation.

When the teeth to be ligated to the splint were
not entirely satisfactory, i.e., short clinical crowns,
limited number, the splint tended to loosen dur-
ing the critical period of immobilization. To pre-
vent this particularly undesirable complication, it
was advisable to enhance splint retention with cir-
cummandibular wiring although these adjunctive
wires were not placed too close to the graft site
because they could provide a potential source of
graft contamination. The oral and extraoral tis-
sues along the wire tracts were carefully observed
for signs of inflammation and all wires were re-
moved if infection developed.

External Skeletal-Pin Fixation. In the presence of
inadequate dentition or edentulous fragments
that could not be appropriately controlled by in-
traoral splints, external skeletal-pin fixation was
used to control jaw fragments. In the past the
Roger Anderson appliance was used in this coun-
try; however, its use has become less popular,
partially because of inexpert utilization but also
because of intrinsic disadvantages with the system
itself.

The majority of Vietnam casualties requiring
external pin fixation were treated with the biphasic
appliance (Morris, 1949) (Case reports 05, 14, and
17). The advantages of the biphasic appliance
were: 1) The pin-screw design provided positive
bony engagement and thus ensured long-term
stability; 2) the acrylic stabilization bar was light,
strong, and contoured readily to facial form; 3)
the appliance could be released and reapplied as
necessary; 4) the appliance was applicable in a
variety of anatomic locations and clinical situa-
tions (Kelly, 1971).

When the biphasic pins were placed it was es-
sential to engage both the inner and outer com-
plex of the mandible to ensure firm engagement
and long-term stability. Two pins were placed in
the proximal and distal segments, a sufficient dis-
tance from the graft margin to reduce contamina-
tion via the pin tract. Because the external pins
penetrated the cutaneous barrier, they repre-
sented a potential pathway for introduction of
infection and it was essential to maintain scrupulous
cleanliness around the pins. Inadequate seating of
pins and pin-tract infection were the most com-
mon causes of appliance failure.

Internal Stabilization. Various methods of inter-
nal fixation were used for graft stabilization such
as wires, pins, plates, or metal cribs. Specific applica-
tions of internal fixation will be presented in as-
sociation with discussion of the various grafting
methods.

METHODS OF GRAFTING

Introduction

As previously stated, there are numerous graft-
ing systems available and no one system has as yet
demonstrated universal applicability for mandibular
grafting. However, individual characteristics of
the various systems may be of relative advantage
in particular clinical situations. A discussion of
the characteristics of the more commonly
employed grafting methods follows.

Iliac Crest Grafts

Techniques of Graft Recovery. The various ap-
proaches to the iliac crest for obtaining bone graft
material are well documented in the surgical lit-
erature and only a brief summary of the most
commonly used methods, the rationale for their
use, and complications that might develop are
presented.

The iliac crest may be approached anterolater-
ally or posteriorly to obtain either solid or par-
ticulate graft material. The anterolateral ap-
proach was employed in the majority of MFCS
patients receiving solid iliac grafts as well as those
cases where cancellous bone and marrow were re-
covered for particulate grafts.

When the anterolateral approach was employed,
the patient was placed in a supine position and the
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donor hip elevated. If the incision was placed
directly over the crest and continued directly to
bone in a single plane, there was a tendency for
postoperative scar contracture along the belt line
which caused discomfort to the patient. This was
avoided by utilization of a stepwise approach to
the crest. The skin incision was initiated approx-
imately 1 inch below and parallel to the crest while
the rest of the dissection was carried down to bone
directly over the crest. This stepwise approach
prevented development of a direct scar band
from bone to the skin surface and also placed the
incision line well below the crest. Dissection in the
inferior portion of the incision was carried out
with caution because the lateral femoral cutane-
ous nerve passes over the inferior portion of the
anterior crest and its severance produces a rather
annoying anesthesia on the ventral surface of the
thigh. Retraction of tissues medial to the ilium
was judicious since herniation of abdominal con-
tents from this location was a reported complica-
tion of iliac osteotomy (Reid, 1968).

Either full- or half-thickness grafts could be ob-
tained from the anterolateral approach though,
in general, full-thickness grafts of the iliac crest
were avoided if possible since their removal
created a distinct deformity of the hip.” Half-
thickness grafts were most commonly employed
because they had the advantage of maintaining
the overall morphology of the iliac crest while
providing sufficient bone for reconstruction. The
unique curvature of the ilium allowed selection of a
portion of the crest which best conformed to
specific requirements for mandibular contour
(Mohnac, 1969). More discomfort was noted
when a block graft was removed from the lateral
aspect of the crest since this is the origin of the
abductor muscles of the leg (Crenshaw, 1971[a]).
Half-thickness grafts taken from the medial as-
pect caused less discomfort during early post-
operative ambulation. Although some degree of
remodeling takes place in the iliac crest following
removal of a block graft, it was generally not
possible to use this same donor area for future
grafts.

Chip grafts of cancellous bone and marrow have the
distinct advantage that they could be obtained in
such a way that essentially no deformity of the hip
occurred. Most frequently bone was removed by
curettage of the marrow space through an os-
teotomy window in the cortical plate, either by
raising and then replacing an osteoperiosteal flap

or removal of a cortical bone plug.

Although the posterior approach to the crest re-
quired a larger incision and a greater depth of
dissection through soft tissue, a large portion of
the crest could be removed with less deformity
and minimal discomfort upon ambulation in the
early postoperative phase. The posterior ap-
proach was used primarily when a large block
graft was required. The patient was positioned in
either the lateral decubitus or prone position and
a 6- to 8-inch curvilinear incision was made along
the palpable outline of the posterior iliac crest.
Because of the greater mass of soft tissue involved
in dissection and the generally larger size of the
grafts when this approach was used, drainage of
the wound was routinely employed to prevent
formation of a hematoma. This was in contradis-
tinction to the anterior approach where the use of
a drain was more of an elective decision based on
intraoperative findings.

Block Grafting to the Mandible. 1liac crest block
grafts were used in a variety of ways to restore
mandibular discontinuity defects. Thirty-five
MFCS patients received this type of graft (Table
24). Block grafting was accomplished by different
techniques such as inlay, onlay, or inlay-onlay
combination.

Inlay grafts restored just the defect with no over-
lay of proximal or distal host bone (Crenshaw,
1971[b]). Prior to placement of the graft, the
mandibular bone ends were cut back to a bleeding
surface to encourage vascularization and to pro-
vide a smooth interface for abutment of the graft.
The grafts were usually secured with interosseous
wiring though bone plates or metal mesh also
were occasionally used (Figure 55). Augmenta-
tion of these grafts with cancellous chips to en-
hance healing was found effective, particularly at
the graft-host junction (Obwegeser, 1966). Inlay
grafting is essentially gap filling and does not
afford primary stability to the reconstructed jaw;
therefore, it was used when graft stability could
be achieved by firm jaw immobilization or other
positive means of fixation.

Although onlay grafting was used to restore all
areas of the mandible, these grafts were consid-
ered most appropriate in areas subject to con-
siderable stress. The onlay graft overlaid the host
bone adjacent to the defect thus providing addi-
tional stability. They were placed on either the
lateral or medial surface of the mandible and
secured with interosseous wiring—they bridged
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Figure 55.— Upper left) Lateral radiograph of mandible of a 22-year-old casualty 6 months following multiple fragmentation
wounds that included mandibular injury. Early, intermediate, and initial phase of late care had been complicated by the
severity of the thoracic, abdominal, and extremity injuries. He had been admitted to a late care facility for mandibular
reconstruction 5 months after injury at which time the edentulous proximal fragment was markedly distracted and a dis-
continuity defect existed. Upper right) Lateral radiograph of mandible 3 weeks tollowing mandibular reconstruction with a
solid, autogenous, iliac, inlay bone graft that had been placed 6 months post injury. The proximal fragment had been re-
positioned with difficulty and internal fixation was provided by a Sherman bone plate. Lower left) Lateral radiograph of
mandible 7 months post grafting. The graft was well incorporated. Note the presence of several metallic missile fragments
that had been allowed to remain in the soft tissues as they were asymptomatic. Lower right) Lateral radiograph of mandible 8
years and 6 months post grafting. The graft had remodeled to a lesser dimension as the metal plate was acce pting the major

portion of the vector torces within the mandible.

rather than filled the discontinuity defect and
thus did not always provide sufficient bulk or
accurately restore desired contour.

The inlay-onlay graft, which was prepared to
both overlay and fill the defect, did conform more
accurately to mandibular morphology and pro-
duced sufficient bulk of osseous tissue, but its
preparation was tedious and very time consum-
ing.

In a number of cases a gi rafting system was
vmplmcd in which an onlay portion, a section of
corticocancellous bone, was overlaid on the ling-
ual surface of the mandible and the discontinuity
defect was overfilled with cancellous chips. Stabil-

ity was provided by the onlay section, and the
cancellous chips not only restored morphology
but also assured active, early osteogenesis at the
graft site (Mowlem 1944, Burwell, 1964). The
early healing and ultimate maturation of such
grafts were excellent and, in addition, the amount
of metal required in the system was minimal, thus
improving the opportunity for uncomplicated
secondary preprosthetic surgery when required
(Figure 56; Case report 15).

Partial decortication of solid grafts, which was
consistent with strength requirements, was fre-
quently employed since it theoretically increased
exposure of the osteogenic marrow tissue. Such

—
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exposure was thought to improve vascularization
of the graft and promote earlier and more ex-
tensive osteogenesis while at the same time en-
hancing the ability of the graft tissue to survive
infection (Obwegeser, 1966).

When successful, block grafts had the advan-
tage of providing sufficient bone for long-term
requirements for strength as well as continuity. In
addition, they could be performed with a mini-
mum of sophisticated instruments, materials, and
laboratory support; a distinct advantage with any
type of surgery.

A number of disadvantages were observed in
association with block grafting. It was sometimes
difficult to obtain adequate bone to restore large
mandibular defects without significant mutilation
of the iliac crest, a sitdation that often precluded
subsequent use of the crest as a source for addi-
tional grafts. Infection of block grafts created a pre-
carious situation since they contained a high per-
centage of cortical bone which was slowly
replaced with viable tissue and tended to resist in-
fection poorly. Once they became infected there
was often sloughing of the entire graft unit as
compared to the situation in the more viable cor-
tiocancellous grafts where at least partial survival
of osseous tissue occurred. Despite excellent graft
preparation and stabilization at the time of opera-
tion, block grafts were slow to remineralize and re-
quired relatively long periods of rigid immobili-
zation (Table 34). When these grafts were prema-
turely placed into function before sufficient re-
mineralization had occurred, a degree of collapse
or malalignment resulted.

Rib Grafts

The procedure for removal of autogenous ribs
was accomplished by a surgical consultant experi-
enced with rib resection. A lateral approach was
most commonly employed and an appropriate length
of the sixth, seventh, or eighth ribs was recovered.
Anteriorly the amount of rib available for resec-
tion is limited by the costochondral junction, thus
when long spans of rib were required it was neces-
sary to extend the dissection more posteriorly.
This posterior dissection was necessarily carried
through the heavy back musculature which finds
its insertion on the humerus and as a result great-
er postoperative morbidity was experienced in-
cluding temporary, painful limitation of arm
movement.

As shown in Table 24, eight rib grafts were used to
reconstruct discontinuity defects in MFCS patients.
They were generally performed as onlay grafts,
that is with the rib overlapping the medial or
lateral aspect of host bone adjacent to the graft.
Although the rib has been used to restore the
mandibular deficits in all locations, it was particu-
larly advantageous for restoration of the curved
region of the symphysis. Six of the eight rib grafts
placed in MFCS patients were used to restore this
area (Table 25), and this perhaps explains the
slightly longer mean period of fixation for these
patients (Table 34).

To facilitate bending the rib to the desired con-
tour, it was usually grooved at intervals along the
medial aspect and gently fractured in an incom-
plete or “green stick” manner (Figure 57). An
alternative method involves the use of split rib,
as described by Longacre (1957).

The major drawback of autogenous ribs tor
restoring mandibular discontinuity is their lack of
bulk. The superior-inferior height of most adult
ribs is only 1-1.5 cm, whereas the width is less
than 1 cm. Ribs, like other osseous grafts, under-
go resorption and remodeling during healing
and occasionally the amount of bone remaining
was insufficient to provide adequate strength
and/or alveolar bulk to the restored mandible. In
these cases, secondary bony augmentation,
principally for preprosthetic purposes, was per-
formed prior to construction of a prosthesis and
restoration of normal masticatory function. It
should be noted that lack of alveolar bulk for
prosthetic restoration following grafting was seen
with solid iliac and PCM grafts as well.

PCM Grafts

Boyne (1970) developed a modification of
Mowlem’s chip grafting involving the use of a
metallic crib lined with a microporous filter into
which cancellous marrow material was placed, to
effect restoration of osseous defects. This graft-
ing system took advantage of the superior os-
teogenic potential of cancellous bone and allowed
removal of adequate graft material from the
ilium without mutilation of the donor site. Addi-
tionally, the metal crib provided intrinsic support
to the graft system. The mean period of IMF
following PCM grafting was considerably less
than for rib, ilium, or composite grafts (Table
34), although a relatively high percentage of

— ~————m——-m—m-——w
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Figure 56.— Upper left) Lett panoramic radiograph 6 weeks post injury of a 20-year-old casualty who had sustained multiple
fragmentation wounds including the orofacial area. The mandibular wound had been debrided and the jaw placed in IMF
with Ivy loops; the wound had healed without complications. The proximal ramus fragment had been maintained in posi-
tion by the mandibular second and third molars. The roots of the second molar projecting into the discontinuity defect
were not adequately supported by bone and the tooth was removed prior to bone grafting. Upper right) Lett panoramic
radiograph 15 weeks following a PCM graft to the mandible. No osseous regeneration had occurred at the graftsite and the
mandible was unstable when the monoarch splint was removed. Muddle left) Left panoramic radiograph 20 days following a
second bone graft to the mandible. The gratt consisted of a single table sheet of autogenous corticocancellousiliac bone that
was secured to the medial aspect of the mandible and augmented with particles of cancellous marrow. Middle rnght) Lett
panoramic radiograph 5 months following the second bone graft showing satisfactory consohdation of the gratt at this
interval. Lower left) Left panoramic radiograph 24 months post grafting. Unfortunately, the mandibular third molar had
been lost thus creating an edentulous space with no distal abutment. Lower right) Left panoramic radiograph 8 years tollow-
ing the second bone graft. The graft is mature and has remodeled to conform with the functional axis of the mandible.

Seac.
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Figure 57.— Upper) Cortical cuts being made in ;mmg( nous rib graft
to permit bending of the bone to conform to the “U"

shape of the mandible.

shape of the
mandible. Middle) Spine of the rib being removed to Lu ilitate bend-
ing to desirable shape. Lower) Autogenous ribgraft contoured to the

PCM grafts was placed in short-span body defects
(Table 25).

The Metallic Crib. A variety of metal cribs was
employed with this system including individually
cast cribs of chrome-cobalt alloy as well as swaged or
adapted cribs from panels of titanium or Vitallium®™.
The type of crib was selected on the basis of the
technologic laboratory support available to the
surgeon as well as the crib characteristics which
offered relative advantage in the particular graft-
ing situation. The cribs were usually secured to
bone by compatible metal screws.

Custom cast cribs of surgical chrome-cobalt alloy
offered the greatest degree of rigidity. They were
employed infrequently for avulsive defects of
modest size, because they required time-
consuming fabrication and when used were most
advantageous where extremely large segments of
the mandible were to be restored. A pattern for
the crib was usually developed with the use of a
mandible from a dry skull which ‘nppm\nn ated
the size and shape desired for the particular pa-
tient; the preliminary pattern could be modified
to more accurately conform to the actual contour.
Determination of crib contour that would best
approximate the desired mandibular morphol-
ogy was aided with the usc of lateral cephalomet-
ric radiographs, preinjury photographs. if avail-
able, and appraisal of the quantity and quality of
soft tissue overlying the defect. It was desirable
that the design of the crib assure at least 1.5 cm of
overlay onto the proximal and distal fragments to
provide sufficient stabilization. The enhance-
ment of stabilization by broad crib m'crl'lp was
due not only to the larger area of crib in contact
with host bone but also to wider phucmcm of the
fixation screws, which was possible in these in-
stances. Screws used for securing the crib to the
bone were preferably cast in the same metal as the
crib to prevent electrolysis induced by dissimilar
metals.

Titanium and Vitallium® implants were commer-
cially available either as flat panels that could be
contoured to the desired shape or as preformed
contoured cribs that could be modified at
surgery. Vitallium®is an alloy whereas titanium is
a pure metal, and each material has been found
clinically acceptable. Of significance, however, is
the relative difference in malleability and plastic-
ity of the two metals. Titanium is much more
plastic, and a given thickness must be very nearly
twice that of Vitallium® to achieve the same resist-
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ance to deformation with a given stress (Steine-
mann, 1973). This point is probably most perti-
nent in weighing the advantage of the malleabil-
ity versus stability required in a particular graft-
ing situation.

During the era of the Vietnam conflict, most
PCM grafts were supported with contoured Vital-
lium® panel cribs since this was the material most
readily available at the time. Panels were supplied
in various thicknesses, and the most commonly
used gauges ran from 12 to 25 thousandths of
an inch (0.3-0.6 mm). The heavier gauges were
employed for grafts in the posterior body region
of the mandible, especially when the crib pro-
vided stabilization to the proximal fragment.
Normally the heavier gauges of the panel were
precontoured before surgery and slight modifica-
tions were carried out during the operation. The
use of malleable panels, which could be cut and
contoured to size in the operating room, was of
distinct advantage in cases where the size of the
discontinuity defect could not be determined
until final reduction of segments was ac-
complished during surgery. In areas of acute
curvature, as in the symphysis region, contour
could be achieved with multiple partial sections
on the medial aspect, which allowed overiap of
the contoured panel. This technique had the ad-
vantage of achieving the desired contour and
curvature, but much of the rigidity of the crib was
sacrificed.

Selection of the crib material and thickness de-
pended upon availability and the situation in
which it was being utilized. A more malleable,
lighter crib could be used if it was only supple-
menting other fixation schemes such as inter-
maxillary fixation, biphase pins, and monoarch
splints. The more stable and thicker crib material
was used when a major portion of the fixation was
provided by the crib itself. In any event, every
effort was made to reduce the bulk of the crib to
the absolute minimum required to accomplish its
intended purpose.

Technique of Application. When PCM grafts
were used, it was not as critical to identify the
exact size of the defect before removal of donor
bone as it was with block grafting, because it was
much easier to estimate the quantity of particu-
late cancellous marrow required to fill the defect
than it was to select the exact size of a block section
of bone that would be needed. Thus, donor mate-
rial could be obtained before graft-site surgery or

the two procedures could be carried out simul-
taneously, which reduced operation time. Addi-
tionally, there was less need for modification of
mandibular host bone unless considerable ebur-
nation was present. This was in contrast to block
grafting where considerable time and effort were
consumed in placing the graft and making pre-
cise butt or morticed joints to provide local fixa-
tion and stability between the host-graft seg-
ments.

When the metal crib was placed, a 1.5 cm or
more overlap on both host bone ends was desired,
with at least two screws in each of these over-
lapped areas to secure the crib to the adjacent
bone. It was found that only a light lateral-medial
curve at the inferior aspect was required to give
inherent strength to the crib. The vertical dimen-
sion was adjusted so that the portion bridging the
edentulous space was of just sufficient height to
provide the support needed.

Careful control of this vertical crib height di-
mension was important in reducing late compli-
cations caused by the superior edges of the crib
being exposed to the oral cavity in response to
pressure by denture flanges or subsequent pre-
prosthetic surgical procedures. When the crib
eroded through the mucosa it usually had to be
removed.

When the metal crib was placed, it was highly
desirable that the flange not be palpable through the
overlay mucosa. This became significant at the time
of denture fabrication because when the crib
flange was distinctly palpable intraorally it pre-
sented a location for pressure ulceration, and re-
moval of the crib was required before a denture
was constructed. Crib placement will be discussed
further in the section on preprosthetic surgery.

Regeneration of bone above the level of the crib
was essentially undirected and uncontrolled. To
assist the establishment of vertical graft height,
particularly when a low crib was used, it was
necessary to overpack the crib in an effort to en-
courage osseous proliferation that would provide
vertical height and establish alveolar bulk for sub-
sequent denture requirements.

Long-Span PCM Grafts. Although complica-
tions associated with grafts will be subsequently
discussed, it is pertinent to mention at this time a
common observation concerning long-span PCM
grafts. There was a tendency for inadequate graft
proliferation in the very long spans, particularly in the
midgraft area (Case report 16). Whether this was
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due to a lack of vascularity for graft nutrition is
only a matter of speculation. Whatever the cause
of this lack of proliferation, it perhaps should
influence the selection of grafting system for this
type of situation. A crib-supported block graft
augmented with particulate cancellous marrow
could be postulated as probably the most accepta-
ble method in these circumstances.

COMPLICATIONS OF BONE GRAFT
RECONSTRUCTION

Recurring problems with both recipient and
donor sites were encountered in bone graft
reconstruction. These complications were some-
times unavoidable, but their sequelae were mini-
mized and their incidence was reduced by recog-
nition of the potential for their development and
institution of measures to avoid them. With the
understanding that occasional complications will
occur, particularly in the management of com-
plex war trauma cases, this section identifies what
these complications are rather than pontificates
with clarity of hindsight concerning errors in
management.

Donor Site Complications

Iliac Crest. In addition to almost universal
difficulty on early ambulation, a number of other
complications were associated with iliac crest os-
teotomy. Most commonly a postoperative hematoma
was found. Although these usually resolved in-
nocuously, they represented a potential for infec-
tion and if significant fluid was present aspiration
and culture under aseptic conditions were per-
formed. Infections usually arose from surgical
contamination alone or in conjunction with de-
vitalized bone. They were treated with local
wound care such as irrigation, debridement, and
appropriate antibiotic therapy.

Infrequently a postoperative ileus developed sec-
ondary to retroperitoneal hematoma and for this
reason it was well to confirm the presence of
bowel sounds and remain carefully alert for ab-
dominal distention. Herniation was reported
after removal of large full-thickness grafts (Reid,
1968) and, although a rare complication, it
should be considered when prolonged ileus or a
palpable soft-tissue mass appear in the area of
surgery. Obviously, such complications are man-

aged by an appropriate surgical specialist.

Rib Resection. Pneumothorax is the most com-
monly encountered complication of rib resection
and, although it was not reported in the MFCS
group, this is not viewed as representative be-
cause of the small number of patients. Davis
(1976) and Baker and Connole (1976[a]) re-
ported an incidence of pneumothorax of 25% ina
combined group of 58 patients who underwent
rib resection in association with bone graft aug-
mentation of the jaws for preprosthetic pur-
poses. All the patients who experienced
pneumothorax were treated with a chest tube
without serious sequelae. The relatively high in-
cidence of pneumothorax does not preclude rib
grafting when indicated, because the condition is
temporary when properly treated. There is, how-
ever, a definite need for careful patient manage-
ment by members of both surgical teams to assure
early diagnosis and treatment of pulmonary dys-
function. Normal lung expansion was routinely
confirmed in the recovery room by chest radio-
graphs and auscultation.

Even in the absence of pneumothorax there is a
tendency toward restricted lung expansion dur-
ing the early postoperative period; therefore ag-
gressive pulmonary care was routinely employed,
particularly the encouragement of deep breath-
ing and maintenance of meticulous pulmo-
nary toilet. When longer sections of rib were re-
quired, the patients frequently experienced ag-
gravating symptoms associated with the donor
site that included tenderness over the incision
area and discomfort on deep breathing (Baker
and Connole, 1976[b]).

Recipient Site Complications

The majority of recipient site complications were
infectious in nature. The incidence of postoperative
infections for all MFCS bone graft patients was
33.66%. Interestingly, the incidence for con-
tinuity grafts (33.73%) was almost identical to that
for augmentation grafts (33.33%) (Table 36).
When wound infection developed in cases of
grafting for continuity, it was of considerable
concern because in 12 of 28 instances (43%) there
was failure to achieve continuity. Connole (1974)
reported an infection/graft failure ratio of 50% in
a series of PCM grafts.

A resume of factors that contributed to graft
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infection, as well as comments concerning their
prevention and/or management, follows.

TABLE 36.—Bone
Grafting—Postoperative Infection

Grafts for: N.umbe'r of
infections®

A.  Continuity

Iliac (N=35) 10

Rib (N=8) 5

PCM (N=37) 10

Other (N-3) 3
Total (N=83) 28(33.73]
B. Augmentation

Iliac (N=11) 3

Rib (N=4) 2

PCM (N = 3) 1

Other (N = 0) 0
Total (N=18) 6[33.33)
C. Total, all grafts

(N=101) 34(33.66]

*Figures in brackets equal percentage of N.

Nonvital Teeth or Foreign Bodies. The presence
of nonvital teeth adjacent to the graft site was
frequently implicated in the development of graft
infection and resulting failure (Figures 58 and
59). Previously quiescent foreign material, in
close proximity to the graft site, was recontami-
nated at surgery and infection ensued complicat-
ing the entire procedure. It was therefore neces-
sary to conduct a careful clinical and radio-
graphic preoperative evaluation and if these
sources of infection were present, redebridement
was necessary prior to final graft preparation.
Additionally, previously sound teeth were oc-
casionally inadvertently devitalized during the
graft procedure when the surgeon was re-
contouring host bone, placing fixation wires, or
inserting bone screws. To obviate these iatrogeni-
cally created sources of infection meticulous sur-
gery with full knowledge of pertinent anatomic
detail was necessary.

Hematoma Formation. Occasionally, despite
correct wound management, hematoma de-
veloped. This served as a potential culture media
for bacteria that might be in the wound as a result
of surgical contamination. The accumulation of
such fluid also prevented the adaptation and re-
vascularization of tissues, thus compromising

early graft nutrition. Large hematomas that had
widely dissected tissue planes were evacuated
aseptically and cultured; a drain was placed and a
pressure dressing reapplied in an attempt to pre-
vent reaccumulation of fluid. If pus was present
or C&S studies confirmed pathologic organisms,
wound irrigation with saline or an appropriate
antiinfective solution was instituted to prevent
accumulation of contaminated exudate around
the graft. Early, aggressive treatment with irriga-
tions, and of course, proper systemic antibiotics,
often prevented graft failure.

Violation of Oral Mucosa and Wound Dehis-
cence. Inadvertent intraoral perforation with re-
sultant break in aseptic technique sometimes oc-
curred even after careful dissection. It was
difficult to establish the precise depth of the plane
for the graft bed in the scar tissue present in the
defect. If the perforation was recognized at
surgery, it was carefully closed to reestablish a
water-tight seal and the v —nd was copiously ir-
rigated. If antibiotics wer. .iot being used, they
were instituted intravenously during surgery and
continued by the appropriate route for at least 7
days postoperatively to treat the now contami-
nated wound.

Intraoral perforation during surgery could
occur without recognition, thus it was necessary
to rule out this violation whenever postgrafting
infection occurred. This was accomplished by re-
lease of IMF and examination of the floor of the
mouth for a mucosal rent and/or the presence of
purulent exudate. In instances of suspected
through-and-through drainage, the patient was
asked to rinse orally with a dye solution and the
extraoral drainage examined for the dye.
Through-and-through drainage (oral and ex-
traoral) was associated with a high incidence of
graft failure, therefore vigorous wound treat-
ment and high dosages of antibiotics, selected on
the basis of C&S studies, were essential if the graft
was to survive in those difficult circumstances.

If a PCM graft had been used and oral perfora-
tion noted at the time of infection, prognosis for
long-term retention of the crib was poor since the
crib and its filter acted not only as a foreign body
but also as a trough in which pathogenic or-
ganisms sequestered. Despite these adverse con-
ditions, removal of the crib was sometimes de-
ferred for a reasonable time in the hope that
there was a chance for consolidation of the graft.

l
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Figure 58.—Upper left) Left panoramic radiograph 15 days after injury showing avulsive injury to the mandible with re-
tained molar teeth projecting into the osseous defect. Upper right) Left panoramic radiograph 9 weeks after injury. The
teeth are still present and the extent of the osseous defect is well delineated. Middle left) Left panoramic radiograph 7
months after injury and 1 day prior to bone grafting showing minimal to absent osseous support for the retained molar
teeth which were projecting into the future graft bed. There was considerable root resorption on the retained molars. Mud-
dle right) Left panoramic radiograph 3 days post grafting showing a metal crib supported graft (PCM) bridging the osseous
defect. The molar teeth were still in place. Lower left) Left panoramic radiograph 2 months post grafting. The second and
third molar teeth had been removed in the face of chronic infection at the graft site but the metal crib was still in place.
There was some evidence of increased opacification in the graft area although the mandible was unstable at the graftsite.
Lower right) Left panoramic radiograph 3 months post grafting. The metal crib had been removed and the first molar tooth
was extracted the following day. There was non-union at the graft site. Subsequent to this the infection at the graft site was

soon resolved. Continued in Figure 59.

Deferral was justified only in infected cases where
symptoms were minimal and aggressive local
wound care could be maintained. In these in-
stances, careful radiographic scrutiny was essen-
tial to monitor the progress of healing and to

identify potential destructive extension of infec-
tion of host bone. The objective of prolonged crib
retention was to gain consolidation at the graft
site prior to crib removal and thus establish at
least some bridging of the discontinuity defect to
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Figure 59. Continuation of Figure 58—Upper) Panoramic radiograph 16 months after removal of the crib and first molar and 2
months following a second bone graft (autogenous solid iliac) to the mandible. The proximal ramus fragment was
distracted anterosuperiorly and the graft had been placed outside the functional vector of the mandible apparently to fill
out the dnglt region. No attempt was made to section the coronoid process and reposition the ramus. Lower) Left
panoramic radiograph 52 months following the second bone graft showing the re modeling of the graft that had occurred
particularly where the angle had been augmented outside the functional vector of the mandible. Continuity had been
successfully restored although symmetry and the proximal ramus fragment position could have been improved at the time

of bone grafting by release of the coronoid process.

facilitate continued management.

Extraoral wound dehiscence also offered
poor prognosis for a graft. The wound and ex-
posed crib material were kept clean with daily
irrigation and dressing changes. The decision for
the crib removal was predicated on the considera-
tions just described. Once an extraoral dehis-
cence developed, no attempt was made to surgi-
cally cover over the crib.

Inflammatory Conditions. In addition to the
above factors, which were directly associated with
an infectious process, other complications de-
veloped that presented clinically as aseptic in-
flammation rather than overt infection. The po-

tential for infection existed; however, it did not
ordinarily occur unless the inflammation became
qune intense and/or a secondary source of con-
tamination was introduced. In this category were
galvanism caused by dissimilar metals, sialoceles
near the graft, and the disruption of healing pro-
duced by instability at the graft site.

In summary, it was necessary to carefully dif-
ferentiate between inflammation and infection in
the face of postoperative graft complications with
the understanding that there was a wide range of
factors that contributed to their development.
Early, vigorous treatment directed toward an ac-
curately established diagnosis was mandatory if
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graft failure was to be avoided.

Assessment of Unsuccessful Grafts

Table 24 indicated the rate of success with the
various types of grafting systems used for con-
tinuity restoration. Although it was not always
possible to precisely identify why a particular
graft failed, it was nonetheless possible to derive
certain conclusions concerning graft failure in
general. These conclusions have been distilled
from an analysis of the MFCS cases in which
grafts were unsuccessful.

Insufficient Time Between Injury and Grafting.
Time is essential to reconstruction of a surgically
resected area and especially to reconstruction of a
war wound. Whereas immediate reconstruction
has been advocated and successfully performed
following tumor resection, it should be recog-
nized that the remaining graft bed in cases of
tumor resection is often previously uninfected
normal tissue with adequate vascularity. Soft tis-
sue and vascular damage in war injuries extended
far beyond the avulsive defect itself and the
wounds were universally contaminated—healing
was prolonged and associated with considerable
scarring. In such cases it was essential before
grafting to allow time for recovery of vascularity,
ensure asepsis, and await development of sup-
pleness in the tissues overlying the defect. Better
patient acceptance of necessarily protracted
treatment was gained if the treatment objectives
and the anticipated sequence of therapy were
adequately explained.

Inadequate Stabilization. Loss of stability was a
major cause of graft failure. If means of positive
fixation had not been assured prior to placement
of the graft, attempts to recover stability after
graft placement were frequently inadequate or
ineffective and graft failure resulted.

Inadequate Debridement. Debridement ac-
complished less than 4 weeks prior to grafting was
characterized by wound infection, dehiscence,
and graft failure.

Intraoral PCM Grafting. PCM grafts for resto-
ration of continuity, which were placed via an
intraoral route, were associated with a high inci-
dence of complications and failure. Such an ap-
proach was not advisable for war casualty recon-
struction.

Adherence to Basic Principles. In almost every
unsuccessful graft, failure was attributable to vio-
lation of basic principles of bone grafting that
were recognized and stated as early as World War
I (Hayes, 1920; Ivy and Eby, 1924) as noted in
chapter I (p. 6) and restated in this chapter. Vio-
lation of these principles was never justified. Although
it was possible, via contemporary reconstruction
techniques, to more consistently achieve restora-
tion of form and function, the percentage of suc-
cessful grafts for continuity was not markedly
improved in comparison to World War I1. Im-
provement in this percentage in the future to a
great extent will depend on how assiduously sur-
geons follow recognized principles rather than on
development of newer techniques or therapeutic
protocols.

PREPROSTHETIC SURGERY

INTRODUCTION

The majority of maxillofacial casualties required den-
tal prostheses to complete their rehabilitation but loss of
bone, soft tissue, and dentoalveolar structures
often compromised the adequacy of the prosthe-
tic treatment that could be provided. Although
dentures could be constructed in most instances,
they were not optimally efficient when placed
in areas of deficiency without the aid of prepros-
thetic surgery. Even with preprosthetic surgery
ideal conditions for prosthetic treatment were
seldom achieved; however, creation of a stable

denture-bearing area did improve the efficiency
of the prosthetic appliance and also greatly re-
duced adverse stress on remaining dentoalveolar
tissue. In this section we will define the problems
of prosthetic rehabilitation that lent themselves
to surgical correction and discuss solutions using
selected cases to illustrate satisfactory long-term
results.

Although many patients in the MFCS, other
than those who received bone grafts, required
some type of preprosthetic surgery, particular at-
tention is focused on 51 patients who were grafted for
mandibular discontinuity defects and who required den-
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TABLE 37.—Prosthetic Status of Patients Who
Received Successful Bone Grafts for Continuity
Relative to Their Preprosthetic Surgery

ment, or found it inconvenient to have further |
treatment because of geographic location, busi- |
ness commitment, etc. (Table 37). ’

Requirements Because of the complicated nature of pros-
2 . thetic rehabilitation not all dentures were satis-

PPS performed before A f b | d hetic

Denture | denture construction factory for the long term, and preprosthetic sur- |
Type of graft [ o cted gery was still considered necessary at the time of
Bone Soft last examination for 23 of the bone graft patients
g et who had required dentures. Vestibuloplasty was
Tiac 15(65.22]t | 2(08.70] | 8[34.78] required for all 23 patients, whereas bone graft
*N =23) augmentation was required for 13. There were
Rib 4[80.00) | 2[40.00] | 3{60.00] no plans for preprosthetic surgery in 18 of the 23
(N = 5) patients. Of these 18 patients, 8 refused treat-
. . ment, but in 6 instances the evaluating clinicians
b i ol L {1364 did not recommend surgery although it was indi-
(N = 22) e s 5 3 2 2 :
cated in light of the criteria discussed in this chap-
Other 0[00.00] | 0[00.00] | 0[00.00] ter. In the remaining 4 patients the reasons for
=1 failure to plan preprosthetic surgery were un-
Total 32[(62.75] | 6[11.76] | 14[27.45] clear (Table 38).

(N = 51 It should be noted that in the past many of the

*N = number of patients u-quiring a denture following successful bone
rafting for continuity (from Table 29)
FFigures in brackets equal percentage of N.

tal prosthetic appliances. Thirty-two of these pa-
tients had dentures constructed and of this
group, 6 underwent bone graft augmentation
and 14 had vestibuloplasty procedures prior to
denture construction. Of the 19 patients who did
not have dentures constructed the reasons were
variable: patients either felt they could “get
along” without a denture, refused further treat-

conditions that could have been corrected by con-
temporary preprosthetic surgery were not
treated and prosthetic rehabilitation was either
compromised or not attempted. Even today, all
clinicians are not adequately familiar with the
treatment opportunities provided by prepros-
thetic surgery and for this reason some of the
casualties have been incompletely rehabilitated.
In fact, one of the major objectives of this section is
to review the indications for preprosthetic surgical ther-
apy so that all clinicians who will be responsible for
casualty management, either now or in the future, will

TABLE 38.—Status of Patients Who Required a Denture Following Bone Grafting for Continuity

Relative to Their Requirement for Preprosthetic Surgery at Last Follow-Up Examination

PPS required at time Clinician Reason
Tive ot exafe of last examination No plans Patient did not PPS not
R Soft Bone for PPS refused recommend | accomplished
tissue  aug. PPS unknown
Iliac 10(43.48] 3[13.04]F 10[43.48] 5(21.74] 3(13.04] 3[13.04]
*N = 23)
Rib 2[40.00] 2[40.00] 1[20.00] — = =
(N =5)
PCM 10[45.45] 7(31.82] 7(31.82] 3[13.64] 3(13.64] 1{04.55]
(N = 22)
Other 1[100]  1[100] 1(100] - - —
(N=1)
Total 23[45.10] 13[25.49] 18[35.29] 8[15.69] 6[11.76] 4[07.84]
(N =51

*N = number of patients requiring denture following successful bone grafting for continuity.
tFigures in brackets equal percentage ot N.
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be fully appreciative of what can be achieved for these
patients.

DEFINITION AND PURPOSE

Preprosthetic surgery can be defined as surgery of the
hard and soft tissues of the jaws which makes successful
prosthetic treatment possible. Specifically, the goal of
these procedures was to provide a suitable foun-
dation for the construction of a proschesis which

would be stable and retentive under functional -

stresses, preserve the associated structures, and
satisfy esthetics. The extent of injury and other
uncontrollable circumstances made it impossible
to provide ideal conditions for prosthetic treat-
ment in every instance, therefore, compromise in
final management was sometimes required.

To obtain satisfactory prosthetic rehabilitation
and to avoid both unnecessary compromise in
prosthetic care and inappropriate preprosthetic
surgery, it was essential to assure complete coop-
eration and understanding between the pros-
thodontist and surgeon. Only when the patient’s
requirements were clearly identified and there
was a mutual undesstanding of each therapist’s
capabilities could these needs be resolved in an
optimal manner. Effective cooperative therapy
encompassed not only planning and treatment
but also a comprehension of what could be realis-
tically accomplished and what long-range com-
plications might be anticipated relative to the pa-
tient’s injury and rehabilitation.

It is anticipated that war casualties, with their com-
promised dental and orofacial conditions, will be espe-
cially susceptible to dental disease as they experience the
usual physiologic alterciions of aging. Further ad-
verse conditions resulting from early loss of teeth,
resorption of supporting bone, and deteriorating
soft tissues will result in additional functional im-
pairment that must be recognized and treated
early. For this reason, it is essential that these
patients be impressed with the need to accept a
responsible role in maintaining their oral health
and to present for follow-up examination and
required treatment on a regular basis. The need
for continuing prosthetic care supplemented by
appropriate surgery is especially important and
cannot be overemphasized.

RATIONALE FOR PREPROSTHETIC
SURGERY

Maclntosh and Obwegeser (1967) have pre-
sented an excellent resume of preprosthetic
surgery and although the procedures they de-
scribed were not specifically designed for treat-
ment of war casualty sequelae, they have been
found to be readily adaptable to this purpose.
The sound biomechanical principles upon which
these procedures were based permitted the de-
velopment of specific diagnostic criteria for
evaluating trauma sequelae and selecting appro-
priate soft and hard tissue corrective procedures.
Acceptable functional results were obtained with
these newer treatment approaches, whereas pre-
viously employed ridge modifying procedures
(Kazanjian, 1935; Trauner, 1552; Clark, 1953)
were generally unpredictable and had gained ac-
ceptance by neither the surgical nor prosthetic
communities even for more conventional non-
traumatic conditions.

Vestibuloplasty

In accomplishing these procedures soft tissues
were modified to provide a primary denture sup-
port base consisting of firm, attached, immobile
tissue overlying the edentulous alveolar area.
Lateral stability was gained by providing as much
buccal-labial and lingual vestibule as possible. For
optimal denture support and stability it was de-
sirable to have fixed tissues extending over one
half the distance from the alveolar crest to the
depth of the vestibule.

As a general rule, vestibuloplasty procedures were
deferred until all other corrective hard and soft tissue
surgery had been accomplished and sufficient time had
elapsed for tissue healing and maturation. The pre-
liminary corrective procedures included: pro-
viding additional soft tissue when required; es-
tablishing bony continuity with satisfactory align-
ment, contour, and intermaxillary relationship;
osseous alveolar augmentation; and restoration
of acceptable mandibular function. Another im-
portant consideration was removal of previously
placed wires and metal plates that could compli-
cate either the vestibuloplasty or subsequent
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prosthetic rehabilitation (Case report 16). Since
vestibular surgery was considered the final step
prior to prosthetic rehabilitation it was therefore
important to ensure that all preliminary meas-
ures were accomplished before undertaking
these procedures.

Indications. Problematic conditions requiring
corrective vestibuloplasty included: 1) Mobile tis-
sue over the crest of the remaining bony ridge
without associated keratinized mucosa; 2) in-
sufficient vestibular depth; 3) scar tissue that
either partially or completely obliterated the ves-
tibule; and 4) buccal-labial tissues continuous
with the lingual or palatal mucosa.

Although the presence of sound “strategically’
located teeth usually enhanced prosthetic re-
habilitation by providing primary retention and
support for a fixed or removable prosthesis, addi-
tional vestibuloplasty procedures were often re-
quired to provide optimal long-term results.

’

Mandibular Procedures. The primary goal of

mandibular soft tissue procedures was establish-
ing an area of fixed tissue over the remaining
alveolar crest and creating an adequate buccal-
labial and lingual vestibule. This was ac-
complished by placement of either a split-
thickness skin or mucosal graft over the exposed
periosteum following excision of scar tissue and
repositioning of muscle attachments and mucosa
(Rehrmann, 1959; Maclntosh and Obwegeser,
1967; Steinhauser, 1969; Hall, 1970; Davis et al.,
1974).

An important point of emphasis concerns the
placement of a denture over the surgical area. In
most instances an interim denture was inserted
shortly after stent removal. It was important to
ensure that the flange of the interim prosthesis
did not extend beyond the grafted tissue-reposi-
tioned mucosa junction because such extension at
this time caused an inflammatory response that
ultimately resulted in a loss of vestibular depth
thus reducing the amount of fixed tissue covering
the remaining alveolar ridge. To assure that the
level of the flange was correct, the prosthodontist
was requested to relieve the interim denture so
that a margin of the skin or mucosa graft was
exposed and visible around the entire buccal-
labial border (Figure 60 and Case report 17).
After an interval of about 6 weeks, it was permis-

Figure 60 —Interim denture in place over mandibular alveolar pro-
cess that had been reconstructed by means of a vestibuloplasty and
skin graft several weeks previously. The flange of the denture is in-
tentionally relieved to a level that is well above the junction of the
skin graft-vestibular mucosa.

sible to extend the interim denture to whatever
level was necessary for optimum support and re-
tention. A permanent prosthesis was placed
when, in the opinion of the clinicians, the recon-
structed tissues overlying the alveolar ridge were
sufficiently mature.

When a vestibuloplasty was planned in a
patient whose discontinuity defect had been re-
constructed with a PCM graft, a decision was
necessary regarding retention or removal of the
metallic crib. The criterion that evolved was to re-
move the metallic crib if there was any possibility
that a portion of the crib would be exposed by the
surgery or impinged upon by the subsequent
prosthesis (see Figures 62 and 63 and Case report
05).

In the casualty patients there were two major reasons
that made it necessary to modify the usual vestibuloplasty
techniques—when the vestibule was obliterated by exten-
sive scarring or when there was continuous buccal to
lingual mucosal bridging by unattached tissue. In
these instances it was very difficult to get an im-
pression that could accurately reflect the underly-
ing bony contours (Case report 17). One method
for solving this problem was to place wire loop
extensions from the periphery of the stent
(Figure 61). These loops permitted controlled
direction of the thermoplastic impression ma-
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Figure 61 —Modified impression stent for mandibular vestibulop-
lasty procedure. Wire loop extensions have been incorporated on
the buccal aspect of the stent to control the direction of the impression
material into the extent of the defect and also on the lingual not only
to direct the impression material, but also to secure the circumman-
dibular sutures from the opposite flap.

terial into the extent of the defect thus assuring
an accurate adaptation of the soft tissue graft.
These wire loop additions were also used to sup-
port and secure circummandibular sutures on
the side opposite the flap when only one side of
the vestibule was being grafted. This assured
positive flap control and fixation in the pre-
planned position.

Maxillary Procedures. In the maxilla, as in the
mandible, corrective surgery was recommended
when the vestibule was partially or completely
obliterated by scar tissue or abnormal mucosa-
muscle attachments which interfered with den-
ture placement. The techniques usually included
grafts of split-thickness skin or mucosa although
secondary epithelization techniques were utilized
when there was a limited area of involvement.
Other types of vestibuloplasty were rarely used.

Grafts of split-thickness skin or mucosa were used in
the maxilla where there was extensive scar tissue that
required excision and it was important to retain as
much of the surgically acquired vestibular depth
as possible. Displacement of scar tissue to obtain
an impression that accurately represented the
underlying bony contour was often difficult and
stent modifications similar to those in the mandi-
ble were required. Interim and permanent den-
ture construction was similar to that for the
mandible (Case report 18).

Because secondary epithelialization was known to be

associated with a 50% loss of the vestibular depth gained
at surgery (MacIntosh and Obwegeser, 1967), it
was necessary that the projected ridge height be
sufficient for support and retention of a pros-
thesis. If it was apparent that with the anticipated
relapse there would be insufficient ridge height
and vestibule, then a vestibuloplasty with less re-
lapse potential was selected.

A stent was not ordinarily utilized when sec-
ondary epithelialization techniques were em-
ployed because the inflammatory response elicit-
ed by the stent contributed to delay in healing and
additional relapse. As in the mandible, an interi-
um prosthesis could be placed immediately pro-
vided that the flange did not extend beyond the
repositioned mucosal edge. After the secondary
epithelialization was complete, the final pros-
thesis could be extended as desired by the pros-
thodontist.

Additional Considerations. In some cases spe-
cially designed unconventional prostheses were
constructed to restore areas of damaged and
deficient tissue without benefit of preprosthetic
surgery (Case report 13). It should be recognized
that in many of these instances such appliances
were constructed before preprosthetic surgery
was widely applied to the reconstruction of these
deformities. Although these prostheses were
initially quite functional, they were prone to
eventual failure as a result of the additional stress
that was placed on the remaining teeth and sup-
porting structures. In retrospect, preprosthetic
surgery would have created a more favorable
denture base and permitted construction of a
denture with more evenly distributed stress thus
preserving the teeth and supporting bone and
enhancing long-term success.

Bone Graft Augmentation

Indications and Types of Grafts. Bone graft recon-
struction for alveolar ridge augmentation was necessary
in both the maxilla and mandible to restore substantial
osseous loss in the denture support area. Specific indi-
cations for these procedures varied according to
the anatomic location of the deficiencies and the
suitability of underlying osseous structure for
complete support of the prosthesis. When the
amount of remaining bone in the denture-
bearing area was so minimal that vestibuloplasty
alone would not provide a sufficient base for the
construction and support of a satisfactory den-

r
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ture, bone graft augmentation was considered
(Celesnik, 1963; Steinhauser and Obwegeser,
1965; Davis et al., 1970, 1975; Terry etal., 1974).

An additional reason for augmenting the man-
dibular alveolar ridge was the need to correct the
problem of flexion that occurred when the boany
defect was so great that the mandible was unstable
during functional movements. This was espe-
cially annoying in the partially edentulous patient
and was often initially manifested by dislodgment
and/or distortion of a prosthesis during mastica-
tion (Figures 62 and 63). When a fixed appliance
spanned an area of flexion either unseating of the
bridge occurred and/or peridontal pathosis de-
veloped that caused loosening of the abutment
teeth.

Isolated areas of bony deficiency in the eden-
tulous maxilla usually presented no serious
prosthetic problems and could ordinarily be
managed with local soft tissue procedures.

In the MFCS 18 of 101 bone grafts were per-
formed for augmentation in patients with man-
dibular continuity. Thirteen of these grafts were
performed for functional augmentation of the
alveolar ridge to enhance prosthetic rehabilita-
tion whereas 5 were performed for cosmetic aug-
mentation (Table 28). The types of grafts used
and their incidence were reported in Table 23.
Six of the functional augmentation grafts were
accomplished after a previous bone graft for con-
tinuity restoration and 7 were performed in pa-
tients where a discontinuity defect had never
existed.

Bone graft systems previously discussed for
management of mandibular discontinuity defects
were also used for alveolar ridge augmentation.
In the MFCS patients these included rib (4), solid
iliac (6), and PCM grafts (3). The type of rib graft
described by Davis et al. (1970) was well suited for
augmentation procedures. The particulate can-
cellous marrow grafting system was also consid-
ered satisfactory but its use did require metallic
crib adaptation and the necessity of a second sur-
gical procedure for removal and for this reason it
was only recommended for isolated alveolar
ridge defects (Case report 17). An advantage of
the PCM system was the greater osteogenic po-
tential of the cancellous marrow, as well as its
earlier vascularization.

Technical Procedure and Complications. Re-
gardless of the system used, it was necessary to adhere to
the following basic surgical principles if the augmenta-
tion was to be successful.

1) The primary incision for development of
mucoperiosteal flaps was placed in the center
of the residual scar tissue overlying the alveo-
lar crest. This insured maximum blood supply
to both sides of the flap.

2) The flaps were mobilized at the expense of
vestibular depth so that adequate graft cover
and tension-free closure could be achieved.

3) Periosteal relaxing incisions when necessary
were placed well away from the flap margins
to protect the blood supply.

4) The graft was stabilized against the host bone
and potential dead space eliminated by

Figure 62.—Left). Panoramic radiograph 19 years following a missile injury to the face and jaw that had been treated by
IMF and external skeletal fixation. The residual osseous defect (arrow) caused weakening of the mandible with flexion of
the jaw during function and dislodgement of the partial denture. Right) Appearance of osseous mandibular defect at time
of PCM bone grafting for strength augmentation 19 years following injury.
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Figure 63.—Upper and Middle) Panoramic radiographs 2.5 months
post bone grafting before and after removal of the metallic crib that
was placed at the time of PCM grafting. The crib was removed be-
cause it encroached on the area of the denture flange. Lower) Pano-
ramic radiograph 6 years foflowing bone grafting and 25 years fol-
lowing missile injury. The mandible was stable at this time and the
patient was wearing a satisfactory partial denture.

placement of bone chips about the graft which

also had the advantage of providing final os-

seous contour.

5) Water-tight closure was accomplished with a
monofilament nonwicking-type suture mate-
rial (Lilly et al., 1969; Kelly, 1973).

In order to minimize the opportunity for infec-
tion, meticulous aseptic technique was observed
during the surgical procedure and appropriate
antibiotic coverage was instituted and continued
for at least 7-10 days postoperatively.

The quality and vascularity of overlying soft
tissue had an important bearing on the outcome
of augmentation. With bony augmentation pro-
cedures, the incidence of complications such as
wound dehiscence and partial sequcslruliun of
the graft was usually hlghcl than in patients with
uncompromised soft tissues (Baker and Connole,
1976 [a]). In the MFCS there were 6 cases of
postsurgical infection (33.33%) involving aug-
mentation grafts. Infection occurred in con-
junction with 3 of 11 solid iliac grafts, 2 of 4 rib
grafts, and 1 of 3 PCM grafts (Table 36).

Postoperative wound dehiscence or infection
occurring in association with solid autografts did
not necessarily herald complete loss of the graft
providing timely and appropriate treatment was
instituted. This included culture and sensitivity
testing of any exudate to gunde selection of an-
tibiotic therapy, daily irrigations of the exposed
graft with an antibacterial solution, protection of
the area with a petrolatum gauze dressing, reduc-
tion of obviously devital bone without disturbing
the surrounding soft tissue, and removal of bony
sequestra only when they had become (mnplc(cl\
separated and could be lifted from the wound
with minimal force. More vigorous surgical manage-
ment including flaps to reestablish primary closure over
exposed grafted bone was not successful and therefore
not advocated.

When the PCM grafting system was emploved
the microporous filter because of'its position pro-
vided some protection against the oral environ-
ment when wound dehiscence occurred. In the
presence of dehiscence the area was kept clean
by local hygiene and daily irrigations with a selec-
ted antibacterial solution. In all cases, the crib and
microporous filter were removed at 8-14 weeks
post grafting. The wound was again closed pri-
marily and the vestibular surgery planned at
about 6 months post grafting (Case report 17).

Vestibuloplasty Following Bone Graft Augmenta-
tion. Vestibuloplasty following bone graft aug-
mentation was very frequently indicated in
order to provide optimum denture support and
function because at the time of grafting flaps had
been mobilized and vestibular tissue displaced to
obtain adequate graft cover (Case reports 03, 05,
and 17). At the last follow-up examination, 11 of
the 13 patients who underwent functional aug-
mentation grafts were wearing a denture, one
was unable to wear a denture, and one patient
planned to have a denture constructed in the fu-
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ture. Seven of the 13 patients had vestibuloplasty
prior to denture fabrication and the procedure
was planned for the one patient not able to wear
a denture. Of the remaining 5 patients who had
not had vestibuloplasty, it was considered desir-
able in 3 instances, although denture construc-
tion had been possible, whereas in 2 patients op-
timum dentures could be fabricated without ad-
ditional surgery.

It was found best to wait at least 6 months after
bony augmentation for the soft tissue alterations.
This allowed time for the graft to mature and
develop a periosteal-like tissue sheath. Ideally, all
soft tissue vestibular procedures were deferred
until the greatest proportion of the remodeling-

recontouring had occurred. Although such
changes can continue for up to 2 years post graft-
ing, the major modification has been shown to be
complete by 6 months (Davis et al., 1974; Terry
1974; Baker and Connole, 1977 [b]).

Summary. In summary, predictable surgical
techniques were available for correction of osse-
ous alveolar ridge deficiencies in the maxilla or
mandible. On the basis of experience with war
casualty reconstruction a high degree of success
can be anticipated with these procedures in both
the mandible and maxilla, but because of differ-
ing anatomy and prosthetic requirements, bone
graft augmentation was more frequently indi-
cated in the mandible.

CONCLUSION

The late care period was characterized by a
constant review of treatment goals and coordina-
tion of the efforts of all clinicians involved with
accomplishing these goals. The needs of each pa-
tient were determined and therapy predicated on
their individual requirements. The treatment af-
forded many of these patients was complex and
prolonged and of such nature that they will ide-
ally require follow-up care for the remainder of
their lives in order to assure a stable functional
and esthetic result. No definite system that pro-
vides for coordination of this extended care for
the individual patient has yet been designed or

planned. The need for such a system was made
readily apparent as patients in the MFCS were
recalled and examined. Problems were identified
that had gone unnoticed and instances of delayed
or omitted therapy were observed. When treat-
ment was instituted for these long-term deficien-
cies it was usually not simple and often involved a
broad range of surgical and dental care.

It has been made clearly evident that the long-
term needs of oral and maxillofacial casualties
should not be overlooked and formal provisions
should be made for their continued care.
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Case Reports

By JAMES F. KELLY
ROBERT G. TRIPLETT

Previous sections of this text have identified the
continuum of casualty care from the initial injury
through late reconstructive treatment. Emphasis
has been placed on the application of those prin-
ciples of management that best assure the long
term success. The following case reports are pre-
sented as a means of further accentuating the
necessity of understanding the long term respon-
sibility which is intrinsic to oral and maxillofacial
casualty care.

The reader is asked to review the material that
is presented in an objective manner and to recog-
nize that the results obtained have been achieved

in the face of many variables and complexities
which exist in casualty management. A retrospec-
tive view of treatment results invariably imparts a
degree of perceptiveness that is seldom achieved
prior to the initiation of patient care, particularly
when faced with the complications innate to war
injuries. These case reports have been selected,
therefore, to serve as a prospective guide to fu-
ture oral and maxillofacial casualty management
and thus to help further assure optimal long term
treatment success that meets both esthetic and
functional criteria.




CASE NUMBER 01

Description of Injuries: This 21-year-old casualty sustained a high-velocity gunshot wound to the
mid and lower face and extremities. A missile entered the rightside of the face on the lateral aspect of the
nose and traversed inferiorly, shattered the right maxilla and mandible, and produced a large avulsive
exit wound in the right neck. There was avulsion of part of the right mandibular ramus.

Early Care: The patient was medically evacuated to a 4th-echelon medical facility (hospital ship)
where his maxillofacial wounds were treated by debridement of fragmented bone and teeth as well as a
Caldwell-Luc procedure of the right antrum. The mandibular fracture was reduced manually and a
closed reduction accomplished. The right neck wound was debrided and closed, and dependent drains
were placed. The patient was medically evacuated 3 days following injury.

Intermediate Care: The patient entered an intermediate care facility the day he was discharged ‘
from the early care facility. His facial wounds were irrigated and drainage was maintained. He was i
provided supportive care until medical evacuation to CONUS 3 days after admission. |

Late Care: The patient was admitted to the late care hospital after 6 days in transit. At admission, the
wound of the right mandible was septic and draining and was treated with local wound care and systemic
antibiotics. The infection responded to this regimen, and within 21 days following admission the wound
was closed and healing satisfactorily. The patient was provided continuous supportive care and was
allowed mandibular function 2 months after his initial injury. At that time there was a discontinuity de-
fect in the region of the right mandibular ramus-angle. Eleven months following injury the patient re-
ceived an autogenous bone graft from the right iliac crest to the right angle and ramus of the mandible.
He was maintained in intermaxillary fixation for 6 weeks. At discontinuance of fixation there was clinical | 4
and radiographic alignment of the mandibular fragments, graft stability, and satisfactory occlusion. The 18
patient was subsequently discharged with acceptable function and normal mandibular range of motion.
At last follow (8 years and 5 months post injury) the patient continued to do well. There was only slight
facial disfigurement and normal masticatory function.
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« Case number 01

Upper left: Appearance of a 21-year-old casualty at triage at an early care hospital showing the small entrance wound at the right
nasolabial fold and the much larger exit wound in the right neck beneath the right mandibular angle. Upper right and middle left:
Lateral oblique and posteroanterior radiographs, 1 day following wound treatment, showing the position of the reduced
mandibular fragments and the deficit of the right mandibular ramus. Middle right and lower left: Lateral oblique and
posteroanterior radiographs 11 months following injury just prior to bone grafting. Discontinuity and asymmetry were
evident as well as the distracted position of the ramus. Lower right: Posteroanterior radiograph, 7 weeks post bone grafting. The
graft was onlaid to the fragments and the ramus was not repositioned.
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Upper left and upper right: Appearance of patient 7 years post injury. There was minimal cosmetic deficit although some
mandibular asymmetry existed because the coronoid process had not been realigned at the time of grafting. Muddle left:
Appearance of the occlusion 7 years after injury. The patient had normal range of mandibular motion. Middle right:
Posteroanterior radiographs 8 years following injury and 7 years following bone grafting. Lower: Panoramic radiograph 7
years after bone grafting showing the mature architectural appearance of the bone graft region. The graft had remodeled to
the functional vector of the mandible.
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CASE NUMBER 02

Description of Injuries: This 19-year-old casualty was injured by helicopter rotor blades during
refueling, resulting in injuries to the left shoulder and right lower face. His maxillofacial injuries
included a compound, comminuted, avulsive fracture of the mandibular symphysis and soft tissue
avulsion of a portion of the lower right lip. There was also avulsion of the mandibular left first bicupsid
through the right cuspid teeth (#21-27).

Early Care: The patient was immediately evacuated to a 4th-echelon facility (hospital ship). Follow-
ing triage he was taken directly to the operating room where he received an emergency tracheostomy.
His wounds were then debrided, chest tubes were placed, and an open reduction of the mandibular
symphysis was performed. The mandible was immobilized with arch bars and intermaxillary fixation.
The patient was admitted to the medical evacuation system 27 days after injury.

Intermediate Care: On the day of discharge from early care the patient was admitted to an
intermediate facility where he received supportive care for 6 days and then was medically evacuated to
CONUS.

Late Care: Admission to a late care hospital occurred after 3 days in transit. Initial examination
revealed oral microstomia secondary to the avulsive injury to the lower lip. Two days after admission the
intermaxillary fixation was released and the mandible was found to be stable. Eight months post injury
an Estlander transposition flap was rotated into the lower lip. This was followed 1 month later by right
commissurotomy and later by a vestibuloplasty. Subsequently, the patient underwent secondary local
scar revision of the lower lip. A mandibular denture was constructed and at last follow, 6 years and 6
months after injury, the patient manifested a satisfactory cosmetic and functional condition.
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Case number 02

Upper left: Appearance of a 19-year-old casualty who sustained an injury to the lower face and oral cavity resultung from a
helicopter blade. Upper right: Lateral radiograph showing the mandibular fractures. Middle left: Appearance of patient 21 days
postinjury. There had been avulsion of soft tissue from the lip and it was necessary to suture mucosa to sk in order to permit
primary closure. Middle right: Posteroanterior radiograph., 6 months post injury, showing the well-healed. correctly aligned,
and symmetrical mandible. Mandibular fractures had been treated by open reduction at the inferior border and intermaxillan
fixation with arch bars. Lower left and lower nght: Appearance of patient 60 months postinjury. The lip had been reconstructed
by a series of soft tissue procedures that included scar excision, Estlander flap, right commissurotomy, and vesubuloplasny
Although a slight degree of microstomia existed, the lip was supple. There was adequate vestibular depth for a prosthesis
which had been successfully constructed.
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Upper left, upper right, and lower left: See figure legends on previous page. Lower right: Occlusal radiograph, 60 months post
injury, showing well-healed and normally contoured mandibular symphysis. What appear to be hypertrophic genial tubercles

are in fact consolidated fragments of the lingual cortex which had been drawn lingually by the genial muscles at the time of
injury.

|
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CASE NUMBER 03
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Description of Injuries: This 19-year-old casualty sustained multiple fragment wounds of the face,
neck, and upper extremities. These injuries included a compound, comminuted fracture of the right
and left mandible with avulsion of a large segment of the symphysis containing the mandibular left first
bicuspid through the rigkt second bicuspid teeth (#21-29) and a penetrating wound of the neck.

Early Care: He was first treated at a 2nd-echelon medical facility where a tracheostomy was

performed and blood transfusions were administered. He was evacuated and admitted to a 4th-echelon
facility (hospital ship) the day of injury where his maxillofacial injuries were treated. The maxillofacial
wounds were debrided and a prolonged scrub with an antiseptic soap solution was carried out because of
heavy contamination. This procedure was followed by an open reduction of the mandibular fractures.
Soft tissue closure was accomplished from inside-out (mucosa to skin) and 4 polyethelene drains were k%
placed. A portion of the inferior aspect of the wound was left open for drainage because of the extensive
avulsion and contamination. The patient was placed in intermaxillary fixation with elastic traction and
was discharged to the medical evacuation system 9 days after his initial injury.

Intermediate Care: This casualty entered an intermediate hospital the day of his discharge from the

early care facility. Supportive care was provided and further debridement was carried out including
b removal of the roots of the mandibular right first and second molar teeth (#30 and 31). Twenty-one days
% following admission to the intermediate facility he was medically evacuated to CONUS.
‘ Late Care: The patient was admitted to a late care hospital after 2 days in transit. Admission
examination revealed a septic and draining mandibular wound that was treated with appropriate
systemic antibiotics and local irrigation (antibiotics were selected following bacteriologic studies). The
fracture reduction was adequate, but it was necessary to remove the fractured mandibular left first molar
tooth (#19) and an obviously devitalized exposed segment of the right alveolus 10 days following
admission. Approximately 7 weeks after admission, the mandibular left second bicuspid and right third
molar teeth (#20 and 32) were removed because of extensive pararadicular resorption and mobility.
Because the right proximal segment of the mandible was now edentulous, a biphase external skeletal-pin
fixation appliance was placed from the right ramus to the right zygoma to control the fragment and
maintain stability. Approximately 6% months post injury, teeth (#17 and 18) were removed because of
gross mobility and periodontal pathology. Two weeks later a solid iliac crest bone graft was placed in the
area of non-union in the mandibular symphysis. A mandibular vestibuloplasty with split-thickness skin
grafting was performed in the right mandible 14 weeks post bone grafting. A complete mandibular
denture was delivered 10 weeks following the vestibuloplasty. Further surgical procedures to rehabili-
tate this patient included revisions of the chin scars and insertion of a silastic implant over the right
mandible. At last examination (6 years and 2 months post injury) radiographs revealed excellent bony
recomtouring of the mandibular graft with acceptable esthetics. There was an adequate mandibular
denture-bearing ridge and his complete mandibular denture was functioning satisfactorily.
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Case number 03

Upper left: Appearance of a 19-year-old casualty following fragmentation wounds to the lower face. Note the very contami-
nated nature of the wound. Upper rnight: Extentof the injury was evident during wound debridement and preparation. Muddle:
Appearance of the patient tollowing fracture fixation and wound closure. Lower: Panoramic radiograph 36 davs post injury.,
soon after admission to the late care hospital, showing reduction of the mandibular fragments. The fractured left first molar
tooth (#19) and the right mandibular alveolar segment were removed a short time later. The edentulous night alveolar
segment was grossly exposed intraorally and was nonviable.
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Upper: Panoramic radiograph, 7 weeks post injury, showing the progress of osseous healing. The edentulous night alveolar
segment and left first molar tooth (#19) had been removed. The mandibular right third molar and left second bicuspid teeth
(#32 and 20) were still present but were removed at this time because of their persistentinstabihity and recurrent sepsis. Middle

Panoramic radiograph, 5 months postinjury, showing progressive healing. A biphase external skeletal ixauon apphance had
been placed on the right to control the fragments in conjunction with imtermaxillary fixanon i the opposite molar region
Lower left: Appearance of the mandibular symphysis defect at the time of bone grafting 7 months post injury. Lower right
Appearance of the autogenous solid iliac gratt in place
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« Case number 03 5

Upper: Occlusal radiograph, 2 weeks post bone grafting, showing the position of the solid iliac graft (G) in relation to the right
and left fragments. Note that a lingually positioned bridge of bone had partially fused the two segments. This bone was
residual to the initial injury having been drawn lingually by the genial muscles. Middle: Panoramic radiograph, 3 weeks post
bone grafting, showing the graft at the symphysis (G) and the biphase pins which were leftin place to control the mandible and
provide graft stability. The mandible had been mobilized for several weeks prior to grafting by cutting the acrylic connector of
the biphase appliance. A metal strut had been placed in the readapted bar to provide additional strength. Lower left:
Appearance of mandibular denture occlusion 39 months following the bone graft procedure and 35' months after skin
grafting vestibuloplasty. Lower right: Appearance of the mandibular right denture-bearing area 46 months post injury.
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Upper left and upper night: Appearance of the patient 4 years post injury. Lower: Panoramic radiograph, 4 years and 3 months

post injury, showing remodeling and recontouring of the mandible and graft




CASE NUMBER 04

Description of Injuries: A 19-year-old casualty sustained a high-velocity missile wound to the neck
and face. The perforating missile entered the posterior neck in the midline just inferior to the occipital
area and passed anteriorly, exiting in the symphysis region of the mandible. Although the exit wound
was extensive with avulsion of a large segment of hard and soft tissue, the entrance wound was almost
unnoticeable. Remarkably, there was no vertebral or major neurovascular injury.

Early Care: The patient was received initially the day of injury at a 3rd-echelon medical facility
where a tracheostomy was performed, the facial and oral wounds were debrided and closed, and the
posterior cervical wound was closed. The remaining major mandibular fragments were immobilized to
the maxilla by means of simple circumdental intermaxillary wires. The day following treatment, the
patient was transferred to a 4th-echelon facility (hospital ship) where he received supportive care prior
to medical evacuation 6 days after injury.

Late Care: The patient was evacuated directly to CONUS over a 48-hour period and admitted to a
major medical facility 8 days after injury. Initial examination revealed purulent discharge from the
tracheostomy site and the mandibular wounds. Twelve days post injury the mandibular wound was
debrided, fractured teeth were removed, and a mucosa-to-skin closure was performed following
placement of dependent drains. Also at this time, the first stage of a tube pedical flap was accomplished
in preparation for restoration of the soft tissue defect that existed in the symphysis region. The
immediate postoperative period was complicated by jaundice and a diagnosis of hepatitis was estab-
lished. The hepatitis gradually resolved and after 25 days laboratory indices of disease had returned to
normal. Over the next 6 months a series of surgical procedures, including distal and local flaps and scar
revisions, were carried out in conjunction with soft tissue reconstruction of the chin. Fifteen months
following injury, an autogenous corticocancellous bone graft was performed from the right iliac crest to
the mandibular symphysis. The graft healed uneventfully; however, a chronic infection developed at the
iliac crest donor site and was treated successfully on an outpatient basis over a period of several weeks.
Six months following the bone graft procedure an anterior mandibular vestibuloplasty with skin
grafting was performed. Approximately 2 months after the vestibuloplasty a maxillary partial denture
and mandibular full denture were constructed, which the patient was able to wear with minimal
difficulty. Over the next 3 years he underwent additional soft tissue procedures to improve his facial
appearance and lower lip function. At last follow, 8 years post injury, esthetics and masticatory function
were satisfactory. Although the treatment of this patient was complicated, complex, and quite pro-
longed, the ultimate results were very acceptable.
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Upper left: Pretreatment appearance of a 19-year-old casualty who sustained a high-velocity missile wound with extensive
damage to the orofacial area. Upper right: Posttreatment appearance of the patient following tracheostomy, limited intermaxil-
lary fixation, and wound closure. There was no attempt to reduce the anterior mandibular fractures. Because of extensive loss
of soft tissue in the perioral region, it was necessary to suture mucosa to skin to effect primary closure. Middle left: Appearance
of small entrance wound in posterior neck as it appeared 9 days post injury. Middle right, lower left, and lower night:
Posteroanterior, right and left lateral oblique radiographs, 9 days post injury, showing loss of substance and malposition of the
anterior mandibular osseous fragments. Simple intermaxillary wiring was ineffective in maintaining the two major mandibu-
lar fragments.
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Upper teft: Appearance of orofacial wound 9 days postinjury and 1 day after admission to a late care facility . Gross sepsis existed

in the face of extensive wound dehiscence and the mandibular fragments were unstable. Upper right: Appearance of sepuc oral
wound with exposure of mandibular fragment. Muddle left: Appearance of patient 6 months post injury. Soft tissue flaps and
grafts had been employed to restore the deficit in the symphysis area after sepsis was controlled. The mandibular fragments
had been maintained in position with improved intermaxillary fixation. Partial consolidation of the symphysis fragments in a
malunited inferior position had occurred although instability still existed. Muddle right: Appearance of denture occlusion 5
years and 3 months post injury and 47 months following a mandibular bone graft for continuity restoration. Lower left:
Appearance of prosthetic appliances that were restoring functional occlusion, as seen in middle nght panel. Lower right:
Appearance of denture-bearing area in mandibular symphysis region 5 years and 5 months foliowing bone graftung.
Vestibuloplasty and skin grafting had been performed 6 months post bone grafting.
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Upper left, upper right, and middle: Appearance of patient 8 years and 2 months post injury. Numerous secondary soft tissue
procedures were performed to enhance the appearance of the chin and function of the lip. Functional denture occlusion was
still being maintained. Lower: Panoramic radiograph 8 years and 2 months post injury. Mandibular continuity had been
restored although normal symmetry did not exist because of the malunion that occurred during the complicated initial phase
of late care.




CASE NUMBER 05

Description of Injuries: This 22-year-old casualty sustained a high-velocity gunshot wound result-
ing in injury to the lower third of the face and neck bilaterally. He sustained a compound, comminuted,
avulsive fracture of the anterior mandible, in addition to lacerations to the lower lip, cheek, and neck.

Early Care: The patient was initially treated at a 3rd-echelon medical facility where emergency
tracheostomy and initial debridement of the wounds were accomplished. On the same day the patient
was transferred to a 4th-echelon facility (hospital ship). Following triage, examination, and radiography,
the patient was taken to the operating room for evaluation and definitive treatment of wounds. The
wounds were conservatively debrided, fractured teeth and unattached bony fragments were removed,
and an open reduction of the residual fragments was performed. The mandible was immobilized with
maxillary and mandibular arch bars and intermaxillary fixation, after which the soft tissues were closed
and drains placed. Postoperatively the patient progressed satisfactorily and was medically evacuated 10
days following injury.

Intermediate Care: The patient was admitted to an intermediate care facility after 2 days in transit.
Admission examination revealed intraoral areas of denuded bone in the mandibular symphysis and
body regions. Supportive and local wound care were provided and the patient was medically evacuated
to CONUS after 18 days.

Late Care: The patient entered a late care hospital after 2 days in transit. Seven days following
admission, a large dentoalveolar sequestrum, including the mandibular right central and lateral incisors
and bicuspid teeth (#25-28), was lifted from the oral wound. The patient progressed satisfactorily but
continued to sequestrate small bony fragments from the mandibular symphysis region during the next 2
months. Four months after late care admission, another dentoalveolar sequestrectomy was performed
including the mandibular left first and second bicuspid, cuspid, and lateral incisor teeth (#20-23). A
PCM graft was performed 10% months post injury to restore mandibular continuity. Postoperatively,
the patient progressed well and the metallic crib was removed 8 months post grafting. Six months later,
2 years post injury, a solid corticocancellous autogenous augmentation bone graft was placed in the
mandibular symphysis region. A vestibuloplasty with split-thickness skin grafting was performed 6
months later, following which a wound infection developed that responded satisfactorily to local care
and antibiotic therapy. At the time of last follow, 5 years and 2 months post injury, the patient was
wearing a functionally satisfactory denture and presented a pleasing esthetic appearance.
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Upper left: Appearance of a young man prior to sustaining injury (at time of high school graduation). Upper right: His
appearance as a casualty on arrival at 4th-echelon facility (hospital ship). At a 3rd-echelon facility a tracheostomy had been
performed and temporary tacking sutures placed to secure a large orofacial flap resulting from a high-velocity missile that had
perforated the region of the anterior mandibular body in a horizontal plane. Middle left: The extent of the orofacial wound and
underlying tissue damage was evident following release of the tacking sutures. Gross hard and soft tissue damage had
occurred. Middle night: Preoperative posteroanterior radiograph showing the displacement of mandibular fragments. Lower
left: Postoperative posteroanterior radiograph showing the mandibular fragment position after fracture reduction and wound
closure. Lower right: Appearance of patient immediately following wound closure.
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Upper left: Appearance of patient 8 days after initial wound care. Upper right and middle left: Panoramic and occlusal
radiographs, 1 month postinjury, prior to removal of anterior mandibular dentoalveolar segment that had become infected
and devitalized. Discontinuity existed in the left body region. Middle right: Panoramic radiograph 5 mouths post injury just
prior to removal of a large devitalized dentoalveolar segment from the mandibular left body region. Lower left: Panoramic
radiograph 5% months post injury following removal of the dentoalveolar segment. Lower right: Panoramic radiograph 21

1/2 months post injury and 9 months following placement of a PCM graft to the mandible for restoration of continuity. A cast
Vitallium™ crib was used as the metallic portion of the graft system




which had been successfully constructed.
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Upper left and upper right: Appearance of reconstructed mandible at time of metallic crib removal 8 months following the PCM
graft to restore continuity. Middle left: Panoramic radiograph 1 month after augmentation bone grafting of the mandible
Middle right: Intraoral appearance of alveolar component of reconstructed mandible 7 months following augmentation
grafting just prior to vestibuloplasty. Lower left and lower right: Intraoval appearance of reconstructed alveolar portion of
mandible 22 months after vestibuloplasty with skin grafting.
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Upper left: Restored occlusion 22 months after vestibuloplasty. Upper right, middle left, and middle right: Appearance of patient 5
years and 2 months following injury. Lower: Panoramic radiograph 52 months following injury, 40' months following the
continuity restoring bone graft, and 28 months following the augmentation bone graft.
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- CASE NUMBER 06

Description of Injuries: This 19-year-old casualty sustained a high-velocity missile wound to the
face that resulted in multiple facial and oral lacerations and a compound, comminuted, avulsive fracture
of the mandibular symphysis and body regions. Mandibular teeth that were avulsed included the left
central incisor through the right first molar (#24-30).

Early Care: The patient was received at a 4th-echelon medical facility the day of injury where after
examination, he was taken to surgery where his wounds were debrided and a closed reduction of the
mandibular fracture was accomplished with arch bars and intermaxillary fixation. Although there had
been loss of soft tissue in the region of the lower lip and cheek, it had been possible to close the wound
primarily. One day postoperatively the hematocrit was 26, and 2 units of packed red cells were
transfused. The patient stabilized and medical evacuation was initiated 9 days after injury.

Late Care: The patient was admitted to a late care hospital after 2 days in transit. Four days
following admission, root fragments of the mandibular right first molar tooth (#30) were removed.
Multiple bony sequestra were removed during the next 3 weeks in conjunction with vigorous local
wound care. A Vitallium® lingual mandibular splint was inserted 7 weeks post injury. Five and one-half
months post injury intermaxillary fixation was released and monoarch fixation was maintained for an
additional 6 weeks followed by insertion of a mandibular prosthesis. Revision of facial scars was
accomplished at a subsequent hospitalization several months later. At last follow, 5 years and 9 months

post injury, the patient had excellent function and was wearing a mandibular prosthesis without
difficulty.
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Upper left: Appearance of soft tissue wound in a 19-year-old casualty who had been struck by a high-velocity missile. Upper
right: Posteroanterior radiograph, taken following triage, showing the fracture comminution of the right mandibular body.
Middle left: Lateral radiograph showing comminution of the mandibular symphysis region. Middle right: Appearance of
wound closure. Although the wound initially appeared to be associated with extensive soft tissue avulsion, little tissue was
actually lost. Lower: Panoramic radiograph 18 weeks post injury. At this time the patient was still in intermaxillary fixation.
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Upper: Panoramic radiograph 22 weeks post injury. At this time the patient's IMF was released and monoarch fixation was
continued. Middle: Panoramic radiograph 15 months post injury. There had been recontouring and remodeling of the
mandibular body, the mandible was stable and firm, and the patient was able to function normally. Lower left: Appearance of
the mandibular alveolar ridge 69 months post injury showing a deficit with fixed overlying mucosal tissue that permitted
denture construction. Lower right: Appearance of the dental occlusion with the mandibular prosthesis in place. Excellent oral
health had been maintained.
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Upper: Appearance of the patient 69 months post injury. His esthetic results have been improved by secondary scar revision.
Lower: Panoramic radiograph 69 months post injury.
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CASE NUMBER 07

Description of Injuries: This 21-year-old casualty sustained a fragmentation wound of the face that
resulted in a compound, comminuted, avulsive fracture of the right mandible, fracture of the mandibu-
lar right second bicuspid, first and second molar teeth (#29-31), and laceration of the tongue, floor of
the mouth, and right cheek.

Early Care: The patient was admitted to a 4th-echelon medical facility the day of injury where his
wounds were debrided, teeth (#29-31) were removed, and the wounds closed. A closed reduction of the
mandibular fracture was performed utilizing arch bars and intermaxillary wire fixation. Postoperatively,
the patient was maintained on supportive care until he was admitted to the medical evacuation system 7
days after injury.

Intermediate Care: The patient was received at an intermediate care facility where supportive care
was continued for 4 days prior to transfer to CONUS.

Late Care: The patient entered a late care hospital after 3 days in transit. Six weeks following injury,
the mandible was cilinically stable and the fixation appliances were removed. The maxillary right third
molar tooth (#1) was removed 10 weeks following injury. Endodontic therapy was performed on the
mandibular right third molar (#32) 3 months post injury. A mandibular partial denture was inserted 4
months post injury. At last follow, 6 years and 5 months following injury, the mandible was stable with
good masticatory function and no significant residual cosmetic deficiency.
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Upper left: Fragmentation wound of right cheek in a 21-year-old casualty. Upper right: Lateral radiograph showing comminuted
fracture of right mandible involving the dentition. Middle left: Closure of cheek wound. Middle right: Posttreatment, lateral
oblique radmgraph of right mandible showing area of injury. Teeth had been removed and the fragments had been molded
into position without direct wire reduction. The third molar tooth was retained to effect control of the proximal fragment
through occlusion with ()ppusmg maxillary dentition. Lower: Panoramic radiograph, 13 days following injury, showing
fragments that were molded into correct position.
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Upper: Panoramic radiograph, 3% months post treatment, showing satisfactory osseous healing and maintenance of
mandibular morphology and symmetry. Endodontic therapy had been performed 3 months after injury on the critically
positioned third molar. Middle: Panoramic radiograph, 19 months post injury, showing excellent osseous healing at the injury
site. The second molar tooth was still in place and functioning. Lower: Panoramic radiograph, 77 months postinjury, showing
further maturation of osseous tissues at injury site. Although wounding fragments were still in the tissues, they afforded the
patient no difficulty.
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Upper left: Full-face photograph of patient 57 months post injury. Upper right: Right lateral facial photograph 57 months post
injury. Lower left: Dental occlusion on the side of injury with partial denture prosthesis in place 57 months post injury. Lower
right: Partial denture which was being used to restore occlusion and which was partially supported by a molar tooth that was
clasped by a distal extension of the prosthesis.




CASE NUMBER 08

Description of Injuries: This 21-year-old casualty sustained an injury to the orofacial area as a
result of small arms fire. A missile entered the right mandibular body, traveled in an anteromedial
direction, and exited through the rightlower lip. A compound, comminuted fracture and avulsive injury
to the anterior portion of the mandible resulted.

Early Care: After injury, the patient was evacuated to a 4th-echelon medical facility where a
tracheostomy was performed, the wounds were debrided, and an al'oplastic implant was placed to
maintain mandibular fragment position. The soft tissues were closed and the mandible was immobilized
with maxillary and mandibular arch bars anJ intermaxillary fixation. The patient was admitted to the
medical evacuation system 2 days following injury.

Late Care: Evacuation was directly to CONUS and admission to a late care hospital occurred after 2
days in transit. Admission examination revealed erosion of the allopiastic implant through the oral
mucosa aithough there was no overt suppuration. The patient was placed on antibiotic therapy intermit-
tently in the face of chronic wound infection about the implant. Intermaxillary fixation was maintained
to control fragment position. The alloplastic implant was ﬁnally removed 3 months post injury and the
wounds healed. Two months later, 5 months following injury, an autogenous rib graft was placed to
restore continuity to the anterior mandible. The graft healed without complications. Revision of lower
lip scars was accomplished 4 months following the bone graft. As a result of recall in conjunction with the
maxillofacial casualty study, 65 months post injury, it was determined that the partial denture had failed
because of an inadequate tissue base. Augmentation bone grafting with an autogenous rib was ac-
complished 68 months following continuity bone grafting. Vestibuloplasty with skin grafting was
performed 18 months after augmentation bone grafting. A mandibular denture was subsequently
constructed and at the time of last follow, 8 years and 4 months post injury, the patient was functioning
satisfactorily without complaint and manifested acceptable esthetics.
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Upper left: Appearance of alloplastic implant that had eroded through the oral mucosa at the time of admission of the patientto
CONUS facility. The implant had been placed at the time of initial wound care to restore avulsed osseous tissue. Upper nght:
Appearance of 8th rib after resection before insertion as a mandibular graft to restore continuity. Muddle left: Rib graft secured
in place across symphysis defect. Middle right: Panoramic radiograph 6 days following autogenous rib grafting to the anterion
mandible. Lower left: Panoramic radiograph 6 weeks after rib grafting to the mandible. Lower right: Panoramic radiograph 9
months following autogenous rib graft to the mandible. The graft had consolidated well. The framework of a partial denture.
which is partially supported by the residual molar tecth, was evident in the radiograph.
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Upper left: Panoramic radiograph, 68 months post bone grafting, showing well-healed and remodeled rib graft in the man-
dible. Upper right and middle left: Intraoral appearance of patient, 68 months post bone grafting, showing inadequate tissue base
for a denture principally in the right anterior region. Middle right: Appearance of autogenous augmentation rib graft secured
in place at time of grafting. Lower: Panoramic radiograph 15 days following rib graft augmentation of the mandible.
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Upper left and Upper right: Appearance of patient 32 months after augmentation bone grafting. Middle left: Intraoral appear-
ance of reconstructed mandible 32 months following augmentation bone gratung and 14 months after vestibuloplasty. Madale
right: Appearance of occlusion with mandibular denture against natural maxillary dentition. Lower: Panoramic radiograph 26
months following augmentation bone grafting and 7 years and 5 months after grafting for continuity.




'CASE NUMBER 09

Description of Injuries: This 21-year-old casualty received fragment wounds of the right lower
face. He sustained severe facial and oral lacerations and a compound, comminuted, avulsive fracture of
the right mandibular body.

Early Care: He was evacuated to a 4th-echelon medical facility the day of injury. Following triage
and radiography, he was taken to the operating room where debridement was carried out and the
fractured maxillary right first bicuspid (#5), cuspid (#6), central incisor (#8), and mandibular right
central incisor (#25) teeth were removed and a closed reduction of the mandibular fracture was
performed. The mandible was immobilized with arch bars and intermaxillary elastic fixation. The soft
tissue wounds were then closed and a penrose drain was placed. Before the anesthetic period was
completed an elective tracheostomy was performed. The postoperative course was satisfactory and he
entered the medical evacuation system 6 days post injury.

Intermediate Care: The patient was received at an intermediate medical facility 1 day following
admission to the evacuation system. At the intermediate facility he received supportive care for his
orofacial wounds and fractures. The tracheostomy tube was removed and the stoma closed spontane-
ously. He was evacuated to CONUS after 9 days at the intermediate facility.

Late Care: The patient arrived at a late care hospital after 5 days in transit. He was provided
supportive care until 3 months post injury when intermaxillary fixation was released and lack of
consolidation of the mandibular fragments was noted. To stabilize the fragments, a custom mandibular
splint was constructed and secured to the mandible with circumferential wires to provide monoarch
stabilization. The mandible did not consolidate and the splint was removed 3 months later just prior to
bone grafting, at which time there was collapse of the mandibular fragments. The tissues of the mouth
floor were supple and thus the fragments were not bound by dense scar tissue. Two days later, 6 months
post injury, an autogenous PCM graft to the mandible was performed following satisfactory reposition-
ing of the fragments and preparation of the graft bed. The mandible was immobilized with arch bars and
intermacxillary fixation. Postoperative radiographs revealed the fragments to be in good position and
intermaxillary fixation was discontinued after 11 weeks, at which time the grafted mandible was stable. A
mandibular partial denture was inserted 9 months post grafting. The patient’s masticatory function and
appearance were acceptable when last examined 6 years after injury.
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| Upper left: Appearance of 21-year-old casualty following fragmentation wound to lower face. Upper right: Appearance of
| wound at time of debridement during early definitive treatment showing the extent of tissue damage. Mddle left: Posteroan-
| terior radiograph on the day of injury showing extent of damage to the mandible. Middle right and lower left: Posteroanterion
| and lateral oblique radiograph showing position of fragments following closed reduction. Lower right: Appearance of patient
i after closure of wounds and establishment of dependent drainage.
|
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Upper left: Missile jacket that was recovered from the wound. Upper right: Intraoral appearance of wound area 6 months post
injury just prior to mandibular bone grafting for continuity. Muddle left: Lateral oblique radiograph several days following a
PCM graft to the mandible. Middle right: Panoramic radiograph, 5 years and 3 months post bone grafting, showing continuity
of the mandible and maturation of osseous tissue in the graft region. Lower left and lower right: Intraoral appearance 6 years post
grafting. Although the bulk of the alveolous was deficient, the soft tissues were fixed to the underlying bone and it was possible
to construct a functional prosthesis.
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CASE NUMBER 10

Description of Injuries: This 21-year-old casualty received fragmentation wounds from mortar
fragments that entered his left cheek, passed through the left body of the mandible, floor of the mouth,
larynx, right sternoclavicular joint, and entered the apex of the right pleural space. He sustained a
compound, comminuted, avulsive fracture of the left mandibular body and angle, compound fracture
of the thyroid cartilage, sternoclavicular joint, and lacerations of the right vocal cord.

Early Care: The patient was evacuated to a 4th-echelon medical facility the day of injury where,
following triage and radiographic examination, he was taken to the operating room. A tracheostomy was
performed and chest tubes were placed. Following maxillofacial wound debridement, open reduction of
the fractured mandible was accomplished with transosseous wires and the mandible immobilized with
intermaxillary fixation. Drains were placed and the wounds closed. The neck wounds were closed after
debridement, laryngeal repair, and placement of a laryngeal finger stent. The patient entered the
medical evacuation system 5 days post injury.

Intermediate Care: The patient was received at an intermediate medical facility the day of dis-
charge from the early care facility. He was provided supportive care during this interval and was re-
ported to have a continual spiking fever. The laryngeal stent was removed and replaced. A pleural-
cutaneous fistula in the neck was observed to be closing. He was medically evacuated to CONUS 22 days
after his initial injury.

Late Care: The patient arrived at a late care hospital after 4 days in transit. Upon admission his
maxillofacial, laryngeal, and chest wounds were infected. Initial care consisted of vigorous local and
systemic treatments for these infections. The tracheal stent was expelled by the patient during vigorous
coughing; however, there was no airway compromise and the laryngeal wound was managed satisfactor-
ily without further surgical intervention. The facial wounds were debrided of exposed transosseous
wires and devitalized osseous fragments 17 days after admission to the late care hospital. At this time the
mandibular fractures were repositioned and an external skeletal-pin fixation appliance (biphase) was
placed to stabilize the mandibular fragments.

The general medical condition of the patient improved following control of his infection and the
chest and tracheostomy tubes were removed 45 days after late care admission. In preparation for a
mandibular bone graft, the mandibular right cuspid tooth (#22) was removed 13 weeks after admission
to the late care facility. The biphase appliance was removed after it had been in place 4 months.
Immobilization was maintained with intermaxillary fixation until a PCM graft from the right ilium to the
left mandible was performed 5% months following initial injury. Although radiographically the mandi-
ble appeared to be intact, clinical evaluation had revealed that it was unstable as digital pressure had
resulted in flexion and mobility of the fragments. At surgery a fibrous union was observed at the junction
of the ramus with the body. Postoperatively, the patient developed an infection overlying the region of
the bone graft and was treated with antibiotics tollowing appropriate microbiologic testing. The infec-
tion failed to resolve after repeated courses of antibiotics, and 3 months following surgery the metallic
crib and microporous filter were removed. At the time of crib removal there was evidence of new bone
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196 - Case number 10

formation; however, there was still clinical mobility at the graft site. Postoperatively, intermaxillary
fixation was continued for 6 weeks at which time the patient was placed in function. Over the next 8
months the graft consolidated, and 18 months following initial injury the mandible was in continuity and
stable. At last follow, 6 years and 10 months after initial injury, the patient had excellent incisal opening i
(52 mm) and normal range of mandibular motion. The mandibular contour had been maintained and
facial esthetics were acceptable. Masticatory function was adequate in the mind of the patient although
considerable dental treatment was indicated, as well as preprosthetic surgery, to restore optimum
masticatory capacity.
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Upper left: Posteroanterior radiograph on the day of injury showing severely comminuted left mandible. Upper right: Postero-
anterior radiograph, immediately post treatment on the day of injury, showing inadequate reduction of the mandibular
fragments but establishment of intermaxillary fixation with arch bars. Middle left: Left lateral oblique radiograph, taken at
intermediate care facility, showing inadequate reduction of osscous fragments with malalignment of ramus. Middle right:
Panoramic radiograph on day of admission to late care facility. Lower left: Left lateral oblique radiograph showing a disconti-
nuity defect after local debridement that was necessitated by oral wound dehiscence and suppuration. Lower right: Appear-
ance of patient at time of application of biphase external skeletal fixation appliance shortly after debridement of oromandi-
bular wound. The first phase connector had not as yet been removed.
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Upper left: Left panoramic radiograph showing position of fragments and progress of healing 2% months following injury and
I month after application of biphase appliance. Upper right: Left panoramic radiograph 5 months post injury following
removal of biphase appliance prior to bone grafting. Fragments had consolidated at the inferior border; however, there re-
mained flexion and instability of the mandible. Middle left: Appearance of mandible at the time of bone grafting showing a con-
solidated bony strut and a line of fibrous union adjacent to the periosteal elevator. Middle right: Left panoramic radiograph
48 hours following PCM grafting. Lower left: Left panoramic radiograph, 3 months post grafting. just prior to crib removal
that was necessitated by recurrent graft infection. Lower right: Left panoramic radiograph 1 month following removal of the

metallic crib. A linear area of radiolucency is seen in midportion of the osscous bridge. The mandible was stable although at
this interval there was still flexion.
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Upper left and upper right: Appearance of patient, 7 years post injury, showing mandibular symmetry and minimal residual
deformity. Middle: Panoramic radiograph 1 year post grafting. The mandible was stable, the area of the graft was consolidated,
and the osseous bulk had increased since the crib was removed 9 months previously. Lower: Panoramic radiograph at last
follow up, 7 years post injury. Very dense bone had developed in the area of injury and grafting. This is compensatory to the
consolidation of functional stress in this thin region of the mandible. Although an alveolar defect existed, the patient was not
interested in further treatment. Dental disease was extensive in both the maxilla and mandible. If teeth are lost and function
becomes dependent on a prosthesis, some type of preprosthetic surgery will be required to maintain a masticatory capacity.




CASE NUMBER 11

Description of Injuries: This 19-year-old casualty sustained a through-and-through high-velocity
missile wound to the lower face that resulted in a compound, comminuted fracture and partial avulsion
of the anterior mandible.

Early Care: At a 4th-echelon medical facility, the wounds were debrided and an alloplastic implant
was fabricated from Kirschner wire and acrylic blocks and secured to the proximal mandibular frag-
ments. The mandible was immobilized with intermaxillary wire fixation, the orofacial wounds were
closed primarily, and a through-and-through drain was placed along the missile tract. The patient’s
postoperative course was satisfactory and he was discharged to the medical evacuation system 5 days
after injury.

Late Care: There was no intermediate facility admission, and the patient was admitted to a late care
facility after 4 days in transit at which time intraoral wound drainage was present. Antibiotic therapy
(based on culture and sensitivity testing) as well as local wound care were successful in resolving the
infection. However, over the next several months there were repeated exacerbations of the infection
with facial and oral drainage. Ten months post injury the alloplastic implant eroded through the oral
mucosa and it was removed. After the implant was removed, the infectious process resolved and 2
months later the mandible was reconstructed with an autogenous rib graft. An infection developed
about circummandibular wires that had been placed to secure an acrylic stent used to stabilize the frag-
ments. The infection was managed with local wound care and a variety of antibiotics over a 2}2-month
period. Fortunately, loss of graft substance was limited. Intermaxillary fixation was maintained for 4
months, and subsequently, a mandibular denture was constructed that was partially supported by pre-
cision attachments to crowns on the remaining molar teeth. There was deficiency of alveolar structure in
the anterior mandible and inadequate marginal seal of the denture flange in the buccal vestibule. The
molar teeth subsequently loosened as a result of the torquing action of the mandibular denture and were
removed; the patient’s ability to satisfactorily masticate was lost. Fifty-five months following the success-
ful continuity graft to the mandible, an autogenous iliac graft was performed to augment the deficient
alveolar portion of the mandible. Wound dehiscence with partial graft sequestration occurred on the
right side following the procedure. When last examined 3 years after preprosthetic bone graft augmen-
tation of the mandible and 9% years following injury, the patient was wearing a denture that provided
satisfactory masticatory function although vestibuloplasty had been recommended.
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Upper left: Appearance of a 19-year-old casualty at time of triage following a high-velocity missile wound to the lower face.
Upper right: Appearance after fracture reduction, soft tissue closure, and through-and-through wound drainage. Middle left
and middle right: Posteroanterior and lateral oblique radiographs prior to initial debridement and treatment. Lower left:
Appearance 2 months after injury showing an abscess that had formed in the right cheek overlying the alloplastic implant.
Lower right: Panoramic radiograph, 9 months post injury, showing the alloplastic implant stll in place. The implant was
removed a month later because of chronic infection and the fact that it precluded definitive hard and soft ussue reconstruction

of the mandible to a functional status.
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Upper left: Appearance of the alloplastic implant at the time of removal 10 months postinjury. The implant had been fabricated
from Kirschner wires and acrylic blocks. Upper right: Panoramic radiograph 3 weeks after rib graft reconstruction of the
mandible. Middle left: Panoramic radiograph 17 weeks post grafting. Middle right: Panoramic radiograph 9 months post graft-
ing. Lower: Panoramic radiograph, 11 months post grafting, showing consolidation of the graft.
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Upper left and upper right: Appearance of patient 54 months after injury. There was excellent symmetry in the lower one third of
the face where the anterior mandible had been reconstructed. Middle left: Intraoral appearance of patient, 42 months
following rib grafting of the mandible, showing gold crowns on the remaining molar teeth that supported a precision
attachment denture. Middle right: Appearance of floor of mouth with deficient alveolar process and inadequately stable mouth
floor-vestibular mucosa. Lower left: Appearance of precision attachment mandibular denture in occlusion with natural
maxillary dentition. Lower right: Posteroanterior radiograph, 42 months post grafting, showing mandibular symmetry, as well
as molar crowns and extension bar, that supported the mandibular denture in a cantilever fashion.
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Upper: Panoramic radiograph, 42 months following rib graft reconstruction of the anterior mandible, showing the mature and
well-consolidated graft. Muddle: Panoramic radiograph, 9 months following augmentation of the mandible. with an autoge-
nous iliac corncocancelious graft. The molar teeth that had supported the denture had been loosened by the torquing action
of the cantilever-like prosthesis and had been removed approximately 44 months after insertion of the denture. A portion of
the augmentation graft had been lost on the right side subsequent to wound dehiscence. Lower: Panoramic radiograph 35
months following augmentanon grafung of the mandible.




206 - Case number 11

Upper left: Appearance of mandibular alveolus 35 months after reconstruction by an autogenous iliac graft. Upper right
Appearance of denture flange on stabie vestibular mucosa 35 months following alveolar bone graft augmentation. Lawer left
Appearance of denture occlusion at same interval described in upper lettand upper right. Lower right: Oc clusal radiograph ot
reconstructed mandible 8 vears and 7 months post injury, 7 vears and 7 months following gratung for continuity. and 35
months after grafting tor functional augmentation. Maturation of the bone graft was evident. Fragments of lingual cortex that
had been retracted into the mouth floor at the time of initial injury were sull evident although they atforded no functional
impairment to the patient.
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CASE NUMBER 12

Description of Injuries: This 23-year-old casualty sustained a penetrating wound of the face when
fragments from a booby trap entered the left chin area and exited the right cheek resulting in a
compound, comminuted fracture of the right body of the mandible.

Early Care: The patient was admitted to a 4th-echelon medical facility the day of injury. Following
triage and radiography it was necessary to control orofacial bleeding in the surgical staging area. In the
operating room, a closed reduction of the fractured mandible was accomplished with arch bars and
intermaxillary elastic fixation, the wounds were debrided and the fragments of the mandibular right first
molar (#30) were removed, soft tissue wounds were closed primarily, drains were placed, and an elective
tracheostomy was performed. The patient was medically evacuated to CONUS 28 days following injury.

Late Care: There was no admission to an intermediate facility and the patient was received at a late
care hospital after 2 days in transit. Chronic infection had developed in the region of the right
mandibular wound and teeth and bone were debrided intraorally in a series of procedures that extended
over a 5-month period. Instability of the mandible was still present 6 months post injury and an open
reduction was performed in an unsuccessful attempt to obtain osseous union. A PCM graft was placed 10
months post injury to restore continuity. Six weeks post grafting the mandible was mobilized and found
to be stable. At last follow, 7 years and 9 months post injury, there was normal mandibular function and
the patient was wearing a mandibular partial denture without difficulty. The appearance of the patient
was satisfactory with minimal evidence of injury.
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Upper left: Appearance of patient at surgery on the date of injury, showing the wounds of entrance (EN) and exit (EX). Upper
right: Posteroanterior radiograph, on the date of injury, showing the position of the mandibular fragments after treatment.
Middle: Panoramic radiograph, following admission to a late care hospital 2 months post injury, showing teeth projecting into
the region of comminuted fracture. Lower: Panoramic radiograph, 6 months post injury, showing the extent of the osseous
defect that had resulted from the necessity to repeatedly debride the region of fracture to control chronic infection. The

mandibular right second bicuspid and second molar had been removed at the late care facility in conjunction with debride-
ment.
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Upper: Panoramic radiograph 6% months postinjury following open fracture reduction that was accomplished in an attempt to
effect consolidation of the mandible. Middle: Panoramic radiograph 10 months post injury and 48 hours following PCM bone
grafting that was necessitated by lack of union at the fracture site. Lower: Panoramic radiograph, 8 weeks post grafting,
showing osseous repair. The mandible was stable at this interval and the patient was in full function. The mandibular left first
molar had been removed just prior to the time of this X-ray.
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Left: Appearance of patient, 47 months post injury, 37 months post bone grafting, showing facial symmetry and minimal
evidence of the extensive wounding. Upper right: Intraoral appearance. 47 months post injury. showing rightalveolus in region
of injury and grafting. Middle right: Intraoral appearance. 47 months post injury. showing prosthetic restoration of occlusion
with removable partial denture. Lower: Panoramic radiograph 7 vears and 9 months post injury and 7 vears post bone grafting.
Mandibular teeth adjacent to graft region have been endodontically treated. The high flange margin of the metallic crib was

affording the patient no functional impairment nor discomfort. although its presence would compromise the ability to
perform preprosthetic surgery.




CASE NUMBER 13

Description of Injuries: This 32-year-old casualty received fragmentation wounds to the face
resulting in a compound, comminuted fracture of the mandibular symphysis.

Early Care: He was first seen at a 2nd-echelon medical facility where first aid was provided. He was
then evacuated to a 4th-echelon medical facility where his facial wounds were debrided and an open
reduction of the fractured mandible was performed. The soft tissues were closed, through-and-through
drains were placed, and intermaxillary fixation was applied. The patient was admitted to the medical
evacuation system 2 days postoperatively.

Late Care: The patient was medically evacuated directly to CONUS without an admission to an
intermediate care facility and was admitted to a late care hospital after 3 days in transit. An acute
infection had developed during the transit period and upon admission there was a draining orofacial
wound. The infection was treated with local care and systemic antibiotics. Over the next 2 months the
oral wound required repeated debridement of loose wires and nonvital bone fragments. In addition, it
was necessary to remove the mandibular incisors and right cuspid teeth (#23-27) because of the necrotic
process in the symphysis region. A cast mandibular splint was inserted at the time of initial debridement
to provide additional stability to the mandible. An autogenous cancellous block graft from the rightiliac
crest to the mandibular symphysis was performed 16 weeks after injury. The postoperative course was
uneventful. Intermaxillary fixation was discontinued 8 weeks after grafting and monoarch stabilization
with a metallic lingual splint was maintained for another 6 weeks. No attempt had been made to
reconstruct the alveolar portion of the mandible, and for this reason, it was necessary to construct a
removable partial denture that depended on a fixed-bar prosthesis for its stability and support. At the
last follow, 8 years and 6 months after injury, the patient had a full range of mandibular motion.
Although he was wearing his partial denture, the abutment teeth for the fixed-bar prosthesis had lost
an extensive amount of osseous support. If these teeth are lost, preprosthetic surgery will be necessary to
restore masticatory function. Facial symmetry had been restored and there was little residual deformity.
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Upper left: Appearance of 32-year-old casualty showing penetrating submental fragmentation wounds. Upper right: Lateral
PF : ) B g g g

radiograph showing severe comminution of the mandibular symphysis region. Middle left: Posteroanterior radiograph on date
of injury following open wire reduction of the parasymphysis fractures and intermaxillary fixation with arch bars. Middle right:
Appearance post treatment, with patient in arch-bar intermaxillary fixation. No anterior mandibular teeth had been removed
at the time of initial wound management. Lower left: Appearance of oral wound 21 days postinjury and 14 days following initial
debridement and tooth removal at late care facility. The mandibular left lateral and central incisors, right lateral and central
incisors, and right cuspid had been removed. Debridement was necessitated by dehiscence and suppuration that developed
during direct transfer to CONUS. Lower right: Custom monoarch splint that was applied after additional secondary debride-
ment to maintain fragment position and permit jaw function before bone grafting.
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Upper left: Posteroanterior radiograph 4 months after injury just before bone grafting. A second splint had been constructed
for fixation in conjunction with the bone graft. Although there was some consolidation at the symphysis, flexion still existed as
well as lack of contour. Upper right: Intraoperative appearance of solid, autogenous, iliac bone graft that was onlaid to the
symphysis defect. Middle left: Posteroanterior radiograph 48 hours after bone grafting. Middle right: Intraoral appearance 8%
weeks post grafting showing the monoarch splint that was providing continued stability to the healing graft. Lower left:
Intraoral appearance 4 months post grafting before construction of a prosthesis. The mandible was firm and the occlusion
stable, but a dentoalveolar defect existed with absence of an osseous base to support a prosthesis and distortion and instability
of vestibular soft tissues. The normal relation of the dental arches had been maintained. Lower right: Appearance 5 years and 9
months post injury of fixed-bar appliance that was constructed to support a removable partial denture prosthesis 5 months
after the bone graft. Recession of periodontal tissues about the abutment teeth was occurring but the teeth and appliance were
stable. Preprosthetic surgery had not been considered at the time of partial denture fabrication.
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Upper left: Appearance of mandibular partial denture and occlusion 5 years and 9 months post injury. Upper right: Appearance
of fixed-bar appliance 7 years and 9 months following its insertion. Periodontal recession had continued and the bar and teeth
were becoming unstable. Middle left and middle right: Facial appearance of patient 8 vears and 6 months post mjury. Lower
Panoramic radiograph 8 years and 6 months post injury. Limited osseous support of the abutment teeth for the ixed-bar
appliance is evident. If these teeth are lost, preprosthetic surgery will be necessary for satisfactory prosthetic restoraiion
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CASE NUMBER 14

Description of Injuries: This 23-year-old casualty sustained fragmentation wounds to the face that
resulted in an extensive avulsive injury of soft and hard tissues. These wounds included a compound,
comminuted, avulsive fracture of the right mandible from the ramus to the symphysis and a Le Fort 11
fracture of the maxilla.

Early Care: The patient was admitted to a 3rd-echelon medical facility where an emergency
tracheostomy was performed. His wounds were debrided and an avulsive wound of the tongue was
closed with available oral mucosa from the floor of the mouth. Following extensive debridement, a
closed reduction of the mandibular fractures was accomplished with arch bars and intermaxillary
fixation to stabilize the remaining fragments. An open reduction was performed on the maxillary
fracture with direct osseous wiring and antral packing. The postoperative course was satisfactory, the
antral packing was removed on the 4th postoperative day, and on the 7th postoperative day the patient
was admitted to the medical evacuation system.

Intermediate Care: The patient entered an intermediate care facility after 2 days in transit. On
admission the orofacial wound was draining a purulent exudate. The wounds were debrided, cleansed,
irrigated, and appropriate antibiotic therapy was initiated. After 6 days drainage ceased and the wounds
healed spontaneously. Eleven days after admission (20 days post injury) a cast palatal splint designed to
immobilize maxillary fractures was secured to the dentition under general anesthesia. During this
anesthetic period the maxillary right second and third molar teeth and retained root of mandibular left
central incisor (#1, 2, 23) were removed. An oroantral fistula was closed and revision of the floor of the
mouth was performed to obtain mobility of the tongue. The patient’s postoperative course was unevent-
ful and 2 days following surgery he was released to the medical evacuation system for transfer to
CONUS.

Late Care: The patient arrived at the late care hospital after 9 days in transit. The osseous wounds
healed slowly and required minimal debridement. Over the next 6 months, several soft tissue proce-
dures were performed to improve the function of the lower lip. Six months following return to CONUS
and 8 months following injury, a bone graft to the mandible was performed to restore continuity. The
graft consisted of an autogenous, corticocancellous block from the left ilium combined with a PCM
extension that established the distal union. Because of insufficient stability postoperatively, an external
skeletal fixation appliance was applied. The patient was maintained in fixation for 16 weeks. After
satisfactory graft consolidation, numerous procedures for cosmetic revision of the lower lip and facial
scars were performed, including a skin graft to the right fleor of the mouth, accomplished in an
unsuccessful attempt to provide more stable support for a removable prosthetic appliance. Twenty-five
months following continuity grafting, bone graft augmentation of the mandible graft was performed
utilizing autogenous rib. At the time of surgery, incision in the right floor of the mouth resulted in
profuse release of confined mucinous salivary secretions. Postoperatively, a small dehiscence occurred in
the line of closure and an exudate of saliva persisted for a short time. Six months after this procedure, a
vestibuloplasty with split-thickness skin grafting was performed. Eleven months post grafting a portion
of the augmentation rib graft sequestered. The area healed well by secondary granulation and no
further sequelae developed. At last follow, 6 years and 2 months after injury, the patient still required an
additional bone graft that was now possible because of a softening of scar tissue and soft tissue relaxation.
An additional soft tissue procedure, with or without augmentation bone grafting, would permit con-
struction of a more functional prosthesis.
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Upper: Panoramic radiograph, 7 months following injury, showing a large discontinuity defect of the mandible extending from
a small residual fragment of the right ramus to the left parasymphysis area. Middle left and middle right: Appearance of patient 7
months following injury. Lower left and lower right: Cast metal splints that were constructed for fixation at the time of bone
grafting.
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Upper left: Template that was fabricated to simulate the size and configuration of the mandibular defect to aid in design and
recovery of an autogenous iliac graft. Upper right: Metallic crib that served as a PCM graft extension of the solid graft to bridge
the symphysis detect, enhance graft union, and establish the necessary curvature to the graft in the symphysis region. Middle:
Solid autogenous iliac graft with PCM grafting system extension attached. Lower: Combined solid iliac and PCM graft secured
in the graft bed.
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Upper left and upper right: Biphase external skeletal fixation appliance that was placed 14 days post gratting to enhance stabilinn
of the graft and host fragments. Middle: Panoramic radiograph 9 months following conunuity bone grvatting. Lower
Panoramic radiograph 21 months following continuity bone grafting.
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Upper left: Appearance of patient 21 months following continuity bone grafting just prior to augmentation bone gratting.
Upper right: Appearance of parasymphysis graft-host junction and crib just before its removal at time of augmentation bone
grafting 25 months following the continuity bone gratt. Muddle left: Appearance of right side and symphysis region of
mandibular continuity bone graft following crib removal at time of augmentation bone grafting. Muddle right and lower left
Appearance of autogenous rib segment that had been prepared to augment the continuity bone graft. Lower nght: Appearance
of augmentation rib graft secured in place with circumferential wires.
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Upper: Panoramic radiograph 1 week following rib graft augmentation of the mandible. Middle: Panoramic radiograph 15
months following augmentation grafting and 40 months following continuity grafting. Lower: Right mandibular panoramic
4 radiograph 42 months following augmentation grafting and 67 months following continuity grafting.




CASE NUMBER 15

Description of Injuries: This 21-year-old casualty received a high-velocity missile wound to the |
face. The projectile entered the left nasolabial fold area and exited the right submandibular region |
resulting in extensive avulsion of hard and soft tissues in the path of the missile. There wee fractures of
the maxillary right and left first molars, lateral incisor (#3, 14, and 10), and the hard palate as well as
laceration of overlying soft tissue. A large segment of the tongue was avulsed and there was fracture _
avulsion of the right mandible with associated teeth from the symphysis region to the ramus.

Early Care: The patient was evacuated to a 4th-echelon medical facility (hospital ship) where an |
emergency tracheostomy was performed under local anesthesia. The maxillary first molar and second
bicuspid teeth (#3 and 4) were removed and the maxillary antra explored bilaterally and packed with
petrolatum gauze exited through nasal antrostomies. The oromandibular-facial wounds were debrided
and a rotation flap turned from the neck to assist closure of the exit wound. Dependent drainage was
established. Intermaxillary fixation was effected with maxillary and mandibular arch bars and circum-
zygomatic suspension wiring was placed to assist stabilization of the fractures. He was admitted to the
medical evacuation system 9 days post injury in satisfactory condition.

Intermediate Care: The patient was received at an intermediate facility the day of discharge from
the early care facility. Necessary wound debridement was performed and supportive care provided until
his medical evacuation 21 days following admission.

Late Care: The patient entered a late care hospital (CONUS) after 5 days in transit. His mandible
was mobilized and suspension wires were removed 4 days following admission. Over the next 8 weeks, he ]
underwent several surgical debridement procedures. A compound odontoma and an associated im-
pacted cuspid tooth (#27) were removed from the mandibular parasymphysis 11 weeks after admission,
in addition to the impacted right maxillary and mandibular third molars (#1 and 32). Twelve weeks
following admission, a transmastoid, extratemporal exploration and decompression of the facial nerve
was accomplished in an attempt to reestablish integrity of motor function. Atsurgery perineural scaring
was found, although the facial nerve was intact. Postoperatively only minimal return of facial nerve
function was appreciated. Thirteen months post injury, an autogenous iliac corticocancellous block graft
augmented with particulate cancellous marrow was placed to restore continuity. The postoperative
course was satisfactory and he was placed in function 12 weeks post grafting at which time the mandible
was firm and stable. At the time of last follow, 5 years and 10 months postinjury and 4 years and 9 months
post grafting, all wounds were well healed. The mandible was stable, but preprosthetic surgery was
required in the mandible if the patient was to wear a prosthesis. He was disinclined to receive any further
treatment. He had normal mandibular range of motion but was not wearing a dental prosthesis.
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Upper left: Appearance of 2l-year-old casualty showing the entrance (EN) and exit (EX) wounds that resulted from a
high-velocity missile. Upper right and middle left: Lateral and posteroanterior radiographs on day of injury showing the extent of
underlying skeletal damage to the maxilla and mandible. Middle right and lower: Appearance of patient 1 month post injury.
The wound scars were healing satistactorily although there was a flaccid appearance to the vight side of the face, secondary to
facial nerve damage that resulted from the injury.
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Upper: Panoramic radiograph, 4 months post injury, showing an extensive discontinuity defect of the right mandible and a
healing defect of the left maxilla. An impacted cuspid tooth and an odontoma were presentin the symphysis region. Muddle:
Panoramic radiograph 6 months post injury. The unerupted cuspid and odontoma had been removed. Lower: Panoraniic
radiograph 13 months postinjury. The osscous injuries were well healed and the discontinuity of the right mandible remained
Endodontics had been pertormed on the mandibular left Lateral incisor (#24).
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Upper left: Appearance of operative site for bone grafting to the mandible showing outline of hypertrophic scar excision that
was performed in gaining access to the disco: tinuity defect. The graft operation was performed 13 months postinjury. Upper
right: Appearance of mandibular discontinuity defect at time of bone grafting showing proximal and distal fragments. Mddle
left: Appearance of autogenous, corticocancellous iliac bone graft onlaid to the lingual cortex of the proximal and distal
fragments. Middle right: Appearance of graft augmented with particulate cancellous marrow. Lower: Appearance of wound
closure. The vertical segment of the hypertrophic scar was also excised and the wound was drained from a separate, dependent

incision in the neck.
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|
Upper: Panoramic radiograph, I month post bone grafting, showing the custom splints used for intermaxillary fixation and the
size and contour of the graft that restored the area of discontinuity. Middle: Panoramic radiograph, 3 months post bone
grafting, showing evidence of osseous consolidation. The graft was stable at this interval and the intermaxillary fixation was
discontinued. Lower: Panoramic radiograph 18 months post grafting. The graft had healed well and remodeled with limited
reduction in bulk. Additional endodontic and restorative dental procedures had been performed.
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Upper left: Posteroanterior radiograph, 18 months post grafting, showing the symmetrical appearance of the reconstructed
mandible. Upper right: Appearance of patient, 30 months post grafting showing facial symmetry and acceptable esthetics.
Middle left: Intraoral appearance of graft area in the right mandible 30 months post grafting. Continuity had been restored but
there remained a need for additional preprosthetic surgery if a mandibular partial denture was to be constructed. At that time
the patient was reluctant to accept treatment. Middle right: Appearance of well-healed maxilla 30 months postinjurs. Lower
Panoramic radiograph, 4 years and 9 months post grafting. The graft had remodeled in response to the functional
requirements of the mandible and displayed normal trabeculation oriented to the vectors of stress within the bone. Endodon-
tics had been performed on the mandibular left first molar.




CASE NUMBER 16

Description of Injuries: This 21-year-old casualty received a high-velocity missile wound to the face
and neck. The missile entered the mouth and exited the left mandible entering the left shoulder. He
sustained a compound, comminuted, avulsive fracture of the left mandibular body from the symphysis
to the ramus.

Early Care: He was medically evacuated to a 3rd-echelon facility the day of injury where emergency
care was provided including a tracheostomy, debridement and closure of soft tissue injuries, as well as
closed reduction of the mandibular fractures. He was transferred to a 4th-echelon facility 2 days
following injury where supportive care was provided. On the 5th postoperative day he was admitted to
the medical evacuation system.

Late Care: There was no admission to an intermediate facility and he was received at a CONUS
hospital 12 days post injury after 7 days in transit. Debridement of the fractured maxillary left incisor,
cuspid, and second molar teeth (#10, 11, and 15) was accomplished in the first week following admission.
Twenty-two weeks after injury, a vestibuloplasty with mucosal grafting of the left mandibular alveolabial
sulcus was performed to release adhesions of the tongue and floor of the mouth. The mucosa graft was
taken from the right cheek. Nine months post injury a PCM graft was placed to restore mandibular
continuity. The postoperative period was complicated by infection which responded to antibiotics and
local wound care. The mandible stabilized, and 5 months following bone grafting, another vestibulop-
lasty with a free-mucosal palatal graft was performed to extend the left mandibular alveolabial sulcus. At
last follow, 6 years and 1 month following injury, the metallic crib remained in place and, although there
was limitation of mandibular opening to 21 mm, the mandible was stable. A prosthesis had been
constructed although it was providing very limited function. The remaining mandibular dentition
manifested pararadicular radiolucencies and their future efficacy as aids to a prosthesis was question-
able. The large crib was presumably providing the major support to the mandible since the amount of
osseous tissue within the crib appeared to be quite limited in the body-symphysis region. Bony augmen-
tation or extension of the vestibuloplasty was not advisable because of the height of the crib. If teeth are
lost and a full removable denture is required, it is anticipated that crib removal will be necessary followed
by bone grafting for increased stability as well as restoration of an alveolar base. Vestibuloplasty will also
be necessary.
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Upper: Panoramic radiograph of a 21-year-old casualty 5 months following a high-velocity missile wound to the orofacial area.
A discontinuity defect of the left mandible existed. Middle: Panoramic radiograph, 9 months post injury just prior to bone
grafting, showing the presence of custom splints that were used for intermaxillary fixation. Lower: Panoramic radiograph 4
days following bone graft reconstruction of the mandible with a PCM graft system. A metallic crib had been custom fabricated
for the procedure.
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Upper: Panoramic radiograph, 4 months post grafting, showing the metallic crib in place with evidence of osseous proliferation
above the level of the crib in the angle-body and symphysis regions of the graft. Middle left: Intraoral appearance of tissue
overlying the bone graft 27 months post grafting. Continuity was present but there was essentially no alveolar ridge and,
although the soft tissues were partially stabilized by vestibuloplasty, a truly adequate denture base did not exist. The
vestibuloplasty was compromised by the presence of the metallic crib. Middle right: Appearance of occlusion 27 months post
grafting. Normal intermaxillary relations and occlusion were maintained on the right side. Considerable gingival recession was
evident about the maxillary left anterior teeth. Lower left: Appearance of temporary soft-lined stent that the patient was
wearing 27 months post grafting. Lower right: Appearance of prosthesis that was worn 51 months post grafting.
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Upper left: Appearance of patient, 5 years and 4 months postinjury. Upper right: Appearance of prosthesis that was worn 5 years
and 4 months post grafting. Note the abnormal bulk of the denture flange which was resting on thin mucosal tissue covering
the rim of the metallic crib. If additional teeth are lost prosthesis construction will be extremely difficult without additional
preprosthetic surgery which in turn is precluded by presence of the metallic crib. Middle: Occlusal radiograph 5 years and 4
months post grafting. There was only a thin strut of bone evident within the metallic crib which was providing the major
stability to the mandible. Lower: Panoramic radiograph 5 years and 4 months post grafting. In the 5 years since the X-ray
displayed in the lower panel (p. 228) there had been fracture and collapse of the crib at the ramus junction. A unique osseous
appearing structure, perhaps an enlarged styloid process, was seen contacting the distal-superior corner of the crib.




CASE NUMBER 17 |

Description of Injuries: This 23-year-old casualty received a high-velocity missile wound to the
lower face. The wound entrance was just inferior to the left mandibular angle and the missile exited at
the right commissure of the mouth. There were lacerations of the face, right oral commissure and oral
cavity, as well as avulsion of teeth and supporting alveolar structure from the left mandible including the
i region from the lateral incisor tooth (#23) to the mandibular right second bicuspid tooth (#29).

Early Care: Following injury this patient was taken to a 3rd-echelon medical facility where a
tracheostomy was performed to ensure an airway. The soft tissue wounds were then debrided and closed
| primarily. A closed reduction of his mandibular fractures was performed utilizing arch bars and a
d biphasic external skeletal fixation appliance. The patient’s postoperative course was satisfactory and he
% was admitted to the medical evacuation system 2 days after injury.
!
|

Intermediate Care: The patient entered an intermediate care facility the day of transfer. An
extraoral open reduction of the mandibular fracture was performed 9 days following admission. The
patient was made available to the medical evacuation system 4 days postoperatively (17 days post injury).

Late Care: Admission to a late care hospital occurred after 2 days in transit. Intermaxillary fixation
was discontinued 7 days following admission (10 days after open reduction) and stability was maintained
with a biphase appliance. Over the next several weeks the mandibular right first molar (#30) and the
| maxillary left third molar (# 16) were removed and the fracture of the mandible stabilized very
slowly. A removable partial denture was constructed and delivered 4 months following injury while the
biphase appliance was still in place. Three weeks later, the external skeletal fixation was removed.
Although the mandible was grossly stable and there was radiographic evidence of osseous repair, the
partial denture was functionally inadequate because of deficient aiveolar structure, unstable underlying |
soft tissue, and flexion at the thin strut of bone in the midbody. Subsequently, several scar revisions
were accomplishe’ to release the contracture at the right lip commissure. An autogenous PCM graft
was placed 11% 1 -+ s after injury to reconstruct the dentoalveolar deformity. Twelve months follow-
ing bone graft augmeniation, a mandibular vestibuloplasty with skin grafting was performed to com-
plete reconstruction « © the mandible. At last follow, 6 years and 4 months post injury and 5 years and 5
months following augmentation bone grafting, the patient was wearing a mandibular denture without
difficulty, had full range of mandibular motion and demonstrated satisfactory masticatory function.
The region of the graft was fully mature with normal osseous architecture and the level of augmentation
was essentially the same as 2 months post grafting.
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Case number 17

Upper left: Appearance of 23-year-old casualty when admitted to a late care facility 3 weeks after a high-velocity missile wound
to the face and jaw. An external skeletal fixation device had been placed as an adjunct to intermaxillary fixation and open
fracture reduction to help control the mandibular fragments. Upper right: Panoramic radiograph at time of admission to late
care facility 3 weeks after wounding. The mandibular first molar (#30) was projecting into the avulsive mandibular defect
without bony covering over the apex. Middle left: Panoramic radiograph 4 months after injury. Tooth #30 was removed 7
weeks post injury. Middle right: Panoramic radiograph 10 months post injury and 5 months after removal of external skeletal
fixation. The mandible had consolidated although a large osseous defect of the dentoalveolar process existed in the right body
region. Lower left: Study model appearance of dentoalveolar defect that existed 11 months after injury just before augmenta-
tion bone grafting. The soft tissues of the cheek and the floor of the mouth, which were continuous with one another, formed a
mobile tentlike sheet overlying the mandibular defect which did not afford a stable tissue base to support a prosthesis. Lower
right: Metallic crib lined with a microporous filter that was used to conform the particulate graft material in the defect.
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Upper left: Autogenous, particulate, cancellous marrow graft material from the ilium. Upper right: Metallic crib, microporous
filter, and particulate graft material in place across the dentoalveolar defect. Middle left: Mucosal dehiscence that developed
over the PCM graft 2 weeks post grafting. Frequentirrigations and vaseline packing over the defect controlled the extentof the
breakdown. Middle right: Panoramic radiograph 8 weeks following augmentation bone grafting just prior to metallic crib
removal. Evidence of osseous repair is seen below the level of the crib. Lower: Panoramic radiograph 7 months following
augmentation bone grafting. Increased alveolar height is evident at the graft site.
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Case number 17

Upper left: Guttaform lined compound impression that was made of the bone graft reconstructed alveolar ridge following flap
dissection. Upper night: Appearance of donor site on buttocks following dermatome excision of split-thickness skin graft at time
of vestibuloplasty 12 months after augmentation bone grafting. Muddle left: Skin gratt adapted to impression prior to securing
of stent over alveolar ridge. Middle right: Appearance of skin graft—vestibuloplasty site at time of stent removal 8 days
following surgery. Lower left: Appearance of skin graft—vestibuloplasty site 24 davs post surgery. Lower right: Appearance of
reconstructed alveolar ridge 24 months post bone grafting and 13 months post vestibuloplasty.
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Upper left and upper right: Appearance of prosthesis and occ lusion 13 months following vestibuloplasty. Note the position of the
mucosa-skin graft junction below the level of the denture flange. Muddle left: Appearance of prosthesis that was restoring the
mandibular defect. Middle right: Panoramic radiograph of reconstructed mandible 24 months post bone grafting. Lower left
and lower right: Appearance of lower face 5 vears after injury. Scar vevision has improved esthetics as well as tunction of the
lips and corner of the mouth.
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Upper left and upper right: Appearance of patient, 6 years and 4 months post injury, showing acceptable esthetics and lip
function. Lower: Panoramic radiograph, 5 years and 5 months following bone graft augmentation of the mandible, showing
full maturation of the graft area, normal-appearing trabeculation, and maintenance of alveolar height obtained at time of
augmentation bone grafting.




CASE NUMBER 18

Description of Injuries: This 21-year-old casualty was injured by a rocket fragment. He sustained a
large stellate laceration of the right cheek and a depressed fracture of the right zygoma. There was an
avulsive, compound, comminuted fracture of the right mandibular body, lacerations of the overlying
mucoperiosteum and avulsion of the right mandibular teeth and alveolus (#29-32). There was
neuropathy of the marginal mandibular branch of the 7th cranial nerve and laceration of the anterior
tonsillar pillar.

Early Care: The patient was evacuated to a 4th-echelon medical facility (hospital ship) where his
wounds were debrided, and a 5-cm incision was made along the inferior border of the right mandible to
facilitate the removal of a 3 X 4 X 1-cm metallic fragment. A closed reduction of the comminuted
fracture was performed, the mandible was immobilized with elastic traction, and the soft tissues were
closed primarily. Postoperatively, the patient developed swelling and purulent drainage from the area
overlying the right mandibular fracture. Bacteriologic testing revealed Pseudomonas aeruginosa, which
responded to therapy with systemic antibiotics and local wound care. Twelve days after injury, swelling
developed over the parotid area and 30 cc of clear fluid was obtained by aspiration. Inspection revealed
that the parotid duct had been severed; therefore, a 14-gauge polyethelene catheter was passed through
the oral mucosa opposite the area of pooling and sutured into place to create a fistulous tract. The
cannula drained saliva immediately after placement and no further soft tissue pooling occurred. The
patient was released to the medical evacuation system 6 weeks following initial injury.

Late Care: There was no intermediate care admission and the patient entered a late care hospital
after 5 days in transit. At the late care facility the parotid catheter was removed. The fistulous parotid
opening was functioning satisfactorily. Intermaxillary fixation was removed 10 weeks after injury, at
which time limited stability was present. Eight months following injury, a PCM graft was performed
because continued instability did not permit normal function. At the same time, a solid, one-piece, onlay
graft of iliac corticocancellous bone was placed over the right zygomatic depression to restore facial
symmetry. Intermaxillary fixation was discontinued after 5 weeks, at which time the mandible was
clinically stable. Twelve weeks post grafting the metallic crib and filter were removed via an intraoral
approach. At last follow, 7 years and 7 months post injury, both grafts were well healed. Periodontal
pathosis was affecting the remaining dentition. The patient was not able to wear a prosthesis over the
right mandible because of an insufficient alveolar process and improperly positioned vestibular soft
tissues.
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« Case number 18
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Upper left: Appearance of a 23-year-old casualty at triage, several hours following injury, showing a stellate laceration over lving
the right zygomatic area. Upper right: Posteroanterior radiograph showing the very large metallic fragment lateral and inferion
to the border of the right mandible. The fragment had caused a compound, comminuted. avulsive injury to the right
mandible. Muddle left: Appearance of metallic fragment after recovery from the right cheek. Muddle right: Posteroanterion
radiograph taken following closed reduction of the mandibular fracture showing the position of the reduced fragments. Lower
left: Lateral radiograph showing the fracture comminution of the right mandibular body and angle after closed reduction
Lower nght: Panoramic radiograph of right mandible, 1 month post injury. showing evidence of some consohidation
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Upper left: Panoramic radiograph 10 months post injury. The fracture was clinically mobile at this time although there was
osseous consolidation and remodeling. Upper right: Panoramic radiograph 5 days following PCM bone grafting to establish
mandibular stability. Middle left: Panoramic radiograph, 7 weeks post grafting, showing osseous regeneration in the region of
the graft particularly above the level of the crib. Middle right: Lateral oblique radiograph, 26 months post grafting, showing
restoration of continuity. Lower: Panoramic radiograph 5 vears post grafting. Although continuity has becn restored, there
remains limited vertical height of the mandible.
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Upper left and upper right: Clinical appearance of the patient 6 years post injury. Lower left and lower right: Appearance of the
occlusion and intraoral appearance of the right mandibular alveolar process. At last follow the patient was not wearing a
prosthesis. Periodontal pathosis was extensive and the fate of several critical teeth was questionable. Loss of additional
mandibular teeth would further preclude construction of a prosthesis without preprosthetic surgery including bone graft
augmentation plus vestibuloplasty.




CASE NUMBER 19

Description of Injuries: A 20-year-old casualty sustained a missile injury to the left maxillary
alveolus and posterior teeth during combat in the Korean conflict. A mortar fragment entered his
opened mouth fracturing and avulsing the maxillary left bicuspid and molar teeth and associated
alveolar process. There were no significant external injuries.

Early Care: The patient was taken to a mobile hospital treatment unit where the wound was initially
debrided.

Intermediate Care: The patient was immediately evacuated to an intermediate hospital where a
large oral-antral opening was noted and additional debridement was carried out which included
removal of the remaining tooth and free-bone fragments. The patient was evacuated to a CONUS
hospital for continued care.

Late Care: At the CONUS facility the oral-antral opening was successfully closed utilizing a soft
tissue buccal flap procedure. Other treatment included endodontic therapy on the maxillary left cuspid
tooth which had become devital following the injury. There was excellent occlusion and satisfactory
masticatory function with the remaining teeth; therefore, prosthetic restoration of the left maxillary
Adefect was not attempted and the patient was returned to active military duty. Five years following the
injury, a prosthesis was fabricated but was unsatisfactory because the vestibule and denture support area
were inadequate.

Nineteen years following injury the patient had developed moderate periodontal disease. Bone loss
around the left maxillary cuspid was extensive necessitating its removal. To facilitate construction of a
prosthesis for the left maxilla, bone graft augmentation followed by vestibuloplasty was required. A
PCM bone graft was performed 19% years after injury, followed by vestibuloplasty with split-thickness
skin grafting 6 months later. At last examination, 5 years post grafting and 25 years following injury, the
patient was wearing a functional prosthesis over a stable reconstructed alveolar ridge.
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Case number 19

Upper left: Study cast of maxilla for a 39-year-old casualty illustrating a deficient alveolar ridge and abnormal vestibule that had
resulted from a fragmentation wound 19% years previously. Upper right: Periapical radiographs of left maxilla showing the
osseous maxillary defect. Middle left and middle right: Study casts on which had been formed a metal mesh crib that was used to
support an autogenous particulate cancellous marrow bone graft. Lower left: PCM graft system in place in left maxilla. Lower
right: Reconstructed left maxillary alveolar ridge at time of crib removal 8 weeks post grafting.
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Upper left: Area of bone graft reconstruction in left maxilla several weeks post grafting. Upper right: Radiographs of left maxilla
showing the area of osseous reconstruction 9 weeks post grafting. Middle left: Maxillary left alveolar ridge, 6 months post bone
grafting, at time of vestibuloplasty. Flap dissection had been completed and stay sutures placed. Middle right: Specially
designed acrylic stent, which had been modified by incorporation of malleable wire loops that extended over the buccal areato
support the thermoplastic material. Lower left: Impression of the grafted area that had been modified with a soft thermoplastic
material for recording fimer detail. Lower night: Autogenous skin graft from left buttock attached to the modified stent with
dermatome glue.
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Upper left: Area of vestibuloplasty at time of stent removal, 8 days post grafting. Upper right: Reconstructed alveolar ridge, 8
weeks following vestibuloplasty. Lower left: Reconstructed alveolar ridge, 5 years and 8 months following bone graft
reconstruction. Lower right: Prosthesis in place over reconstructed alveolar ridge, 5 years post bone grafting.
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Research in

Acquired Cranwofacial

Dusfrgurement

Edited by RALPH W. PHILLIPS, B.S., D.SC.

INTRODUCTION

This book represents careful documentation
of the management of oral and maxillofacial in-
juries incurred in the tragic act of war. It is hoped
that the material contained in this text will also
help prepare health professionals to treat pa-
tients who have suffered severe craniofacial
trauma from whatever source.

As the opportunity developed to assist the U.S.

Navy in the production of this book, it became
increasingly apparent that acquired craniofacial
disfigurement is a major health problem to the
American people. In recognition of this problem,
this Appendix is written to identify selected areas
w 1iere knowledge is needed to reduce the impact
of the acquired disfigurement on the afflicted
individual, his family, and society.

THE NATURE AND EXTENT OF
THE PROBLEM

Trauma is the principal cause of acquired dis-
figurement. Trauma can be defined as the
change in morphology or function produced by
the application of an external energy source on
the body. The reaction to injury or transfer of
energy may be of an acute or a chronic nature
(Narasimhan and Day, 1975). Gross trauma from
such causes as vehicular or athletic accidents,
combat, burns, falls, ablative surgery, and radia-
tion will be considered in this Appendix.

Trauma is the fourth leading cause of death
in the United States and ranks first in cause of
death between 1 and 37 years of age. Although
there is increasing concern for this health prob-
lem, it is still among the most neglected medical
problems in society (Mullen, 1976; Touloukian
and Krizek, 1974). Some of this neglect arises
from the fact that other health problems which
seemingly pose a greater intellectual challenge

are highlighted. Yet, there are reported to be
more than 55 million accidental injuries in the
United States every year, and 11 million of them
are disabling to some degree. Hospitalization of
trauma patients exceeds 22 million days annually,
a figure substantially above that for other serious
diseases of man, including cardiovascular disease
and cancer (Mattson, 1975).

The incidence of craniofacial injuries is still
largely unknown. A report on injuries from au-
tomobile accidents indicated that 70% involved
head structures. Facial soft tissue wounds were
incurred in 60% of the cases, and associated facial
skeletal tissue lesions were present in 7.6% of the
cases (Converse, 1974). The causes of 1,042 cases
of facial injury were: automobile 54%, home 17%,
athletic 11%, animal bite 6%, other 5%, intended
4%, and work 3% (Schultz, 1970). A study of
injuries resulting from falls indicated that 8% of
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the fractures involved the teeth and jaws,
whereas 21% were of the craniofacial structures
(Smith, Burrington, and Woolf, 1975).

Data reveal a seventeenfold increase in the risk
of fatality in motorcycle accidents over automo-
bile accidents. Admissions to hospitals for treat-
ment of motorcycle injuries have increased five-
fold in the past 5 years. Of 240 fractures caused
by motorcycle accidents, 11% involved facial
bones and 8% were skull fractures (Deaner and
Fitchett, 1975).

The psychologic response to trauma has re-
ceived limited attention by researchers. This ne-
glect may be due to the complexity of the issue.
Psychologic response to trauma is assumed to
incorporate the emotions of fear, relief, distress,
blame, shame, the desire to dismiss unpleasant
experiences, and the urge to hide deformed hu-
mans from society (Mattson, 1975). Disfigure-
ment resulting from ablative surgery is, by its
very nature, a preplanned injury differing from
other types of trauma. In this case, the psycho-
logic impact and necessary personal adjustment
of the patient, his family, and others must be
dealt with even before the trauma has occurred.
How this emotional impact differs from that
caused by sudden, unexpected accidents is not
known.

The varied nature of the problem points up
one of the first tasks to be faced in addressing
this important health issue. Innumerable classi-
fications of trauma exist, each based on variable

criteria such as anatomic site, regional classifi-
cation, extent and impairment of physiology, and
other listings based on clinical symptomatology,
with or without pertinent biologic correlations.
Future classification schemes might benefit from
the inclusion of molecular considerations and
help reduce the confusion frequently found in
complex clinical trauma cases (Narasimhan and
Day, 1975). Improved methods of data classifi-
cation might also facilitate the obtainment of
more reliable information concerning incidence,
morbidity, and mortality.

Treatment of trauma requires that primary
attention be directed to the total patient. For ex-
ample, multiple system injuries resulting from
automobile accidents necessitate multidiscipli-
nary management. The experience of military
combat as exemplified in this book highlights the
need for a sizable biomedical team and a team
leader to assure that serious injuries will not be
overlooked (Touloukian and Krizek, 1974). Or-
ofacial trauma usually can be managed after the
life-threatening aspects of the injury are attended.

The training of dental, medical, and allied
health professionals in trauma care has histori-
cally received a low priority in the total biomed-
ical curriculum (Watkins, Metcalf, and Audette,
1975). Through improved training of the health
professionals, more complete knowledge will be
developed and better care made available on
these variegated injuries.

PREVENTIVE PROGRAMS

For many types of traumatic disfigurement,
prevention represents a logical and realistic goal.
Hence the improved design and control of man’s
personal environment identify a major effort to
achieve prevention. Great strides have been
made in such areas as occupational safety, pro-
tective sporting equipment, and improved au-
tomobile safety features. However, prevention
is a continuing process and as industrialized so-
ciety becomes more automated and complex, en-
vironmental control also becomes more complex
and difficult to manage. It is important to note
that successful prevention of fatalities may result
in a marked increase in craniofacial injuries. For

example, many accident victims who now survive
previously fatal auto crashes still sustain head and
neck injury. Through a reduction in the time
elapsing between reception of the wound and
definitive hospital treatment, mortality preven-
tion may be associated with increased morbidity.
During World War I overall mortality was about
10% while intervening time was about 1 hour.
Mortality was 75% when intervening time was 10
hours (Hardaway, 1975).

The behavioral and motivational dimensions
of man’s response to impairment from trauma
must be studied in conjunction with environ-
mental research designed to prevent injury. Man
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must have the motivation to preserve himself and
others, to recognize danger, and to avoid un-
necessary risk. Behavioral studies must also ad-

dress the problem of self-inflicted injury to better
understand the dilemma that these individuals
are experiencing.

NATURAL HISTORY OF
ACQUIRED DISFIGUREMENT

SPECIAL IMPACT ON CHILDREN

Acquired deformities of the dentofacial area
may be divided into two groups: 1) those due to
the loss of stimulus to normal growth, and 2)
those due to mechanical restrictions on growth.
The problem of acquired disfigurement relates
to both missing or displaced tissue. This results
in localized deficits—almost never excesses—with
the localized deficits frequently influencing a
larger area of morphology through mechanical
restriction of growth.

In a child, a blow to the lower jaw often causes
damage to the joint, since the condylar neck rcp-
resents the most vulnerable part of the mandible
at early ages. A unilateral fracture of the body
of the mandible will usually be associated with
a fractured condyle on the contralateral side. jaw
fractures in children below the age of 3 years are
likely to lead to severe deformity, while fractures
beyond the age of 6 years will be less disfiguring
(Rowe, 1969). In young children surgery tends
to aggravate the problem. Thus, a closed reduc-
tion approach is advocated (Waite, 1973).

Loss of Mandibular Condyle and Nasal Cartilage:
Growth failure after injury to the face at an early
age relates, in part, to loss of growth stimulation
provided by the cartilages of the nasal septum
and, perhaps, by the mandibular condyle. The
extent to which cartilages in the cranium and face
serve as primary growth centers is highly con-
troversial. The cartilages of the cranial base, the
nasal septum, and mandibular condyle can be
ordered in terms of their similarity to epiphyseal
plate cartilages. The latter group of cartilages is
known to have a primary role in growth of the
fong bones. Cranial base cartilages are rarely
damaged by trauma because of their protected
location. However, the cartilaginous nasal sep-
tum is vulnerablc to injury and animal experi-
ments indicate that loss of the septal cartilage
does have an impact on growth (Sarnat and Wex-
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ler, 1967). Despite controversy about the mech-
anisms underlying this type of growth distur-
bance, injury to the nasal septum apparently does
result in maxillary hypoplasia and orofacial
dysfunction.

Loss of Stimulus to Normal Growth

The Battered Child Syndrome. Violent abuse or
neglect of children has been a problem since the
beginning of recorded time (Ten Bensel, 1975).
The battered child syndrome applies to the child
who has received repetitive, severe injuries. Such
injuries frequently result in bone fractures, in-
ternal injuries, severe skin injuries, or damage
of the central nervc s system (Gregg and Elmer,
1969). Conservative estimates indicate that
200,000 to 250,000 children in the United States
are maltreated annually (Solomon, '973). Recent
Congressional testimony suggests that 6,000 chil-
dren die annually from child abuse (Congres-
sional Record, 1973).

The percentage of young children who receive
abuse-related injuries leading to later orofacial
disfigurement is not known. However, child
abuse is unquestionably more common than
many people think. Children who are physically
abused by the parents often receive head injuries.
In a study of 134 children known to have been
assaulted by parents, 37 had skull fractures, and
another 15 had evidence of intracranial hem-
orrhage without skull fracture (Cohen, 1975).
Since jaw fractures are less common in children
than in adults, it is not surprising that 57% of all
children with a fractured mandible or maxilla
also have multiple fractures elsewhere (Waite,
1973).

In the case of the mandibular condyle, the car-
tilage apparently grows more in reaction to other
growth, rather than serving as a primary growth
center. Mandibular fractures are known to exert
a deleterious effect cn growth if they occur at an
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early age. A major question concerns whether
the deleterious effect is due to loss of the condylar
cartilage or to restriction of growth related to loss
of the normal joint. Most investigators agree that
growth continues after a condylar fracture pro-
vided the joint capsule and disc are not injured
(Rowe, 1969).

Nerve Damage: Injury to motor nerves leads to
loss of the associated muscles as well. Muscle loss
produces soft tissue asymmetry, which in turn,
may lead to hard tissue asymmetry as growth
proceeds. Trauma as well as developmental dis-
turbances produce asymmetry.

Tongue Injury: Damage to the tongue can occur
from mechanical trauma, infection, or electrical
burns. One of the strongest arguments for view-
ing the importance of the tongue as a stimulator
of mandibular development is the tendency for
mandibular underdevelopment to occur in pa-
tients with tongue injury. As was'the case in con-
dylar cartilage loss, it is difficult to separate the
effects of lack of growth stimulation from me-
chanical restriction on growth in such cases.

Mechanical Restrictions on Growth

Mechanical restriction of mandibular growth
is primarily due to ankylosis. Fixation can occur
as a secondary response to trauma or infection,
or may be related to rheumatoid arthritis. An-
kylosis is usually seen at the temporomandibular
joint, but ankylosis of the coronoid process also
has been reported subsequent to accidental in-
jury with depression of the zygomatic arch (Find-
lay, 1972). Release of ankylosis is essential to the
prevention of increasing mandibular underde-
velopment and severe facial disfigurement. Once
disproportionate mandibular growth has been
observed, release of the ankylosis is not likely to
produce catch-up growth that will effect correc-
tion of the distortion. Normal growth will often
resume following release and such growth is ex-
pected to limit the severity of the ultimate result
but not preclude the need for surgical
rehabilitation.

The second major cause of mechanical restric-
tion of growth is nongrowing or contracting scar
tissue. This is a particular problem following ex-
tensive burns. Even after excellent cosmetic re-
pair of a burned area in a growing individual,
facial asymmetry and other evidence of growth
distortion frequently appear (Masson and Jam-
ines, 1972). Interestingly, psychologic trauma

from such burns is reported to affect the parents
more than the burned child (Wright and Ful-
wiler, 1974). Growth deficits secondary to sur-
gery also can result from mechanical restriction
due to scar tissue.

RESEARCH NEEDS

As with all problems of orofacial deformity, a
primary need for research relates to our present
lack of understanding of the direct and indirect
influences on growth. An improved understand-
ing of the precise role of surrounding soft tissues
on growth of the facial skeleton certainly could
be exploited therapeutically in the management
of acquired disfigurement. Animal model sys-
tems commonly used in growth studies could be
adapted to simulate tissue loss associated with
acquired disfigurement. In addition, human sub-
jects with acquired disfigurement represent “ex-
periments in nature.” More precise documen-
tation of these cases should provide a promising
field of clinical research. For example, the place-
ment of metallic implants into the jaws of young
children with fractures would provide a method
of assessing growth patterns subsequent to injury
(Bjork and Skieller, 1972). This information has
direct application to improved therapy in the in-
dividual patient. When nerve injury and loss of
muscle tissue are suspected, evaluation of sensory
innervation, nerve conduction, and blood flow,
coupled with electromyography and studies of
muscle function, could also be considered.

GENERAL IMPACT ON PATIENTS

Facial injuries and fractures of the facial bones
have increased in severity as the speed of vehicles
has increased. Such fractures frequently involve
the middle third of the facial skeleton and oc-
casionally the anterior cranial fossa and brain.

In oral and maxillofacial injuries, emergency
management considerations involve the main-
tenance of an adequate airway and the control
of hemorrhage. Tracheostomy may be required
if the injury is severe. Antibiotic therapy should
be instituted as soon as possible (NATO, 1975).
The basic principle of definitive treatment is res-
toration of skeletal integrity in relation to sound
dental occlusion.
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Infections

Infections involving fractured facial bones
often result in a loss of hard tissue. This loss
produces a defect or deformity which is propor-
tional to the amount of bone destruction. Fol-
lowing the control of infection, the soft tissue
covering infected fractures may be scarred and
tightly bound to adjacent structures. The man-
dible is most often involved, but the maxilla, zy-
goma, and septum are also implicated. Clinical
studies to determine the unique characteristics
of infections associated with fractures of facial
bones are expected to provide helpful informa-
tion concerning the prevention of such distinctive
complications. Such studies should consider: pa-
tient age, type of fracture, time lapse between
injury and fracture fixation, type of fixation ap-
pliance, involvement of teeth within fracture
lines, and the locations of such teeth within the
dental arch, infecting organisms, presence, ab-
sence, and persistence or duration of associated
hematomas, use and timing of antibiotic therapy,
involvement of the sinuses, dietary status of the
patient, and presence or absence of significant
associated injuries.

Severe Trauma with Secondary Sequelae

Significant secondary sequelae to severe trauma
of the maxillofacial area frequently result from
malunion of bony parts in an abnormal position.
The mandible and maxilla are large enough to
be repositioned for correct alignment and permit
the retainment of sufficient soft tissue pedicles
for adequate vascular perfusion. The zygoma can
be united, particularly if it has healed in a down-
ward or inward position. Freeing of the zygoma
by cutting it from its healed attachment to ad-
jacent bony parts can be accomplished, at which
time a gap of variable size occurs in the floor of
the lateral wall of the orbit or along the infraor-
bital margin. Bone grafts may be required to span
the gap and are used to hold or fix the reposi-
tioned zygoma. Dense scarring of the temporal
side of the zygoma, i.e., between the bone and
temporal fascia or temporalis muscle, may pre-
clude the necessary repositioning of tissues. Re-
search on animal models is needed to address

malunion problems of this type. Studies of fix-
ation methodology should also be included in
future investigations.

Extensive comminution and fracturing in the
naso-orbital-ethmoidal area pose a particular
challenge in terms of avoiding disfigurement.
Bony repair, positioning and anchorage of can-
thal tendons, and reestablishing functional na-
solacrimal drainage are important objectives.
Accurate and stable repair of this morphologic
complex is best achieved relatively soon after in-
jury, because the tissues are still free and pliable.
Animal studies designed to examine the cptimal
methods of manipulation, healing, and postop-
erative evaluation of small facial tendons are in-
dicated. Malunion of the bones and malfunction
of the nasolacrimal system are exceedingly dif-
ficult problems to correct at a later time—since
the bones are small, lifting and repositioning
them often leaves dead space between the under-
surface of the bones and the deeply healed soft
tissues. Dead space surrounding free bone grafts
adds significantly to the problem of healing.

Damage to the contents of the superior orbital
fissure can result although secondary complica-
tions are infrequent. Fractures of the zygomatic-
maxillary complex may produce injury within the
bounds of the superior orbital fissure and may
damage the oculomotor, trochlear, and abducent
nerves. Damage may be caused by actual disrup-
tion of the bony margins of the fissure or by the
formation of a hematoma or aneurysm within its
boundaries. Clinically, damage to the 3rd, 4th,
and 6th cranial nerves may produce ophthal-
moplegia, ptosis, proptosis, or a fixed dilated
pupil. The latter is thought to be due to para-
sympathetic block. In addition, fractures of the
zygomaticomaxillary complex may produce sen-
sory disturbance to the ophthalmic division of
the trigeminal nerve. Such disturbance may pro-
duce retro-orbital pain and neuraigia. The prog-
nosis for complete resolution is poor if the nerves
have been severed or severely damaged. The in-
cidence and nature of this injury need to be better
elucidated and less empiric treatment regimens
devised. Incorporating neurophysiologic studies
in investigations of wound healing appear
promising.




252 + Management of War Injuries to the Jaws and Related Structures

WOUND HEALING

Trauma frequently distorts and twists flaps of
soft tissue. Such tissues should immediately be
urraveled and tacked with sutures so that the
patient can be transported to a health care facility
for definitive treatment. Improved knowledge
about initial tissue management, debridement,
and infection control, and methods to reduce
complications is urgently needed.

Prompt coordination of treatment depends on
early recognition of the extent of the injuries.
Specialized care in such areas as neurosurgery,
ophthalmology, oral surgery, plastic surgery, and
otolaryngology is frequently necessary.

COLLAGEN METABOLISM

Collagen plays a crucial role in the healing
process. Identification of the precise role of col-
lagen in wound healing requires information
concerning the rate at which collagen is synthe-
sized, deposited, and resorbed. The mechanism
of healing of cutaneous wounds is similar re-
gardless of the etiologic agent.

As a result of advances that have clarified the
role of collagen metabolism in wound healing,
it is now known that wounds may continue to
gain tensile strength for at least 1 year. However,
wound-collagen content and tensile strength do
not show a correlation after early stages of heal-
ing. Prolonged remodeling of wounds occurs
with continuing synthesis, deposition, and re-
sorption of scar collagen. A correlation does exist
between wound strength and the rate of collagen
turnover and deposition for extended periods
after net accumulation of wound collagen has

ceased. Studies are needed to explain the obser-
vation that healing of dehisced and resutured
wounds gains strength more rapidly than that of
primary wounds during the first few days. The
rate of collagen synthesis and deposition appar-
ently is not changed by dehiscence and resuture.
Collagen synthesized during primary healing
does not contribute to the burst strength of
resutured wounds. Thus, the rapid gain in tensile
strength during secondary wound healing is ap-
parently not the result of cross-linking or reutil-
ization of collagen synthesized during the pri-
mary healing process.

It is not known why large quantities of new
collagen are synthesized and deposited during
normal healing of skin grafts without excessive
scarring. More studies need to be directed toward
elucidating the processes in biosynthesis and deg-
radation of wound collagen. The enzyme which
hydroxylates proline to hydroxproline increases
in wounds of both man and experimental ani-
mals. Similarly, collagenase, an enzyme which
may be essential for degradation of wound col-
lagen, increases in wound edges of human and
experimental subjects.

Studies of wound healing have been of contin-
uing interest to the clinician and the experimen-
tal biologist. In such studies they have sought to
devise ways of accelerating wound healing, but
have met with little success. The increasing pool
of detailed knowledge on the role of collagen in
wound healing may give rise either to new tech-
niques to accelerate wound healing or to the rec-
ognition that nature already accomplishes the
process with maximum efficiency (Smith, 1975).

MICROBIOLOGY OF TRAUMA

Because trauma deranges host defense mech-
anisms and provides an opportunity for infection
to begin, understanding the microbiology of
trauma requires a review of opportunistic mi-
croorganisms. Normal anatomic barriers, such
as skin and mucosoal membranes, serve as ob-
stacles to invasion by microorganisms. Disruption
of them by trauma provides an entry for micro-

organisms that may serve as a nidus for infection.
Infection is five times as frequent in contami-
nated wounds as in clean wounds. Whether or
not infection develops in a contaminated wound
depends on the following factors: the number
and pathogenicity of the contaminating orga-
nisms; the amount of devitalized tissue in the
wound; the presence of foreign material; the
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nature, location, and duration of the wound; the
status of the body’s defense mechanisms; the
type of treatment administered; and the general
condition and nutrition of the patient. Beyond
the primary microbial contamination, an injured
patient who is taken to a hospital is subject to
contamination and infection from an enormous
variety and number of sources. Control of
hospital-acquired infection represents an ex-
ceedingly complex problem.

Except for rabies, the primary microbiology of
trauma is bacterial and fungal. An almost infinite
number of species of bacteria and fungi are in-

volved. Primary contamination and infection are
frequently due to mixtures of microorganisms
of either endogenous or exogenous origin. Many
new causes of posttraumatic infection are being
recognized with obvious implications for needed
research in their management and control
(Washington, 1975). The use of hyperbaric ox-
ygen as a treatment modality has received recent
attention as an investigative tool and preliminary
reports are encouraging. Further clinical and lab-
oratory studies are needed in this direction to
enhance management of chronic infection.

ENDOCRINE ASPECTS OF TRAUMA

Trauma has generalized effects on the whole
patient, in addition to direct effects on specific
tissues. The nervous and endocrine systems co-
ordinate and integrate the organism’s responses
to these generalized effects. The responses rep-
resent an effort to give the patient protection,
stabilization, and adaptation to environmental
change.

The nervous and endocrine systems have many
similarities, but the primary difference is that the
nervous system transfers its signal by a nctwork
of neurons with synaptic linkage. The end organ
must be intact with this neuron linkage for a
response. The endocrine systems elaborate a hor-
mone that is transported by the systemic blood
circulatory system to cistant target sites. The hor-
mone receptor sites may be common to all cells
of the organism or may involve only specific cells
with specific receptor sites for a specific hor-
mone. The nervous system response is immediate
and the hormone system response is slower and
more sustained. Specific aspects of the role that
the endocrine system plays in trauma will be di-
vided into primary and secondary and interre-
lated aspects.

The major primary endocrine responses to
trauma include such areas as 1) hypothalamic-
pituitary system, 2) ACTH and vasopressin, 3)
sympathetic adrenal medulla system, and 4)
renin-angiotensin-aldosterone system. The hor-
mone system facilitates the patient’s adaptation

to the new demands of trauma. The nervous sys-
tem is an integral part of many of these hormonal
responses as a sensor, integrator, and neuroen-
docrine mediator, particularly in the hypotha-
lamic and sympathetic system. Vasopressin, cor-
tisol, aldosterone, and catecholamines are of
primary importance in responses geared to main
cardiovascular circulatory adequacy, particularly
for vital organs. These are closely related to con-
servation of fluid and electrolytes by antidiuresis,
sodium retention, and modification of the in-
flammatory reaction. ACTH, glucocorticoids,
growth hormone, and glucagon all may play a
role in cellular metabolism to facilitate the con-
servation of energy sources and activation of al-
ternate metabolic pathways for energy. The basic
site of action of hormones is on the cellular level.
Other complex effects of hormones may be of
selective benefit in the adaptive response to
trauma, and these aspects need investigation
(Jacobson, 1975).

PROSTAGLANDINS

Prostaglandins are currently receiving the at-
tention of research scientists. These derivatives
of fatty acids are ubiquitous in the human body
and act as local hormones which mediate events
that are important in inflammation, trauma,
and a variety of clinical disorders. Prostaglandins
modulate local arterial blood flow and capillary

S
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permeability in trauma and are thought to play a
role in the pathophysiology of shock. Because the
synthesis can be blocked by available drugs, pos-
sibilities exist of positively controlling the local

response to inflammation and trauma by control-
ling the synthesis of these fatty acids (Fletcher,
1973).

PSYCHOSOCIAL IMPACT

Facial disfigurement is among the most hand-
icapping human afflictions. Facial disfigurement
is not considered by some to be a physical disa-
bility since some normal activities may still be
realized. Yet facial disfigurement represents a
constellation of disabilities with broad ramifica-
tions in nearly all social interactions (Converse,
1974). Psychosocial research in acquired facial
disfigurement has received little attention. This
neglect may be related to the complexity of the
problem and to the difficulty of approaching the
subject in terms of rigorous scientific method-
ology. There is a great need to frame critical
questions and to initiate the investigative process.

The major questions might center on three
basic issues:
1. The descriptive aspects of inquiry

a. What kinds of psychologic processes fol-
low facial trauma?

b. What systemic interactions are in-
volved? What psychologic mechanisms
are activated, when, why, and to what
extent?

c. What is the usual course of events?

2. The predictive aspect of the inquiry

a. What types of psychologic processes
lead to what kinds of immediate, short-
term, and long-term outcomes?

3. The suggestive aspect of the inquiry

a. What should or should not be done psy-
chologically in the course of the events
(Mattson, 1975).

The most noteworthy principle is the com-
monsense observation that victims of facial injury
undergo extreme psychologic suffering. The vic-
tim of facial injury is initially frightened and help-
less. The distress is typically followed by emo-
tional numbness, profound depression, and the
feeling that “This is a terrible situation.”

The immediate danger is followed by a feeling
of enormous relief, gratitude, joy, and a feeling
of being fortunate to be alive. This relief soon
gives way to feelings of angry frustration: “Why

should anything like this happen to me?” If the
fault is the victim’s, his hatred turns to himself.
If the fault lies elsewhere, the victim will focus
the blame on another person, object, or institu-
tion. Finally, even when the injury is rapidly re-
solved with satisfactory recovery, the traumatic
emotional experience may continue (Mattson,
1975). These reactions and others reveal the ex-
tensive psychosocial problems associated with the
injury (Ablon, 1973; Andreason, Norris, and
Hartford, 1971; Ross, 1966; O’Connor, 1970).
Several factors have been suggested as having
clinical significance in understanding the psy-
chosocial reaction to injury (Mattson, 1975).

e Characteristics of the injury, its nature, location,
severity, extent, and reversibility.

e Characteristics of the impact agent, human or
inanimate, instantaneous or prolonged, and pre-
ventable or unpreventable.

e Nature and adequacy of immediate care and
treatment.

e Rate and extent of recovery.
e Previous health and health care experiences.

¢ General personality characteristics and past life
experiences, especially in dealing with previous
emergencies.

RESEARCH NEEDS

Care of an injured person involves an effort
to restore or repair his self-image, self-identity,
and self-integrity. The individual tries to rees-
tablish his psychologic balance and normal
activities.

e Most studies of psychosocial injury have been

retrospective in nature. It is now timely to pro-
spectively study the psychosocial course of events

following facial disfigurement using scientific
protocol.

e Information on the psychologic consequences of
trauma should be developed on a broad scale, as
compared to the case-report type of information
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which is presently available.

e Long-term effects of trauma should be studied,
since many psychoses and neuroses have been
traced to physical injury. Long-term and multi-
stage procedures can be very demoralizing to the
patient.

e Future investigations should include studies cor-

relating the degrees of success of the treatment
with the psychological state.

e Increased knowledge should lead to the incor-
poration of psychologic aid into the early and
total care procedures of trauma teams (Mattson,
1975).

COMMUNICATION SCIENCE

RATIONALE AND ASSUMPTIONS

Current information about the effects of ac-
quired craniofacial defects on speech is largely
limited to small sample case reports and clinical
observation. Probably there is only a small num-
ber of practicing speech pathologists who devote
a sizable percentage of their clinical service time
to the musagement of patients with acquired
head and r:eck defects. An even smaller number
of communication scientists engage in either
basic or applied research in this important area.
Little is known about a) the effects of specific
types of acquired craniofacial defects on speech,
b) the prevalence or number of patients with dis-

figurement and associated speech disability, c)
the rationale for or the effects of remedial speech
programs for patients with various types of de-
fects, or d) the costs of acquired impairments.

There probably is a marked discrepancy be-
tween the total number of patients with acquired
defects and the number of such patients who are
referred for diagnostic and therapeutic services
by speech pathologists. Identification of the fac-
tors that give rise to this discrepancy merits sys-
tematic study. Finally, research in this area will
be rewarding because of its applied or clinical
relevance and its basic or theoretical challenge
to current models of speech production and
perception.

SELECTED TYPES OF ACQUIRED
CRANIOFACIAL DEFECTS

ACQUIRED LARYNGEAL DEFECTS

The larynx, together with the respiratory sys-
tem, provides the voicing source of oral com-
munication. Various injuries may affect laryngeal
function and produce vocal disturbance. Lar-
yngeal destruction resulting from injuries to the
neck in automobile accidents has been reported
to be on the increase (National Institutes of
Health, 1969). Unfortunately, littie is known
about a) the effects of such destruction on phon-
atory function, b) the effects of surgical laryngeal
reconstruction on phonatory function or voice
disturbance, or ¢) the feasibility, rationale, and
effects of voice therapy for patients with such
acquired defects.

By contrast, a number of speech pathologists
have devoted a sizable portion of their clinical
and research efforts to the voice and speech prob-
lems of laryngectomized patients. The most fre-
quently used method of speech after laryngec-
tomy is called esophageal speech. Although much
is known about the physical, perceptual, and
physiologic correlates of esophageal speech, a
sizable number of laryngectomy patients (20-40%)
fail to develop functionally useful esophageal
speech (Diedrich and Youngstrom, 1966; Sni-
decor, 1974). The factors which account for this
substantial rate of failure among laryngecto-
mized patients learning esophageal speech war-
rant study. The rate of persons developing func-
tionally serviceable esophageal speech has not
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appreciably increased but apparently has re-
mained constant during the last two decades.

Patients with acquired laryngeal defects also
rely upon various prosthetic devices to provide
a voicing source for speech. Although a number
of electronic or pneumatic devices or artificial
larynxes are available (Lebrun, 1974), most of
them produce speech quality that is characterized
as abnormal, monotonous, or mechanical (Ben-
nett and Weinberg, 1974). Thus, a primary re-
search need in this area is the continued devel-
opment of more normal-sounding voice
prosthesis.

Recently several alternative surgical-prosthetic
approaches to speech restoration for laryngeal-
deficient patients have been developed, and re-
search in this area deserves support and expan-
sion (Komorn, 1974; Miller, 1967; Shedd, Bak-
amjian, Sako, Mann, Barba, and Schaaf, 1972;
Taub, 1974; Taub and Bergner, 1973; Taub and
Sprio, 1972). There is a critical need to obtain
information about the ultimate speech profi-
ciency levels achieved by users of these newly
developed techniques.

Speech pathologists do not routinely see pa-
tients who have sustained partial loss of the lar-
ynx. Research is needed to answer such questions
as: What is the prevalence of patients with partial
laryngeal defects? Do these patients require
speech rehabilitation? Is speech rehabilitation
effective?

ACQUIRED NONLARYNGEAL DEFECTS

Information on how acquired disfigurement
and impairment of nonlaryngeal craniofacial
structures and systems affect speech is even more
limited. Little clinical or research effort has been
given to the speech and voice problems of pa-
tients with such problems. Although disturbance
in voice and speech represents one of the primary
problems following ablative surgery for craniofa-
cial neoplasms, little is known about the speech
characteristics of persons who have undergone
such treatment. Clinical and research experience
with patients who have undergone total excision
of the tongue has been extensively reviewed
(Moore, 1974). Reports are available regarding
one area of speech following prosthetic obtura-
tion of surgically acquired maxillary defects
(Skelly, 1973; Stoicheff, 1975). However, broad-
scale, systematic observations on the effects of

traumatic and/or surgically induced craniofacial
defects on speech have not been reported.

RESEARCH NEEDS

Although a larger number of persons become
victims of craniofacial disfigurement and im-
pairment each year (Kipfmueller and Lang,
1972), there is a marked discrepancy between the
total number of such patients and the number
who have diagnostic or therapeutic services pro-
vided by speech pathology and audiology. Two
broad areas of research are suggested.

1. Prevalence-Oriented Research. It is necessary
to determine the prevalence of patients with ac-
quired defects who have speech and voice dis-
orders and to specify, in as much detail as pos-
sible, the nature and types of speech disturbance
in this group of patients. Systematic information
is needed on the number of patients with ac-
quired craniofacial defects who are receiving di-
agnostic and therapeutic speech pathology/au-
diology services, on the nature of services
delivered, and on the efficacy of such services.

2. Management-Related Research. As noted ear-
lier, speech studies represent a powerful ap-
proach to evaluate important functional changes
associated with acquired deformity and subse-
quent reconstruction of the craniofacial complex.
Hence, a primary research need must be the eval-
uation of currently used medical-dental recon-
structive approaches by speech specialists.

If it is assumed that a sizable number of pa-
tients have acquired defects of the craniofacial
complex that include speech disturbances, there
is a critical need to evaluate the objectives of cur-
rent speech and hearing diagnostic and therapy
programs and to assess their efficacy. In view of
the limited involvement that speech pathology
has had with such patients, it is likely that in-
novative clinical research or demonstration proj-
ects need to be initiated to develop new ap-
proaches to speech rehabilitation for specific
types of patients.

Finally, there are the factors of manpower and
qualifications. In view of the limited involvement
that speech pathology has had in this area of study
and clinical service, specialized training oppor-
tunities will probably need to be developed so that
speech and hearing specialists can learn skills
which will enable them to provide appropriate
clinical service and conduct specialized research.
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PROSTHETIC REHABILITATION

Prosthetic procedures used in the rehabilita-
tion of patients with acquired craniofacial defects
are varied and often complicated. This is because
most craniofacial defects are visually obvious, and
such disfigurements may disrupt such functions
as speech, vision, hearing, mastication, and de-
glutition. Rehabilitation in this highly functional
complex is made difficult because such defects
frequently involve bony, cartilaginous, and soft
tissue.

Surgical treatment of diseased tissue may result
in profound defects coupled with scarring and
fibrosis in the operative site. Accidental trauma
of craniofacial tissues is generally managed by
surgery or by a combined surgical and prosthetic
approach. Therapeutic radiation renders sur-
rounding hard and soft tissues permanently vul-
nerable to breakdown from the additional stress
of a prosthesis.

An overall treatment plan should guide all
phases of rehabilitation. This planning should be
a part of early management since prevention is
often the best form of rehabilitation. In addition
to correctly performed surgery, early manage-
ment may involve the use of such treatment pros-
thesis as surgical and radiation stents and splints
for facial bone fractures or defects, immediate
obturators for closing palatal defects at the time
of surgery, and tongue and buccal mucosa guards
to aid in wound healing and to prevent undue
irritation to the remaining soft tissues.

More definitive prosthetic procedures are im-
plemented in later stages of management. These
procedures include replacing facial parts with
alloplastic materials when the defects are not suit-
able for surgical repair, using removal or fixed
prostheses to correct defects and restore function
in the oral cavity, and fabricating implant
prostheses to correct skeletal defects and rees-
tablish function in the temporomandibular joint.
Prosthetic care must address both the esthetic
and functional needs of the patient. Artificial
replacement may be needed for soft tissue loss
of the external ear or nose, contents of the orbits,
and portions of the cheeks and lips. Skeletal re-
placement is most frequently needed for the
mandible, midface and zygoma, and cranium and
scalp. Prosthetic restoration of function may in-
volve vision, hearing, speech, mastication, and

deglutition.

Tissues which surround the facial defects may
have altered blood supply and thus increased
susceptibility to infection and trauma. Addition-
ally, these distorted structures have modified
function. These factors indicate the necessity for
paying special attention to the types of materials
used, the types of retention for prostheses, and
the amount of additional trauma to which these
tissues are subjected in supporting the prostheses.

RESEARCH NEEDS

Research that is needed to advance the pros-
thetic contribution to the rehabilitation of pa-
tients with acquired craniofacial defects includes
development of the following:

1. Techniques for the use of presently avail-
able materials.

2. New implant materials for replacement
of both hard and soft tissues.

3. New materials for use in facial or ex-
traoral prostheses.

4. Improved artificial saliva for use follow-
ing destruction of salivary glands.

5. Guidelines for use of protective prostheses
for life activity when there is risk of
injury.

6. Studies on biomaterials and tissue
tolerance.

Development of Biomaterials for Maxillofacial
Prostheses

The fabrication of extraoral maxillofacial
prostheses poses various problems. First, there
is the difficulty in obtaining impressions and con-
structing molds for the complex shapes encoun-
tered. In addition, the heterogeneity of tones and
shades, the illusion of depth, and the varying
degreées of translucency present in the human
skin require the prosthodontist to develop special
techniques in tinting and coloring. Further, the
degree of permanence (resistance to aging and
irreversible staining) required in the materials
and the necessity for providing flexible materials,
which can be fabricated to produce tear-resistant
feather edges, present a most difficult challenge
to the materials scientist.
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Fabrication. For the fabrication of maxillofacial
prosthesis, the materials developed must be in
liquid form suitable for dip-casting, casting in a
female mold, or slush casting so that cheap plas-
ter of paris, stone, or plastic molds may be used.
This is necessary because of the variety, com-
plexity, and long-term instability of the shapes
required. Thus, nondispersed polymeric mate-
rials requiring expensive permanent tooling to
be utilized for injection or compression molding
are contraindicated. Materials for maxillofacial
prostheses have been used as solutions of poly-
mers in a solvent, emulsions, organosols, and
plastisols.

Solutions of polymers in solvents are generally
used in dip-casting procedures. Polymer emul-
sions have decided advantages over solutions of
polymers. Organosols and plastisols have been
tried as materials for preparing maxillofacial and
other body cosmetic prostheses. The main dis-
advantage to the organosols and plastisols is the
presence of plasticizers, which are used to dis-
perse polymers and modify their physical
properties.

Coloring Constraints. In the design of a maxil-
lofacial prosthesis the material must accept a
proper tint. Initial color and translucency are
only one aspect of the problem; unless the ma-
terial retains its proper color when exposed to
a reasonable period of wear, it does not merit
serious consideration.

Stability: Several factors related to the chemical
and physical nature of organic polymers con-
tribute to the rate of their degradation under the
influence of these conditions.

1. The chemical nature of polymers’ stabil-
ity is affected by the presence and fre-
quency of chemical bonds which may
react with attacking reagents.

2. The supramolecular character of the pol-
ymer is of importance in relation to the
rate of polymer degradation.

Stain Resistance. Maxillofacial prostheses are
susceptible to staining from ordinary day-to-day
stainants such as grease, nicotine, and ink. From
the viewpoint of stain resistance, an improved
material for maxillofacial prostheses should pos-
sess an optimum hydrophilicity.

Mechanical Properties. Because the material
should be as flexible as the surrounding living
skin, soft and flexible elastomeric type materials
are indicated, particularly to achieve a cosmetic

blend into surrounding tissues.

For use in maxillofacial prosthetics, flexible
translucent material is required that is latex dis-
persed, dip castable or castable in a female mold,
and is of high strength and tear-resistant. In ad-
dition, the materials should have outstanding
resistance to oxidative and hydrolytic degrada-
tion and be resistant to irreversible staining by
water-soluble and oil-soluble stainants.

No material embodying all these qualities is
available. To bring about improvements in the
materials required for maxillofacial prostheses,
organic, inorganic, and physical chemists need
to work in close association with the mechanical
engineers and clinicians.

Bioengineering and Healing Tissues

Our understanding of the physical-mechanical
components of healing tissue lags far behind our
understanding of the chemical components.
Bioengineering analysis of healing tissues has
brought to light several important problems.

1. Different components of the mechanical
properties of healing tissues return to
normal at different rates.

2. The result obtained by engineering tests
varies with the rate of the stress or strain
applied.

3. The healing rate is different in different
animal species. It varies in different tis-
sues and at different sites in the same
tissue.

4. Engineering tests give reliable results
only when carried out under strictly con-
trolled conditions.

Therefore, extrapolation from data from ex-
cised rat skin to a healing wound in a patient
after trauma or operation is risky. The healing
of wounds is a prolonged process. The conditions
which allow this process to proceed at an optimal
rate are not adequately defined, nor can we ac-
curately describe the optimal activities during the
healing period (Zingg, 1975).

Stretching Increases Range of Motion. Connective
tissue has a very high resistance to tension of
short duration. Mechanical devices have been
developed to stretch burned oral structures in
the treatment of microstomia and thus restore
function of the mouth to near normal.

A combination of heat at the therapeutic level
in conjunction with prolonged stretch is more
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effective than stretch at room temperature. Nu-
merous exercise techniques have been advocated
to rebuild weakened muscles in various regions
of the body. Investigations are indicated to de-
termine the most appropriate method of restor-
ing the muscles of the orofacial tissues.

General Summary

Rehabilitation of the disfigured person must
begin when tk. . patient enters the hospital. The
biomedical team is indeed interdisciplinary and
includes many dental, medical, communicative,
behavioral, and vocational specialists. The goal
is to return the patient to his family, job, and
society as rapidly and completely as possible. The
treatment regimen includes primary and fre-
quently secondary procedures which may extend
for months or years.

Problems of Rehabilitation. The professional spe-
cialists’ definitions and interpretations of “suc-
cess” and “failure” may differ from those of the
injured. Function must be restored, enabling him
to eat, or to speak, and cosmetic results must
restore his self-image and provide him with the
anonymity he craves if “success” from the pa-
tient’s frame of reference is to be achieved. To
the degree that he evokes negative reactions from
others he remains stigmatized. The path to re-
habilitation is often complicated. Results are still
difficult to predict, which illustrates the need of
refining our knowledge of diagnostic methods,
treatment planning, and wound healing.

After each phase of the overall plan of recon-
struction, time is required for healing before
progress can be evaluated and further steps
planned. During these waiting periods, which can
last for weeks or months, the patient alternates
between hope and despair.

The interaction between doctor and patient is
important because the patient who is given a thor-
ough explanation throughout the stages of his
treatment not only tends to participate more ef-
fectively in the rehabilitation but is also more
likely to accept the plans and goals for treatment.
The patient’s concept of a successful outcome

should be ascertained, since his expectations may
be quite different from what the clinician as-
sumes. It is particularly important during the
long and often arduous course of multiple pro-
cedures to consistently allow the patient to ex-
press himself freely (Ozel and Kottke, 1975).

The following recommendations apply, in a
general sense, to the overall challenge of im-
proving the care of the patients with craniofacial
injuries:

e The fibrosis and contracture of scar tissue which
result from injury pose a major problem which
should be examined on a molecular basis. Basic
collagen research has advanced rapidly and this

knowledge must now be directed toward the clin-
ical problems of healing soft tissue.

e Osseous research, particularly as it involves the
role of the periosteum in growth and healing,
should prove of great benefit to the convalescing
patient. Increased knowledge of the biochemistry
of bone induction should lead to practical ap-
plication in the healing of fractures and osseous
ﬁrafts (Terashima and Urist, 1974; Urist, Iwata,

oyd, and Ceccoti, 1974).

e Principles of biomechanics and bioengineering
have been receiving some attention in the trau-
matic injury field. Additional studies on animal
models will promote the scientific basis of surgical
rehabilitation.

e A real need exists to develop improved bioma-
terials to be used in craniogicia rehabilitation
prostheses. The currently used polymeric ma-
terials do not meet the requirements for a cos-
metic, durable, and easily fabricated appliance.
Research in this area requires an intimate rela-
tionship between scientists of diverse disciplines.

e It is necessary to train a new type of researcher
to address a?i these problems. Clinical investi-
gators must be trained in interdisciplinary ori-
entation including psychology and basic science.

e Information is needed on the reasons why some
patients respond negatively to therapy when they
are otherwise improving. Are the fantasies of
death derived from real or fancied guilt for the
accident? Of secondary importance to psycho-
logic therapy for the trauma patient is the need
to investigate any emotional problems that may
ha;e contributed to the accident (Schnaper,
1975).
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SPECIAL RESEARCH
RECOMMENDATIONS

Although it is widely recognized that trauma is
one of the most common causes of disfigurement
in the United States, additional data are needed
to improve our understanding of the magnitude
of long-term craniofacial disabilities caused by
such injuries.

GROWTH AND DEVELOPMENT

A primary need for research relates to our
present lack of understanding of the direct and
indirect influences of trauma on growth. An un-
derstanding of the role of surrounding soft tis-
sues on growth of the facial skeleton should be
explored in the management of acquired disfig-
urement. Animal model systems which are used
in growth studies could be adapted to simulate
tissue loss associated with acquired disfigure-
ment. More precise documentation of subjects
with acquired disfigurement should provide a
promising field of clinical research. For example,
the placement of metallic implants into the jaws
of children with fractures would provide a
method of assessing growth patterns subsequent
to injury. When nerve injury and loss of muscle
tissue are suspected, evaluation of sensory in-
nervation, nerve conduction, and blood flow,
coupled with electromyography and studies of
muscle function, could also be considered.

PSYCHOSOCIAL

Most studies of psychosocial injury have been
retrospective in nature. It is timely to prospec-
tively study the psychosocial course of events fol-
lowing facial disfigurement using scientific pro-
tocol. Information on the psychologic
consequences of trauma should be developed on
abroad scale, as compared to the case-report type
of information which is presently available. Long-
term effects of trauma should be studied, as many
psychoses and neuroses have been traced to phys-
ical injury. Long-term treatment can be very de-
moralizing to the patient. Future investigations
should include studies correlating the degrees of
success of the treatment with the psychologic

state.

WOUND HEALING

Mechanism of soft and hard tissue healing
must be explored in greater depth in the future.
The role of oxygen tension needs to be further
clarified and the efficacy of hyperbaric therapy
delineated in order to create the most favorable
condition for wound healing. Recent advances
in microvascular surgery may be beneficial in
creating a more favorable environment for the
healing of wounded tissues.

COMMUNICATION SCIENCES

It is necessary to determine the prevalence of
patients with acquired defects who have speech
and voice disorders and to specify the nature and
types of speech disturbance. Speech studies rep-
resent a powerful approach to evaluate impor-
tant functional changes associated with surgery
and subsequent reconstruction of the craniofacial
complex. Hence, a primary research need must
be the evaluation of currently used medical-den-
tal reconstructive approaches by speech special-
ists. In view of the limited involvement that
speech pathology has had with such patients, it
is likely that innovative clinical research or dem-
onstration projects need to be initiated to develop
new approaches to speech rehabilitation for spe-
cific types of patients. Specialized training op-
portunities will probably need to be developed
so that speech and hearing specialists can learn
skills which will enable them to conduct clinical
service and specialized research.

BIOMATERIALS AND PROSTHETICS

For use in maxillofacial prosthetics flexible
translucent material is required. In addition, the
materials should have outstanding resistance to
degradation and be resistant to irreversible stain-
ing. No material embodying all these qualities is
available. To bring about improvements in the
materials required for maxillofacial prostheses,
organic, inorganic, and physical chemists need
to work in close association with the mechanical
engineers and clinicians. New materials are
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needed for use in facial or extra-oral prostheses
for replacement of both hard and soft tissues.
Artificial saliva needs. to be fully developed for
use following destruction of salivary glands. Ad-

ditionally, research is necessary to improve pro-
tective prostheses for life activity when there is
risk of injury.

COST OF CRANIOFACIAL
IMPAIRMENT AND
DISFIGUREMENT

The cost of craniofacial disfigurement and im-
pairment represents both tangible and intangible
realities about which little is known. Certain types
of acquired craniofacial defects might be ex-
pected to bring about a diminution in inter- and
intrapersonal experiences. Although such costs
may not be measured in dollars, the price in terms
of these elements of human behavior is real and
merits systematic study. On the tangible side, in-
formation is needed concerning the costs of de-
formity and impairment in terms of reduced
earning power of those afflicted. There is also
the need to determine the costs of direct ex-
penditures for matters such as therapy services,
preparing specialists to provide such services, etc.

The problems inherent in research to improve
management and treatment procedures are dif-
ficult. Treatment must be evaluated over long

periods and numerous factors interacting in a
complex manner must be considered. Such re-
search is likely to be both demanding and ex-
pensive. Even with care, evaluation based on
comparisons of patients will be difficult, and a
large subjective factor is inevitable in such
research.

Nevertheless, such research is necessary if we
are to progress beyond a gross clinical impres-
sion. There is now a trend toward the establish-
ment of rehabilitation facilities at health science
centers which specialize in various types of prob-
lems. A center focusing on craniofacial deformity
would have sufficient patient flow with acquired
disfigurement problems to make such research
feasible. It would be appropriate to consider sup-
port for such a center in the near future.
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A

Abrasion, corneal, 86
Abscess, limited effect of systemic antibiotics, 71
Acidosis, 52
Aerobacter aerogenes, contamination of wounds
by, 70, 72
Airway
artificial assistance, types of in early care, 44,
47, 48
assessment and management during late care,
106
buccal, 106
care of, in patients with altered conciousness,
47
complications of, noted at intermediate
facilities, 97
cricothyreotomy, for obstruction of, 47
effect of facial fractures on, 48
emergency airway splint, World War I, 3
management of in early care, 44-49
monitoring of, after surgery, 87
presurgical evaluation and care of, 56
respiratory diagnosis, 47, 48
supraglottic, 91
Alignment and stabilization, of osseous frag-
ments, 109, 110
Alloplastic implants see Implants
Alveolar ridge, reconstruction of, 231, 241
Ambulation, beneficial for maxillofacial patients,
103, 104
Amebiasis, 103
9-Aminoacridine, for irrigating oral wounds,
101
Anatomy, of oral and maxillofacial area, 23-31
Anemia of trauma, 115
Anesthesia
Korean war, 12
management of, Vietnam war, 68, 69
World War [, 5, 6
World War I1, 8

Ankylosis, temporomandibular sec Tem-
poromandibular ankylosis
Antibiotic therapy
availability of antiinfective agents in World
War I1, 11
caution in use of, 101
early use of antiinfective agents, 1
selection, in wound treatment, 97, 98
in wound preparation, 70
Antimicrobial agents
daily doses and routes of administration, 75
suggested choices of, 72, 73
Appendix, 245
Asphyxia, death from in World War I1, 11
Avulsion
of anterior portion of mandible, 187
of hard and soft tissue, 166
of mandibular symphysis, 162, 179
of mandibular teeth and alveolus, 231
partial, of mandible, 201
of right mandibular ramus, 155
from missiles, 44
of soft tissue of lip, 158
of teeth, 158

Bacteria
assessment of, in biopsied tissue, 83
isolated from culture, 98
wounds contaminated by, 70
Ballistics see also Gunshot wounds, Case reports
during World War I, 2
types of, 35-44
Betadine ®, use as antiseptic, 68, 70, 101, 102
Biochemical changes, with onset of shock, 52
Biomedical scientific progress, phases of during
war, 1
Bone
conservation of, 74, 108
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i

fragments, alignment and stabilization of, 109,

110
loss of, in World War I patients, 3
methods of immobilizing fragments, 100
surgical evaluation of, 103
types of mandibular injury, 42
Bone grafts see also Case reports
analysis of MFCS cases, 118-121
augmentation for continuity, 119, 120, 123
augmentation procedures, 148-151
autogenous grafts, 116
cancellous chips, 116, 117, 134
complications, 140-144
dental prosthetic appliances following, 144,
145
dentures required following, 120, 124
fixation appliances for, 131-133
ilium, as donor site, 11, 116, 117, 133-136,
140, 155, 163, 169, 195, 207, 215, 221, 237
infection
in patients requiring, 124, 12€
postoperative, 141
Bone grafts (cont.)
inlay grafts, 134, 135
for reconstruction of mandible
anatomic location, 122
criteria of success, 117
illustration of method, 7
incidence of type,.122
long-term results, 119
mean length of follow-up, 119
restoration of continuity, 6
success, by anatomic site, 123
technical management, 121-133
in World War I, 6, 7
in World Wars I and 11, 116, 117
for reconstruction of maxillofacial injuries, 11
metallic cribs, use and techniques of applica-
tion, 138, 139
methods and basic principles of, in World War
1,6
methods of graft recovery
chip grafts, 134
iliac crest grafts, 133, 134
PCM grafts, 136, 140
rib grafts, 136
onlay grafts
for restoration of mandible, 134, 135
for restoration of morphology, 116
preoperative inflammatory conditions, 143
procedures for reconstruction-rehabilitation,
117, 118
soft-tissue procedures, 130-133
types of
block. 6. 11, 134-136
cancellous chip, 11
cortiocancellous, 11

local pedicle, 116
mandibular pedicle, 6
osteoperiosteal, 6, 116
ramus sliding, 116
Bone grafts (cont.)
unsuccessful, 144
rib, as donor site, 116
lateral approach methods, 136
tibia, as donor site, 116
Buccal circatrix see Scar bands

C

Caldwell-Luc procedure, 155
Canaliculus, destruction, 87
Cancellous bone chips, removal for bone grafts,
134
Cancellous chip grafts, introduction of, in World
War II, 11
Case reports, 155-244
Cerebrospinal fluid
rhinorrhea, 61, 91
Cheeks
deformities of
closure of defects, 195
stellate laceration by rocket fragment, 237
mucosa graft from, 227
repair
after soft tissue loss, 179
exit wound, 207
lacerations from gunshot, 173
mouth opening restriction, after scarring,
113
zygomaticomaxillary injuries, 60
Chin, repair, after fragment wounds, 207
Clinical evaluation
at carly facilities, 49
at intermediate facilities, 97-99
at late facilities, 105-110
preoperative, of patients receiving bone grafts,
123, 124
Combat surgeon, desirable characteristics of, 33,
34
Communication
interdisciplinary
need for evident in Korean war, 13
need for recognized in World War II, 11
Conjuntiva, treatment of lacerations, 86
Contamination
effective principles for control of, 71
fecal, 70, 98
Cornea, abrasion, 86
Coronoid process
fractures, 112
section to permit realignment of ramus, 131
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Cranial nerves, 99

neuropathy of by rocket fragment, 237
Cranium, surgical exploration, 73, 80
Craniotomy, 111
Cricothyrotomy, for airway obstruction, 47
Crimean War, debridement of wounds, 2

D

Debridement
during early care, 48
early practices, 1, 2
hydrodynamic, 69, 70
improvements in during World War I, 3
in Korean war, 11
tooth and root fragments, 103, 108
in World War II, 9
Defects
avulsive
of mandible, 7
one-piece splints for, 132
in patients requiring bone grafts, 124
of symphysis, 163
discontinuity
mandibular ramus-angle, 155
rib grafts for reconstruction, 122, 136, 138
inlay-onlay grafts for, 134, 135
soft tissue, 169
Deformities see also Specific sites
of canthal area, 60
dentoalveolar, 231
Dentures, artificial

increasing masticatory efficiency of, 201
mandibular, 159
maxillary partial and mandibular full, 169
required after bone grafting, 145
surgical preparation for, 163, 173, 179, 187,
191, 207, 231
Dextran, allergic reactions and clotting defects
produced, 53
Diarrheal diseases, in U.S. troops, 103
Diplopia, management of, 60
Disease(s)
and concomitant injuries, 114-116
in army personnel in Vietnam, 103
Drains, removal and care, after surgery, 88, 89
Drugs, for maxillofacial evacuees, 92
Ducts
parotid,
fistulization in after injury, 113, 114
repair, 85, 86, 113-115
severence of, 237
salivary, 99
technique for reconstruction, 114

E

Ears, management of injuries, 114
Electrolyte needs, after surgery, 88
Emesis
release of fixation devices, 92
strangulation from, in World War I, 6
Emotional needs, of patients after surgery, 88
Empyema, effect on maxillofacial wound, 114
Endodontic therapy
after fragment wound, 183
after missile injury, 221, 241
before bone grafting, 126
Endotracheal tubes, see Intubation
Escherichia coli, 70, 98
Estlander operation, for repair of lower lip, 159
Etiology, of injury, for MFCS patients, 42
Evacuation procedures
aeromedical, 89
aeromedical routes, 91
coordination during early phase, 34
effects on casualties, 90
hospital admission and medical evacuation, 19,
20
improved survival by helicopter, 34
improvements during World War I, 2
improvements during World War II, 8
at intermediate facilities, 95
in Korean war, 11, 13
law regarding transport by ship, 6
medications, evacuation tag used for, 90
selection, preparation, timing, and in-flight
management of evacuees, 90
in World War 11, 10, 1]
Evacuation time see also Case reports
from each facility, 90
mean time to, of transfer, 18
Eyelids
examination and surgical repair, 60
Eyes
conjuntiva, treatment of lacerations, 86
cornea, abrasion of epithelium, 86
examination of, before surgery, 60
management of injuries, 86, 87, 114

F

Face

anatomy, 29

deformities of, 1, 4

repair of fragmentation wounds, 163, 183,
191, 207

repair of missile wounds, 169, 179, 221, 227,
231

repair of orofacial wounds, 183
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Facial nerves, decompression of, for motor func-
tion, 221
Fever, management of, 102-104
Fistula
arteriovenus, 98
extraoral, after salivary gland injury, 113, 114
pleural cutaneous, in neck, 195
salivary-cutaneous, prevention of, 86
Fixation
acrylic splints, 9
appliances for bone grafting, 131-133
arch bars, 129
bandages
Barton type, 4
four-tailed, 4
biphasic external skeletal-pin, 12
British metal cap splints, 9
continuous loop wiring with elastic traction,
129
Crawford metal head appliance, 9, 10
custom cast cribs, use in bone grafting, 138
direct osseous wiring, 12
Gunning splint, 9
Gunning open-bite splint, 4
Hullihen capped splint, 4
improvements, in World War II, 11
interdental splints, 4, 5, 9
internal suspension wiring, 9, 10
intermaxillary, period for bone grafting, 131
intermaxillary fixation, 80, 82, 155, 195, 207,
231, 237
with custom splints, 227
Kingsley splint secured to head cap, 9, 10
mandibular
analysis of in Federal facilities, 66
and body regions, 179
arch bars and biphasic external skeletal fixa-
tion, 231
arch bars and intermaxillary fixation,
with circumzygomatic suspension wiring,
221
arch bars and intermaxillary elastic fixation,
191, 207
arch bars and intermaxillary fixation, 159,
173, 179, 187, 215
arch bars and intermaxillary wire fixation,
183
bandages, 4
four-tailed, 5
biphase external skeletal-pin fixation, 163,
195
cast metal lingual appliances, 110
cast splint fixation, 207
circumdental intermaxillary wire fixation,
169
metal crib, use in bone grafting, 136, 138, 139
metallic crib, 227

monoarch fixation, 179
plaster or strap headcap, 9
Roger Anderson external skeletal-pin, 10
stabilization
of mandibular grafts, 6
of skeletal fractures, 80, 82
vulcanite splints, 9
Flaps see Skin flaps
Fluid
blood
replacement after hypovolemic shock, 53
transfusions, 5
blood and crystalloid solutions, for
hypovolemic shock, 53
colloid solutions, use in hypovolemic shock, 53
crystalloid solutions
limited use in World War I, 5
replacement, during presurgical period, 57
treatment of hypovolemic shock, 53
replacement, 53, 88
Foreign bodies
fibrosis and/or bony consolidation accentuated
by, 112
procedures followed in late care, 108
removal before bone grafting, 124
retention of, 101
Fractures
alignment and stabilization of bony fragments,
109
analysis of reduction in MFCS patients, 82
comminuted
arch bar fixation, 100, 110
external skeletal-pin fixation, 100
operative treatment of, 101
period of intermaxillary fixation after early
care, 110
splints, 100, 110
wire fixation, 100
compound, closed reduction, 101
compound, comminuted, avulsive, 179
condylar, from indirect source, 111
endentulous, external skeletal-pin fixation, 82,
133
mandibular
clinical examination of, 61, 62
comminuted, surgical management of, 74, 78,79
compound, comminuted, 163, 173, 187, 201,
207, 211
compound, comminuted, 163, 173, 187, 201,
207, 211
compound, comminuted, avulsive, 159, 187,
191, 193, 195, 215, 227, 231
incidence of mandibular fixation, 82
incidence of type of reduction, 82
reduction of
at intermediate facilities, 100
at late care facilities, 110




Subject Index - 267

temporary immobilization of, 48, 67
maxillary
analysis of in Federal facilities,66
gunshot wounds and, 2, 155
Le Forte 1, 11, 111, 67-78, 215
teeth, 241
midfacial
clinical examination of, 60
craniofacial head frame fixation, 82, 101
internal suspension wiring, 9, 10, 82
Kingsley splint fixation, secured to head cap,
9,10
in MFCS study group, 66
reduction of
at intermediate facility, 100
at late care facilities, 109, 110
naso-orbital
clinical examination of, 60
in association with Le Forte I, I, and 111, 61
orbital
clinical examination of, 60
surgical management of, 78
treatment, 78
orbital floor
analysis of, in Federal facilities, 66
surgical management of, 78, 79
treatment, 80
stabilization of, 80, 82
sternoclavicular joint, compound, 195
thyroid cartilage
compound, 195
tracheal stent, 195
teeth
and hard palate, 221
incidence in MFCS patients, 67
retention of, 101
types of, in MFCS patients, incidence of reduc-
tion, 82
zygomatic
anatomy, 24
analysis of, in Federal facilities, 66
clinical examination, 60
restriction from, 112
surgical management of, 78
treatment, 78

G

Genitourinary tract, fever in conjunction with,
103

Genial muscle, 159

Gingiva, lacerations, 78

Glands
parotid, repair, 85, 86

salivary, 99
early care, 85, 86
fistula after injury to, 113
submaxillary, 86
Grafts see Bone grafts and Skin grafts
Gunshot wounds see also Ballistics and Wounds
to face and neck, 173
to mid and lower face and extremities, 155
World War I, 2

H

Hard tissue

avulsive wounds from fragments, 215

early care of, 73-82

principles guiding surgical care, 73, 74
Head, management of injuries to, 114
Helicopter

evacuation, in Korean war, 11, 12

injury from rotor blades of, 159
Hematoma, formation, 141
Hemorrhage, control of before surgery, 57
Hepatitis, 103, 169
Hernia, after graft removal, 147
History

evolution of mandibular bone grafting, 116,

117
of management of oral and maxillofacial in-
juries during war, 1-15

medical, of casualties before surgery, 58
Hospitalization time

reduced overseas, in Korean war, 13

of Vietnam casualties, 19-21
Hyphema

ophthalmologic evaluation of before surgery,

Hypovolemic shock
classification of, 52
clinical manifestations of, 52, 53
management of, 53
mechanisms and physiologic manifestations.
52
Hypoxemia, during aeromedical evacuation, 91

I

Ileus, postoperative, development of, 140
Ilium, donor site for bone grafts, 11, 116, 117,
133-136, 140, 155, 163, 169, 195, 207,
215, 237
Implants
alloplastic
for mandibular repair, 77, 80, 187, 201
as source of infection, 124
for space or reduction of fragments, 101
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for orbital floor, 80
silastic, for mandibular repair, 163
Titanium, for bone grafting, 138, 139
Vitallium®, for bone grafting, 138, 139
Infection
after alloplastic implants, 101, 187, 201
antibiotic treatment of, 155
bacterial, 70
cause of restrictive lesions, 112
chemotherapy for, in World War 11, 9
chronic, at iliac crest donor site, 169
control cf before bone grafting, 124-126
fibrosis and/or bony consolidation accentuated
by, 112
from foreign bodies, 70, 141
of iliac crest block grafts, 136
from inadequate seating of biphasic pins, 133
from oral mucosa and wound dehiscence in
bone grafting, 141-143
late, from teeth, 126, 141
rarely from missile fragments, 124
of urinary tract, 103
in wounded patients, 69, 107, 124, 195, 207,
211, 222
Inflammation, after bone grafting, 143
Infraglottic obstruction, compromise of respira-
tion, 48
Injuries see Specific anatomical site
Inlay grafts, skin, for bone grafting, 134, 135
Intravenous catheters, replacement of before
evacuation, 91
Intravenous infusion, during presurgical period,
57
intubation
endotracheal, 50, 68
establishment of, in World War 11, 8
for airway obstruction during early care, 47
removal of before evacuation, 91
nasogastric, to evacuate stomach contents, 87
nasotracheal, 68, 106
development of, in World War I1, 8
use of, in Korean war, 12
Irrigation, with various solutions, 101

J

Jaw deformities, evolution of surgical therapy
for, 1
Jaw exercisers, 111-113
Jaws see also Fractures
anatomic locations of restriction, 111, 112
prevention of aspiration after immobilization
during evacuation, 92
procedures for release of supporting devices
during evacuation, 92

restrictive function of, 110-113

Joints, sternoclavicular, compound fracture of,
195

K

Korean war see also Anesthesia, Debridement,
Fixation, Management
case report of patient injured by mortar frag-
ment, 241
logistics, 11, 12
surgical research efforts during, 1
wound management, 12, 13

L

Laboratory examination
at intermediate facilities, 99
presurgical, at early facilities, 57, 58
Larynx
injury of, 59
mortar fragment wounds in, 195
Lingual mucosa, closure of lacerations, 78
Lip,
commisure, scar revision of, 130, 231
laceration of, 173
repair of
after fragmentation wounds. 62, 63
exit wound, 187
soft tissue avulsion of, 159
soft tissue loss, 130, 179
vermilion border used
for repositioning, 63, 68
Logistics
consideration of, 17-21
in Korean war, 11, 12
in World War I, 6
Lung
complications in, as cause of fever, 102
progressive pulmonary insufficiency (shock
lung), 88
pulmonary atelectasis after early surgery, 89
pulmonary pathology, as respiratory obstruc-
tion, 48

M

Malaria
Plasmodium falciparum, 103
Plasmodium vivax, 103

Management see also Team Management
of anesthetics, 8, 12, 68
clinical goals of, 19
of mass casualties, 56
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patient
initial overall, 56-69
in Korean war, 12, 13
at treatment facilities of Vietnam war
early care
fragment wounds, 183, 191, 195, 207,
215, 237
gunshot wounds, 155, 173
helicopter wounds, 159
kypovolemic shock, 53-55
missile wounds, 169, 179, 207, 221,
227, 231, 241
postsurgical, 87
review of, 33-94
small arms fire, 183
surgical, 69-84
in triage area, 50, 51
intermediate care
fragment wounds, 183, 191, 195, 215
gunshot wounds, 155, 173
helicopter wounds, 159
of fever, 101
of fluid therapy, 102
missile wounds, 169, 221, 227, 231,
241
protocol, 97
rationale of, 96
review of, 95-104
late care
fragment wounds, 183, 191, 195, 207,
215, 237 i
gunshot wounds, 155, 173
helicopter wounds, 159
missile wounds, 169, 179, 221, 227,
231, 241
preprosthetic surgery, 144-151
review of, 105-153
small arms fire, 183
technical, 121-133
in World War I, 18
in World War 11, advances of, 8-11
Mandible see also Fractures
anatomy, 24
prosthetics reconstruction, 6, 7, 113, 116, 147,
148
roentgenographic examination, 65, 82, 123
Mastication, maintenance of ability, 20
Mastication muscles, 111
Maxilla see also Fractures
anatomy, 26
Le Forte I, I, 111, description of, 61
Le Forte type, 78
management of in World War II, 9-11
prosthetics, 148
rentgenographic examination, 65, 82, 123
Maxillary tuberosity, and extra-articular restric-
tions, 112

Maxillofacial Casualty Study Patients (MFCS),
basis for analysis of Vietnam experience, 18,
19, 23, 42, 59, 65-69, 73, 82, 100, 103, 110,
119, 124, 149, 150
Methicillin, effective against Staphylococcus au-
reus, 98
Mouth
anatomy, 27, 28
floor of
closure of lacerations, 78
mortar fragment wounds, 195
presurgical examination, 63
release of adhesions in, 227
restriction of opening, 110, 113
Muscles
buccinator, 114
genial, 159
masseter, 113, 114
mastication, 111
orbicularis, 62
pterygomasseteric, 112
temporal, 111, 112

N

Narcotics, for pain in hypovolemic shock pa-
tients, 54
Nasal cavity, presurgical examination of, 63
Nasal packs, removal of after surgery, 89
Nasolabial fold area, missile wound in, 221
Nasolacrimal apparatus, severance of canaliculi,
87
Naso-orbital-ethmoidal complex, treatment of
injuries to, 80
Neck
exploration for repair of missile damage. 73
management of injuries to, 114
wounds in from
fragments, 163
gunshot, 155, 173
missiles, 169, 227
Nerve(s) see also Names of
facial, procedures for treatment of, 86
management of injuries to, 114
Nose
depression over bridge of, 60
management of injuries to, 114
Nutrition, after surgery, 88

o

Obicularis muscle, 62
Odontoma, removal of after missile injury, 221
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Ophthalmologic examination, facial injuries
and, 60, 80
Oral-antral opening, closure by soft tissue buccal
flap procedure, 241
Oral hygiene
problem during evacuation, 92
regimen for wound cleanliness, 107
Orofacial lacerations, closure of, 68
Oxygen support, for hypovolemic shock pa-
tients, 54
Orbit see also Fractures
injuries to, 78, 80, 86
Orbital floor see also Fractures
examination of, 80
Osteolysis, around fixation pins, 10

P

Palate

hard, fracture of, 221

presurgical examination of, 63
Parotid duct, 85, 86, 113-115, 237
Parotid gland, 85, 86
Particulate cancellous marrow (PCM)

for bone grafting, 136-140

long-span, 139, 140

techniques of application, 139
Pathology, peridontal and periapical, 108
Penicillin, 1, 70
Peridontal disease, 241
Pharynx

anatomy, 26-28

closure of wounds in, 78

presurgical examination of, 63
Phlebitis, 102, 103
Physical examination, of battle casualties, 58
Physical therapy

conservative use by patients, 111, 112

for extensive fibrosis, 113
Pneumothorax, in rib resection, 140
Postsurgical considerations, in early care, 87-92
Preprosthetic surgery, 144-151

mandibular, 113, 147, 221

maxillary, 148

recent reemphasis of, 117

rationale for, 146
Pressure dressings, removal after surgery, 88
Presurgical examination, documentation of, 65
Prosthesis

cantilever-like, 201

fixed-bar, 207

for missile injury, 241
Proteus, contamination of wounds by, 70
Pseudomonas aeruginosa

antibiotic therapy for, 237

contamination of wounds by, 70

infection, 100
isolation, from wounds, 98
Psychologic aspects of war injuries, 19

Radiographic evaluation
at intermediate facilities, 99
limits of in World War I, 5
preoperative evaluation, 64, 65
preoperative, of teeth and supporting bone,
123
of presurgical patients, 59
Reconstructive surgery see also Case reports
challenges of’ 5, 20
criteria for, 117
at late care facility, 20, 21
mandibular bone grafting, 6, 7, 116-144
methods in World War I, 5-7
methods and improvements in World War I1,
11
procedural format for, 117, 118
repair of parotid duct, 114
Reduction
closed
of comminuted fracture, 237
of mandibular fracture, 183, 207, 237
delayed, in facial fracture, 68
of fractures in MFCS patients, 82
of fractures, incidence at intermediate care,
100
of fragments, 76
of midfacial fracture, 109, 110
()mn
direct, 77
of compound fractures, theories on, 3
of fractures in Korean war, 12
of mandibular fracture, 231
of maxillary fracture, 215
extra- and intra-oral, 101
Rehabilitation
at late care facility, 21
of patients at intermediate facilities, 103, 104
procedural format for after reconstruction,
117
prosthetic, cooperative therapy necessary, 146
Respiration
diagnosis, 47, 48
monitoring of, after surgery, 87
Resusitation
criteria for success of, 54, 55
development of methods, 8
improvements in methods, 2
Restriction
anatomic locations of, 111-118

of mandibular function from scarring, 111,
112
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Rib grafts, lateral approach methods, 136

Salivary duct, 98
Salivary gland
early care, 85, 86
fistula after injury to, 113
Salmonella, 103
Scar
contraction of, 3, 85
excision, 113
prevention, by scrubbing, 70
revision, 159, 163, 169, 179, 215, 231
Scar bands, Buccal circatrix
management of, 113
prevention of, 131
Z-plasty for, 113
Scar tissue
malalignment consideration before bone
grafting, 130, 131
softening of, 113
Sepsis
control, before bone graft, 6, 124-126
in World War I casualties, 3
Shigella, 103
Shock see Hypovolemic shock
Sinus cavity, presurgical examination of, 63
Skin, scrubbing of, before surgery, 70
Skin flap(s)
designs, introduction of, 7
distal, 169
Estlander, for lower lip repair, 159
local, 83, 169
repositioning of, for information on closure,
63
rotation, 221
tube pedicle, 169
Skin grafts
Esser epithelial inlay
for relieving scar bands, 113
for replacing lost mucous membrane, 7
to floor of mouth, 215
and mandibular vestibuloplasty, 231
scar excision by Thiersch type, 113
split-thickness, 83, 163, 173, 241
with vestibuloplasty, 241
Soft tissue
avulsive injury of, from fragments, 215
conservation of, 74
early care of, 82-85
evaluation of, before bone grafting, 130-133

management at intermediate facilities, 101,
102
principles of primary and secondary closure,
procedures, in World War 1, 6, 7
for repair of lower lip, 159
to improve facial appearance, 179
presurgical examination of, 62, 63
Solutions, see also Fluids: Crystalloid solutions
use in World War I for severely injured, 5
Spine, cervical, radiographic survey of, 65
Staphylococcus aureus, isolation from wounds, 98
Staphylococcus epidermis, contamination of wounds
by, 70
Streypmmycin, therapy against organisms, 70, 71
Study casts, before bone grafting, 124
Sulfonamide, 1
Surgical therapy
advances in, for maxillofacial war injuries, 13,
14
evolution of, 1, 2
Sutures
removal after surgery, 88
soft tissue, 83

T

Team cooperation
evident need for in Korean war, 13
in late care, 21
Team management, in handling seve re and mul-
tiply traumatized patients, 55, 56
Teeth
avulsion of, 179, 231
fractures, 159, 163, 183, 241
preoperative evaluation, 123
removal of, 163, 169, 173, 195, 207, 215, 231
retention of, after fracture, 101
root fragments
care of, 74, 103
removal of, 179
selection of, before bone grafting, 126, 130
source of late infection, 126
Temporal muscle, 111, 112
Temporomandibular ankylosis, unlikely as cause
of jaw restriction, 111
Throat, management of injuries to, 114
Thrombophlebitis, development of, after
phlebitis, 102, 103
Tongue
adhesions of, 227
avulsion of, 221
types of injury, 63
Tracheostomy
evaluation of, at late care, 106
management of, at intermediate facilities, 97
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in MFCS patients, 68, 69
use of during
early care, 47
evacuation, 90
World War I, 5
World War I1, 8
Transient cavitation space, 36
Transmastoid, extratemporal exploration, 221
Transportation see Evacuation procedures
Trauma
anemia of, 115
cause of restrictive lesion, 112
effect of mandibular function, 112
Treatment
at base hospitals during World War I, 3
at early facilities, 33-94
early, intermediate, and late care of casualties
with
fragmentation wounds, 183, 191, 193, 195
gunshot wounds, 155, 173
helicopter blade wounds, 159
missile wounds, 169, 179, 221, 227, 241
early and late care of casualties with
fragmentation wounds, 207, 237
missile wounds, 201
small arms fire, 187
priority of, 51
echelon of patient care, 19
at intermediate facilities, 20, 95, 104
at late facilities, 20, 105-153
goals, 18-21
factors influencing, 33
of hypovolemic shock, 53
surgical
advance for maxillofacial war injuries, 13, 14
evolution of, 1, 2
Treatment facilities in Vietnam
fixed complete (hospital), 35
minimal (temporary and mobile), 34
mobile complete (hospital ship), 35
mobile limited (surface vessel), 34, 35
Triage, procedures followed and evaluation of
patients, 49, 50
Trismus, 111

U

Urinary catheter
for patients with major injuries, 54
after surgery, 87

Urinary tract infection, 103

v

Vestibuloplasty
after bone graft augmentation, 150, 151
procedures for, 146-148
Vietnam war
case reports on casualties, 155
combat troop strength, 17
treatment
goals, 18-21
at early facilities, 33-94
at intermediate facilities, 95-104
at late facilities, 105-153
Vision, 60, 61
Vitallium® crib, for graft system, 173
Vocal cord, lacerations, 195

w

Waters radiograph, 65, 99
Wounding agents, ballistics, 35, 36
Wounds see also Ballistics, Case reports, Gunshot
wounds, and Specific sites
avulsive, from missiles or missile fragments,
4447
classification of, 38-44
clinical evaluation and treatment, 105-110
closure, 9, 12, 83-85
dehiscence, in bone grafting, 143
evaluation, at intermediate facilities, 97-99
extraoral, 107
infection, 70, 107
intraoral, 107
management of
in Korean war, 12, 13
objectives of in late care, 106
principles for
inside out-bottom-up, 71
neck exploration, 73
recovery of foreign material, 71. 73
and special problems in late care, 105-115
maxillofacial
complications
during World War I, 3
effect of concomitant injuries on, 114
treatment of, in World War II, 9
penetrating, from missiles, 38-42
perforating, from missiles, 42-44
physiologic status of resuscitated casualties be-
fore surgery, 54, 55
preliminary care, 66-68

o
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presurgical asceptic technique and debride-
ment, 69

surgical exploration of, 73

types and patterns of injury, 36, 37

XYZ

Zygoma
fractures, 112, 231
Zygoma-coronoid process-maxillary turbosity,
112
Zygomaticomaxillary area wounds, 78-80
Zygomaticomaxillary cheek injuries, 60
Z-plasty, for scar bands, 113
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