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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 - . merated in a well designed , evaluative prospec-
wounded soldier has always assumed, for a tran- tive-swdy. Beginning with the battlefield injury,
sient time, a preeminent position in the literature the authors follow patients through the earl y and
of trauma. But as the harsh memories of war intermediate phases of treatment; ultimately,

fade , the medical lessons learned in conflict and definitive therapy is carefully and full y inte-
the insights briefl y gained are often forgotten. grated with investigations in bone transplanta-
Valid treatment modalities are lost to future gen- tion and soft tissue reconstruction. The under-
erations of combat surgeons and are irretrievable lying princi ples evolved in this discussion full y
for application on new battlefields. recognize the certitude that even the earliest ef-

Equall y serious are the false perceptions of forts must respect the next step in the therapy
therapeutic effectiveness that arise as the shifting cycle.
theaters of war cause a wide dispersal in time and The authors also stress the importance of ad-

place between the beginning and the end of a ministrative planning to ensure that treatment
curative effort. How often have combat surgeons is provided under the best possible circumstan-
wondered about the effectiveness of a treatment ces. Precise personnel planning and organization
regimen whose results can only be evaluated in of treatment facilities are essential and are dis-
a clinical setting far from the original source of cussed in some detail here. So are the organi-
care? Unfortunately, many impressions of treat- zation of patient evacuation systems, prompt dis-
ment efficacy fail to survive the broader per- persal of patients , and recall and evaluation
spective of hindsight , mechanisms.

An estimated 10% to 15% of all war wounds in- A well-trained surgical team , aware of the les-
volve the highly functional and anatomically sons learned in previous wars and supported by
complex maxillofacial area. In this book , an out- administrative programs functioning at top ef-
standing group of Navy oral surgeons offer what ficiency, can achieve an unchallengeable level of
may well represent the definitive stud y of treat- professionalism. The result is the end all healers
ment of maxillofacial injuries, seek: better patient care.

Here the princi ples of treatment are enu-

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

All who have been exposed to the experiences narrates and criticall y reviews treatment modal-
of war appreciate the pathos of the wounded. ities but :4so addresses the numerous war-related
Those who are in a position to treat war casualties factors that influence the care of the battle cas-
and assist them in their return to a happy and ualty . Of particular note is the repeated emp hasis
productive life are faced with a demanding, but on the necessity for inter-professional coopera-
often rewarding, challenge. This is particularl y tion to assure optimal long-term results. Both
true in relation to the management of the oral- medical and dental clinicians contributed to the
facially injure d as they present complex problems treatment results illustrated in the text , thus cor-
of dental and medical rehabilitation that greatly roborating the desirability of coordinated , har-
influence the functional and psychological integ- monious patient management. It is hoped that
rity of the afflicted individual. The dental officers this book will serve as a valuable reference source
who have authored this text recognized the need for both battle casualty and civilian oral-facial
to analyze and document the results of oral-facial trauma management and will exemplify th e pos-
casualty care in order to assure that the results itive contributions that can be made under the
of their experiences would be passed on to future ausp ices of federal health care organizations even
generations of clinicians in a meaningful format. in the negative environment of war.
They have prepared a publication that not only

Robert W. Elliott , Jr.
Rear Adm iral 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- The National Institute of Dental Research is
gion has received little attention by the research pleased to cooperate with the Naval Medical Re-
community. Even though the resources devoted search Institute , Department of the Navy, in the
to the care of the afflicted are extensive , trauma publication of this book in order to make avail-
has been called the “neglected disease” of mod- able to the clinician and clinical researcher the
em society. The causes for maxillofacial trauma knowled ge gained from the treatment of cas-
are many and produce a broad range of injuries. ualt ies. This superb documentation of acute and
Thus preventive and treatment measures require longitudinal care of maxillofacial injuries should
many different approaches and critica l stud y. contribute significantly to the treatment of mu-

In recent years the National Institutes of lions of citizens who will suffer from physical
Health have recognized the need for more re- impa irment due to trauma. Additionally, it is
search focused on this health problem. Similarly, hoped that basic scientists will identif y clinicall y
the advancement of basic research knowledge app licable questions which can be addressed
must be accompanied by a commitment to nar- through their studies , and a chapter on this sub-
row the gap between scientific discovery and d in- jec t has been included.
ical app lication.

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

Severe maxillofacial injury is terribl y damaging and every stage. This book fulfills an essential
to the victim ’s functional and psychological in- need in that it prescribes procedures for the in-
tegrity. Under the best circumstances , satisfac- ter-echelon coordination so essential to opt imal
tory management of such injuries requires care- care of maxillofacial injuries. The book stands
ful coordination of early treatment through late as a testimony to the wisdom and foresight of
reconstructive surgery and a high degree of in- those individuals who initiated the long-term
ter-professional cooperation among medical , stud y more than a decade ago, to the dedication
dental and surgical specialists. Provision of sim- of the contributing dental and medical clinicians ,
ilar care to combat casualties is an even greater and to the skill and perseverence of the editor.
challenge. The structure of the military casualty It will serve as a valuable reference source to the
management system , i.e., successive echelons of mi l i t a r y  and civi l ian denta l  and medical
evacuation and treatment , requires that utmost communities.
attention be paid to the patient ’s status at each

Captain C. E. Brodine
Commandin g Officer
Naval Medical Research and

Development Command
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Pref ace

At the beginning of the Vietnam conflict few the medical evacuation routes , and late care ( re-
surgeons serving on active duty could provide construction-rehabilitation) at a primary milita ry
guidance in the treatment of complex war wounds medica l institution as well as at other Federal or
that was based on wide personal experience. Al- civilian facilities. In addition , SOme patients were
though journal articles and textbook chapters identified at the time of late care and were in-
were available concerning various aspects of war cluded in the survey from that time forward with
casualty treatment , no contemporary sing le- retrospective investigation of their earl y and in-
source document existed that dealt solely with termediate care . A total of 204 casualties were
the total management ofjaw-injured patients in- included in the survey, although long-term fol-
cluding earl y through late care. In this environ- low-up for all patients was not possible as evi-
ment surgeons of all disciplines found themselves denced by the number (N) of cases included in
relearning the lessons of casualty management the various data anal yses that will be presented.
just as their predecessors did in previous wars, The conclusions set forth in this publication are
In addition , treatment concepts that had been drawn not only f r om the survey data but also f r o~n the
developed since World War II and the Korean clinical exp erience of the authors that was acquired in
conflict were being applied to Vietnam casualties the military hosp ital.c in which they served. Althoug h
and the need to investi gate their efficacy and the authors were primari ly responsible for in-
validity became readil y apparent. dividua l chapters they also provided input to

The primar y imp etus for  this text was the app arent other sections of the text where appropriate.
need to compile and report data concerning the treat- The publicat ion is meant to provide a research
ment of oral and maxilofac ial war casualti es occur. and clinical perspective to the management of
ring in Vietnam in order to establi$h a contemp orary casualties and is not pr imarily intended as a tech-
perspective for  such management. To accomplish ni que primer. An attempt has been made to ex-
this , a long-term survey investigation of such in. tract those data most pertinent to the long-term
j uries was conducted within the Dental Sciences results of treatment. The data presented and the
Department of the Naval Medical Research In- treatment described represent those aspects of
stitute (NMRI)  and has provided the basis for casualty management which in the op inion of the
this publication. The survey investi gation de- authors are most significant in relation to the law-
pended on the cooperation of clinicians in all the inj ured patient. In most instances , descri ptions
Federa l Services and in some instances civilian of treatment have not been presented in a de-
practitioners . Selected cases were identified at tailed manner; rather , the references made to
treatment facilities in Vietnam and investigators previousl y published accounts of therapy are
at NMRI were provided with a documentation meant to guide the reader to accurate and con-
of their treatment. The management of these temporary resumes that present more detailed
patients was followed prospectively throug h all descri ptions of the particular matter under con-
phases of casualty care including earl y treatment sideration. It is recognized that what is recom-
in Vietnam , intermediate care at facilities along mended practice today may be inappropriate in
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the future , but hopefuJh’ what has been comp iled A series of Dental Officers who served as Chief
in this text will be usefu l and meaning f u l  for at of th e t tined States Na v~ Dental Corp s. Bureau
least several decades. The authors unanim ously  of Medicine and Surgery , provided tlit ’  bask sup—
concur that despite the technolog ic advances in port to the casualt y investigation.  Rear Admiral
biomedical science that have occurred during this  Frank Keyes. DC, usN(RF :T.), approved the con-
century the basic princip les of ’ maxillofacial st~ - cept of the initial protocol. and his Si l t  ( essor Rear
geir still remain essentially intact , and it is reall y Admiral Edward R a f f e t t o . DC, [SN(RET .),
the opp ortunit \  to provide a wider range of treat— strong ly supported the project in its in i t i a l  phase
ment options tha t has dianged the perspective when he was inspector General for the Dental
for casualt management. Corps an (l  assured its cont inui t y  by vi gorously

This pub lication exists because of the efforts  supporting it dur ing his tenure as ( ;h ief .  Rear
of numerous clinicians and research scientists as Adniira l Jack P. Arthur .  DC. U SN (RET .) .  under-
well as the administrative support provided by stood the necessity for comp letin ~ the proj ect and
the Bureau of’ Medicine and Surgery (RU MED) assured the cooperation necessary for the i n i t i a —
over the several years that the maxillofacial cas— tion of this  publi cation. The text tvas comp leted
ualty stud y (MFCS) has been in effect. The MFCS during the tenure of Rear Admiral Robert W.
had its origins in conj unction with the inv e st i— Elliott. Jr. , DC , USN , who strong ly supported the
gations of Captain Philli p J . Boyne , DC , proj ect and encouraged t h e  thoroug h and timel y
USN (RET.), during his tour of duty at NMR I . Dr. comp letion of the work.
Boyne and his associates, including Captain Harvey The Staff of N~t 1R I and the N aval Medical
W. Lyon, DC, USN (RET.), developed a particulate Research and Development Command
cancellous bone marrow grafting system that de- (NMR&D C) were closely associated with  this  pro-
pended on the demonstrated osteogenic p(nential j ect and were unwaver ing  in their support . Cap-
of bone marrow elements. The first MFCS stud y lain Charles F. Brodine . MC . U SN. who was
cases were acquired in an attempt to investi gate the greatl y ins t rumental  in imp lementing and over-
clinical application of this bone grafting system. seeing the Na ’. medical (lepartment research
Lieutenant Commander Allan B. Luke, DC , USN efforts in Vietnam. was a source of cou ’isd .. ‘~d
(Deceased), and Captain Charles Myers, DC, USN enco u ragement prio r to and after assu ning 1~is
(RET.), of the Dental Sciences Department . NMR I .  duties as Commanding Officer N \ IR&LC. Cap-
were responsible for sustaining the casualty stud y ta m Kenneth \V . Sell. MC , USN. during his te-
during its infancy, following the retirement of Dr. nure as Commanding Officer. N M R I . provided
Boyne. Without their dedicated interest this publi- the administrative support that directl y resulted
cation would never have materialized. During the in this  publication and also reviewed and ap-
editors initial involvement with the MFCS. Captain proved the manuscri pt. The dynamic , int e ll i gent.
Tracey D. Cuttle , MC , USN (RET.) as Command- and far-si ghted leadershi p (I f Captains Brodine
ing Officer and Commander Gaspar W. Anastasi , and Sell served as a strong motiva t ion to all those
MC, USN as Chief, Plastic Surgery Service , Naval involved with the many aspects of casua lty care
Hospital , Boston (Chelsea), were extremel y under- research.
standing and cooperative in fostering the concept Captain Gordon H. Rovclstad. DC. csN(RF :T.)
of a long-term casualty stud y. Captain John D. ( 1969—74). and Capta in Herman D. To’.’.. DC .
Cagle. DC, USN , provided valuable assistance with U SN ( 1974—76) . served in a p i ’.ota l role as direc-
data collection and anal ysis during his tour at tors of the Navy Dental Research Program and
NMR I and was responsible for compiling most of coordinated the support of BUMED and the
the case reports fro m the MFCS records. Two of NMR&DC . Captain Tow also held the position of
the authors, Captain Bill C. Terry, DC, USN Chairman.  Denial Sciences Department .  N M R I .
(RET.). and Captain Henry J. Sazima. DC. USN, from 1970—74 . and in this  capacity provided an
were the princi pal advisors and supporters of this envir onment  in which it was possible to (i l ik

stud y over the rears and as a result of their vision imp lement the  casualt y investigation. In addition
and enthusias m were greatl y influent ial in provid- Captain Robert \V . Longton . DC. U SN . serving as
ing the encouragement and motivation necessary to Ch airn ta i ’ . Dental Sciences I)epartment. NM RI.
continue the investi gation. care t t i l l  directed th e admin is t ra t i ve  suppo rt

n( ’(&~SS~lfl to assure publication of the manuscript .
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The section of Chapter IV concerning hypo- tions of these men. Their personal exp erience lends
volemic shock was reviewed by Captain Clifford a degree of credence to the text which is of pa rticular
M. Herman MC USN, Head, Experimental Sur- importance in relation to the management of war cas-
gery and Physiology Division , Experimental ualties. It is a credit to each of them that they
Medicine Department, NMRI and Thomas W. recognized the significance of the casualty treat-
Evans DDS MD, Columbus, Ohio, both of whom ment with which they were involved and were
took time from their busy schedules to assist with willing to devote the time and effort to prepa-
this aspect of the publication, ration of a manuscript. As a result, their expe-

Lastly and most importantly are the contri- riences have been passed on to those surgeons
butions of the co-authors. It would not have been who in the future will have to deal with the corn-
possible to prepare this type of publication with- phicated and often tra gic circumstances of war
out the knowle dgeable and informed contribu- casualty treatment.

July 1977 J. F. Kelly

xlx

~~~~~~~~~~—- — -~~~~~~~~~~~~~~~~~~~~ . . 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

—
~~ - - — — ~~~~~~~~~~~~~~~ .~~~~— — - - ~~~~—



r , ~~~~~~~~~ 
.
~~~~ ~~

.,

I— — —
‘ ~~~~~~~~~~~~ _ _ _

Acknowledgments

The foundation of this publication is the MFCS Brown , S. S. Byers, G. W. Carroll , J. H. Charles,
data that were acquired through the cooperation B. Ciola , V. Cozza , M. R. Cummings , A. De-
of numerous clinicians from all the federal serv- Freece, B. J. Devos, Dr. Estep, J. F. Flood, Dr.
ices as well as the civilian community. In addition Greco, T. J. Jost , J. Judson , 0. R. Koski , H. S.
to the authors, Colonel D.B. Osbon , DC , USA Kramer , Dr. Lahey,J . S. Lindsay, E. G. Mainous ,
(RET.), formerly of Lettermen Army Medical R. B. Maw, T. W. McKean, E.J. Messer, R. Mid-
Center, as well as Colonel R.C. Gerhard, DC, dleton, P. J. Mulli gan , R. A. Newman , Dr. Pas-
USA (RET.), and Colonel L.H. Guernsey, DC, kowsk , G. Rooney, H. 0. Scharp f, J. Seashore ,
USA (RET.), formerl y of Walter Reed Army M. T. Shervheim , L. Slagle , E. W. Small , T. E.
Medica l Center unselfishl y contributed a signif- Stump, W. E. Sugg, Jr., A. A. Swanson , B. C.
icant amount of case documentation to the MFCS Terry, J. W. Walden, and J. Upton.
and through these records thoroug hl y and The data for the case reports were collected from
grap hically dep icted the results of their excep- numerous surgeons over a long duration. The
tional surgical care, following clinicians are those who provided treat-

Certain other surgeons manifested an ex- ment and/or documentation of cases included in
tremely cooperative and sustained relationshi p this  section: P. L. Abbott , C C. A I l ing ,
with the Maxillofacial Casualty Stud y and as a G. W. Anastasi , J. T. Anderson , S. Bahn ,
result oftheirnotable treatment efforts and care- R. D. Baker , J. R. Bohanan, P. J. Boyne ,
ful documentation also made very significant A. A. Bregman , J. V. Brown , D. Castner ,
contributions to the data that is presented in the F. C. Cerine , M. R. Cummings, R. C. Curreri ,
text. These include: C. C. Ailing, Colonel , DC, R. DeChamplain, B. J. Devos , Dr. Gay, R. C.
USA (RET.), G.W. Anastasi, M.D., R.D. Baker, Gerhard, L. Getter, R. Gordon, L. A. Guernsey,
Captain , DC, USN (RET.), H.S. Kramer , Cap- W. R. Hiatt , C. Horton , C. C.Johnson , R. Kelsey,
tam , DC, USN (RET.),J.S. Lindsay, Commander, E. Kirschner, J. Koutrakos , H. S. Kramer , J . S.
DC, USN. R.B. Maw , Captain DC, USN , T.W. Lindsay, E. G. Mainous , R. B. Maw , T. W. Mc-
McKean , Captain , DC, USN , R.A. Middleton , Kean , V.T. McKee , E.J .Messer , F. E. Milier , R.J .
Captain , DC, USN (RET.), R.M. Philli ps , DDS, Miller , P. J. Mulli gan , H. E. Neeley, R. A. Olson ,
H.S. Sarnuels , Captain , DC, USN , H.O. Scharpf , D. B. Osbon , G. Pedersen , R. M. Philli ps, G. E.
Captain, DC, USN , K.R. Spint, DDS, and L.W. Rooney,J . E. Salem , H. S. Samuels, H.J . Sazima,
Stark , DDS. H. 0. Scharp f, T. Scott , D. Shelton , E. W. Small , H

The following clinicians contributed case doc- D. M. Smith , R. Smith , S. Smith , K. R. Spint . L. W.
umentation , or were involved with the patient Stark , T. E. Stump, T. M. Sullivan , B. C. Terry, C.
care, that is presented in the figures included in W. Thompson, R. Walsh, C. J. White. F. T.
Chapters I through VI : P. Abbott, J. M. Alley, A. Wigand (Deceased),J . W. Wood , andJ .  S. Zack.
E. Amato, G. W. Anastasi, R. Annis, S. L. Bahn, If there are individuals who have contributed
R. D. Baker, R. S. Baumgarten, K. W. Beasley, to the management of cases presented in this text
B. Blankenship, L. L. Bowen, P. J. Boyne, J. V. but whose names do not appear , it is because we

~



-—~~~~~
_ _ ..

did not have a record of their contribution and veloped the casulty stud y filing system , moni-
not because of intentional omisssion. tored data collection, and provided excellent ad-

The Editor recognizes the important contri- ministrative assistance; Shirley Starnes labored
butions that were made by members of’ the staff over endless hours of manuscript preparation,
at the Nava l Medical Research Institute without implemented the computerized data collection
whose efforts this work would not have been and follow-up system , and exhibited patient and
possible. friendl y negotiations with authors , p atients, and
Photographic Department: Raymond E. others who collaborated in preparation of the

Wilder, HM2 Charles N. Hall, and HM2 Ronald publication; Tim Mikels developed initial
A. Monroe provided hundreds of x-ray and pho- sketches; and Nellie Cox imp lemented early data
tographic prints from which the final art work collection.
for the text were chosen. invaluable expertise and unprecedented co-
Graphic Arts Department: Nolan Laxey and operation for the preparation of the manuscript

Victoria Somers provided tables and illustrations, for publication was provided by the Defense Print-
Library: Karen Patrias and Ernestine V. Gen- ing Service through the Navy Publication and

dleman assisted in literature search and provided Printing Service; the editor and contributors are
a variety of library support services, deeply grateful for this assistance.
Dental Sciences Department: Fay Smith de-



Contributors

PETER W. CON NOLE, D.D.S. rector of Oral Surgery Graduate Education,
Captain. Dental Corps, United States Navy. Naval Regional Medical Center , Great Lakes,
Chairman , Department of Oral Surgery, Illinois. Chief , Dental Service and Oral Sur-
National Naval Dental Center , Bethesda , gery, United States Naval Hosp ita l , Guam ,
Maryland. Oral and Maxillofacial Surgery Marianas, 1969—1972.
Advisor , Naval Advisory Group, Saigon , De- HENRYJ .  SAZIMA , D.D.S.
cember 1970—December 1971. Captain , Dental Corps , United States Navy .

W. ROBERT HIATT, D.D.S. Special Assistant for Dental Affairs, Depart-
Captain , Dental Corps , United States Navy ment of Defense , Washington , D.C. Chief ,
(Retired). Professor and Chairman, Depart- Dental Department and Senior Oral Sur-
ment of Oral Surgery , School of Dentistry geon , United States Naval Support Activity
and Kansas City Genera l Hospital and Med- Hospital , Danang and Oral and Maxillofacial
ical Center, University of Missouri-Kansas Surgery Advisors—Naval Advisory Group,
City. Chief , Dental Service and Oral Surgery, Saigon , December 1969—December 1970.
United States Naval Hosp ital , Guam , Man - THOMAS E. STUMP , D.D.S., M.S.
anas, 1966— 1969. Captain , Dental Corps , United States Navy.

JAMES F. KELLY , D.D.S., M.S. Chairman , Department of Dentistry and Di-
Captain , Dental Corps, United States Navy , rector of Oral Surgery Graduate Education ,
Chairman , Department of Dentistry and Naval Regional Medical Center , Portsmouth ,
Oral Surgery, National Naval Medical Cen- Virginia. Oral Surgeon , Hospital Ships, U.S.S.
ter. Head Oral and Maxillofacial Surgery REPOSE and U.S.S. SANCTUARY, January
Division , Naval Medical Research Institute , 1970—February 1971.
Bethesda , Mary land , 1970— 1976. BILL C. TERRY , D.D.S.

ELGENE G. MAINOUS , D.D.S. Captain , Dental Corps , United States Navy
Captain , Dental Corps, United States Navy (Retired). Professor of Oral Surgery, School
(Retired). Professor and Chairman , Depart- of Dentistry , University of North Carolina ,
ment of Oral Surgery, School of Dentistry, Chapel Hill. Oral Surgeon , Hospital Shi p,
University of Mississipp i, Jackson. Oral Sur- U.S.S. REPOSE , December 1966—December
geon , Hospital Ship, U.S.S. Sanctua ry, Feb- 1967.
ruary 1968—February 1969. ROBERT G. TRIPLETT , D.D.S.

EUGENE J. MESSER , D.D.S. Commander , Dental Corps , United States
Captain, Dental Corps, United States Navy . Navy. Clinical Sciences Division , Naval Med-
Chairman , Department of Dentistry and Di- ical Research Institute, Bethesda, Maryland.

L thu



Table of Contents

CHAPTER 1

Historical Persp ective

INTRODUCTION 1
WORLD WAR I 2

MAX ILLOFACIAL WOUNDS 2
BA l LISTIcs 2
RESUSCITATION AND EARLY TRANSPORTATION 2
WOUND COMPLICATIONS 3
TREATMENT AT THE BASE HOSPITAL S
METHODS or FRACTURE FIXATION 4
RADIOLOGY 5
ANESTHESIA 5
FLUID THERAPY 5
SECONDARY RECONSTRUCTION 5

Factors Effecting Reconstruction 5
Mandibular Graf ting 6

CONCLUSION 7
WORLD WAR II 8

MEDICAL PREPAREDNESS AT THE BEGINNING OF THE WAR 8
ADVANCES IN PATIENT MANAGEMENT 8

Resuscitation 8
Anesthetic Management 9
Wound Management 8
F racture M anagement 9
Secondary Management 10

KOREAN WAR 1)
LOGISTIC SUPPORT OF CASUALTY TREATMENT 11
WOUND MANAGEMENT 12

Debr idement and Prima ry Closure 12
Delayed Wound Closure 12
Fracture Reduction and Fixation 12
Anesthetic Management 12
Reduced Overseas Hosp italization IS

CONCLUSION 13
SURGICAL ADVANCES AFFECTING THE TREATMENT OF
MAXILLOFACIAL WAR INJURIES IS



r _ - - ‘  - -._-- “-_~~- _-_ _ -_-- - - _ .- -,.n. — —_——-“---—- ,---.-- -r--,- _ . .--- ._ _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ w -n,—-~~~~~~W ~~ “ 

-- _______

19 14—1919 WORLD WAR I  IS
1939-1945 WORLD WAR II 15
1950—1952 KOREAN WAR 14
INTERBELLUM ADVANCES 14

CHAPTER II

Treatment Goals

ORAL AND MAXILLOFACIAL CASUALTIES 17
LOGISTIC CONSIDERATIONS 17
THERAPEUTIC GOALS 18
EARLY CARE 18

LOGISTICS 18
PATIENT CARE 19

initial Care 19
Definitive Care 19

INTERMEDIATE CARE 20
LOGISTICS 20
PATIENT CARE 20

LATE CARE (RECONSTRUCTION-REHABILITATION) 20

CHAPTER III

Anatomic Illustratio ns

OSTEOLOGY 24
MUSCLES OF MASTiCATION (I) 25
MUSCLES OF MASTICATION (II) 26
MUSCLES OF FLOOR OF MOUTH 27
MUSCLES OF TONGUE AND FLOOR OF MOUTH 28
LATERAL FACE WITH NEUR OVASCULAR AND MUSCULAR RELATIONS 29
ARTERIAL SUPPLY TO OROFACIAL REGION (I) 30
ARTERIAL SUPPLY TO OROFACIAL REGION (II) 31

CHAPTER IV

Early Care

INTRODUCTION 53
FACTORS INFLUENCING TREA TMENT 33
DESIRABLE CHARACTERISTIC S OF THE COMBAT SURGEON 33
COORDINATION OF EVACUATI ON 34
TREATMENT FACILITIES 34

WOUNDING AGENTS AND WOUNDS 35
BALLISTICS 35
TYPES AND PATTERNS OF IN J URY 35
CLASSIFICATION OF MISSILE WOUNDS 38

Penetratin g 38
Perf orating 42
Avulsive 44

INITIAL CARE 44

xxvi

—.—— .- --_ ~~ —,—-_~~~— ——  .~._ 
-. _ . _ _ - _ . -



- - - - _— --— - ~~~~~~~~~~~~~~~ J —
~ 1~~~~ T~~”~~~~~~~~~~~ ’

INTRODUCTION ’ 44
AIRwAY MANAGEMENT 44

Assessment of the Airway 44
Artlj lcial Airway Assistance 44
Altered Consciousness 47
Resp irato ry Diagnosis 47
Effect of Fa cial Fractures on the Airway 48

OTHER ADJ UNCTIVE INITIAL CARE 48
TRIAGE AND PATIENT EVALUATI ON 49

TRIAGE CONCEPTS 49
PAT ENT MANAGEMENT IN THE TRIAGE AREA 50

Prima ry P rocedures 50
Sequence of  Management 50
Pr iority of Treatment 51

HYPOVOLEMIC SHOC K 52
CLASS ICIAT ION 52
MECHANISMS AND PHYSIOLOGIC MANIFESTATIONS 52
CLINICAL MANIFESTATIONS 52
MANAGEMENT 55

PRESURGICAL CONSIDERATIONS 55
INTRODUCTION 55
STATE OF READINESS 56
INr FIA L OVERALL MANAGEMENT 56

Total Patient Assessment 56
Airway 56
Control of Hemorrhage 57
Vital Signs 57
Intravenous Inf usion 57
Laborato ry Studies 57

PRESURGICAL EVALUATION 58
History 58
Physical Examination 58
Radiographic Examination 63
Documentation of  Examination Findings 65

ANALYSIS OF EXAMINATION FINDINGS IN MAXI LLOFACIAL CASUALTY STUDY PATIENTS 66
ADDITIONAL PREOPERATIVE CONSIDERATIONS 66

Prelimina ry Wound Care 66
Anesthetic Management 68

SURGICAL MANAGEMENT 69
INTRODUCTION 69
WOUND PREPARATION 69
CONTAMINATED WOUNDS AND ANTIBIOTIC THERAPY 70

Factors Effecting Contamination 70
Contaminating Microorgan isms 70
Antimicrobial Therapy 70
Control of Contamination 7 1

GENERAL PRINCIPLES OF WOUND MANAGEMENT 7 1
Inside-out—Bottom-up 71
Recovery of Foreign Material 71
Neck Expl oration 73

HARD TISSUE 73
Princip les 73

_ _  -



-~~~ —--

-

Mandibu lar Injuries  74
Midfacial injuries 78
Stabilization of Frac tures 80
Analys is of Fracture Reduction in MFCS Cases 82

Sorr TISSUE 82
Principle s of Prima ry and Seconda ry Closure 82
Wound Closure 83

SPECIALIZED TISSUES 85
Salivary Gland 85
Facial Nerve 86
Ophthalmologic Injuries 86

POSTSURGICAL CONSIDERATIONS 87
INTRODUCTION 87
SIGNIFICANT ASPECTS OF MANAGEMENT 87

Op erative Considerations 87
Immediate Postoperative Care 87
Support ive Care 88
Comp &ations 89
E vacuation Procedure 89

CHAPTER V

Care at Intermediate Facilities

INTRODUCTION 95
RATION ALE OF MANAGEMENT 96
PROTOCOL OF MANAGEMENT 96

HISTORY OF IN J URY 96
CLINICAL EVALUATION 97

Airway 97
Wound Evaluation 97
Additional Considerations 98

RADIOGRAPHIC EVALUATION 99
LABORATORY EXAMINATION 
SECONDARY TREATMENT OF MAXILLOFAC IAL IN J URIES 100

Skeletal Fracture 100
Sofi Tissue 101

NONOPE RA TIVE MANAGEMENT 102
Fluid Therapy 102
Manag ement of Fever 102

CHAPTER VI

Late Care (Reconstruction-Rehabilitation)

WOUND MANAGEMENT AND SPECIAL PROBLEMS 105
INTRODUCTION 105
CLINICAL EVALUATION AND TREATMENT OF WOUNDS 105

Airway Assessment and Ma nagement 106
Wound Evaluation and Management 106
Alignment and Stabilization of Osseous Fragments 109

RESTRICTIVE J AW FUNCTION 110

xxvzii

- —~~------ —~~~~—---— - ~---- .-- ----- -~~~-- - -.--~~~
—- ~—



________________ - 
-- 

—.~~ -- .- -  
~~~~~~~~~~~~

—
~
---------

~
-- --- - ---- - -‘U

Introduction . 110
Ankylosis  111
Trismus 111
J aw Exercisers and Physical Therapy I I I
Anatomic Locations of Restriction 1 11
Summary 113

SALI VARY GLAND 113
CONCOMITANT IN J URIES AND MEDICAL DISEASE 114

BONE GRAFT RECONSTRUCTION 116
INTRODUCTION 116
EVOLUTION OF MANDIBULAR BONE GRA FrING 116
CRITERIA OF SUCCESSFUL RECONSTRUCTION 117
PROCEDURAL FORMAT FOR RECONSTRUCTION-REHA BILITATION 12 7
ANALYSIS OF BONE GRAF-F CASES 118
TECHNICAL MANAGEMENT 121

Introduc tion 121
Preop erative Evaluation 123
Control of Sepsis 124
Selection of Critical Dentition 126
Soft Tissue Considerations ISO

METHODS OF GRAFTING 133
Introduction 133
Iliac Crest Grafts 133
Rib Graft.s 136
PCM Graf ts 136

COMPLICATIONS OF BONE GRAFT RECON STRUCTION 140
Donor Site Complications 140
Recipient Site Complications 140

[ I Assessment of Unsuccessful Grafts 144
PREPROSTHETIC SURGERY 144

INTRODUCTION 144
DEFINITION AND PURPOSE 146
RATIONALE FOR PREPROSTHETIC SURGE RY 146

Vestibulop lasty 146
Bone Graf t Augmentation 148

CONCLUSION 151
CASE REPORTS 155
APPENDIX—RESEARCH IN ACQUIRED CRANIOFACIAL DISFIGUREMENT 245
SUBJECTINDEX 263

xxlx- i
ii 

~~~~~~~~~~~~ ---~~~~~~~~~~~~ - - ~~~~~~~~ --~~~~~~~~  ~~~~~~~~~~~ - --~~~~~~~- - -~~~~~~~ -~~~~~~~~~~~~~



F _  

_

CHAPTER I

Historical
Perspective By ROBERT 

KELLY

INTRODUCTION

The evolution of sur g ical thera py for de& rm- numerous structured investi gations of both med-
ities of the jaws and face has been signiui cantl v ical and surg ical therapy were carried out dui-ing
influenced by experience gained during periods previous conflicts (Hardaway , 1967).
of armed conflic t. In fact , for most of history, the The earliest antiinf ective agents, the sulfo-
princi pal school of surgery has been the field of namides and penicillin , were studied extensively
battle. Not onl y have innova tive new procedures in war casualties and , as we know , their effects
been developed but respect has been engendered virtuall y revolutionized the treatment of not only
for those older methods found basica lly sound war wounds but a vast number of other medica l
and thera peuticall y effective. ~~he observations of and surgical diseases. Although these medica-
Henry E. Sigerist , a medical historian , concernin g dons were effective in modif ying numerous con-
the effects of war on biomedical science are ap- cepts of wound care , they did have limitations;
propriate in this regard. “The major immediate and lessons were learned during application of
contribution of war to medicine is negative—but these “miracle ” medicines as evidenced from the
war , on the other hand , is also a challenge and a following remarks of Stout (1954 [a]).
stimulus to medicine , both technicall y and social-
lv .  It provides opp ortunities for Ij ust ified] ex- Sul phonamides were expected to do too much to
perimentation on a tremendous scale , such as assist the sur geon , and it was not until the dramatic

would never be available in times of peace. ” discovery of the remarkable bacteriosta tic effects of
. . penicillin on wound or ganisms that surgeons would

(Sigerist , 1943). turn their attention to earl y closure of wounds. The
If a p ersod of war is viewed retros pectivel y it can princi ples [of wound closure] were not new or

be divided into three p hases in relation to biomedical strange. They were relearned slowl y, and some-
scient~/lc progress: Phase 1: A latent , negative , m i -  times laboriousl y, by a new generation of surgeons.
tial incubation period , which during World Wars They will have to be learned again possibl y by

another generation of su rgeons who may have moreI and II lasted almost 2 years. Phase 2: An interim powerful bacteriostatics and possibl y im proved
stage of approximately the same duration in techni ques in other ways , but the cardinal p rinciples

h which advances ar e rapid , diverse , and often un- will remain.
coordinated. Phase 3: A terminal phase during
which there is consolidation of ideas , app lication Another examp le of evolutionary surgical
of developments to clinical practice. and prolifer- treatment during war is the concept of wound de-
ation of additional scientific research (Porritt , bridement. The wide debridement of wounds was
1953 [a]). first initiated during the Napoleanic War by Lar-

Formal surgical research efforts in combat hosp i- rey (1776— 1842) who was inspector general of the
tals were not initiated until the Korean war , but medical staff of Napoleon ’s armies (Schwartz ,

1 
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2 Management of War Inju r ies to the J aws and Related Structures

1944). The principles of wound debridement in they are not. War surgery depends on many extenuat-
the maxillofacial area were found to differ from ing circumstances besides surg ical kn owledge and skill .
other less vascular parts of the body, and as early Fitness of the troops, prevalence of disease,
as the Crimean War (1854—55), the following as- adequacy of logistic support , severity of the bat-
tut e observations were made: “In fractures of the tie , and availability of evacuation are among the
bones of the face from gun shot , we made an conditions that influenced treatment more than
exception to the general rule of removing frag- competence of the surgeon (Ogilvie , 1953 [a]).
ments which are nearl y detached. The large sup- One must keep this premise foremost in mind
ply of blood which is sent to every structure in the when jud ging the surg ical care rendered during
region enables pieces of bone to resume their l u l l  periods of armed conflict. Most advances in the
connection in a way that would be fatal to sitni- treatment of maxillofacial inju ries that have
larl y placed portions in other parts” (MacLeod , modern imp lications evolved during and since
1862). %Vorld War 1; thus this discussion will concentrate

A fallacy frequentl y advanced is that war on events from that time forward.
surgery and traumatic surgery are the same—

WORLD WAR I

MAXILLOFACIAL WOUNDS as evidenced b, the observations of Roberts (1919
[a]).

Gunshot wounds received in battle uresent varyingreached almost epidemic proportions as a result aualities depending on the projectile which causes
During World War I maxillofacial injuries

of trench warfare. The nature of these cir- tIiem. Bullets from a rifle inflict a different injury
cumstances and the type of wounds were well from that caused by machine gun bullets ; shrapnel
described by Converse (1942) when comparing missiles damage tissue in a way uniike that shown in
World War I and II injuries: [During World War traumat ism from shells , mortars and grenades. The
I]”. . . the combatant was protected by the trench. shane and character of the wound is often modified

by tIle size , sha pe, velocity and deviation in contourHis head was protected by a steel helmet and onl y ot the missile. The pro~ectile may  have obtai ned
his face was exposed. Patients suffered only from prior contacts and Irom obstructions throug h
maxillofacial injuries which were very severe be- which it has passed a new capacit y for harm.
cause the machine gun bullet or bomb fragment
which hit the face, penetrated to the facial bones , RESUSCITATION AND EARLYcausing an exp losive destruction of soft tissues of TRANSPORTATIONthe face and facial bones.” The severity of these
wounds was substantiated by data from the Sur- With maxillofacial injuries reaching such mag-
geon General of the Army which indicated that
over 3,000 of approximately 8,000 wounds of the face nitude in both severity and numbers, the tradi-

among the American Exp editionary Forces p r ovedf ata l tional methods of resuscitat ion and tra nsportation

(Blair , 1943). proved inadequate. During the early stages of the
- - 

war numerous maxillofacial casualties died en
- - route to the treatment facilities , not only from the

BALLISTICS severity of their wounds but also because of medi-
cal inexperience in dealing with this type of

- - The principles of modern ballist ics were just as wounded patient. Initiall y it was thoug ht accept-
applicable during World War I as they are today. able to transport such patients in a supine posi-
Tissue damage was often extensive even though tion; thus if they became unconscious during
missile velocities were not as great as at present. transport they experienced respiratory obstruc-
Mechanisms of tissue damage by hi gh velocity don and often exp ired. To obviate these morbid
missiles had not been thoroughl y investigated , complications it became the practice for maxillofacial
but experienced surgeons were aware that dam- patie nts to be transpo rted sitting up or in a p rone p osi-
age often extended well beyond the visibly inj ured tissues tion to protect the airway. This difficulty in maintain- 

- - — - _ i_
~~ -~~~ - ~~~— ---- - - — _____



H istorical Perspective . 3

in the advanced aid stations resulted in limited
treatment consisting essentially of first aid. As a
resul t , sepsis was p resent in virtually all such patients

______- on arrival at the base hospital and was the chief
______________________ factor which delayed and comp licated maxillofa-

_____ 
— ______ cial wounds. In addition to infection , manage-

. - ____________ ment was further complicated by patients arriv-
- ing at the base hosp ital at widely vary ing intervals

after injury (days to months). During this time
_________________________ they were frequentl y transferred from one facil-

- - 
.~
4

. ity to another where maxil lofacial experience was
limited and thus received uncoordinated and
usuall y ineffectual treatment ( I vy and Eby, 1924_____________ _________ [b]). The comp lications that developed in these

I. ~ circumstances contributed to increased scar coil-
- . 

- 
tracture and bone loss , which added to the coin-

— plexity of management (Figure 2). As a result ,
- 
.

~~~ - 
experienced surgeons at base hosp itals strong l y

- urged that in the advanced treatment facilities
every effort be made to conserve bone, mucous

— 

.
. “2 membrane, and skin and to approximate the re-

~~~ 

.

~~ 
_______ 

. 

~

. maining tissues to as nearl y 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 Eb y, 1924 [ci), a treatment princi ple
which has withstood the test of time.

FigyAre 1.—Diagrammatic illustration of emergenc~ airway splint TREATMENT AT THE BASE HOSPITAL
emp loyed during world War I. The splint was desi gned to hold the
mandible forward to obviate airway obstruction durin g transp orta - . . .
t ion of patients with maxi iiofaci al injuries. it was simp ly constructed In the base hospital clebridement consisted es-
01 tongue blades and orthodontic wire . [From McGee . R. P. (19 19) : sentiall y of irri gation and removal of nonv ita l and
Repr inted with the permission of the Jouinal of the Amencan Medzcal necrotic tissue. Various chem ical niedicamentsAssociatton.] . .were tried for cleansing maxillofac ial wounds

such as ph ysiologic salt solutions , potassium per-ing an airway during evacuation led to develop- matigante, di-chloramine T., Carrel-Dakin solu-ment by McGee(l9 19) of an emergency splint to tion , and bismuth iodoform paraffi n pastehold the jaws in a fo rward position ‘-~ith the (BIPP). It was finall y realized that the type of
mouth open (Figure 1) (Blair, 1943; Ivy and Eby, solution or mixture was of little consequence and1924 [a]). that the princi pal therapeutic benefit resulted

from the frequency of irri gation (Ivy and Eby,
WOUND COMPLICATIONS 1924 [d}; Stout , 1945 [b]).

Teeth were removed if it was thoug ht that they
During periods of battle activity , advanced would contribute to sepsis in aii v way , a premis~

mobile hosp itals were moved to forw~rd positions predicated on the experience with delayed union
and sometimes patients were received as earl y as 2 and infection associated with retained dental
hours after injury ; however , maxillofacial structures.
wounds could not be satisfiictorilv cleansed and Open reduction of (omp ound fractures was
debrided in those mobile hospitals because of in- discouraged because experience had shown that
adequate equipment, supp lies , and technical this procedure was invariably unsuccessfu l since
support. The total lack of experience in the infection and necrosis resulted. In essence, earI~treatment of maxillofacial wounds by personnel fixation and immobilization were recognized as 

~~~~~~ --- ~~~~~~~~~- - - -~~~~~~ - -~~~~~~~~~
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2 1./I) l’.iti, T i i  ~* i i l i  w% i i i  i t t ax i l lo f ac ta l  In_j u rs shots -n at the t ime • f  .11 115 .11 it iii, ~ t uii ii, ii, ~tiihi, l ,uii l l .s s i it. il

l’.i,us . Fi.iiiu . s, s i i i  • I. m,t.,I injury . He was admitted with  unuie.iI( ‘I s s . , u i t , f s  ioinp iii .tt,.i j,~ ~ ~~~~~ ,‘
~~

i,. ,, .,s fl,~ hit ~~~~~~~~~~~~ si iii, ,,uii}, ~,.iTiet1l a i )ptc )Xt nt.ttel\ I ~eai f o l lowt i ig  i T l i t i t s  ~s Idige l,’’ti , .1~ t~
, ii i i s s S I I ~~ S I .

iii.i,i,lii,iil.ii ~j sI ii iI iui, j .1 I l~ u i i i i i ,  l I l t iii ligaluic 5 1 1  su It Ixit ig (mp losc(i iii a l l  . t i T l T I I ~ Il I~ s st.ulsil i i , I i i ,  iii.iii, IiIssi I . , i  IT . i g
in, i i i s .fl ilii ,s, I s  I.n, i t i l t i sa l  (Il ilI l i s t  IS t}tc PkI< & ttRlt t of t l teciuui i i f i _ iet it tal  Il. liii’ ss li i , Ii 5 5 1  iii, ’ ii is . I i t i . . h, ii,i .

t.iii ~i li , t I 1k t i l l ssi i l i  II,,’ lI j Il . I f  l \ . l t l l ) l I  It~u1 I)eell gaitiecl at th is i tt uc.  FRets! IllIcIt wilhi 
~~ 

I liii . . ‘ u I  \Ii I Ii 1 I.
SimlIs il lo,nt s ‘‘S I I), I I ’ iu i t ,  i ~%• 

‘I. ,tt lci.)

prere quisites to proper healin g and delayed fixa — unIv when the result ing malocclusion of teeth will
tion was viewe d as the maj or cont r ibu t ing  cause of be sli gh t .  Surgery h a S  outgrown the  da~ w hen an~prolonged sepsis an(l exaggerated t~t cial deh rm— Sort of soli( l un ion  is sa t i sLtv  I i  n v  a f t e r  man di l) u l am
itv . f racture. ”

\ t e t i iods  of f I \; t i i i  i t t  l ot  ta  j a F f racture were nOt
c i l t i l  h t t ( S ’  ( lC\ c loj )n I et I t ’. ti f World \Var I . \I iny

METHODS OF FRACTURE FIXATION o f t  hi est mccl i  I l i que s c o i i f o r l l l ( - d  to . or were mod—

~fica t in i i s  ot . older t~~[)e5 such as the cal)pe(l sp lint
The Concept o/ interdental occlusion (Li Ihe ke~ to of H u l l i h i en , the ope n—bite sp l i ii t  of ;IiiliIimlg

proper reductio n was elm-ida/ed at this time . Previ — (1866) . tile in terdental  sp lints of Beau and Gu n—
ous lv, various authors , including lnibert and Real n in g  Ivy and Eby, 924 [eJ), and the interlockin g

19 18), had advocated appr oximation of bone p lane of Gi lmeu - ( 1 ‘‘87). All manner  u~f bandages,
fragments without  regard fur resulting nu a lo c c lu— molded sp lints , an d hollow caps were constructed
sioti presuming the mandibular  joint would be from a variet y of inateri a ls such as p aste h oamd .
able to compensate fut- func t iona l  losses that  re— wire , f e l t ,  leather , gut t a  percha. and gauze stif ’—
suited. This typ e of t r ea tmen t  was fuund grossly felled with gypsum. All of these devices were
inadequate , as reflected by the statement of uti l ized in an a tt empt  to bandage the j ; iws t o—
Roberts ( 19 19 [bI): “ It is allowable to sacrifice gether . External bandages such as the fuur— tai led
proper dental art iculat ion fur tui t ion of f r a g m e n t s  (Fi gure 3) and the Barton types were also used.
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Historical Persp ective . 5

sometim es ~ts the oitl ~ method of iiniitobilizau on. —

Interdental wiring wa~ (kveIoped and refined ,
thus greatly simp lify ing immobilization , but the
results achieved by the ~ tr ious techni ques (h e—
pended more on the app lication of sound princi-
ples of reduction and fixation than on any specific /
method (Blair, 1943). / ‘

~1
RADIOLOGY

In the mobile hospital roentgenographic examina- .~~ 

-

lions were usuall y confined to fluoroscop ic - -
examination for foreigti bodies. Rad iograph ic
prints were not usually available for fracture in-
terpretation in the advanced facilities. More
thoroug h examinations including stereoscopic
views were available in the larger base Facilities.
Radiology, however , wa~ in its infancy and the I
quality of films and interpretations were fre-
quentl~ tentati ve (Roberts , 1919 [ci).

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
swif t. Local anesthesia (procaine) was usually Figure 3.—Il lustration of a tour-tailed bandage that was used exten-

employed for management of maxillofacial injuries stvcI ~ as a first-aid splint  in Wor ld Wai Ito  immobili,e the mandible.
[From Fry , et al (1943): Reprin ted with the permission of Blackwellin the advanced hosp itals. When procaine alone was Scientific Publications Ltd.]

insufficient it was supp lemented with nitrous
oxide-oxygen particularly for patients in trauma- 1927 [a]). Intravenous crystalloid solutions were
tic shock (Beecher , 1955 [a]). While general available though they were not routinely used at
anesthetic agents such as chloroform , ether , and this time. Blood transfusions became an accepted
nitrous oxid e-oxygen were available , the nitrous clinical procedure during World War I but were
oxide-oxygen combination with local anesthesia was administered infrequentl y, and usuall y not more
thought to be superior because it was associated than one “pint ” was transfused at a time. There
with a lesser incidence of such comp lications as was a hi gh incidence of transfusion reaction . Var-
l)r onchit is , pneumonia , and nep hritis. Ether ~~~~~~~ ious solutions such as “gum salt” with viscosities
the next most common agent employed for m ax- similar to blood were also investi gated (Beecher ,
illofacial operations , hut  its administrat ion was 1955 [c]; Cannon , 1927 [b]).associated with a high incidence of airway and pul-
monary complications thus  necessitating the almost
routine use of tracheostomy. (Ivy, 1943; Roberts , SECONDARY RECONSTRUCTION
1919[d]; Beecher, l955[b].

Factors Effecting Reconstruction

FLUID THERAPY Reconstructive treatment of maxillofacial injuries
was essentiall y an undeveloped science pr ior to 1914.

Ora l administration of water and rectal administra - Surgeons charged with this phase of care were
lion of salt solutions were the accep ted treatments f o r  required to be innovative , imag inative , and
resuscitation of severely injured patient s (Cannon , perserverin g in order to achieve success in the
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6 . Management of War Inj uries to the J aws and Related Structures

face of’ numerous comp lications associated with TABLE 1.— WorM War I Bone Grafts
logistics , anesthesia , surgery, and postoperative Series Type of graft Successful Undetermined
care - [%] 1%]

Late evacuation of maxillofacial casualties to i~~ ai:~ Mandibular 29 [85.29] 0
facilities in Eng land or in the United States was Ehy ( 1924) pedicle (N 34)
limited as there were rigid orders prohibiting patient s Tibia-cortex 39 [70.91] 0

from going aboard a ship with ja ws locked together antI osteoperl-

in any wa’t because of the British experience dur- 6 1100.001 0
ing the evact latiO fl by sea early in the war (Eb y, Ilium (N 7) 5 [7 1.43] 0
1920). During that evacuation , a significant Bovine ( N = l )  0 [00.00 1 0

number of casualties who were in intermaxillary mtal (N= 103) 79 [76:701
fixation became seasick while crossing the Eng lish

. . 11. Hayes [dna (N=27) 17 [62.96) 4 [14.8 1]Channel and perished from strangulation result- (19 20)
ing from asp iration of emesis. As a result , not a R b  ( N =4) 3 [75.00] 0
sing le casualty was returned to the United States ‘l otal ( N = 3 l )  20 [64.52] 4 [12.90]
with intermaxillary fixation in place during the
period of war that re m ained. When maxillofacial Combined total of both series

(N = 134 )  99 [73.88] 4 [02.99]pat ients were transferred to America their jaws
were mobilized at the embarkation hosp ital and
they were allowed to function freel y unti l  treat- U.S. Army data , an overall success rate of 76.7%
ment could be resumed after debarkation (Eby, (79 of 103) was documented. In Hayes (1920)

— 
1920). This procedure obviousl y complicated series, 64.5~ (20 o f 3 I )  was successful. A compila-
later secondary treatment , and some Amnerica ii tion of these data shows an overall success rate
surgeons (Blair , 1941) recommended that pa- for bone graft reconstruction of mandible of
tients be retained in Europe to assure less compli- 73.9% (Table 1).
cated and more satisfactory maxillofacial recoil - Stabilization of the grafted mandible was accom-
struction. panied by either intermaxillary fixation or

Reconstructive procedures were performed monoarch sp linting. If general anesthesia was
under both regional and general anesthesia. used , intermaxillary fixation was not emp loyed.
Many of the bone graft operations were ac- Occasionall y , however , an open-bite type of splint
comp lished under regional anesthesia (local was used that permitted both access to the upper
block amid sp inal) in an attempt to reduce the airway and interniaxillary fixation. Postoperative
anesthetic’ com p lications associate(1 with open- fixation was usuall y prolonged (3—6 months).
drop ether. Reconstructive efforts , therefore , In considering these reports of mandibular
were not undertaken li ghtl y and skeletal recon- grafting, it must be understood that the criteria fo r
struction was initiated onl y after prolonged con- success were not necessaril y the same as app l y to-
servative methods of treatment had been unsuc- day. Restoration of continuity was the princi pal
cessful (Ivy and Eby, 1924 [[1). objective for successful grafting and such

shortcomings as lack of mast icatorv f ’unction or
Mandibular Graftin g marg inal esthetics did not necessam-ilv si gnify Fail-

ure. The basic principles that Hayes (1920) f oh-
Surgery to restore mandibular continuity was not lowed in treating his graft patients included: 1)

performed until  all sources of infection had been elimination of sepsis before grafting, 2) utiliza-
eradicated ami d at least 6 weeks had elapsed after lion of aseptic surgical techni ques , 3) avoidance
the closure of sinuses and wounds (Ivy and Eb y, of oral communications , 4) firm sp linting for
1924 [gJ). Bone grafting of the mandible , the onl y segments , and 5) not using general anesthesia if
reported site in which grafts were placed , was intermaxillary fixation was necessary . Except for
accomplished by various methods. Solid tibial caution concerning the general anesthesia , these
block grafts (free tibial and tibial osteoperiosteal) principles are still basic to the performance of bone
(Fi gure 4) and pedicle grafts from the mandible grafting in the maxillofacial area.
were the most commonl y used systems. In one To improve esthetics , soft tissue p rocedures were
series compiled by Ivy and Eby (1924 [hI) from emp loyed following reconstruction of the bony

~
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Figure 4.—Outline of a scheme for the utilization of bone f~om the upper end of the tibia in the repair of extensi v e defects of
the mandible. Upper lef t)  Diagram representin g an av ulsi ve defect of the left mandible. Lower left) Outline of graft to be
taken from left tibia , a medial view. Lower mi4dle) Anterior vie nI propose d graft . Upper right) Lateral view of the graft in

place. Lower right) Inferior view of the graft in place—althou gh it was possible to morp holog icall y reconstruct t he mandible
with this type graft , mor bidity and scarring at the donor site were important factors which restricted its selec tion. Addition-
all y, t he graft consisted primaril y of co rt ica l bone and healin g was therefore necessaril y prolonged with patients remaining
in fixation fro m 3 to 6 months.

framework. In those instances in which bone
grafting was not possible soft tissue surgery was CONCLUSIONS
the only type of reconstruction performed. Vari-
ous flap designs and skin grafts were introduced This was the first time in recorded histor~ t hat a
and modified in an effort to achieve satisfactory universal attempt had been made to accomplish
results. Esser (1917) conceived the idea of the reconstructive surgery in patients who had sus-
buried free skin graft , which became known as tam ed maxihlofacial battle injuries. Under these
the “epithelial inlay ” and was used to to replace circumstances the results obtained were truly remark-
lost mucous membrane. Skin grafting techni ques able. It is a testimony to the intelli gence and skihl of
were further modified and improved by Gillies the surgeons that many of the princi ples they
who made innumerable contributions to the derived are still app licable to maxillofacial recoil-
treatment of maxillofacial injuries (Ivy and Eby, struction.
1924 [ii; Converse, 1942). 
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WORLD WAR II

MEDICAL PREPAREDNESS AT THE heeded and , as an examp le, mnaxillofacia l casua l-
BEGINNING OF THE WAR ties were now safely transpo rted in the prone or head

down position , thus protecting the airway and
Although President Roosevelt had proclaimed providing these patients an opportun ity for re-

a limited national emergency ” on 8 September suscitation at forward evacuation hosp itals.
1939, the Ariiied Forces medical facilities were Very significant progress was m ade in the de-
inadequate even for peacetime needs and forth- velopmen t of resuscitative measures (luring this war.

-] coming appropriatiomis for construction and Perhaps the most notable advance was the evolu-
manning were ai m ed at a defensive posture tion of a treatment protocol for resuscitation that
grossl y inadequate for the unforeseemi events that was predicated on initial lifesaving measures de-
drew the Uiiited States into World War II  (Sm ith , signed to permit patient transportation to the
1956). Therefore the American Medical Forces hosp ital , followed by, but continuous with , more
were ill prepared for the task of treating the vast definitive therapy aimed at preparing the patient
number of casualties that were to occur in widel y to safel y withstand the stress of emergency
dispersed areas of the globe. This was due not surgery . Recognition of the essential unity of resus-
onl y to their small size at the begiiining of the war citation and op eration was one of the most impor-
but also to the lack of experience of both military tau t surgical advances of the war (Beecher , 1955
and civilian surgeons in dealing with extremely k11).
large miumbers of severel y injured patient s of the The treatment of shock had progressed in the
type encountered in battle. The situation , imi fact , interbellum period with the development of the
corresponded with the phase I (latent , negative) continuous intravenous infus ion by Hendon ami d
interval previously described (p . 1). Matas in 1926 ami d the ready ava ilability by 193 9 of

Further compounding the ability to efficientl y banked blood and blood substitutes such as plasma
deliver casualty care was the fact that World War and albumin (Ogilvie , 1953 [c]).
II differed considerably from previous conflicts
in that it was the first majo r war in history in which Anesthetic Mana gement
the number off ig hting men was actually less tha n the
number of men supplying them. This , of course , was Anesthesiology was well advanced as a specialty at
due to the extensive logistic support necessary to this time and the opportunities for safe , uncom-
conduct war on two major fronts such as the plicated surgery under general anesthesia were
European and Pacific theaters. The long exhaus- much greater than at the time of World War I.
tive marches and the spells in the trenches subj ect Sodium pentothal had been introduced Uarmnan
to constami t bombardment that characterized and Abel , 1936) and its use becam e stamidardized
World War I were absent , but the complex ities of in the Med iterraneami theater after earlier

logistic support existed and had an equally sig-mfi cant difficulties of administration had been corrected.
effect on battle casualty management. Development and introduction of the carbon

Additionall y, in 1939 military surgical methods dioxide absorbe r (Waters , 1924) and the evolutiomi
were essentiall y those of 1918 and as such were 20 of nasotrac heal intubatio n techni ques (Mag il l , 1920
years out of date. Also outmoded were the con- and Robatham , 1920) comitributed significantl y to
cepts of the “. . . ponderousl y moving casualty the reduction in morbidity and mortality as-

- - clearing stations and the permanentl y immobile sociated with general anesthesia. Endotracheal
station hospitals.” (Porritt, 1953 [b] and Ogilvie , intubation amid the emp loyment of effective suc-
1953 [b]). tion devices were advances particularly applicable

for reducin g comp licatiomis associated with anes-
thesia for maxillofacial surgery. No statistical data

ADVANCES IN PATIENT MANA GEMENT exist , but it can be inferred from perusal of the
literature that the incidence of tracheostomnv in

Resuscitation the anesthetic mamiagement of niaxillofacial in-
juries was greatl y reduced in comparison to

Many of the valid axioms of World War I were World War I. Additionally , recognition of the
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need for continuous , uninterrupted (pre— , intra— , chemotherapy and general appreciation of the
and post—Operative) monitoring of maxillofacial established princi ples of wound imma na gem em it
patients further reduced morbidity an(l morta li- were ke~ factors in assuring that imi fection was less
t%.  frequent  and more localized than that described

duriiig World War I (Bricker , 1955 [b]).
Wound Mana gement

Fracture Mana gement
The mniportance of debridement was again over-

looked at the beginning of’ the war but it was soon Various splints and app liances were again used
relearned , amid this concept assumiied a proper for f ixation and irn,nobiliza t ion of fractures. The
role in wound m anagement. In fact the British Americami surgeons usuall y emnploved simp lified
adopted the concept of specialized teams to mai m - wirim ig techni ques , such as continuous loop or arc/i
age battle casualties in order to assure proper bars , whemi adequate dentition was available amid
imp lementation of debridement princi ples. It acrylic or vukanite splints im i edentu lous cases. The
was their imnpress ion that , hen the earl y British preferred metal cap sp lints but also used
surgery [debridemuent] was not done by the interdental wiring extensively when treating pa-
specialist team the imicidence of bone gap was tients in the advanced area. The Gunning splint
exactl y the same but late bone infection was was used most commonly for fractures of the
nearl y th ree times as common.” (Parsons, J 953). edentulous jaws. Retention and stabilization of
Late infection , which delayed healing and com- these splints were enhanced by alveolar and cir-
plicated treatment , was viewed as being directl y cumferentiat wiring techniques imitroduced by Fry
related to imnproper primary woumid debride- et al.( 1943) and p vr~form rim wiring introduced by
ment. As experience with maxillofacial wounds Thoma (1943).
was gained , it was learned that debridement in Before 1942 , midfacial fractures were treated
this area required carefu l , experiemicedjud gmemit without interniaxi llary fixation by a Kingsley spli nt
thus further supporting the British concept of (1880) (Fi gure 5) secured to a head cap thus im-
specialized teams to manage battle casualties. mobilizing the maxilla independent of the man-

Primary closure of wounds was discoura ged in dible. This type of treatment was replaced by the
the early stages of the war although with the method of Fry et al. (1943), which involved the
adven t of penicillin it was employed at any time use of  intermaxillary f ixa tion alo ne or in conjunctio n
durin g the first 24 hours following inj ur y. Out- with a p laster or strap head cap amid sp lint extension
moded princi ples do not succumb easil y, how- if traction was needed to reduce disp laced or
ever , and even after 1944 many of the older unstable fractures. Plaster head caps were
surgeons were adamantly opposed to early pri- difficult to apph b y other than skilled and experi-
mary wound closure because of their previous emiced individuals amid they frequentl y became
experience durin g the preantibiotic era. Desp ite unstable during critical periods of treatment. A
this occasional reluctance, it became the concen- more satisfactory method of cranial f ixation was
sus that primary closure of facial wounds was needed amid Crawford (1943) described a metal
desirable and was directly dependent upon the headband app liance (Fi gure 6) that he had cast
skill with which debridement, drainage, and do- from fragments of a propeller blade. This crea-
sure were accomp lished (Bricker , 1955 [a]). tion had numerous advantages such as elimina-

In those instances in which maxillofaciat tion of movement, facilitation ofcraniofacial trac-
wound closure could not be accomplished in the tion , applicability over scalp wounds , and ease of
immediate postinj ur y period because of the large app lication. The Crawford cranial headbami d
number of casualties with hi gher treatment eventuall y replaced plaster or strap head caps for
priorities, delayed p rimary closure was e m p loyed the external skeletal treatment of facial fractures.
even as late as 72 hours post injury. When dealing At about the samlie time, a non-war-related de-
with these patients, it was thought advisable to velopment was described by Adams (1942) in
await the opportunit y for definitive skeletal and which he imitroduced the concept of in€ernai stis-
soft tissue management rather than to accomplish p ension wiring for the treatmemit of midfacial frac-
early expeditious soft tissue closure over un- tures. This method was slowl y adopted , and it was
treated underlying fractures. Availability of not until  after the war that its usage was wide-
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thopedic injuries, and innovative adaptations for
use in maxillofacial injuries were devised by a
number of surgeons (Fi gure 7) (Clousto n , Con-
verse , Fairbank s, Stout , Wakn i tz , and Walker,
194 1-43).HC After this type of fixation was introduced for5,

maxillofacial injuries, it was extensivel y used in
.
~~~~~~~~ earl y cate for reduc tion and fixation in the ab-

sence of immobilization thus allowing evacuation‘ 1 ~~~ by sea or air without fear of the previousl y de-
‘~ .~~ scribed hazards of motion sickness. The weight of

these devices was substantial and , as a re sult ofw
tor que forces developed by the appliance during
masticatory movements, osteolysis occurred
around the pins and they often became loose and
ineffective, Dissimilar and/or biologicall y incom-

NT patible metals were also used in fabrication, which
further contributed to osteolysis and failure (Fry,

- 
- 1953 [a]). The basic concept of treatment em-

Figure 5.—Examp Le of a Kingsley splint that was fabricated from an bodied in the Roger Anderson fixation device was
impression tray. The tray portio n (T) of the oral splint was seated sound, however, and more effective modifica-
onto the uppe r arch by means of impression compound and the

- - splint was secured with wires (W) that extended from the flanges (F) tions were later developed.
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.] Secondary Management

Evacuation of pa tients with maxillofacial wounds
who required recon structive treatment was more
expeditiously accomplished as compared to that
in World War I because of improved modes of

‘P s.

.

.
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Figure 6,—Crawford headband of the type that was introduced in
Jul y 1943. The appliance was lightwe ight , 10½ oz., easy to apply,
and much less cumbersome and more stable than previous cra n ial . ~

• ‘  . 
,, 

-. 
~~~~~~~~~~~~

fixation devices. [From Crawford . M. J. (1943): Reprinted with the
permission of the U.S. Navy Medical Rulletin.] Figure 7.— Illustration ol an earl y maxillofacial adapta tion of the

Roger Anderson pin fixation device. The device was heavy (>2  lbs.).
cumbersome, and failed frequentl y as a result of the looseningspread and the need for head frame devices was anti/or infection of the bone at the pin site. Unless intermaxillary

eliminated in all but the most comminuted , Ufl fixation was used in conjunction with tre atmenm in denmulous cases.
stable injuries, malocclusion often resulted. Its greatest advantage was its ability to

effectively control edentulous fragments. especially the proximalRoger Anderson external skeletal-p inf ixation 
~~~ ramus. [Fro m Thoma , K. H. (1942) : Reprinted with the permission

vices had been previously used for treating or- of the C. V. Mosby Co.)
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transportation and a better understanding of the they were more susceptible to infection thoug h
management requirements of mnaxillofacial no specific data exist to substantiate this observa-
casualties during the process of transfer. In the lion (Mowlem , 1944). Cancellous chip grafts were
European theater patients were evacuated to 10 introduced at this time by Mowlem (1944) and
medical centers in England that were staffed and gained acceptance during the later stages of the
equi pped to treat maxillofacial injuries (Bricker , war.
1955 [c]). Patients from the Pacific theater were Imp roved f ixation, availability of antiinfective
evacuated to either Hawaii or the Continental agents, and use of more viable graf t material (i.e.,
United States (CON US) for treatment. cancellous component) contributed to the overall success

One important lesson learned from World War of reconstruction. It should be noted that successful
I and aptl y applied during World War II was the reconstruction was associated with fewer compli-
need for formal communication between various disci- cations ami d was accomplished with greater ease
plines concerned with the care of maxillofacial than during World War I.
casualties. During the war of 1914—18 expertise in Skin grafting techniques were improved during
the treatment of facial injuries was shared by too the period following World War I. A calibrated
few surgeons , for whatever reasons, with the in- knife, which was the first practical instrument
evitable result ”. . . that unless the wound fell into that allowed calibration of skin grafts and thus
those hands, not onl y were they badly treated or regulation of thickness , was developed by
not treated at all but many of the patients died , Finochietto in 1920 (Converse , 1974). Sub-
quite unnecessarily, from asp h yxia. ” (Fry , 1953 sequentl y, Blair and Brown (1929) described the
[b]). As a result of improved communications split-thickness graft which broadened the
major mistakes involving maxillofacial care were app licability and effectiveness of skin grafting
avoided and the casualties were afforded more and Padgett (1939) introduced the first der-
consistent treatment. matone which greatl y facilitated graft retrieval—

The majority of bone grafts for reconstruction of this instrument was utilized almost exclusively for
maxillofacial injuries were of the cortwocancell- taking skin grafts during the second World War.
ow, one p iece, block variety. The principal anatomic Split-thickness skin grafts were employed in re-
site of bone recovery was the iliac crest , which construction of facial injuries in a variety of ways.
had, since World War I , become the most fre- For examp le, the sp lit-thickness graft was used to
quentl y used donor site for maxillofacial bone restore lost vestibular depth in patients who had
grafting. These block grafts were slowly re- undergone bone grafting procedures to facilitate
vascularized and required at least 3 months of wearing of oral prosthetic app liances and in con-
immobilization to obtain stability. In addition , it junction with flaps to establish a “mucosal” lining
was thought that because of their compact nature for the oral cavity.

KOREAN WAR

At 0400 on Sunday, 25 June 1950, the North could not always be rendered in-country ; there-
Korean army swept across the 38th parallel trig- fore, early air evacuation to Japan became
gering the Korean war. American forces were routine. By October 1951, however , sufficient
rapidly mobilized and on 1 Jul y the first Amen -- skilled surgeons were available to organize spe-
can combat unit landed in Korea (Reister , 1973 cialty teams, which were located in various mobile
[a]). medical facilities and Fixed Evacuation Hospitals

in Korea (Reister, 1973 [b]).

LOGISTIC SUPPORT OF CASUALTY 
- 

Two logistic innovations of this war were hi ghl y
TREATMENT instrumental in saving countless lives—the

Mobile Army Surgical Hospita l (MASH) and ,
Hospita l support was austere during the first most importantly, the concept of early evacuation

months of the war and adequate surgical care by helicopter. Casualties were sorted at medical
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clearing statiomi s and then transported to MASH tional to the attention paid to standard surgical
or Fixed Evacuation Hospitals where they Un- principles of debridement , hemorrhage control ,
derwent definitive treatment within hours of in- proper suturing, maintenance of drainage ,
j ury. These facilities were staffed by surgical adequate use of bandages, and administration of
teams composed of those specialists necessary to adequate chemotherapy.
manage the various types of wounds encoun-
tered. Such rapid evacuation of the severely in- Delayed Wound Closurejured patients improved their opportunity for
survival , as is evidenced by Army data indicating In those instances in which wound breakdown
that 40% of 10 ,000 casualties was admitted to occurred, delayed p rimaty closure was pe rformed
medical care within 1 hour following wounding after the wound had been prepared by use of
and 70% within 3 hours. This early care , along effective antibiotics , continuous wet dressings ,
with other improved medical procedures , reduced and redebridement. The process of wound prep-
the morta lity rate from wounding from 4.5% ex- aration rarely exceeded 5—7 days. Closure by
perienced in World War II to 2.5% in Korea direct approximation of wound edges , skin graft-
(Reister , 1973 [c]). ing, or suturing mucosa to skin across a defect

generally accomplished the desired results . No
The patients transported by helicopter were such complex closure methods as pedical flaps

placed in specially designed litters that were Se- were attempted (Chipps et al., 1953).
cured in place outside the cabin and therefore
were inaccessible during flight. To obviate airway

Fracture Reduction and Fixationcomplications in the maxillofacial patient during
this type of transportation , tracheostomy was Open reduction of fractures with direct osseous
performed at the medical clearing station if there wiring was another method of treatment used on
was any question of airway jeopardy. The a large scale for the first time during the Korean
number of maxillofacial injury cases receiving war. Although immobilization techniques variedtracheostomy (10%) was therefo re increased com- somewhat, the most simp le technique consistentpared with World War II (2%) (Chipps et a!., with satisfactory results was considered to be the
1953). method of choice—continuous loop wiring with

elastic traction was the most popular. Semirigid
WOUND MANAGEMENT arch bars were also commonly employed , particu-

larl y with avulsive inju ries, because of the im-
Debridement and Primary Closure proved stability they provided (Oddo , 1953). Ex-

ternal skeletal-pin fixation , which had fallen into
Debridement, which proved so vital in wound disrepute during and after World War II , was

management during previous conflicts , was further improved with the introduction of the
scrupulously applied. Primary closure of these in- biphasic app liance by Morris (1949). This
juries was routinel y emp loyed for the first time app liance will be discussed in more detail in later
and when p rop erly applied this significantl y im- chapters.
proved not onl y patients’ morale, but also re-
duced infection , facilitated healing, and reduced Anesthetic Management
scarring. Chi pps et a!. (1953) reported that in
their series of more than 1,000 maxillofacial war Sodium pentoth al supplemented with nitrous oxide
injuries 30% of the primary closures involving the and oxygen was the anesthetic of choice and endo-
mouth broke down. They attributed these fail- tracheal intubation was utilized in all maxillofa-
ures to: 1) ti ght closure of wounds without provi- cial injuries except those in which tracheostomies
sion for deep tissue drainage , 2) inadequate use were performed (Oddo , 1953). Whenever pos-
of bandages, 3) failure to treat the oral surface of sible , nasotracheal intubation was utilized to give
the wound , 4) secondary hemorrhage , 5) second- the surgeon unrestricted access to the mouth and
ary mani pulation of the repaired wound , and 6) to allow reduction and immobilization of the frac-
inadequate chemotherapy. The success of primary tured facial bones by intermaxillary fixation.
wound closure was stated as being directl y propor- 
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Reduced Overseas Hospitalization months or even years elapsed before evacuation
to CON US. The reason for this shortened over-

As a result of the applicatio n of the sound principles seas hospitalization included the following: im-
tha t had evolved up to the time of Korea , the casualties proved earl y care including primary closure of
were afforded an increased opportunity for satisfactory wounds (which resulted in more rapid healing),
wound treatment. During this conflict the average improved fixation , and perhaps most important ,
patient spent 35 days in overseas military facilities the general availability of air evacuation to
before evacuation to the United States , which is in CONUS (Reister , 1973 [d]).
sharp contrast to World Wars I and II where

CONCLUSION

There has been deliberate, albeit sporadic , surfaced in the review of the history of maxillofa-
progress in the treatment of maxillofacial war cia! war injur ies is the param ount impo rtance of
injuries during this century. The meaningful interdisciplinar y communication and cooperation in
advances have evolved slowly and laboriously with the treatment of these comp lex injuries. While
frequent retrial of therap ies that have been there will always be a few men of uncommon
modified to meet the perceptions of the various vision and skill from each generation , it falls on
surgeons. Underlying the manner in which surg i- the majority of surgical clinicians to achieve an —

cal progress has occurred are the human attri- atmosp here of mutual respect and cooperation
butes of surgeons , such as activism , read y adapta- characterized by a willingness to learn and share
tion of an early position of advocacy for new with others in the management of war-injure d
therapies, and a traditional adherence to the patients.

-k value of testimonial evidence (Spodick , 1973). It is apparent that in time of war there is a need
During the past decade or two a notable interest for surgeons trained in the treatment of condi-
and an increase in scientific inquiry have per- lions affecting the maxillofacial area to unite in a
vaded the surgical world; it is antici pated that common effort to better achieve the common
future progress will be less sporadic and the valid- goal of optimal patient care. Failure to attempt
ity of evolving therapies will be established sooner such unification will invariabl y result in ineffec-
and more conclusively than in the past. tive utilization of manpower and a compromise in

Perhaps the most persistent truism that has the management of casualties.

SURGICAL ADVANCES AFFE CTING THE TREATMENT OF
MAXILLOFACIAL WAR INJ URIES

1914—1919 1939—1945

—Protection of the airway in facial fracture pa- —Antiinfective therapy that permitted primary
tients with emergency splinting and correct wound closure and greatl y reduced postinjury
body positioning, sepsis.

—Irri gation and debridement of orofacial —The use of biologically compatible stainless-steel
wounds. wire for direct fracture reduction.

—Earl y fixation and immobilization of skeletal —Improved techniques of dental , interdental , and
fractures with practical methods of interdental direct wiring for treating facial fractures.
wiring. —A pplication of external skeletal-p im i fixation to

—Successfu l bone-graft reconstruction. the treatment of jaw fractures.
—Skin grafting for oral reconstruction. —Craniofacial suspension of midfacial fractures

~ 
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utilizing a skeletal headband (synonymous with fracture reduction.
head frame). 1923 Application of intermaxillary elastic trac-

—Cancel lous chi p bone graft reconstruction. tion for reduction of facial fractures.
1929 Split-thickness skin grafting introduced.
1929 Introduction of Risdon dental wiring for

1950—1952 fracture reduction.

-Successful rotary and fixed wing evacuation of 1938 Sulfonamide therapy introduced.
war casualties on a routine large-scale basis. 1939 Dermatome (Pad gett) emp loyed 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).

Interbel lum Advances 1944 Development of dental acry lic resins for
. . . . construction of oral prostheses (non-war1911 Procaine local anesthesia introduced in the related)United States. 

, - . 1949 Development of biphasic extermial1920 Development of calibrated knife for skin skeletal-p imi fixation for jaw fracture reduc-graft recovery.
1920 Introduction of eyelet dental wiring for
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CHAPTER II

Treatment Goals By BILL C. TERRY

ORAL AND MAXILLOFACIAL CASUALTIES

The management of oral and maxillofacial war through 31 March 1973, U.S. military troop levels
injuries presents comp lex therapeutic and logistic in the Republic of Vietnam totaled 2 ,594,200. Of
problems as exemplified in the preceding chap- this number 303,649 or 12~ sustained war-
ter . In the remainder of this text the nature and related injuries of which 153,309 or 6% required
magnitude of the problems encountered in the hospitalization (U.S. Department of Defense ,
Vietnam conflict will be reviewed and treatment 1973). Maxillofacial casualties reportedl y represent
goals identified and discussed. A long-term maxil- between 10 and 15% of war injuries (Tinder et al.,
lofacial casualty study (MFCS) initiated by the Navy 1969), thus the total number of maxillofacial in-
Medical Department during the Vietnam period juries in Vietnam can be estimated at between
serves as the basis for this analysis. This ongoing 30,365 and 45,547. One factor influencimi g the
study is a documented appraisal of maxillofacial incidence of oral and maxillofacial injuries was
treatment , emphasizing masticatory or jaw in- discussed by Maughon (1970). He evaluated the
juries, and includes the early, intermediate, and nature of wounds resulting in killed in action in
late phase of casualty management as well as 2,600 Vietnam casualties and made the followimig
long-term follow-up, observation. “The large number of head amid

Although the involvement of the United States neck wounds [46.6%] was impressive , especially
in the Vietnam conflict spanned the period from those where a sing le wound or small fragment
January 196 1 to March 1973, substantial combat was the only apparent injury. There is no ques-
forces (> 25,000) were not present until 1965 tion in my mind that the enemy was an expert
when U.S. troop strength reached almost marksman in these instamices and deliberatel y
200,000. During the period of 1 January 1965 aimed for the face or neck.”

LOGISTIC CONSIDERATIONS

Since the cases in the MFCS were managed princi ples stand out as basic to the m anagement
against the logistic background of the Vietnam of maxillofacial injuries under any circu nistances.
conflict (1961—73) , a description of those cir- Understanding the fact that the ca re of batik
cumstances is necessary to establish a perspective injuries was dependent on the logistics of the military
for the environment in which treatment was ac- situatio n in effect at the time was extremel y impor-
comp lished. Climate , geography, and military tant. This was particularl y true with mn axillofacial
capability may preclude an exact app lication of casualties because they frequentl y involved pro-
these experiences to future situations , yet certain longed and comp lex treatment carried out within

17
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the framework of existing logistic patterns that tion of treatment facilities at all levels , planning
were usually predicated on nonmaxillofacial con- and operation of ami evacuation system , dispersal
siderations. of patients according to their therapeutic ,

Logistic considerations influenced treatment psychologic , ami d social needs , coordination and
and treatm ent goals throug h all stages of care. documentation of care , atid institution of an ef-
These considerations primaril y included dis- fective recall and follow-up system to provide
tribution of health care personnel and organiza- continuing therapy as long as required.

THERAPEUTIC GOALS

The overall therapeutic goal in the clinical surgeon and all other personnel associated with
management of patients with maxillofacial war care of these patients.
injuries, in addition to immediate lifesaving Treatment goals may be logicall y discussed ac-
treatment , was to optimall y restore all vita l and cording to the intervals of trea tment—early, inter-
secondary functions associated with the ot-ofacial mediate, and late. The patients experienced dif fer-
complex. This included reestablishment and ent but overlapp ing needs during each period .
maintenance of masticatory and communicative These intervals will be discussed imidividua l l y with
abilities as well as acceptable cosmetics. Such re- the knowledge that they were logisticall y and
habilitatiomi was a demanding challenge for the therapeuticall y inseparable.

EARLY CARE

LOGISTICS ical evacuation of patients from the war zone was
performed by speciall y confi gured transport air-

During the earl y phase there was usuall y one or craft that normally carried medical support
more rapid medical evacuations by various materials ami d nursing personnel.
means. Earl y patient transport was critical and
was accomp lished by stretcher , motor vehicle ,
helicopter , boat , or a combination of these. TABLE 2.—Hospital Admission and Medical Evacua tion
Transport vehicles usuall y did not have medical f nkr oa ls (Da ys) fo r  MFCS Pat ients
support matenals or personnel aboard. The first Mean Range
tramisfer was most frequentl y to an established Date of injury (DOl) to
secondary field care center. Further evacuation dischar ge, earl y facility (N = 15 7 )  7.75 I— 36

was often necessary to a convenientl y located Discharge early to admission,

fixed hospital facility, but multi ple earl y transfers inter m ediate facilit y (N =39) 1.64 1— 7
Admisston to dtscharge.to different treatmemi t facilities were minimized, intermediate facilit y (N = l0 5 )  17.42 2—209

Whenever possible au attempt was made to Discharge intermediate to
rapidl y evacuate a severely injured patient by admission late facility (N=62 ) 3.15 I— 10

helicopter directl y from the field of battle to an
alerted definitive care hospital.

Essentiall y all ea rly care , by definitio n, took place in Total , DOl to ad mission , 
245 5  1—2 Id

South Vu ’tnam or in hospital ships in the adj acent Adi nissioti to discharge .
coastal waters. The earl y phase of treatment was late facility (N= I3 8)  268.96 2—799
considered concluded at the time of evacuation of
the patient from the war zoiie hospital , normall y
by air , to an intermediate staging hosp it al iii Ja- Total , DOl to discharge .
pan , the Philippines, Guam , or Hawaii.  This med- late facilit y (N = 138) 289.26 22—858 
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The timne interlude of the early phase fom- ~l FCS quickl y t ransported to hosp itals having  facilities
patients was usually rather short althoug h it did to meet their immediate needs. The majority of
fluctuate depending on many variables such as these patients were transported by helicopter.
patient condition , general patient load , location In somii e instances , earl y wound care was pro—
and tempo of’ battle activities , availabilit y of vided by m edical om5 paraniedical personnel in
treatment flicilities amid personnel , and availab i l— direct combat zone installations—t hird echelo n care .
its of evacuation transportation. The mean clura— Some minor abr a si omms , lacerations , or sprains
tion of’ earl y care hosp italization was 7.75 day s , were defini t ivel y treated while ini t ia l  wound
whereas the range was  from 1 to 36 day s (Table care and resuscitation was provided in other i i i -
2). stances. The minor injurie s usual l y did t iot rc—

The general goal at the ear 1~ treat me ntJ a c il it ies was quire extensive care , wem’e not severe ly handicap -
to evacuate fro m Vietnam those patien t.s in need of ping, and could be easil y flillowed up in the aid
long—term or spec ial care as sooii as initial  and earls- station at a more colivenient time. Other patients
acute care was completed and the patient was whose illj um ’ies were more severe were evacuated
sufficieuit lv stabilized to tolerate air evacuation to a rear echelon b c ilimy after in itial  care had been
procedures. it should be noted that in Vietnam , provided.

- t  as wi th  all wars , logistics were evolutionary and de-
pended on the locatio n and tem po of battle activity,
which zeere continual /v chang ing (White , 1968: Definitive Car e
1971).

Patients whose injuries were more than cx—
t i-emelv minor or would materially interfere with

- - 
PATIENT CARE the nor m al performance of duties were trans-

ported to evacuation hospitals—fourth echelon
Initia l Care care . Because of the rapid evacuation made possi-

ble by almost immediate triage and availability of
‘rhe early phase of treatment began with the transportation at advanced facilities , resuscitative

initial  care that the pat ient received after sustaimi — measures and initial shock management were
ing an in jur y  and consisted of first aid and/or oftemi still being carried out on amTiva l at t h e
resusc~ ..tive measures. This phase of’ military evacuatioii hospitals. In general , early care hosp i-
medical care is referred to as f irs t echelo n (NATO , tat facilities that  provided definitive care had p er—
1975). In Vietnam this care was usua lly initiated sound , supp lies. an(l equi pment to begin wound
by paramedical personnel who were operatin g care once the patient ’s vital  si gns stabilized.
directly with combatant forces. These corpsmen For some maxillofacial injury patients ii was
were trained amid equipped to provide first aid as possible to render early care sufficie ntly definitive in
well as more involved care includin g establishin g nature to obviate seconda ry reconstructive surg ical p ro -
and main ta in ing  an airway , controlling hemor— cedures. lii one sem’ies of 110 casualties treated
rhage , and inst i tut ing the~apy for shock. Thes’ d uring the earlier phase of the Vietnam conflict
were usuall y able to evaluate the patiemit ’s im- (l965.-66) 4 1% of the pat ients received earl y
mediate needs and initiate evacuation, definitive surgical (are that permitted them to be

Ini t ial  transfe r was to a f’acilitv staf’fed and returned directly to active duty in Vietna m within
equipped to provide a continued amid/or up- 60 days after convalescence at the earl y care facil-
graded level of therapy—second echelon care . This ity (Terry, 1 969). These patients were obviously
was often a field aid station or m obile medical uni t  those that  had not sustained substantial loss of
staf’fed by ph ysicians , dentists , and supporting bone or soft tissue and did riot have comp licating
personnel whose f’unction WaS to provide post sur gerv problems. They were also among
emergency care including ini t ial  m’esuscita t iou those who were rapidly evacuated f rom the battle
and to determine the priority of the casualt for ZOflC and were able to i-eceive definit ive surg ical
continued evacuation. These emnergency stations care within several hours following injury. The
were usuall y located adjacent to a transportation number  of patient s for whom ini t ia l  definit ive
facility , either surface or helicopter , so that the maxil lofac ial care was su ff i c ienl  was probably
wounded requiring hosp italization could be hi gher since some patients who would undoub—



- - ~~55-5-5 55- -5 -5~~~~_~~~~~~~ — -—~--~~~~~~~~~~~ --—5-”--—---— ---. -~~~~
-- -~~~~~~ - -

20 . Management of War Inj ur ies to the Jaws and Related Structures

tedl y not have  required secondary maxillofiicial Regardless of the logistics involved in pat ient
care had to be evacuated because of concomni ta nt mana gement , surgeons rendering definitive care
injuries and were not included iii the 4 1% .  attempted to f ’ollow certain basic princi ples

As the number of cas ualties increased the availabil- that were directed toward providing uncomp li-
i tyof beds for conva lescence at early carefaci lities was cated hard -and soft tissue wound care. These
sharply reduced and virtuall y all patients were primici ples will be elucidated in the earl y care
evacua ted followimig their earl y treatment. cha pter.

INTERMEDIATE CARE

LOGISTICS 209 days (Table 2). During this hospitalization a
variety of treatment was afforded including gen-

Following early care all pat ients who could not eral supportive care, management of postsurgical
be returmied to f’uhl d u t y  were prepared for evacu- complications such as infection or deh scemice , re-
aUon to the imitermnediate care facilities throug h- vision of fixatiom i devices , additional debridement
out the Pacific theater (PACOM) where their as indicated , and in some imistances definitive frac-
treatment was comitim iued. Occasionally , pat ients ture reductiom i or woum id closures.
were flown from Vietnam directly to mili tar y In this phase it was p articularly important to
hosp itals in the Continental United States establish positive rapport with the pat ient to en-
(C()NUS) ( see Figure 43). The evacuation deci- hamice his mental attitude regam ’ding his injury
sions were based on the niedical condition of the and the projected treatment outcome. Experi-
patient as well as casualty flow numbers , patient emice in dea l imig wi th  the psycholog ic aspects of
load , a mid other comisiderations related to war injuries on the part of the surgeomi proved
transportation that influenced the evacuation invaluable imi buildimi g health y psvchologic at—
plan. The mean interval of transfem ’ from early titudes in these patiet its. Early recognition of p o—
to intermediate facilities was 1 .64 days (Table 2~. tentiall y serious psychiatric abnormalities was , of

course , hi ghly desirable th oug h such conditions
were seldom niamiifested durimi g this period . Im-

PATIENT CARE mense psychologic up lifting was pm’ovided by
concerned nursing persom imiel and others imiclud-

Intermediate care encompassed the period imi g chap lains amid their assistamits. It was noted
from arrival at the designated intermediate hos- that the overall morale of patients was better if
pital until  evacuation to CON US. The niean those having similar inj uries could be grouped -

perio d of intermediate hosp italization for MFCS together in the same ward or hosp ital area.
patients was 17.42 day s with a ramige of from 2 to

LATE CARE (RECONSTRUC TION-REHABILITATION)

The lame care interval began approximatel y 3 hospital closest to the patient ’s home with staff
weeks followin g injur y .  For the patiem its in the amid facilities necessary to m anage his injuries amid
\I FCS the mean interval fromii date of imijury to theim ’ complications unti l  final mihitar s disposi—
the . t l l i i i s s iol m at the late care facility was 24.55 tiomi . On arrival at this hospital the casua lty was again
day s (Table 2). Althoug h the ramige for this inter- thoro ughly examined and eva luated. All accompany-
~al was from I t o  216 day s , it was rare that patients ing records including tram i sfe r summam’ies ,
arr ivc( l am a CON US facilit y in less tha mi 4 or 5 days laboratory findings , radiographs , operation re—
or ii i  mm) re t han  30 (lays. ports , and oftentimes handwri t ten notes from

The late care facility was generally the mii ih itar y previous surgeons were carefully reviewed. 
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Routine , as well as special , labomat ory amid radio- Surgeons per formimig late care were faced with
grap hic studies were obtaimied. If the niaxillofacial m am iy diagmios ti c aIl ( 1 therapeutic challenges amid
injury %s as the onl y or most severe problem , the called upon other specialists in solvimig these
patient was usuall y adm itted to the service that complex pm’oblemns. Late m anage ment idea lly became
was best able to manage the princi pal mnaxi llofa - a team effort because im o one indiv idual  was pre-
cial condition. When the maxillofitcial inju ry was pared to satisfactoril y resolve all the varied prob-
not t~ie most serious prob lemn , om- when patients lemns presented by these patients. Every effort was
had multi ple inj uries , the maxillof ’acial surgeomis nmade to formulate treatment plamis that would
usuall y fumictioned in a comi sultat ive role. The evemituall y sat isf y the identified treatment goals.
maj orit s ofjaw-injured patiem i ts were evemnua ll y These treatment plans , which often would re—
transferred to the Dental Service since their total quire months or eveii years to comnplete , wer e
masticatory recomistruction and rehabilitation t’e- frequemitl y reviewed and altered as mieeded to fit
quired the lomigest period of treatment , the overall goals. The patients were kept in-
During late care specific attention was dhrected formed of their progress and were encouraged to

to the general goals of reestablishment and mainte- become a cooperative part of the total team ef-
nance of masticatory and communicative abilities as fort. Most MFCS patients underwent prolonged
well as acceptable cosmetics. Frequentl y this onl y re- treat m ent at the late care facilities. The meami
quired general supportive care during the heal- period of CONUS hosp italization was 268.96
ing of hard and soft tissues followed by minimal days , thus the mean period of hospitalizatiomi
ph ysiotherapy to assist in reestablishing normal from date of injury to discharge from the
function. Other pat iemu s required vestibulop las- CONUS military facility was 289.26 days (Table
t ies , scar revision , and prostheses of vary ing corn- 2). Iii addition , mans of these patients require
plexitv . Still others required extensive recomi- com it im iued follow-up that will extend the rest of
structive surg ical procedures inclu d ing bone their lives. The remainder of the text will comicern
grafting, soft and special tissue procedures , amid specific problems of management during these
complicated prosthetic treatment. complicated and prolonged treatment intervals.
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CHAPTE R III

Anatomic Illustrations

Regardless of when or where a human being is anatoni y that is comisidered. These illustrations
injured the commomi denomimiator of the surg ical (Fi gures 8—15) have been pr imited throug h the
care he receives will be anatomy. Nowhere is this courtesy of Dr. Netter and the CIBA Foumidatiom i .
more evident than in the oral and maxillofacial We will not refer to them frequently but rather
area where there exists an extremel y comp lex will rel y on imidividual reade rs to determine at
niom’p hologic , functional , and esthetic niileu. what poimu in the text th ey require an anatomic

Perhaps the finest grap hic illustrations of refe remice to better app reciate the narrative. In
human anatomny have beemi prepared by FrankJ .  addition , it is the hope of the authors that  in-
Netter , M.D., under the ausp ices of the CIBA clusion of this section will provide a comp leteness
Foundlation. Rathem ’ than developimig illustratiom is to the publication that will enhance it as a practi-
of maxillofacial amiatomy for the miuinerous condi- cal sing le-source document for those surgeons
tions discussed in this text , we have elected to who are called on in the f’uture to manage the care
reproduce selected Netter illustrations that , in of maxillofacial casualties.
our opinion , clearl y and accuratel y represent the
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CHAPTE R IV

By ELGENE G. MAINOUS
HENRY J . SAZIMA

Early Care THOMAS E. STUMP

INTRODUCTION

The earl y care phase represented the most crit- FACTORS INFLUENCING TREATMENT
ical stage of overall patient management. This
was true because of the relatively high potential Three groups of factors that significantl y influ-
mortality rate of this period , which depended on enced the treatment of persons who sustained
the nature and extent of inju ries as well as the bodil y trauma are worth y of discussion.
adequacy and speed of emergency care. Also , this Group I: The wounding agent , t~vp e of wound, and
period was hi ghly important because the ade- intrinsic resp onse to bodily trauma . These factors
quacy of early treatment rendered significantl y were not modifiable by the surgeon. Military
influenced the prognosis and course of inter- combatants were essentiall y in good health and
media te and late treatment required. Obviously, therefore could be expected to exhibit an optimal
the optimal preservation of soft and hard tissues, response to wounding, consistent with the extent

- 
I judicious debridement , and anatomic reduction and nature of inj ury.

at the time of earl y management permitted a Group II: Access to and availability of treatment.
more ideal end result with fewer comp lications These factors depended on transportation op-
and less need for reconstructive efforts in later portunitles and proximity of appropriate surgical
management periods. By definition the earl y personnel , i.e., the logistics of the military opera-
phase began at the instant of injury and encom- tJOZI.
passed all earl y management including: the initial Group II I :  The skill and exp erience of the surgical
firs ” ~1IL ’ measures instituted on the field of battle , treatment team. Optimal care depended on earl y,
e~~1 -, -flni tive surg ical treatment, postsurgical vigorous treatment provided by compet ent sur-
mat , ~~ lent , and transfer to the next echelon of geons in adequate surroundings. These factors
treat~ ~n 1 , relied on the ability of the military organization to

The management of all casualties generall y fol- provide satisfactory operating facilities and to
lowed a similar procedural sequence. This narra- staff such facilities with well-trained surgeons
tive will be presented in a format consistent with who were screened and briefed for combat sup-
that sequence in order to attempt simulation of port duty .
the clinician ’s perspective. Although a general
pattern of casualty care was evident , comp lete
consistency was seldom achieved. Numerous fac- DESIRABLE CHARACTERISTICS OF THE
tors modified the management of individual pa- COMBAT SURGEON
tients , which required a flexible approach by the . . . . .
surgeon Certain traits were desirable in an individual

a who was to be held responsible for the early surgi-
cal management of injuries in a combat environ-

33
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inent. Obviousl~’ the best conlbat surgeon ~s’as facilit ies lIa~’ing a inaxil lofitcial ap ab i l i tv .  This
one best tr’aiiie(l . but it should not be assunled hi ghly effectivc ’ rap id svstenl , which was initiall y
that all t i a ined  surgeons poSseSSed chat.ictei ’istics iillp lenlelited il l  Korea , depended on t h e  accu-
suitable f i r  ln~in aging battle casualties. rate diagnostic assessment by the in it ial  m edic ,

Numei’ous factors should influence the selec— phy sician , or dentist , and also on skilled he licop—
non of’ sum ’geomi s t om’ early t r eatment  of casualties. tei’ evacuation coordinated by alert am id int el l i—
There was generally , and i’ather continuously , a gent radio communication. As a m’esult , the op—
tremendous amm ) U n t  of stress on t h e  mili tar y portun itv of su m’ viv a l  for the patient in Vietnam
conibat surgeon. It was important t h at he be ca— was better than in ans- previous war. 1)uring -
pable of cop ing with the mult i tude of devastating Woi-ld War 11, 29.3’~ of the wounded died as
pernianent injuries and deaths constantly con— compared to 26.3ct in Korea and I 9~ in Viet— —

fronted in the theater of war. Periods of’ endless nam (Ned , 1968, 1975).
boredom wem’e contrasted with sheer exhaustion Once patients arrived at a hosp ital f ac i l i t y , all

H f’rom long hours of ’ overwork wi thout  rest. The surg ical specialists were expected to assist in or
surgical clinician required a strong constitution manage surg ical problems not ord inam’i lv wi th in

IL  
and positive self—motivation to endure these pres— the scope of their practice. For examp le, ii the
sures. He needed to be continuall y able to exer— primary i nj u r y  of a patient involved the oi’ofacial
cisc good j udgment and m ake intelli gent critical area , he was triaged to the maxil lofacial specialist -

decisions while perf ’oi’ming with dexte i ’itv and for definitive care. The maxillofacial specialist
skill. He had to remain in a favorable and sober consulted freely , as required , but was normally
state of’ mind with willin gness to be f’ullv coopera— expected to also cai’e for accompany ing minor
tive with his colleagues. The surgeon had to i-c— injuries involving other ai’eas. This was the ac—
spond rapidl~ , be hi ghl y innovative in his i’e— cepted inodus opera ndi in Vietnam. Specialists
sponse to unique circumstances , be flexible , and were also expected to be available for inclusion in
be adaptable to sudden changes. These human extemporaneous surg ical teams for joint man-
characteristics, while desirable in all individuals agement of patients with multi ple system injur ies.
charged with care of the wounded, were particu- This type of’ pat ient was seen f’re quent lv and as a
larly important in the surgeon since he had the result (he mixed surg ical tea m, conj oinhlT rende ring
primary responsibility for definitive treatment of op erating room care , was y en ’ common, Depending
combat injuries , on presenting injuries and their distribution. the

surgical spec ialists assisted one another in the
COORDINATION OF EVACUATION sam e general in jur y  site , or they worked concur-

rentl y upon injuries in d i f fe ren t  anatomic sites.
- Cooperation and coordination were essential toIn the early phase p rzor zty of cas ua lty tran sp ort to successthe initial  treatment facili ty - was a triage or sorting

consideration , which usuall y depended on the
number of casualties present at the battle scene TREATMENT FACILITIES
and the availability of adequate transportat ion
resources. Additional triage considerations again Four basic types of treatment f~iciliti es were
came into play at the treatment facility in deter— available in Vietnam in support of’ t he combatant
mining relative priority of care among the incom- forces. Their capabilit y differed depending on
ing patients front various locations. proximity to the actual combat am ’ea. The Minimal

Whenever possible , efforts were made to coor- Faciii t ’v was temporary and m obile and was used
dinate the medical evacuation of wounded pa— primaril y to assess the adequacy of initial or first-
tie nts to that regional facility best equi pped to aid care and to supp lement this  care as iequi ied.
handle the number and types of injuries present. Stabilit y of the patient ’s condition was ascertained
Transport of an intracranial injury patient , for and he was pi’epared fom’ fu rther evacuation.
examp le , bypassed the closest hosp ital facility , if ’ i t  Combatants with minor wounds were treated and
had no neurosurgeon , in favor of a more distant returm ied to duty dit-ectly from these installations.
hospital with a neurosurgeon on the staf’f ’. In the Staffing usuall y included a general ~icdical
same manner , patients with orofacial injuries , officer and hosp ital corpsmen—there was no
when possible , were selectivel y evacuated to those maxillofacial capability . The Mobile Limif r d Fa cil- 

- - ~~~~~~ —— -5-—-~~~~--5~~~~~ _ _  -~~~~~
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ily was a surface vessel configured and staf’f ’ed to enem y infiltration frequent , these hospitals were
handle casualties. It was either a troop transport occasionally close enoug h to combat zones to be
capable of handling rotary winged aircraft and subject to pem-iodic enemy rocket attack. ‘Fhese
landing craf ’t or a small aircraft carrier. Once the facilities were also staffed wi th  a full complement
troops were disembarked f’or combat , the berth- of’ medical personnel includim ig at least two maxi l -
ing spaces were prepared for use as casualty care lofticial specialists.
areas. These vessels were positioned along the At the fixed and mobile complete facilities , p~-coast in locatiomis that were a~ near the combat tients were provided optimal early defi nitive care ,
area as militaril y practical. The medical staff  in- and them i evacuated to intermediate facilities or
cluded a general surgeomi , orthopedic surgeon , directl y to the Contimiental United States
anesthesiologist , and support para m edics. These (CONUS).When earl y care was comisidered defini-
facilities were not routinel y staf’fed by a maxihlo- tive , patients were retained for up to 30 days and
facial surgeon. The use of Mobile Complete when well were returned directl y to duty.  It was
Facilities or hospi tal shi p depends on the presence necessary at all times to maintain an adequate
of a large navigable bod y of water near the area of nu m ber of beds for reception of antici pated fresh
combat. Obviously , their use was ideall y suited to casualties; therefore, onl y a limited number of
the logistics of the Vietnam conflict. These shi ps, patients could be retained at these facilities in
the U.S.S. Repose and U.S.S. Sanctua ty , were Vietnam ii for prolonged convalescence,
outfitted as hosp itals and were full y staffed with The American hosp ital sy stem also provided
medical personnel capable of providing the most com plete care for South Vietnamese troops and
sophisticated diagnostic and therapeutic care, other allied mili tar y personnel serving in this
The staff included personnel trained in maxillo- area. I mij ured enemy soldiers were , of course , also
facial surgery. Fixed Complete Facilities were the provided appropr iate care , ac cording to estab-
equivalent of a major civiliami hosp ital and in a lished American policy of humanitar ian care of
military sense provided the same capability as the all wounded persons in need of hel p The
hosp ital shi ps. They were constructed as perma- greatest number of mion-American patients to re-
nent facilities in strategic locations that would or- ceive care were the Vietnamese civil ians of both
dinaril y be well back from the actual combat area. sexes and all ages (Bve r l~ and Pendse , 197 1;
In the circumstances of the Vietnam conflict , Stump, 1971).
however , with battle lines obscui’e ami d insurgent

WOUNDING AGENTS AND WOUNDS

BALLISTICS of the motiomi of projectiles in fli ght  (Dorland ,
1974). The severity of a missile wound is directl y

In any treatise on war wounds , a review of the related to the shape and size of the m issile and to
physical princi ples of ballistics is necessary to af- its contained kinetic energy. Those factors most
ford the reader a better appreciation of the na- important in determining the type amid extent of a
ture and mechanism of action of wounding missile wound included: 1) kinetic energy of the
agents common to the conflict being discussed. missile , 2) mass , composition , amid contour of the
Of great importance, particularl y in the maxil lo- missile , and 3) relative density amid bulk of’ tissue
facial area , is an understanding of how the fli ght into which the missile impacts or throug h ~s’hich it
path and speed of a projectile are altered by sud- passes (Figure 16) (Shelton and Albri ght , 1967:
den resistance , as for examp le , f’rom human hard Schmidt et al., 1969).
and soft tissue structures. Equall y si gnificant is The impact kinetic energy of a missile is a fu miction
knowledge oithe amount amid dispersal of impact of its mass ami d velocity. The amn oumit of impact
kinetic energy from the projectile that is dissi- kinetic emiergy is equivalem it to one half the pro-
pated to impacted structures , and the effects of duct of the missile miiass times the square of the
this transposed energy on these tissues. missile velocity , divided by the constant oF gI’avi-

Ballistics can be defined as the scientific stud y tational deceleration. This relatiom ishi p is cx-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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At increased ramiges the missile velocity and con-
sequently impact kinetic energy show a progres-

I 

sive decline from the imi itia l muzzle value.

I 

I

The 45-caliber pistol by comparison usuall y

I 

takes a heavy 220-graimi bullet , but produces a
muzzle velocity of only 850 feet per secomid which
results in an i m pact kinetic energy of 431 foot-
pounds or about 27~ that of the M-l6.

1.62 MM M 14 M 16 In Vietm iam , opposimig forces were most corn-
momi ly armned with the AK-47 rifle. The bullet
mass for this weapomi is 122 gr4imis , t h e  muzzle

I velocity is 2 ,330 feet per secomid , amid the resultant

I impact kinetic energy is 1,798 foot-pounds. Although
the impact kinetic emierg ies or woundimig forces of

50 CAL the AK-47 ami d the NI - 16 are roughl y comparable ,

AK 41 3OCAL 45 CAL the AK-47 derives more of its impact effect from
the larger missile m ass, whereas the M-16 relies
on its greater velocity (Fi gure 16). The maximum
range of the AK-47 is 2,500 yards and that of the

Figure 16,—The comparative shape and size of various bullets (car- M-16 , 3,000 yards (Kjell gren , 1970).
trid ges, rounds) and their projectiles or missiles (wounding agen ts).
50 Cal = 50 calibe r machine gun bullet; 7 ,62mm = NATO Automa-
tic Rifle bullet; M- 14 = U.S. Automatic Rifle bullet ; M- 16 U.S. Au- TYP D p y
tomatic Rifle bullet; AK-47 = Russian Automatic Ri fle bullet ; 30 Cal
= pistol bullet; 45 Cal = pisto l bullet ,

The types of tissue imijurv emicountered in war
pressed by the equation E = Mv212g. Since the casualties imicluded the foh lowim ig: soft  tissue—
impact kinetic energy relates to the square of lacerations , avulsions , amid burns; hard tissue—
the missile velocity, it becomes clear that this noncomminuted fractures of’ bone and teeth ,
value is a most sigmiificant factor in determin- commninuted fractures of bone , arid avu lsiomis of
ing resultant wounding effect. The standard bone and teeth. As a result of the violently de-
allied weapon , the M-1 6 automatic nfle, was de- structive fom’ce of hi gh velocity missiles . isolated
signed to fire ammunition that produces a very injuries of a simig le type were less cornmomi than
high muzzle velocity of 3,250 feet p er second. In combinations of inju ries. The miature amid extemit
addition to contributing most significantl y to of the wounds depemided oii the type of missile
the impact kinetic energy, the hi gh velocity im- and the pattern of injur y produced.
proves the accuracy of the missile ami d permits The p attern of injury in miiissi le woumids de-
an increased effective range. To attain such a pended omi the mnam imier iii ~‘hich the missile
high muzzle velocity, it is necessary to reduce traversed the tissues. When a hi gh velocity missile
the weight or mass of the bullet to avoid a pro- impacted ari d traveled through soft tissue , a
hibitive recoil. A fairl y li ght 55-grain bullet cone-shaped shock wave was produced which
measurimig 5.56 mm in diameter was thus uti- created a tra nsient ca vitation space in the waj e of
lized in the M-16 weapomi (Dimond , and Rich , the bullet that could expand up to 30 timiies the
1967). The impac t kinetic energy of the M-1 6 diameter of the bullet (Dziemian amid Hem-get ,
missile is derived as follows: 1950) (Fi gure 17).

1) Conversion of bullet wei ght in graimi s to pounds:

55 grains = .00955 lbs.
5760 gramm i/ Ib.

2) Calculation of impac t kinetic energy:

Mv 2 (.00955 lbs.) (3 ,250 ft./sec.)2E = = 1576 ft /lbs. (muzzle value)
2g 2 (32 ft./sec ./sec .)
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occurred via the exit site of the mnissi le. As a result
all hi gh velocity miiissi le wounds were comisidered
to be conta mina ted.

-.--
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1. E. Stump, 1970
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F igure 17.—Diagrammatic illustration of transient ca vitation space that
is produced in the tissues by the shock wave generated with passage
of a hi gh velocit y missile (HVM). Tissue injuries generall y conform
to the location and confi guration 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 woumiding were highl y dependent on the corn- 4.
position of the soft ami d hard tissues struck , as well
as on the size , shape, and impacting energy of the
missile. Generall y, however , the imijur ies con form
directl y to the location ari d confi guration of the
cavitation space along the missile tract. If the mis-
su e  comp letel y perforated the bod y part , the
characteristic pattern of wounding was a small
entrance and much larger exit wound (Fi gure 18)
(Case report 01).

Although foreign matter was not always evi-
dent , it was usuall y 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. Additionall y , contamina-
tion from clothing fragments , dirt , or other debris

Figure 18.—Upper) Photogra ph of patient w h o  sustained a hi gh ye- 
,, ,.~. 

-

locit y missile wound to the face and jaws . The re lative l y smaller -

wound of entrance (En)  is seen on the left cheek just lateral and
superior to the li p coinmissure. The missile trajectory was directed
~ isterioinfe norly and the large exit wound (Ex ) is seen on the r g ht . 

-
cheek overl y in g the bod y and ramus of the mandible , Middle) Extent
ofunder l yingosseous damage along the missile tract as visualized on 

‘ 
- . .

a posteroanter ior radiograp h of casualty seen in upper fi gure. ,~
Lower) Examp le of small entrance wound (area of nasolabial fold) 

. —and much large r exit wound ((-heck an d preauricular area) on the
left face in another patient. ‘ 

-
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CLASSIFICATION OF MISSILE WOUNDS ph ysical laws , this imidicated that the wounded
tissues had comp letel y absorbed amid dissi pated

A simup le amid usefu l classification of hig h veloc- all the impact ki n etic emiergy of the missile. It was
ity missile wounds includes: 1) penetrat mng, 2) PET- ’ comivenient to subdivide penetrating wounds into

J orating, and 3) avulsive (Rowe amid Killey, 1970 sup~~Icia 1 and deep categories according to the
[a]). These categories generally reflec t mncreasmng impact kinetic emiergy of the missile amid its tissue
amounts of velocity and impact kinetic energy of penetration (Fi gure 20).
the missile, but not necessarily imicreased wound- After penetrating the skimi , the missile was ca-
ing effect (Figure 19). pable of lacerating amid macerating soft tissues ,

causing burns of surrounding tissues , producing
p t tin comminuted bomi e fractures , transecting vessels ,ene ra g 

and entering organs ami d cavities. 1 m m all these
The penetrating wound (Figure 19) was one in pemietrating-type wounds , however , the single

which the wounding agent (missile) had beemi re- missile or missile fragments eventuall y ca miie to
tam ed within the injured tissues. According to rest withimi the inju re d tissues , amid could usuall y

Figure 19. —Diagrammatic representation of the three types of high velocity missile wounds. A descri pt ion of each type is
presented in the text.

WOUND CLASSIFICATION

-~ 
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l’~,”,,, 211 — (‘/‘~.,, /. / t i  .~~ppe.ii .011 5 ‘‘I .i 2 i—seai  ,~.Id • •i*u.i h~ it ho sustained a t,l.ist i np u ts  Ii, hi Ia, ,~ I hit  resulted in
to! p~ Iu ’gralin c auto!- , ‘p/a ’t O~~III I tmmediaii Is post t reatment .  i lie ss- ound had hx ’en il  i i .  ui ~ hils li hi ii t~’d and M tub be d

to e t i m in . i t i ’  h ’ I’ign di I ,, is . IT III  I’ (like’ t h e’ P’°  t u t u  for t h e  dev elopment iii ar  hil(IO. !o~ . 1./i I I ‘ 1st’ iiiiiiiths pust
injur s- . Lou- er right) Sixtv ’onc I1IIIIIIIIS POSt 111110 S

he demonstrated on m’adiogm’ap hs (Fi gum &. 2 1).  almost spe m it bu llets.  Ii i  these t. as ’s . the  e f fec t ive
The extent of severely damaged tissues extended impact kinet ic  energy was comms ide i’ a l ) lv r edtm e(l

well bevomid the l imi ts  of ’ the  observable woun d as ‘V.IS , o f course, th e  i ’ es t m l t a m mt  wo um id im i g  eii ’cct
t ract. ‘I ’his m ’es tm lt ed fm -nm the e f f ec t s  of ra ( l ia t i Im g (Fi gure 22).
i n j u r y  ;tsso ( iate d with the  compression shock Al thou g h p em i etr a t i om i wounds  resulted f rom
wav e geIicratc(J at missile imn p ac m. From th e point sing le missiles , l hev were also tai tsecl  more ir e —
of ’ vi ew  of ’ m ni l i t a r v  ef ’f ’ect ivcm me ss as a wot in ( l in g qu ent l y b fragmentation (l ( ~ ‘U i ’s such as t iiot ’tai ’
a gem it  , the  p enetra t i m ig missile was hi ghl y  e f f i c i en t  rounds , gremm ade s , bombs. booby lt’al)s. ot’ rockets
in (‘omp let elv u t i l i z ing  all its available energy 1m m tha i created tim tilt  i p le small  low vch )cit v missiles
t he wound ing  process. Occasionally , however , (Table 3). The missiles e m n a t m a t i m i g  f r o m  t hese
t he pem i e t ra t imi g— tvp e  woum i d was caused by m is — f’ragmem itatiom ’m devices wem’e tmsual l ~ roug h a m m d
siles wi th  relativel y low residual velocit y , such as irre gular , result  lug li-nm the  exp loding shell

—- ~~ . 
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F igure 21.—Upper left and lou ’er) Diagrammatic examp le of a deep penetrating wound. The missile components (lead
fragment and casing) of an AK -47 missile sepa ra ted after entering the cheek, traversed the maxihio faciat region m di-
s’idua lly. and anw to rest within the tissues after expending their residual energy . Upper tight) !oster oant e ubol’ radio grap h
5) 1 pa tient who sustained the missile wound described above. The lead fragment (LF) and casing (C) are seen lying i n the
tissues where they came to rest ,

casitig itself ’, or they were also fro m speciall y de- balls that would be exp losivel y dispersed in fli ght
signed multi ple mim l i projectiles contained within when the comitained powder charge was detomiat-
the casing. In the past the fragments were com- ed. It is descri ptively more accurate miot to use the
monly referred to as “shrapnel” after Hemiry term “shrapnel” for fragments from m odern
Shrapnel , a British ar t illery officer who was the high exp losive devices (Rich and Johtison , 1967).
designer of’ the first knowm i missile device that The wounding effect of missiles from fragmenta-
contained secondary projectiles. Shraptiel’s de- lion devices , because of their frequemul y large
vice , which was described in 1842, consisted of a size , irregular shape, and relativel y low velocity,
projectile that  carried a case provided with a customaril y resulted in multiple penetrating
powder charge and a large number of small lead wounds.
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‘J ’ -~ Bi. }: 3. — Type 0/ Weap ons l ’hat Produ ced Fr agmenla-
tion Wounds in a Ser .’e~ of U’ar -Iii ju red P alzenl,s Sl udied by

Rk/l (L n d J O h l l .sOn (1967)*

4 Nuiiilit-r of

\l i ssu e l i_It t i t ’ , l’t’u c i i i

Aii i l l e r s  and u u i l n i , I i  I 561,
Gu’enades 73  2 7 $
Auiiu1a’i- souiiie’ l h u b ’ s  26 7 6
Uitkuiieaui 

2 6 3  l i m O

I ‘oil, I I,, 1,rI ,IIIr.I,,,, ,,l lu,’ ~~~~~~ 0/ Il,. - I ,o,.ou,,, I t , , I , ,o I  ,o,ou,Im,,

Rv erlv am i ( l  Pemidse (1971)  i’epol’te(l on I ,38 I
pat ients who sustained missile injui’ ies—70 ’; were
fragm u em ita t io n  t~ pe ammd 30’; gum m shot  w oumI ( I S .  In
a reported series of ’ Vietnam maxi l l ofac i a l  cases ,
p enetrat ing missiles acc ou mm t e ( l  101’ 8O’.~ of in-
jur ies, ami d of these , 38’-; we re caused b~ bul le t s

) ami(l 62’; b y f’i’agm n en m s  f rom m im ort am’s , mines .
booby traps , and miscellaneous exp losive devices
(Terry, 1969).

Table 4 descm’ibes the mu annei ’ im i which ti le
M F’CS pat ients were selectively divided im i to
grotmp s to f~tc il it at e analy sis of ’ t he data concern-
ing wounding am m d t i’e atnie mit.  This grouping will
be use(l throug hout the  text .

~~~ Data comi cerning suspected wounding agents
f~ r the injuries sustained h~’ patie nts included in

) the MFCS are listed in Table 5. The most com-
mmm woum idin g agent f ir  all groups was fra g mem i—
tation d evices (51 .3O~;). 1m m those pa t ients  1mm whom
massive tissue avu lsion occurred and bone graft —
nig was re( 1uired (group I ) ,  hi gh velocity missiles
(45.98’; and f ragmenta t ion  devices (47. 1 3~we re imp licated equally as etiolog ic agents. In
65.22~ of the com imm im mtm ted f ractures (group I I I )
amld 56.25’~ of the  simp le fracture s (group IV),
I rag m emmtat ion missiles were the woundin g
agemi ts.

Al thoug h both gunshot and f’ra gme n tat iom m
WOu m i ( lS were often groupe(l together t in~1ei’ a
com mim oim heading of ’h i gh velocit y missile wounds .
the s t ructure , num ub er . ballistics , and woum md ing

F igure 22. — ‘pp er)  Posteroaiiterior rad ii i gu -ap h ui f a c i a l  skek’ t u iu i
showing 9x’t it mi s s il e  t ha t  cat tle ’ to r est i i i  the  n asal  a\ i t s  a f t e r  pe r—

lit’ li 1, ( t i nt missort ‘t he missil e had expetided most of i t s  euu’rgs 1w—
tot  . i mi n g  the a xi lla r v area and t he n  penetrat in g the h u e  just la t eral  t o

fore t’tlte ruui g the f a t e  and, as a u- es iult of u t s lci ~s’ s-elmits  penet rated hut
did not pe tlor af r the lat in/ar ea, Mtddb ’) Pat h of the  missile Lou ’r r) Y Ius -

-- --
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‘I’ AB LE 4._Grouping oJ ’Maxillofacial Casualty Study nearl y always multi ple , and often imivolved widely
(MF CS) Cases &y the Type oJ ’Mandibular iz ju,~ dispersed locations in an individual victim im , the

gunshot wounds by contrast were usuall y singular
Group I Osseous avu lsion with bone graft amid , typ ically , were perforating in nature.
Grou p II Osseous avu lsion without bone ~~~~ 

The perforating type of war wound (Fi gure
Group I II Osseous fracture with comminution 19) was one in which the wounding missile had
Group I V Osseous fracture , simple-linear comp letely passed throug h and exited from the
Group V Minimal or no osseous damage wounded tissue. Thus , by dehmiit ioti , there was

always an entrance amid exit wound. The tissues
absorbed onl y a portion of the impact kinetic

potential of the woumiding agemits differed si g- emm ergy of the missile. The balance of the unneu-  -
nificam itl y . In its norm -nal effective range , the sim igu — tralized emiergy was expemided im i producmm i g a con—

- I  lar smooth gunshot missile was unquestionabl y a tinued trajectory at a diminished velocity after the
high velocity missile with a great potential for missile had exited the tissues. Radiograp hically
tissue damage. By compal-ison , irregular shrap- there was a picture of tissue destruction but no
nel fragments were usually of a relativel y lower metallic evidence of the major missile mass. Occa-
velocity amid individuall y have a lessened woumid - siom iall y , however , the tissues retained some
imig effect than singular gunshot missiles. I-low- niiuor fragmented metallic debris residual fi’om —

ever, these fragmnents , or “f’rags” as they were the departed missile. Perforating woumid s were
called , usually struck the pat iemi t as a group of caused by either hi gh or low velocity missiles.
missiles amid as such were hi ghl y destructive , gaimi- Typicall y , however , the perforating wound was

- :- ing their woundimig advamuage fm’omii the multi plic- the result of a hi gh velocity gumishot proj ectile and
-

‘ ity of their actiomi. there was a small, discrete entrance wound and
a large , destructive exit wound (Figure 18).

Perforatin g The entrance wound v~’as related to the size .
shape , and entry position of the missile and

- - Although fragmentation-type wounds were usuall y had a narrow peri pheral border of

TABLE 5.—Suspected E tiology of Injury for the Five Groups of Pat ients Included in the MFCS

Hi gh
velocit ~ Fra gmcn . Small

Grou p missile tat ion arms Other

I ( N =  87) 40 145,981* 4 1 [47,13] 6 t  6.90] 0 [00 ,00i
I I  (N= 44) 23 [52,27] 19 [43 , 18] 0 [00.00] 2 t 4 . 55]

I l l  (N= 23) 7 [30 ,43] 15 [65,22] 0 [00.00] l [  4 .35)
IV ( N =  32) 6 [18.75] 18 t56,25] 0 [00.00] 8 [25. 00)
V ( N =  7) 1 [14,29] 6 [85,71] 0 [OO ,00j 0 [00,00]

Total ( N = 193) 77 [39,90] 99 t 5 1 30] 6 [ 3 . 1 1 ]  l I E  5, 70)

‘Fi gures in bracket , equal per cl -I l lage of N

Figure 23.— Upper It/i ) Large exit wound of right face and neck resulting from a hi gh velocity missile that er neued the cheek
just inside the ri ght corner of the mouth. The size of the exit wound was accentuated by secondary osseous missiles created
as the primary gunshot missile fra gmented the bone during its course throu g h the maxil lofacia l region. Upper middle) The
patient prepared for surg ical treatment of the wound which had been cop iousl y i rri ga ted and scrubbed with ats antiseptic
soap solution. Onl y those bone fragments not attached to soft tissue that could be irri gated fro m the wound ss’ere removed,
Upper right) Wound following closure , Contused wound mar gins were sharp ly excised and loca l tissue flaps undern sined .
ad vanced , and closed without undue tension , The wound was drained throug h its posterior corner , Primary closure was
successfull y accomp li shed because of the app lication of correct wound closure princi ples and the fact that the extent of soft
tissue avulsion was more apparent than real. Middle) Appearance of patient 63 months post injury, On l~ sli ght weakness of
the marg inal mandibular branch of the 7th cranial nerve was evident. The wound and open reduction scars were well
healed and presented an esthetic app earance. Occlusion was within normal limits. Lower l ef t )  Panorami c radiograp h of the
ri ght mandibular ramus 3 months post inju ry showing the extent of osseous comminution . No direct wire re duction had
been performed. Lower right) Panoramic radiogra p h of ri ght mandible 62 months post injur Y . The major portion of the
ramus had consolidated but had been augmented with an autogenous iliac bone graft 2 1 month s following injur y .
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burned tissue in the circumference of the skin, was usually minimal radiographic evidence of re-
The nature and size of the exit wound were more sidual mnissile within the tissues. There was , how-
variable and depended on the impact kinetic en- ever, amp le evidence radiographically and clini-
ergy of the missile as well as the number of sec- cally of the major extent of the avulsive injury
ondary missiles created by fra gmentation of hard (Fi gures 24 and 25). Because of the massive de-
structures such as bone , teeth , or dentures. These struction and loss of tissue along the missile path ,
secondary missile fragments , which were created this type of wound was usuall y the most severe
and put into motion from the primary missile , and management of all stages presented the
acted independently with their owmi trajectories - - greatest challenge to the surgeon.
and paths of destruction. Often these lower ye- Many wounds that on first inspectiomi appeared
locity secondary missiles were penetrating in to be avulsive in nature , subsequentl y could be
nature rather than perforating. The maxillo- shown to have little or rio actual tissue loss. The
facial area was particularl y prone to secondary injured tissues were simp ly displaced to a sig-
missile damage because of the relatively high pro- nificant degree , and after debridement and ex-
portion of hard structures located there (Figure ploration, it was possible to reconstruct them and
23). perform primary closure. In essence there was

apparent versus real tissue loss (Fi gures 23 and
26).

Avulsive The wounding pattern was highl y variable im i
avulsive injuries, and underlying skeletal avulsionAvulsive wounds (Figure 19) were caused by was common. Discontinuity defects of the mandi-either high velocity missiles or missile fragments ble occurred freouently—their management willthat perforated the tissues, produced multi ple be discussed in s~ubsequent sections of the text. -

secondary missiles , and carried large segments of Such wounds most often resulted from hi gh ye-
hard ami d soft tissues out a very large exit site. As locity rifle missiles (Table 5).with the nonavulsive perforating wounds, there

INITIAL CARE

INTRODUCTION obstruction. When available , suction was used imi
conjunction with inspection and debridement. If

Treatment at the site of inj ury or during initial the patient was conscious and in possession of
medical transit in the combat zone was usuall y reflexes , he was usually able to maintain his own
minimal and expeditious. This was predicated on airway if placed in either a lateral , semi-Fowler’s,
ready availability of rapid , early evacuation to or lateral prone position. Patients with severe
more defini tive treatmen t facili ties and initial maxillofacial injury and potential airway corn-
care was most often provided by fellow combat- promise were never allowed to remain on their
ants or paramedical personnel. back , since in the supine position they were most

susceptible to the aspiration hazard of blood.

AIRWAY MANAGEMENT emesis, ora l secretions, and forei gn materials
such as teeth , dental app liances, and wounding
missile fragments.

Assessment of the Airway

The airway was frequentl y compromised and of Artificial Airway Assistance
primary concern. Initiall y the airway was assessed
to determine partial or complete obstruction. When airway patency and adequate respiration
This assessment included inspection and gross could not be established and maimitained by in-
debridement of blood , teeth , and foreign mate- spection and debridement of the upper airway ,
rial. Clearing the mouth and oropharnyx of de- some type of artificial airway assistamice was
bris usually obviated upper airway or suprag lottic employed. The first method of assistance was in
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hgu ri 24 —t ‘pp. ’r l i / I )  ‘s%’ mod ol entran ce (I n) li ir .i hig h ‘. t ’lo i t s  In issi l t’ it’ he i t g h t t  hec k i i i  a 22 — ’s ear—I tld t .isu.ilt 1./ i / s
righ t )  Wound ii exi t  in left chc-e-k . Lon er left ) Ante’rttpost et -ior ra t io igrap h shi us ing  t ht’ extr eim’ i oinnt in to i t t i t  .u i i t l  .is tlls i i  ot
th at t ic t  urre’el in the’ midfadal skeleton as a result of th u missil e ’ i nj t i r v .  l ht ’ major e x t e nt i i i  damage ’ ss as .ib, st  t I n  It st  l o t
t he apit c’s i i i  th e maxil lar y te eth and beltus the’ orb it .  A l t i t i t t i g h a portion o t ih e ’  k i t  ,t i -bita l l lt tt  ,s,is as ulst ’d t l .imag t  i t ’  t h e
est’  was 11,11 st’se’ re’ e noug h t t t  warrant  c’ nut  k -at is ii . ‘1 he’ f a t  c u . t s  i i i  t t  it e’ahl~ e’ lt tii gatt’d - Lou-er , tg ht ) Ps St e  i o . I i l t t  t i t t i  ‘s% att ’r s
projectioti raelit igra p h 49 months  ftt l l t ns  ing l i f t i r s  sh t t w it i g  the’ h e a l i n g  t h a t  had i t c  urr e’d t t i  t l i t  mtcl t . i t  Ml . i te a l’s t Il t  iss tog
consolidation of the midfacial skeleton, a bone graft was placed in the orbital t t t o r -Lv gt t mat i  area to support th e  g ltthe’ and
restore contour .
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F igure 2 5 —  1 ‘pp er l e/ ()  I.a t c’i al cep hal on iem in radiograp h t i l  casualty shtus -ii iii I igt i Ic ’ 24 I t ur  n i t i t i t h s  at i i i  m l i i i  s s l i t  its ing
l i lterm ax iIl .ir s f ix a t  t in  .i mi d i nte ’ i n.il stmspcn sioii  ss ri rig tha t  weie providing f ixat ion  and siahili , .ii  m i t t  t tm  t hc l i t  i.i I skeleton
I he’ pie rs go. I P late ’s isere in t a c t  md it ss,ms l)t tss i l)le to r( ’sioi-e’ th e  set - t ic - al  ( l i i l r e ’ i rs i t r t l  i t l ths ’ f a c t  ssuh i I r i s  mc ’. m i r s  i t !  st.i h i l i , .i—

tion dcii r ig  lrc ’ .i l i t i g  1 p/ s r rig ht)  I . ii e i  .1! C t ’p lr. ilomc ’tri c iac lmogra p h 49 i i i t t i r t l i s  fo l l owing  i r i j t i r s  s l r t t ~s t u g  t r i o in tl s i r  r i c . i l
d i mc ’ ims im i in  i i i  t I n t o  i .r l  skt ’I t ’no n as ss e’ll is a not nra )  m a x i l l a u s  m a t n d ih t i l a i  i c ’I a t i t r iu s l i i p . i_ n u n  P. , iu t t i . i nn t t  r . i d i t r g t , r j n h  4 t j
mont I r s  i t i l l t  iss ing iii j u t s  sl it i~s ing t tic ’ ss e ’ ll—lie ’ ,tk’d tnij dt ,tt ral at i_- i  on! tI r e ’ iro tm al  i t ’  lat i cst i ”hrp is) t bc m.m\ til t to th e  nn,mnn tii ble ’ -
\ t z i i i c ’ i - tm ims  small i n i s s i l t  f t  .m g in c ’ i r t s  .ii t s t i l l  p t - t ’ s r .r r t  i i i  t lit’ t i s sues .  l u c r e ’  has Ix ’eir r - I r . i ln l i i , t i  tori i t !  th e  u t ’ t nnau i r i i n g  t i e i i i i t io i r

_ _  -- -~~~~~~~ - - - --~-_ _ _ _ _ _ _ _ _~ - -~~--
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t i le  IOI ’ll) Of d stipi~ig lisI 1W ai i’w.Iv th at as t i s t t ~i llv
- 

( I f  11W omal  I 1w’ 
- l’hew were ~ule ( 1u ame loi’ short

pel’io( ls I ) I’ iom I I )  ( l C l I l I i I  IVC I I’C~t I I f l ( ’ l i t  but ‘sere
tlsL m a llV 1101 ~se l l  t OlCla t e ( I  h~ I t i l lv  (O I IS( i0L15 pa-

t i en t s  amid  wei ’e t ilol e ~l~)pI’O~)t’ i~I(e tom’  ( J I C U t I ( O t I —

. 
— 5( 1OUS l)~Lt i ~~m 1 t as a t e m n p o r i / i m I g  mllCdSt l  Ii’.

If  Lmpp er  aii ’wav oI) st I’ t Ict it ) I l  ( o tm l ( l  1101 be
cleared by mIic’dhI I i i ( a l  muca sure s ( I I ’  by in sem ’t iot l of
an ar t i f i d a l  di l ’Wav,  (‘omIsi ( ( em’at i o m l was gi~ em1 to
op em ii iig t 1w ai I w ~t\ bet Ical h the level of t 1w v~ cal
cOI ’(lS h ’. a cm’icot hyro i( l mn e t i i h r a m i e  p en e t l a l  ion.

- (; m ’i -
~~th~ -i~~t omii ~

- was fast  amid s im l i l ) l e  a I I ( l  (0) 11( 1
— be safe ly  pei’ foi’mned by t r a l  mied l)arap l f c s s n  n i —

F . 
. 

~i ls. ‘l ’hi s pi-ocedum’e was teniporai ’ilv l i f e s a v i ng  in
actm t el~ 0l) st l’LIC t C( l  pa t ien ts .

I I )  I hose iJ ) S ldI I (e S  ~s’hem’e pai’apt ’o less i omia l s

- ,., . nieth xl of ’ a i l w ay  m l l a i m i t e l i a l i c e  Was Cl i ip l ( ) Ved
- ~‘ (Salem , I 967) . Either c) l these l)I’o(e(ltII’ t’s was

— ‘ sa fe, ’ am id less comup licated 111a m ) tm ’acheos t o m m i ~ a mi d
alli)wed f u r t h e r  I r am ) s l ) o I ’ t a t io mi  UI1 (ICI ’ t tbse i ’va—

— ‘ , t i om l  to a location where  ( l e f i l i i t i ’c  (- al-C (‘O UI ( l  be
I ac(onip liShe(l , Trach eos/om~ was no t at lemi i l ) t C( l  by

— 
pcm som im iel  ~v i t h o u t  st i rg ic al t I a i l l i  ng and whem i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ were tm ’ai l ie ( l  in  em li lomr ac heal im i t ub a t iom i  th is

pei’l’ormned was accomp lished only when th em - c
were adequate opera t ing  fac i l i t i e s  i m i c l u d i m i g  li ght—
ing, suct ion i n s t m ’ tl m f l e n t a t i on , aII ( l  t I ’a im ) C ( l  stmi -g ical

,. assistants (Lehi’ , 1972).

Altered Consciousness

I ti the conscious patient ob strti ction was usual ly
quite evident since pat iem i ts exercise(l pI-otect i~e

~~~~~~~~~~~~ i’cflexes im i an at tempt to clear air passages thus
suggesming t he presence of’ obstructi~ C materi al.

- - On the other hand , uncoiccezou.c tir .sernu -’o ncious p a—
lien/s with  d imin i shed  protective reflexes exp eri—

4’, 
. 

— 
enced var~-ing  degrees of’ obsti’uc t ion wi th  110

- . ‘
. gross evidemice of air\s ’av comupr ouni se .  For t his

‘ 
‘ ‘

‘ reason the miiaxi l l o f ~rci al p a t i em i t  wi th  altered c om i—
4 . sciousness require(l  ex t remely  cai-eful  airway oh—

• , 
‘. 

. 
. seryatiomi u n t i l  he came tmm i d er  con t in U o u S  uie ( l i—

‘1 
‘

~ . 

- ‘ 
- cal supe~’v isiom i.

- •: Respiratory Diagnosis

~~~~~~~~ij i_ ~~~~~~‘ Al t h o ug h diagnosis of’ I’espil’atol ’% lesions
below (lie upper a i rway in pa tients wi th  ni axi l l o—

Figure 26.— Upper ant i Middle ) Inj ury pr tnlin ed hs .i h i g h s- eltn c it v . . . .  . 
‘ ‘ ‘ - .. -

missile in the leO m hi ’i ’k ‘J’he’rt ’ had b e r n  s , , hu mi s s i le  is  ulsinn al- facial m n j u i  V IS h o t  ~ it liiii the pU I  s mew of th i s  text ,
thou gh in th i s  in s i .mnm m’ ih c ’ e x t e n t  oh i s s r i i  I ’’ss si m s i n n ’a e  app arent a (-o m fl mil ent  concerning the respirators- svs t cm li  as a
than rea l, Lou ’ert 5.ir i ’ I , i t  n u ts w u i t i un < l  c h i m s u i - e t h u  ss .is 1im ssihk onl y whole is miecessary . The airway is a component of’
because i t t  a limited , real loss oh t i ssu e ,  the respiratory system and compromise of respir— 
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atiomi may result miot only from sup rag lottic obstruc- providing such a position could be adequatel y
lion but also from infrag lottic obstruction, pulmonary tolerated by the cardiovascular status amid/or
pat hology, or central nervous system dep ression or other injuries .
damage. Efforts to sustain respiration will fail if
the upper airway alone is maintained while other
serious respiratory lesions are neglected. As an OTHER ADJ UNCT IVE INITIAL CARE
example, clearing the upper airway will assist
resolutiomi of , but not correct , a ven t ila tory defi- Only the mnost obvious and gross debridernemit
ciency resulting from the sequelae of severe put- and cleansing of woumids were indicated at this
monary trauma. The main objective of airway interval. Bleeding was controlled b%’ pressure
management in the initial care period was to es- dressingsand attempts were made tot ieoffbleed-
tabhish and maintain the upper airway and pro- imig vessels only if they were large, readily visible ,
vide ventilatorv assistance as required until de- amid a jud gment could be made that they would
flnitive diagnosis and treatment could be pro- continue to bleed profusely eveii if covered with
vided for other suspected respiratory problems. pressure dressings. Orthopedic splintin g of

maxillofacial fractures is miot possible though
simple dressings , such as the barrel or modified

Effect of Facial Fracture s on the Airwa y Barton bandage , were occasiomia llv used for tern-
porarv support of the unstable mandible (Rowe

Pati emits with loss of mandibular continuity had amid Killey, 1970 [bJ). If app lied , such bandages
significamit potential for airway ,jeopard~ depend- were placed to provide essentially vertical sup.

- - 
imig on the severit~ of the Inj ury. The iTlandmble port and thus avoid accemituatim ig the temidency of
provides support to the tongue ami d floor of the unsupported jaw and associated muscles to
mouth (Fi gures 11 and 12, Chapter III) and collapse backward ari d dowmiward into the airway
~s’hen this suppo rt was lost these structures col- (Figure 27)
lapsed into the airway producing partial obstruc-
lion; swallowing became difficult and the effects
of edemna, increased secretions, and debris on the
patemicy of the upper airway were magnified.
These patiemits required careful managernemit to
prevent avoidable respiratory obstruction ami d CORRECT VECTOR
death. By carefu l observation , patient position-
ing, manual support , and retraction with clamps ,
sutures , or dressings , the mandible ami d tongue
were mnaimi t aim ie d in a forward position to provide
for a maxinial airway opening. These casualties
were placed in the lateral prone position siiice this
allowed gravity to assist rather thami worsemi the
airway situation. Intubatio n or tracheostomy was
accomplished as soomi as possible in these cir- INCORRECT
cumstamices. VECTOR
The deleterious effects of maxi llary /midfacia l

fracture result from the tendency of these struc-
tures to become inferiorly and posteriorl y •~positioned in the presence of fracture disruption.
This skeletal amid soft tissue retropositioning, in
conjunct iomi with edema and a tendency for
pro fuse bleeding fromii the maxillary area , a lso
produced compromise of’ the airway amid the
attendant measures were appropriate to prevent -

asohyxia.  The most satisfactory position for mid- - ‘ ‘ - -Figure 27 —Diagram illustrating the correc t at id incorrec t sector of
facial injury , especially with a relativel y intact application for bandages app lied for temporal-v support of a frac-
mandible , ~v a s either semi-Fowler ’s or upri ght , tui’ed . unsta ble mandible,

— 
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Suppor tive therapy was desirable but de- effort of initial care by nonprofessionals or
pended on the skill of the attemidant personmiel paraprof ’essiomials was directed toward maimite-
and available medical supp lies. Whenever possi- nance of the airway because this is the mnost
ble, an intravenous line was established very early life-threatening complication of maxillofacial in-
to prepare for mnedicall y directed infusiomi of ap- juries. Treatment beyond the temliporizing mnca-
propriate resuscitative fluids and medications. At sures described was reserved for those subse-
this stage , paimi medication was usuall y best ad- quemi t facilities that were staffed and equipped to
ministered by the intramuscular route. medicall y manage casualties.

It is evident from the foregoing that the major

TRIAGE AND PATIENT EVALUATION

TRIAGE CONCEPTS comnbat trauma treatment. He worked it i  a triage
area staffed by paraprofessionals well trained in

Triage is essential in all phases of casualty care. emergency resuscitatiomi . This area was designed
It can be defined as the sorting out and classifica- to be simp le ami d effIciemi t alid permit rap id turn-
tion of the wounded who have been brought to a over of pat iemits. Most patients were tramisported
treatment facility. The requirement for triage on a litter , and at many facilities , movable ~v ooden
exists when there is a discrepancy between the supports %s’ere used for litter holders rather than
volume of patients presenting for treatment and fixed tables. This arrangement eliminated the
the available treatment resources. Triage was not necessity for transfer of patients from one table to
confined to major medical facilities but in fact amiother and permnitted greater flexibility of
began shortl y after inju ry when patients were first niovement within the triage area. The triage
seen in casualty clearing areas or mn inima l officer directed patient resuscitation and estab-
facilities. Priorities for earl y care were based on hished p riorities for presurgical is’orkup. Surgical
the establishment of categories of patients accord- specialists were called by the triage officer as re-
ing to urgency so that patients were cared for in a quired to assist with specialty diagiioses and to
time frame consistent with their injuries. At the accept responsibilty for supervisiomi of the treat-
initial triage point the objective of triage was to sort mnent workup after the triage officer had estab-
pa tients on the basis of their medical condition for: 1) lished the priority of management.
immediate transfer to large facilities after asses- In the triage process patients were generally
sing stability of their airway, bleeding, and circu- sorted into three broad categories : 1) Those casual-
lation or 2) temporary retention to provide im- ties with relativel y miiior wounds , 2) casualties
mediate lifesaving emnergency surgery (i.e., with major wounds that were potemitia llv life-
tracheostomy, thoracotomy, etc.) in preparation threatening, amid 3) mortall y wounded casualties
for later transfer , or 3) retention for minor medi- whose injuries appeared likel y to be fatal. The
cal or surgical procedu res in preparation for re- guidiiig princi ple was to do the best for t h e  most
turn to duty. Triage from the advanced battle persoiis wit h what was available by way of supp lies
facility was coordinated with the evacuation sys- and personnel. To most effectively uti l ize availa-

- - tern , and patients were routed to more sophisti- ble personnel , it was thoug ht to be more impor-
cated facilities depending on the location of these taut to devote the rnaxi mn um i i t im ii e amid eiiergy to
facilities , the nature of the patient ’s injuries , and those who could certainl y be salvaged rather th am i
the availability of patient beds and specialized to those who might survive omil y with emiormn ous
professional personnel required for treatmemit expenditure of mami-hours amid resources (Wil-
(i.e., neurosurgeon , ophthalmologist) , son , 1970).

The full y imp lemented concept of triage was Management varied accordimig to the location
accomp lished at the major complete facilities and facilities of the treating hosp ital and also
where staffing and equi pment permitted optimal cording to the i miimnedia te combat situation. The
management of casualties. The triage officer was majority of the injured who were evacuated to the
ideall y the general surgeon most experienced in complete hospital facilities were retained umit i l  all 
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m’et~1tii site tr eat m iie mit  h a d  been comnp lcte (l .  The clothes ~sere remiioved f’romn the I)at iemit s , cam
mi iin ini a l ls ’ inj um ’e ( l or categom’v I pat ients , um i de m ’ being t aken not to disrup t sp l im i ts om’ pr’otect i’.
m io r m n al  cim ’cum ii stam w es , wem ’c not assigned hi gh bamidages that m i ght be acting as pressum’e stops to
priority fom’ cal’e since they %s’ere better able to bleedim ig. Removal of clothes was often facilitated
await t r e~it inemi t  w i thou t  dev elop ing serious coin— by cut t ing  them of’f ’. Care was takem to detect umi —
plicatio mi s. ( .tt c goi-v 2 pat ients usuall y ranked top detonated ordim iam ic e r ei i iai mi im lg in combat cloth—
prioi-it~ f~.r earliest care. Mort ally woumided imig. ‘I ’o mimiiniize fur ther  imijur \  , it was })rud emit
category 3 p at i em i l s  received at least hu mn am ii ta r ian  to avoid excessive mamii pu lat iom i of’ the head ,
pa in— obtund ing mii e d i catio mi s as imidicated. As pro— neck , or oth er p ote m itia ll~ injured parts. . . -~l(h ()ug h
f’essional pem ’s om m m wl became available , all apph’ o— phy sical exam ni m iat ion was one of’ the miiost in ip or—
priate lil’esavimig surgic al amid/or m edical proce— ta u t proccdum’es to be accomup lished on these pa—
dures wem-e carried out on t h ese miior~allv imijum ’ed tients , in the triage area it was miecessari lv con—
pat i emits regardless of the progmiosis. demised , and the definitive preoperative p h ysical

examim i atiom i was deferm-ed umitil  the  sum’g ical
specialist who would be perf brmnimig t h e  treat-
ment accepted respoiisibilitv for t h e  patient.

PATIENT MANAGEMENT IN THE TRIAGE Control of p am was not a serious prob Lem and
AREA f ’ew pat iemits m’equired amial gesics before sum ’gerv

(Kni ght .  1972 , 1973).
Primar y Procedure s

. . . Sequence of Mana gementThe triage area perm i imtted ease of n iov em emit
ami d provided read y access to supp lies , laboratory , Priority of treatmemit was established amid those
amid radiograp hy spaces. General amid specialty imijuries re qu im ’it ig earliest mepair  were identified.
surgeomis and medical techm iicians had t h eir triage Thie sequence of patiemit n iam iagemnent was altered
respomisibilities clearly (lefined and reginiemi of depending omi t h e priom ’itv of treatm iient estab—
treatment stami darct~zed . lished for the various imiju ries amid combim iatiomis

Ini t ia l l y  vital si gns were obtained and coin— of inju m’ies. Figure 28 diagraiiimiiatica llv illustm ’ates
pared to amiy previously recorded miotati o iis amid the potential routes utilized iii bri mi g i~ig patiemits
then re -orded at appropriate mntem -vals depend- to the operating room f’or defimiitive care.
imig upon the comidition of the patient. One or The most commomi route was:
more intra venous routes were establish ed with iii Triage —* Radiology -~~ Surgical Stag imig —

dwelling imitrav enous camimiulas , and blood was Operatimig Rooni.
drawn for typ ing amid cross-rnatchtmig (Knig ht , Variatiomis in this rou tim ig were usuall y pi’edicated
1973). The earliest possible typi ng and cross- on the acute needs of the pat iemits . particularl y
matching were required to permit the laboratory their requiremiiemit for immediate tm’e atm ii emit of
blood bank time fom - prepa ratmomi of conipatub le extemisive vasculam’ imijuries . Th e  surg ical stag ing
donor blood . More cot is t a m i t amid reliable labora- area was a buf ’f ’er between triage-radiology and
tory results were obtaim ied w hen this imii t ia l blood the operating room. More definitive pre—
typ ing preceded tramisf ’usion of volume-expand- operative diagnostic assessniemit of the casualty
ing solutioiis such as dextram i , which coni pli- was accom plished in this area by the surg ical
cated the cross-matchimi g procedure. specialist(s) respomisible foi treatmi i emit. Direct

Intubatio n umider direct vision and without routin g to the operatim ig room f ’romii triage oc-
adj unctive anesthesia or niedicatiomis was the cus- curred onl y f ’or eminently life-t h reatening comidi- -
tomaril y imidicated emergency procedure wh en tiom i s. Radiograp hs were not obtained when the
the airway was sem’iousl y compromised (Salem , need for rap id surg ical imiterve m it ioii outwei ghed
1967). A narcotic , if not comitra indicated by the value ofthe infor matiomi that  could be derived
neurologic inj um -v or resp iratory compromise , as- from the fil m s. It is obvious that expediemicy was
sisted tolerance to the nasotracheal or ow- far more prevalem it in these comiditiomis thi au i iii the
tracheal imnubatiomi . Tracheostomy was def’erred ordinary climiica l emivim -o mimiie n t althoug h it should
until the pat iemi t was brought to surgery. not be imifem-red th at treatm iiemit was less tham i opti-

To accomplish the necessary examimiatiomi s all mal. Incorporat ioii of patients imito the mnedical 
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_ _ _  EARLY CARE HOSPITAL
tria ge

transportat ion radiology

_ _ _ _ _  

sur g ica l operat ing
______  

st ag ing room

F igur e28.—Diagr ammatic i l lustration of the potetitial cotirse that casualties followed en route to the  operating room at the
Ea rl y Care Hospital Facilities where the y were to undergo defini t ive treatment  of their wounds.

system was hi ghl y dynamic , and flexibility of and these included the fol lowimig: 1) stabilit y of
management was essemitial. vital signs , 2) miumnber of amiatomic areas imij ured ,

3) number of patients imijured , 4) availabilit y of
surgical facilities , 5) availabilit y of general amies-Priorit y of Treatment . .thesia , amid 6) availability of surgeons.

If all resources were available , the following Treatment of maxillofa cial inju ries could miormally
types of injury in order of priority required the most be deferred once the vital signs were stable , air-
urgent treatment: 1) maj or vascular or burns , 2) way established , fluid amid electrol yte rep lace-
major thoracic, 3) major abdominal , 4) majo r ment initiated , hemorrhage comitrolled , ami d pain
urologic , 5) major brain and sp inal cord , 6) or- medication administered. However , in the case of
thopedic (extremities), ami d 7) oral and maxillofa - the mult i pl y injured pat iemit , mnaxi llofacial iii-
cial. j uries were treated simultaneousl y ~%- ith other in-

Numerousfactors influenced the p riority of treatment j uries whenever possible. 

~~~~~~~~~~~~~~~~~~~ . ,
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HYPOVOLEMIC SHOCK

CLASSIFICATION the predomn inant etiology . Acute hvpovolemic
shock, apart from local responses iii thie injured

It was miecessary for all sul-geons responsible for area , brimigs about generalized increase in periph era l
the matiagenient of battle casualties to be knowl- resistance iii response to the reductioti in intravas-
edgeable concernimig the subject of’ shock , simice cular volume . This compensatory vascular re-
resuscitation amid maimi t enamice of patients in sponse to hemorrh age , wh ich is a horneostatic
hypovolemnic shock were major components of atte iiipt to niaim itain hemod ynam ic im i te g i - i t y ,  is
early care. effected t h rough reflex activation of the symnpa-

Although controversy persists comice rmiimi g the thetk amid adrenal systenis and is mediated by
definition , type , etiology, and mechanisms of release of serum catecholamimies. Wh en these
shock, it is still desirable to briefl y review what is adaptive mechanisms cami no longe m competisate
known ami d generall y accepted conceriiing this for the reduced cir culatimig blood volume , blood
emitits iii order to establish a suitable fu-ame of pressur e f a l ls, cardiac output is reduced , and venous
reference for a discussion of diagmiosis amid return to the heart is diminished , as ev ideiic~-d by a
therapy. low cem itra f vetious pressure. The im i i t i a l  blood

Blalock (1930) classically described four major pressure chamige is a fall iii systolic pressure amid
categories of shock , which served as a basis fm’omn miarr owing of the pulse pressure. Withi comitimiued
which our knowled ge of this subject has evolved. (lefj cit , the diastolic pressure falls progressivel y
A contemporary class ~ui catio n of shock and its etiology amid compensatory tach yca rdia beconies promi-
imicludes: 1) hypovoleniic (blood , plasni a , or water nemit.
loss), 2) cardiogenic (imifam-ct, arrythymn ia , tarn- Biochemical changes also occur with onset of the
pondade, late hyp ovolemnia , ep idural , or general shock state. Because of the low perfusion comidi-
anesthesia), 3) peri pheral pooling (spinal amies— tiom is there is a reductiomi in the aniount of oxvgemi
thesia , emidotoxemia), amid 4) cellular deficit (de- delivered to orgamis amid tissues , ami d comisequem itl y
creased oxygen utilization) (McClean , 1971). a mnamidatory chamige in miietabolismii fi-om aerobic to

anaerobic . The most immediate effec t of the
amiaerobic shift is the production of lactic acid thatMECHANISMS AND PHYSIOLOG IC

MANIFESTATIONS replaces carbon dioxide as the end product of
nietabolismii. A progressive metabolic acidosis re-
suIts as lactic acid accumulates and there is deple-Shock results from failure of the pump (heart), tion of available buffer bases.

the pumped fluid (blood), the arterial resistance Iii severe hvpovolemiuic comiditions reflex shunt-
of vessels (arterial tone), the integrity of’ the cap il- ing mechanisms come imito play to selectively divert
lary bed , the capacity of the venous bed (vemious miiost of the available blood ’ to essential orgamis ,
tone) , or combinations of these (Shires , 1966 [a]).
In essence, regardless of the cause , the shock state particulam l y the brain amid heart. This shunt im ig is

imp lies inadequate tissue perfusion. A low perf ’usiomi at the expemise of other organ system perfusiomi ,

rate of blood to the tissues is the niost ~~~~~~~~~~~~~~~~~~~ 

particularl y thie kid mie~ which i is the first to dem-
onstrate fumictiomial impairment.  The biochieni —reason for irreversible damage to the cells (Gehin ical aberrations which hiave been described areand Border , 1970). The major type of shock en- magmiified by the compromise of renal functiomi.coun terd with war injuries , includimig inaxil lofa-

cial woumids , was h ypovolemic , therefore fur ther
discussion will be limited to this particular emitity. CLINICAL MANIFESTATIONS

Hvpovolemic shock is caused by a sigti i ficant
depletio n in the circulating blood volume. This vol- Presemitin g signs amid svmnp to ms of hvpovoleniic
ume d eficiency may be from the loss of whole shock included h~ potemisiomi , imicreased pulse
blood (hemorrhage from lacerations), plasma rate , imicreased rate and depth of resp im-ati omi ,
(burns and crush imij uries), or extracellular fluid cool-ashen to cyamiotic skin , thirst ,  ea rly restless-
in extravascular spaces (water loss or depriva- miess progressing to apath y or -oma , amid fre-
lion). In war-wounded patients hemorrhage was quentl y iiausea amid vomit imig. “Clamnniv skin ’S was 
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not normiially a fCature. A rap id pulse is comisi- slow amid stick y whereas crystalloid solutions are
dered to be a mii an ifest atiomi of earl y hvpovolemic fast  amid f’ree. Fhus , it was com n mm i omi pm’actice to
shock , but some pa t iem its failed to develop a accom plish rap id miiassive rep lacememit of volume
tach ycardia especiall y if blood loss had been very deficits with crystalloid solutions and await the
suddeim am i d the patiemit kept in a rechimied posi- availability of whole blood if requir ed (Dudley ,
lion. ‘Fach y’cardia was stimulated if the patient 1973).
was brought to an upri ght positiomi (Kmii ght , The c i-y st alloid solutiomis were administered at
1973). These patiemits oftemi presetited a deceptive a rapid initial rate of I to 2 liters withimi the first
appea rance siiice the~’ mnamiifested little or no (his- hour. This was usefu l , miot only to restore cir-
tress and comiip lained omily of chills amid thirst. If culat ory fluid but also hel ped to restore dep leted
the shock conditiomi was advamiced and therapy ex tracehlul a r fluid reserves , which were coin-
inadequate or absent , the apathetic state pro— monl y seen in the trop ical climate of Vie ti ma mn
ceeded to cotiia. When cerebral perfusion wa~ (Thom pson , 1 967; Kti ight , 1973).
comprom ised to the extemit that um icomi sciousmiess Blood was imidicated if the imiit i al fluid replace-
ensued , the progno sis became very poor. Lesser memit with crystalloid was unsuccessfu l ~li restor-
degrees of shock were more comnm n omi amid the iuI g amid stabilizing vital  signs to a satisf ~ctorv
signs amid symptoms were similar but of reduced range or there was a mieed to reestablish ox~ gemi-
magnitude. carry ing capacity at ph ysiologically acceptable

levels. Whemiever possible , omi ly type-sp ecific ,
MANAGEMENT cross-matched blood was tram isfused , hut it was

occasionally miecessary to use “0” negative blood
Mamiagememit of the pat iemit in h ypovolemic with low amiti — A titer for the initial emnergemicy

shock first required a prom pt ami d accurate diag- treatment of critical patiemits with life -threatem iimig
nostic assessment followed by rapid , aggressive , h ypovolemia.
and appropriate care . Selected laboratory data were Crystalloid electrol yte solutions were som e-
obtaimied on venous amid arterial samp les to estab- times followed or supp lememited with colloid solu-
hish a biochemical profile fom- the patiem it amid serve lions such as plasma , albumiiim i , or dextrami . Most
as a base h u e  for subsequent studies. Collins et popular of these was humami plasma. .Althioug h

H al. (1970) reported the followimig fimidings i~ 450 readil y available and effective , its mn a im i disadvami -
seriousl y injured combat casualties when first tage was the risk of viral hepatitis , especiaIl~ if the
admitted to the hosp ital. As the blood pressure plasma was fromn a pooled source. It also had iio
lowered , arterial h y drogemi iou comicemitration , significant oxvgemi -carry ing capacity amid there-
lactate comicentratiomi , ami d pulse rate imicreased fore was not considered a defiu iltive whole-blood
and arterial pH , blood buffer base , carbon substitute. Low molecular weight dextran was oc-
dioxide temision , amid hernatocrit decreased. Imidi - casionally used asa plasma expander solution. Al-

- 
- vidual variatiom is were great especially in the thoug h it remaimied intravascular for lomiger

hypotemisive patiem its ; acid-base status could miot periods than crystalloid solutiom is, it agaimi had mm
be accuratel y predicted omi clinical groumids. oxygemi-carry ing capacity amid occasiomially caused

The major therapy for h ypovolemic shock was allerg ic reactiomis. Dextran also produced defects
adequate rep lacememit of dep leted blood volume iii the clotting mechanisms , au obvious detriment
by crystalloid solutiomis and properl y cross- iii a patiemit with hemorrhage problems.
matched , type-specific whole blood (Lowery, et The adequacy of f luid replacement was usuall y
al ., 1971; Moss, 1972). The arnoumit  of fluid that monitored by the response of the arterial pres-
could be passed into the h ypovolemic circulation sure , urine output , temperature amid color of the
depended on the reactivit y of the reci pient veins , skimi , level of consciousness , ami d cemitral venous
the size of the hollow tube used for admimiistra - pressure (Carey et al ., 1971). A depressed or
tion , and the rheologic properties of t h e  sub- nor m al central venous pressure thiat did not rise
stance given. Spasm was overcome by use of large significantl y wi th  rap id administratiom i of a crvs-
veins proximal to the knee or elbow. Onl y the talloid solution was though t to reflect reduced
largest size cannulas were recommended for use , venous return or capacitamice amid thus
and needles were avoided since they could be- h ypovolemia. Com ivem -sely , ami elevati omi of the
come dislod ged at critical times. Cold blood is central venous pressure after fluid admumiistra-

j
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t iomi %s’as considered indicative of itiipairment of f’usiom i , amid increasimig peri pheral vasocomistric-
the pum iip mnechamiism iu in the u i ght heart as a result tion tended to further aggravate this condition.
of fluid overload. At present . m ore sop hu ist i - The ultimate evaluation for adequacy of therap~
cated methods of evaluating cardiovascular was a response of the patient to resuscitative Inca-
hemodynamics in critically ill patiemits are availa- sures such that anesthesia could be administered
ble. These involve the miieasum-eunemit of the fi l h im i g and surg ical repair of woumids initiated. Success
pressures of’ the right amid left ventricles as well as was best reflected in stabilization of vital si gmis ,
cardiac output by ballo)omi flotation catheteriza- restoratiomi of cerebration , amid resumed organ
tion techmii ques (Swami , 1975; Swan amid Ganz, perfusiomi as exemp lified by adequate ur imiar y
1975). output.

A horizontal positi on of the body with the head amid A succint , reasomiable discussioii of what consti-
knees slightl y elevated was usuall y advocated for tutes an acceptable ph ysiologic status for resusci-
the patient with hypovohemic shock. Some redis- tated battle casualties prior to surg ical wound
tribution of pooled blood was effected by th is care has been presented by Dudley (1973). He
elevation of the head and legs. The Trendelen- stated:
burg head-down position was not recommended ,
especially for the patient with maxillofacial

The onl y overridim ig major contraindication to thehemorrhage since this position stimulated admi ui istratiom i of an amiaesthetic is a fall of availablehemorrhage and also interfered with resp iratory oxy gen (Richards , 1944; Nunmi and Freeman , 1964)exchange. to levels at or close to oxygen mieeds . This matter can
Oxygen support was administered via miasal easil y be represented omi a two-dimensional graph

mask or carefull y placed nasa l oxygemi catheters [see Figure 29]. Available oxygemi is the product of
into the nasopharynx . In these patients au air- cardiac out put , haenioglobin and oxygen carryin g

capaci ty ; at arm y monient it is possible (or the body totight oronasal anesthesia mask ~‘as frequentl y operate within a triam ig le bounded at the lower l im n it
contraindicated because of the severity of orofa- by threshold oxygen comisumptiomi , at the up per
cial injuries, limit by opti m al cardiac output , and to the ri gh t  by

Placemen t of an indwelling urinary catheter , the miormna l level of haemoglobimi . From Fi gure [29]
wh ich was accomp lished in all patients with major it is clear that , provided cardiac output is niaimi-

tam ed. haemodi lutiom i down to 8G~ is toleratedinjuries (Kni ght , 1973), permitted recovery of without transgressing a level of available oxygen 1.5
urine for laboratory evaluation and allowed sub- times the basal oxygen requirement—a fact long
sequent monitoring of urine output as an m di- known toand exp loited by cardiac surgeons who use
cator of the adequacy of renal perfusiomi . Satisfac- dilutional perfusion for ‘cardiac bypass. It follows
tory renal perfusion was in turn indicative of a that resuscitation with crystalloid or haemoglobin

free colloid to maintain cardiac outout is acceptablestabilizing hemodynamic status. within the critical triati gle amid suc’h rapid restora-Pain was not normally a significant problem lion of cardiac output by volume rep lacement raises
with the maxillofacial patient in h ypovolemic available oxy en to levels which will permit anaes-
shock. As care and general medical support be- thesia. For t~ is purpose it is the speed at which

rep lacememi t exceeds loss that will count , and ~er~came apparent to the conscious patient , his anxi- fast imi fusiomi , even if comnosed of substances thatety was reduced , and accordingl y his need for will soon diss ipate themse(ves fromiu the circulation ,anal gesics was less. If , however , pain medications are effective in making thi e patient read y for
were required , it was probabl y best to administer surgery. The efficacy ~f~

’Rin ger-lactate im i h i s  re-
them in the form of narcotics in small readil y gard rests omi its ability to flow rap idl y through imifu-
effect ive in t rav enous doses becau se these did ~~~ 

suon equiprnemi t and provided it is used in large
amnount (L 5—2.00 liters/ lO minutes) it will restorecontribute significantl y to the potentiation of the cim-cu lating volumn e and available oxyge n , thus allow-

shock syndrome. ing an operation to begin. It has consequently been
The use of steroid therapy or di gitalis in the the practice of most teams imi Vietnam to use rapid

patient with h ypovolemic shock was not ordinar- massive reolacememu of circulatin g volume with
Rimiger ’s sofution , recognizing that the effect will beil y indicated (Shires , 1966 [bJ). Vasopressors were short hived , but that by the time escape imito extravas-used selectivel y and sparing ly in the management cular spaces has occurred , haemnorrhage will haveof hypovolemic shock because the maj or been controlled and blood become available

ph ysiologic imbalance was inadequate tissue per- (Figure 29).
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Figure 29,—’~I’he relationship between avaiiable ox~gen, haemoglobin. and cardiac output. Full saturation (95%) and
normal oxygen-earn- log capacity ( i 34 ml/g Hb) has been assumed, The theoretical availabkoxvgen has been multipled b~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 66 % is compatible with actual available oxygen which
will meet basal requir ement s . A level of 86% pros-ides a reserve equal to 1.5 x basal requirements—ta safe level], By con-

t rast even with ,i normal haemoglobin a reduction of cardiac output by [50%) puts avaiiahk oxyge n into the danger area.
This diagram treats the ~~)(ly IS a whole. Normal extraction ratios vary for different tissues i’hus the heart may be more
sensitive to redttctumsm flow be -atIst’ itsextrac-tion ratio isust iallv high.”[Repriiited with permission from Dudley. I-i . A. F.

- - Scm, Aapeetc o[ MD der n Rail, Surg,rv .J  Ro~a1 Call Surg (Edi n) 18:20 . i973.J

PRESURGICAL CONSIDERATIONS

INTRODUCTION tive in mamiag ing o ral aiid maxillofacial injuries
during the early care period.

Individual circumstances frequentl y dictated The princi ple of “team manage ment” was of
modifications of treatment and therefore a paramount importance in the handling o f  severe
“standard” approach to) these complex injuries and mul tiply traumatized patients. Although a
was neither possible nor desirable. However , it sing le team member was clearl y the leader , the
was advantageous to) follow certain general prin- composition of the team was hi ghl y variable ,
ciples which were used as guides to management being dependent on the nature of presenting in-
in the formulation of individualized treatment juries. The team leader was ideally the member best
regimens. Some of these princi ples are well known qualif ied in the area of principal injury. Frequemitl y

H and widel y accepted , but others are more emp iri- more than one surgical team concurretitl y
cal and controversial with less scientific validity , evaluated and treated injuries on the same pa-
One purpose of this text is to review and anal yze tient to expedite care ami d minimize operating

- ~
- the results of various modalities of management room time. Team leaders or members occasion-

and hopefull y to establish a reasonabl y valid , all y shifted roles. For example, in the manage-
long-term scientific perspective for them. Follow- ment of multi ple head injuries the maxillofacial
ing is a descri ption of some of the immediate surgeon was occasiomiall y ami assistant member of
presurgical considerations that were found effec- the neurosurgical team , after which he accepted

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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responsibility for directing thie maxillofacial Surgeons were required to keep an opemi fertile
care with assistance as appropriate I’m-on-i the mimid im i dealing with noncomiventional injuries.
neurosurgeon. Cooperatiomi and mutual respect Although accepted surg ical pr imici ples were not
of well-qualified specialists were the key ingre- intentiomiall y violated , it was occasiomiall y de-
diemits to the successful team approach , thus as- sirable or even miecessary to modif y , innovativel y ,
suring that the best of’ each disci pline was utilized convemnional techniques when faced with hi ghl~
to provide the most effective patient care. variable amid unusually complex problems. This

challenge was most evident iii dealit g with major
- - avulsive injuries resulting from hi gh velocity mis-

STATE OF READINESS siles in which there was extemisive mutilat iomi that
left distorted and unstable anatomic parts.

In the war theater where the hospital workload Surg ical techniciami s were essential amid ex-
requirements were sporad ic and unpredictable, tremely i m portant mem bers of the casualty care
the hospital staff emp hasized a high state of pre- team . It was mandatory for these imidiv iduals to be
paredness (Knight, 1972). This included thorough adequatel y trained pr~ior to comiibat m edical as-
p rep lanningfor sudden moss casualties so that availa- signment because of the frequemicy of rotatiomi of
ble ph ysical and personnel resources of the paramedical personnel within the surgical teani ,
treatment facility could be optimally utilized , treatment facility , and theater of combat opera-
All types of combinations of injuries were tion. This advamiced combat medical training was
envisioned and contingency plans formulated regularl y reinforced amid enhamiced at the treat-
for their management. Nece,~~ ry medications, meri t facility to emisure a continued hi gh level of
equi pment , and supp lies were adequatel y stocked competence ~n triage ami d operating roomii proce-
well in advance of their projected need. Members dures.
of the surgical staff became familiar with the to-
tal available armamentarium. Periodic supp ly INITIAL OVERALL MANAGEMENTproblems developed even though the suppl y sys-
tem , particularl y in relation to medical supplies ,
was remarkabl y efficient. Many obstacles were Total Patient Assessment
overcome in efficientl y maintaining these very
long and complex supp ly lines. It was necessary to It was the respotis ibi litv of the specialist to
intelligentl y estimate future medical supp ly re- maintaimi a state of awareness comicernimig the
quirements and assure that necessary supp lies general status of the patient during preparatiomi
were ordered well imi advance so that adequate for surg ical treatment. Despite ami y previous as-
inventories could be maintained for periods of sessment, it was imp ortant for the mnaxil lofacia l
heavy usage. It should be emphasized that the surgeon to perform-n his own examinatiom i of the
surgeon did not comp letel y delegate this impor- patmemit to determ ine the imitegrity of all organ
tant responsibility as he was the one required to syste ms.
utilize these supplies, and therefore, ideally, was
closely in volved in the planning for timely acqui- Airway

sition. In general , the maxillofacial war surgeon The airway , as alway s , was the first priority of
developed his earl y care treatment plan s predi- evaluation amid care. The principles of’ airway
cated on a relativel y simp le or uncomplicated management discussed under initial care amid
surgical armamentarium with a necessity for lim- triage management were app licable in this defini-
ited prosthetic support (Fleet , 1975). tive care settimig, with the exception that the

It was found desirable to stud y and if possible proper envim’o nmn ent for pert or iiiing tracheos-
practice in advance special procedures or tomy was now readily available. In maiiy instances
techni ques not commonly emp loyed. As a result artificial maintenance of the airway h a d  alread y
of such advanced mock preparation , when clini- beemi imiitiated by this time. However , if t h e  pa-
cal application was required it was done expediti- tient’s airway problemns had becomne acute. im-
ousl y since them e were no operating room delays mediate insertiomi of an oral emidotrachieal tube
for familiarization with these special procedures. was still the procedure of choice , since this obvi- 
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ated immediate tracheostomy, permitting it to be la ter in the operating room.
delayed for performance umider more favom ’able
circumstamices in the operat ing room. Awake iii-
tubation was considered the safest tech mii que be- Vital Signs
cause it minimized asp iration comp lications
(Salem , 1967). While comp leting a rap id imi it ia l total-bod y

evaluatiomi , and manag ing airway amid significant
hemorrhage, attemit iomi of personnel was also di-

Control of Hemorrhage rected to acquistion, recording, and evaluatio n of
The next mattem- for consideration was control vital sign data. Whemiever possible this information

of hemorrhage. The vascular supp ly to the was obtained by paramedical persom imiel , thus

maxillofacial area is generous , and although freeimig the primary cliniciami for performance of
hypovolemic complications are not ordimiarily as- 

definitive surgical evaluation amid care. Min imum
sociated with blunt trauma to this region , bleed- data acquired included: measuremetit of blood
ing from missile wounds was profuse and hemor- pressure, pulse rate , resp iratory rate , amid deter-

rhage comitrol was often necessary during presur- minatlon of level of consciousmiess. Momiitoring o)f

gical care. vita l signs during the presurg ical perio)d was con-

The patients presented with both dressed and tinued at appropriate intervals dependemi t on the

undressed wounds , depending upon the logistics status of the patiem it.

of their postinjury tramisfe r and the extent of their
initial care. If no dressing was present , the Intra venous Infusion
wounds ~s-ere inspected and obvious bleeding was
controlled. If a dressing was present , it was re- Intravenous routes had beemi inserted during
moved to) allow presurgical assessment of the initial care or triage, but their adequacy had to) be

- - wounds. Aggressive investigat ion of wounds to detec t determined and additional routes added as
pote ntial bleeding sites during the p resurgical p repara- necessary in antici pation of mnore ma p id sustaimied
tion of the patient was not recommended because ~t fluid i’eplacement during the operati~-c’ period.

could lead to the development of profuse bleed- Since many of these patients required prolonged
ing that could not be adequatel y controlled with- intravenous sustenamice , indwelling canmiulas
out surgical anesthesia. Detailed wound inspec- were recommemided rather th iati mieedles . Large
don was therefore delayed until the patient was lumemi , proximal veim is were used imi preference to
under general anesthesia and prepared for smaller distal veimi s such as those in the hand.
surgery. This was especiall y true where there had Simple veni puncture was sometimes quite
been a history of persistent or recurrent bleeding difficult iii the “bled-out ” patient with low
from the dressed wound or signifi cant wound peri pheral venous pressure, and it was often

- 
I instability. If bleeding occurred during inspec- ‘ easier to) cannulate ’ a vein if the sk im - i was aries-

tiomi it was comitrolled by appropriate measures thetized with local anesthesia before tr~’iiig to
such as direct pressure on the bleeding part or insert the canmiula (Kni ght , 1973). The niost
local arterial pressure points , hemostatic clamps , common presurg ical rep lacemnemit fluid was a
vascular t ies, or occlusive dressings. crystalloid solutiomi such as lactated Rimiger ’s, t h e

- - As a result of the rich blood supp l y , intraoral amount and rate depeiident omi the clinical as-
and intranasal bleeding was often brisk ami d con- sessment of the surgeon in charge of the patiemit.
trot was complicated by poor access, limited visi-
bility, and compromise of airway. The miiost ex- Laboratory Studies
peditious method was the use of gauze pressure
dressings that were app lied with carefu l consid- Wheti the intravenous imifusiomi was in itiated , a
em’ation for airway adequacy. It should be reem- sample of blood was drawn for laboratory exami-
phasized that these temporizing measures were nation. Routine blood tests included hemoglobin ,
consid ered a prelude to the definitive manage- hematocrit , electrol yt es, complete blood count ,
ment of vascular injury as a compomlent of overall and differential leukocyte cou mit . If miot alread y
wound treatment , which was best accomplished performed , typ ing and cross-matchimig were also)
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ordered as a pre l imi iinar %- to procurement of coin- formnation was obtaimied from uniform , wallet ,
patible whole blood for transfusion. Additionall y, amid dog tags. Frequentl y , stretcher bearers or
a hepai’inized refri gerated arterial blood sample other personnel accompany ing the injured pa-
was frequentl y obtained to) determine base line tient provided accounts of usefu l historical in-
values of pO2. pCO2, amid pH in patients formation concermiing the patiem it that had been
with compromised cardiopulmonary function , as related to them during the period of transfer.
for examp le, hypovolemic shock or partial air- On a humanitarian basis Vietnamese patients ,
way obstruction. both military and civilians, were frequentl y seen

A un tie specimen was obtained for standard and managed in American Earl y Care Hospita l
laboratory anal ysis. If the patient was umiable to facilities. These patients presented many special
void or had major injuries , a urethral catheter was problems, the most frustrating of which was the
placed (Kni ght , 1973). language barrier that made communication more

difficult (Stump 197 1). Even when interpretors
were available , an uncommon circumstance. cus-PRESURGICAL EVALUATION
tomary oral commu nicatiomi was signifi cantl y

Once the initial assessment had been ac- compromised. Consequentl y , hi ghl y verba l pro-
complished and necessary lifesaving resuscitation cedures such as obtaining meaning ful historical
measures performed, attention was directed to a data were most inadequate , and a crude form of

more definitive evaluation of the patient in prep- sign language became the onl y available corn-
aratiomi for the surg ical treatmemi t of wounds. munication link for obtaining information or
Byerly and Pendse (1971) reviewed the mamlage- providing instruction. Despite these hardshi ps,

- - merit of patients over an 11-month period at a the Vietnamese were generally highl y coopera-
surgical hospital designed , staffed , and equi pped tive and grateful patients. Professional ,
to handle battle casualties. They found that , al- specialized n axillofacial surg ical care through

domestic Vietnamese civilian or military facilitiesthough there were no specific time limits set , it for these patients was limited.required approxim ately 60 minutes (range 40—
360) to resuscitate and evaluate the patient , ob-
tam radiographs , and prepare him for surgery. Physical Examination

History Effective definitive surg ical care was predi-
cated upon an adequate presurgical examination

Conscious and alert patients were usuall y ap- protocol that included intelli gent assessnient of
prehensive; therefore, during the period of the extent of inj ury amid all organ systems fol-
evaluation , it was desirable not only to acquire lowed by formulation of a logical treat miient plan.
necessary medical information but also to provide A competent physical examinatiom -i to properl y
reassurance. Because of the need to expeditiously access the amount , extent , amid nature of injuries
accomplish treatment , onl y pertinent historical was the most important of all preoperative pro-
data were obtained such as allergies, current cedures.
medications, special problems, and time and cot-i- The examinatiomi was thorough vet expediti-
tent of last feeding. Few patients were expected to ousl y performed. Although it was not always pos-
have a remarkable medical history because of the sible to record findings at the time of evaluation , it

I - rigid medical screening required of all m ilitary was necessary to comp lete the patient chart at the
personnel prior to combat dep loyment. However , earliest interval comisistent with the pressimi g de-
all newl y admitted hospital patients including mands of casualty care. Paraprofessional person-
trauma victims were carefull y evaluated for the nel were of great assistance in performing some
presence of diseases indi genous to the combat of these clerical duties. If ati earlier examination
area. Malaria , dysentery, intestinal parasites , and had been performed and recorded at another
fungal infections were among the incidental facility, such records were reviewed prior to initi-
diagnoses observed. Concomitant medical dis- ation of examination. Special attentiomi was di-
ease was seen most frequentl y during the late care rected to those anatomic areas and systems that
period ( see Table 18, Chapter V) (Gilbert , 1968). had sustained apparent injury or to those

In the noncommunicative patient available in- symptomatic areas without overt evidence of
— I

— I
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damnage. Clothing had usuall y been rem oved in with the understanding that it was desirable to sur-
the triage area, but if this had not beet-i completed gically exp lore all penetrating missile wounds (Fitchett —

it was necessary to finish disrobemnemit to permit et al., 1969). Larymigeal injury was associated with
examimiation of the entire bod y. Bandages and visible or pal pable evidence of wounding such as
dressings previousl y placed by pers omimiel in ear- swelling, airway obstruction with stridor , retrac-
h e r  treatment facilities were carefull y removed if tion and cyanosis , hoarseness or ap honia , em-
appropriate and required for preoperative in- physema and crepitation , and inability to swallow
spection of the underl ying wound. If definitive secretions. Surgical management of neck wounds
surg ical care was to be delayed , the wound was was initiated by the appropriate specialist when
redressed. Frequentl y, some of the definitive por- positive findings of injury were noted.
tiotis of the examination were best deferred until It should be emphasized that patient evaluation
after the patient was utider general anesthesia included not only ini tial physical examination but
and ini tial debridemen t had been effected. also continuing assessment of the condition of the pa-

In those patients where the maxillofacial injury tient during the preoperative period . Since this
appeared to be the only injury , the physical exami- text deals with oral and maxillofacial injuries ,
natio n included an assessment of all systems and was not further comments concerning examnination will
limited to the apparent site of damage. Concomitant concentrate on this area.
injuries, especially those from fragmentation Examination of the Facial Skeleton: Numerous
weapons, were common. Extremity injuries descriptions of the examination for patients with
(53.77%), and head and neck injuries (37.69%), facial fractures are in the literature (Guralnick ,
other than those directl y associated with the 1968; Kruger, 1968 [a]; Thoma, 1969; Rowe and
maxillofacial injury, were seen most commonly in Killey, 1970 [cJ; Waite , 1972; Converse , 1974 [a];
the MFCS patients. The severity of the maxillofa- Osbon , 1974; Archer, 1975); therefore , iii this
cial injury was not related to the incidence of the section we will highli ght only those aspects of the
various concomitan t inj uries because the fre- oral and maxillofacial examination that are con-
quency of these injuries was found to be similar sidered most pertinent to casualty care.
for all the maxillofacial casualty stud y (MFCS) The examination procedure for the facial
groups (Table 6). - skeleton was organized into u~ip er , middle, and

The concomitant injuries were not always obvi- lower thirds . In the battle-injured patient it was
ous and even in the asymptomatic patient it was more convenient to include the oral , nasal , ami d
necessary to be alert to their possibility, particu- sinus cavities with the lower face. The examina-
larl y undetected cranial or cervical injuries. Ap- tion included a visual survey of the superficial
propriate evaluation of these structures was ac- tissues and palpation ofuriderl ying osseous struc-
comphished prior to further evaluation and/or tures to determine the morp hologic integrity and
treatment of maxillofacial injuries. Neurologic stability of the facial skeleton. Radiographic
findings were recorded as the base line to be used examination was accomp lished after completion
as a frame of reference for interpretation of sub- of the clinical examination and was used to
sequent findings , confirm physical findings rather than as a pni-

Examination of the neck was accomplished mary source of diagnostic information.

TABLE 6.—Listing of the Incidence of Concomitant Injuries ~ General Anatomic Region for the Five
Groups of Pa tients Included in the MFCS

Group Head and Neck Thorax Abdomen Extremity

(N= 93) 29 [31.i8]~ 18(19.35] 9 [9.68] 52 (55.91]
if (N= 45) 20 [44,44] 2 (  4,44] 6[J3 .33J 20 144,44]

i i i  (N= 22) 7 [31,82) 5 [22.73] 4 [18.18] i2  [54.55]
IV (N= 32) 18 [56.25] 8 [25.00] 7 [21,881 19 [59.38]
V (N= 7) 1 (i4 .29 ) 0 100.00] 2 [28.57] 4 (57 . 14]

Total (N 199) 75 [37.69J 33[16,58] 28114.07] 107 [53 77]

‘Fi gures in hrarkns equal percentage of N.
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Upper Third of the Face . In the absence of a Continui tyand contourofthe orbital rims were
primary head injury, the upper third of the face determined by palpation , with the knowledge I
was carefull y scrutinized in comiju nction with that the most common fracture locations , other
examimiation of the rest of the cramiial vault. Scalp thami from direct missile damage, would be at the
lacerations are kmiown to bleed profusel y; there- infraorbital rim and the zygomaticofronta l su-
fore , care was exercised when temporary dress- tune. Avulsion , displacement , or instability of the
ings were removed from the craniofacial area. orbital rims caused mal position of the orbital con-
Lacerations , contusiomis , and abrasions were care- tents and/or malfunction of the extraocular mus-
full y examined to detect the presence of underl y- des , thus producing visual disturbances such as
ing skull fracture and/or the preset-ice of niissile di plop ia. Ophthalmologists were routinely in-
fragments or other foreign bodies. In hirsute volved in the management of orbital injuries amid ,
areas all hair was removed by scissors and shaving regardless of the extent of injury, it was desirable
before the patient was examined , with the excep- whenever possible to have patients sustaIning or-
tion that the eyebrows were never shaved. Neuro- bital trauma undergo ophthalmologic examina-
surgical opinion was solicited in those cases where don. A more detailed descri ption of bony orbita l
there was confirmation or reasonable suspicion inj ury will be presented iii the section on surgical
concerning the presence of skull fracture . Dam- considerations.
age to the frontal sinus area was evaluated with Zygomaticomaxillary cheek injuries involved soft
the understanding that underl ying osseous frac- tissues, fracture , and avulsion. Missiles traversing

- i tunes could involve both the outer and inner table the lateral facial area frequentl y damaged the
of the sinus and thus produce at-i open inju ry to facial nerve and parotid gland (Fi gure 13, Chap-
the brain. ter 111). It was desirable to ascertain the degree -

Middle Third of the Face. It was possible to of functional compromise at this time to de-
evaluate injury to the mnidfacial region by review termine the nature and extent of surgical repair
of damage to the followinganatomic units: orbital that would be required. In addition to avulsion
area , zygomaticomaxillary cheek area , naso- and comminution at the site of the missile tract ,
orbital area , and the areas described by the Le there was also fracture of the zygomaticomaxil-
Fort fracture patterns. Because of the extensive Jan complex that occurred in the usual patterns
nature of these wounds , isolated injuries to a (Kni ght ami d North , 1961).
single unit were the exception rather that -i the Noso-orbital fractures ordinaril y are produced
rule. by crushing injury to the central portiomi of the

Orbital injuries involved bone , soft tissue , and upper midfacial area; they may be isolated or
specialized tissue of sight. It was ordinaril y the more commonly are associated with Le Fort II or
function of the maxillofacial specialist initiall y to III  fractures. Althoug h these injuries were rare in
assess the skeletal and nonocular soft tissue damn- Vietmiamii , the miaso-orbital area was occasionall y
age and determine the functional imiteg n ity of the involved imi miuissi le inju ries to) the midface amid it
eye. Visual acuity was determined and efforts was necessary to diagnose the complex of miaso-
were made to save every eye in which there was at orbital injury to obviate the developmnent of late
least light perception. Lacerations of the lids amid adverse sequelae. The classic picture of fractures
associated soft tissues including the globe were in the naso-orbital area is a backward displace-
noted , with the understanding that repair by au mnem it of the nasal skeletomi and the medial wall of
ophthalmologist was desirable. Subconjunctival the orbit into ) the interorbit a l space. hi iis pro-
hemorrhage was a common finding in orbital duces a characteristic’ depression over the upper
fractures but did not in itself signif y ocular inj ury portiomi of the bm’id ge of the nose as well as de-
of any consequence. Hyphema , omi the other fo)rmity of the canthal area resulting I romn lateral
hand was particularl y dangerous ari d op hthal- disp lacement of the at tach m n ctum of the medial
mologic evaluation and treatment were essential camuhal li gaments (C ou ivem -~c. 1974 [hI) . I I  the
in managing such injuries to assure that secomid- cn ibiformn plate at-id roo f of ’ the ethmoul were
ary glaucoma was correctly treated. In any pa- fracture d , thus  producimmg ~per m in~un in the an-
dent who sustained direct trauma to the eye the te mior  cranial fi ssa am i o l cereht’ospin.tl fhuid leak-
presence of corneal abrasion was suspected age, t ieurosurgical co mmsul t ~m iion ‘%dS i’equim’ed .
(CINC PAC, 1971 [a] and NATO, 1975 [a]). The p atterns offacialfracture were originally de-

_ _
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scribed by Le Fort (Tilson et al ., 1972) and in a Fort I at-id II injuries were present as well as any
general sense remain valid today. Althoug h dif- or all of the following: marked periorbital swel-
ferent conibinations of the various Le Fort frac- ling amid ecch ymnosis , subconjunctival hemor-
tures (I , II , and III) were occasionall y seen in Viet- rhage , occular imp airmn ent , visual disturbances
nam , th is was not the typ ical injury pattern from secondary to extraocular muscle imbalance
war wounds. Hi gh velocity missiles more com- and/or damage to the orbital floor , at-id canthal-
monl y created woutids , with severe commimiution nasal deformities such as those described previ-
or avulsion in the direct missile tract. When pres- ousl y for naso-orbital injuries. When cerebrospi-
eti t , however , as primnary or secondary injuries , nal fluid was escaping into the naso-oral cavities
Le Fort fractures were treated in a convemnional via fracture of the cn ibiformn plate , neurosurgical
manner withoutvio lation of basic treatment pnin- consultation was indicated. The incidence of
ciples. The comm on denominator of these frac- cerebrospinal rhinorrhea in nonmissile injuries is
tunes was disruption of the occlusion by fracture reported as approximatel y 25% (Lewin , 1954;
through the mnidfacial skeleton at a level some- Rowe and Killey, 1970 Ed]). The incidence in
where between the maxillary dentition and the missile injuries is not kmiowm i althoug h it relates
base of the anterior cramiial fossa. Treatment in- to the path of the missile as well as the extent of
volved stabilization at the most superior unim i - secondary craniofacial fracture. In these extemi-
jured poim t on the facial skeleton. Therefore, the sive fractures the entire midface was elongated
essential objective of the examination was to determine and often disp laced posteriorl y as a result of the
the supe rior level of fracture since the inferior level actiom-i of the inte nmial amid external pterygoid mus-
was established by the maxillary teeth or edentul- des acting on the pterygoid plates of the sphenoid
ous alveolar rid ge, bone just posterior to the maxilla (Fi gure 10,

In Le Fort I injury onl y the maxilla was Chapter III ) .
unstable—the line of fracture was in a horizontal In all these fractures it was possible to grasp the
plane just above the apices of the teeth. Clinical maxilla and demonstrate movemnent of the mid-
findings included ecch ymosis , swelling of the facial skeleton below the level of fracture. Most of

- - maxillary vestibular mucous membranes, facial the midfacial war injuries were secondary to di-
edema , nasal bleeding, and malocclusion. rect or concussion effects of missiles and imicluded

In Le Fort II or pyramidal fractures , the severe comminution and avulsion in additi omi to
superior level of the fracture lines extended the usual Le Fort patterns of skeletal fracture.
superomediall y from the malar buttresses across Combinations of i tijury were common. In some
the maxilla to the mid portion of the infraorbital instances missiles traversed the entire midf ace
rim and then continued superomedially to join in and produced instability of the osseous skeleton

- I the mn idh ine at about the level of the nasal bones. by frank avulsion and fracture comminution
In addition to the Le Fort I findings, there was (Fi gure 24). It was essem. - ial that the maxillofa-
paresthesia of the imifraorbita l mierves and notice- cial surgeon have a thorough knowled ge of the
able elongation of the middle third of the face iii anatomy and functiomi of all structures in the mid-
conjunction with periorbital swellimig and ec- facial area to assure thoroug h diagmiostic assess-
ch ymosis. Visual disturbaiices were seen if the ment of the damage imparted by the woumiding
floor of the orbit or the extraocular muscles were agents. It was often necessary to imwolve au-i op h-
involved in the fracture line. These fractures thalmologist and neurosurgeon as well as the
were oftemi seen as combinations of Le Fort II and maxillofacial specialists in the mamiagemnent in
Le Fort I I I .  order to establish a definitive diagmiosis concermi-

Le Fort III injuries , the so-called craniofacial ing the extent of imijury.
- : disjunctions, are the most severe midfacial in- Lower third of the face. Dun imig examimiation of

ju ries other than gross avulsion. The upper level the lower one-third of the face , the basic comisid-
of fracture extended across the superior portiom i eration was to determine whether the injury had —

of the midfacia l skeleton , runmiing (‘noun the pnodtmced disruption of mamidibu lar co )n tinu itv b
zygomat icofrontal suture on each side medially either fracture or avulsion. Th e  foundatio n of the
through the walls of the orbits and joining in the facial skeleton was an intac t manthbl e capable of stable
midli n e at or just below the level of the cribform dental occlus ion.
plate of the ethmoid bone. The findings of Le Mamidibular stability, range of motion , and the 
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stat us of ’ t he occlusion wei’e detem -inimie d , even (lele m ’uiiuiie time potential vi a i ) i l i t \  of res idual osse—
thoug h it was r ecognized that  in cases of severe ous fragments since it was louno l by expei iencc
damage inadequacies wei’e grossly evident. Pat— that such decisions were best o1ela~ ed unt i l  the
ter ns of ’ inj u m y  were variable and included all ti ll -ic of’ d e fimii t iv e surgical deb r idem euit  when all
regions of the uiiandible thoug ii the body amid areas O) f the wounol could he mn et icu lous l iui v cs t i—
symiip h~-sis areas were mitore co)mmnon l y damaged. gateci .
The classical cli nical f indings in jaw fractures , as Examination of Soft Tissues. Severe disruption
described by Rowe and Kil ley (1970 1t~]), include: of the ora l sphincter occurred as a result of mis—
history of im jurv ,  pain , functional it iter fet -emice . sile woun ds to the anterior portion of the lower
abmiormal m obilit y , m alocclusion , cl e iormnitv , amio l midface. Retu -action of the o)rb iculari s am - id
swelling, ecchymosis , crep itus , ami d absence of’ other muscles of facial expression (see Fi gure 9,
t ransmitted nios’einent . Chapter I l l )  0) 1 ten caused inju t-ie.s to appear

In those situations where comniimiutio n and niom’e extensive than they actuall y were. Carefu l
avulsion had occurred , no attempt was made to assessn iemit of the missile daniage imicluding pre-
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F igu re’ 30,— f  ‘pp e ’r 1,/ i) Fragmentation ssuund t o m  he k ~ss ci t.u e inst ,ls I ng t he u ps . ‘ppe’r right I Assessni. ’nm o t t  he a motin i md
type of tissue asail.ihte for closure . Lowcr !‘/tl Closure immediatel y following surgery . The set milion border of the lip was
used as a guide in the approximation ol displ.u ed tissues. The oral commissure was not dirci ml ’. sio lated although care was
taken that it not be distracted during wound closure to present lip dysfunction at the corner of the mouth. Lou-cr right)
Appearance of patient 18 months after injury. Lip competence is evident and the scars are maturing satisfac toril ’ . -
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/ tissues available h m ’  closure n u t  il the uui o k ’m l v i u i g
skeletal s t u - u c tu m’ cs had been m’ep aired.

A ~- er~ si gn i f ican t  couis i ( l e i’ ati om i Was th e exte um —
emmess of’ the inju z -v to the tongue and its  sta bi l i—

, l im e t ongue  was a ffected by e i ther  ( l i m e ( t
- ,~ . 

~~‘ s soumid i u i g ,  which produced h emm ior ni ia g e  and
etlt u m ia , auid/ om by loss of its an tem -i om ’ mm iuscu l a r
support (Fi guu-e s I i  amid l 2, Chap ter  1 1 1 )  due
to) fractut -e a~ u l s iomi  of ’ t he mi iaui ( l ibl e , which l ) m ~~—
duced posterior collapse (Fi gure 31: am i d Case
m e pt ir Is  (13 . ( I i .  05, 06). Both conol it ions were po—
t e u i l  i .t l hazam ’ds to the upper a i m w a v . am i d c o m i t im i u—
ous n u t  w i to m - im i g 0) ! vem iti la t ory exchange was m ’e—

- quil cd if ’ tm - acheostomn y o)r in tubat iomi  had not
been accomp~ished before the pi-esurg ical cx-

—~ . . . a miiiflat iomi .
The floor of’ t u e  mouth , pa late . p ham -vux . ami d

— nasal and sinus cavities were exa mn imie d to detem ’ —
~~~~~~~~~~~~~~ m ine the extemit to) which their anat omi iic im it e gm’ i t v

had been (lisrupte cl . Hemorrhage am i d edemiia
that could possibly comprom ili se ti -ic airway wem-e
consistemit features of in ju r y  to t h ese structures.

At this time it was necessary to examine h r
overt a nd suspected evidence of communica t iomi

- betweeti om’al amid mieck wounds such as avulsive
m issile tracks or tnucosa l lacerations suggestive of
missile pemie t r atiom i (Fi gum’e 32).4 ‘ Because the or a l—p ham ’vm ig e a l— n a .sa l  am’ea is ex-
tremely vascular (Fi gures 12 , 14 , and 15 . Chap-
ten I I I ) ,  pm’oduces copious sect-ct iou - is , amid pro-
vides difficult  access , v isual examination was
difficult .  These examimiatiom -is were best acco)nn-
p lished with additiomi a l li ght. sucti om i . ami d as—
sistami ce .

Radio grap hic Examination

Preoperative m’adiog i-ap hic studies were imlipor-
F igur e 31 — Upp cr i I l ig h s-c1os i t s  miss i le p i oduted  c’s- ien sive i nj u r y  ta u t  d iagnostic ai(IS to) hel p (Iete m’m li ifl e or conhrm n
i. t he otot.it i.il teg i~iti iiit liiding damage to the tongue . tl(x)r of such mii att ers as: osseous f m actu u ’ e sites , i’eta umi e d
m ou t h ,  in t l  m.itidil~li’ that effected loss ~f must u i l , i t  stiPl ~~rt to th e m issile fm— agment s and f’orei gmi bodies , subcutane —
tongue .itid floo t I mouth, Initial airway maitileii.itlce ss .t., lollowed . 

,
by tr .u licostomy thus obviating upper airw~i’, compromise Lower) otis emp h ysema (p am ’tucu lar l y m u neck mnju m’ i es )
l~~tera l radiograph illt istratingthc inieriorand posuerior collapseof and the pu lmomiai- v st at i ms iii ant ic i pati o mi of ’ gemi—
t he anterior mandible that was associated with the injury eral auiesthesia. Such rad iogm-ap iii call v deter—

mnin ed in f ’om ’m ii at iomi was hel pful il-i planning sub—
l iminary  repositioning of ’ tissit e flaps was desir— sequent surg ical procedum ’es . particularl y if ’ t i-ic
able to assist in determinat ion of’ ti-ic approximate surgeon took au active part in orderimig. obt a im i—
amoumi t and type of tissue that  would he available ing, amul im iterp i - et imig the films. Generall~- . t he
for closure—the vermilion border of the li p was pat ient was m i o) t semit to ) t u e  radiology de pa m - tm iie m it
the key landmark in these situations (Fi gure 30: unt i l  his condition and vital si g h s  were m’easomiab l~-
Case re po rt 02). It was recognized that it was liot staI)le . Be -ause of the continuous tiireat to the
possible to definitel y assess the adequacy of sof’t a i rwa y the maxi ll of ’acial pat ient was caref u ll y at-
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surgeon. Occasionally the radiology department normal am atomy; extensive soft tissue swelling;
was bypassed emitirel y i fuui i mn edia tesur g ica liu iter - oral secretions and bleedimig; pa imiful head posi-
vemiti on was critical to the patiem it ’s s u m v i v a l  (Fi— tionimig ; amid obtumided , uncooperative patients.
gure 28). In addition , poor qual i t y  film -i- is were occasioniall y

All patients requiring general anesthesia had a produced because of expeditious positiom iing,
posteroanterior ( PA) chest radiograph and mnaxi l- exposure , or processing that occurred while the
lofacial patients were additionall y evaluated with radiology staff was attempting to meet the de-
a series of extraoral facial films which cornmomil y mands associated with an exceeding l y heavy
included justfive views: Water ’s PA projectiomi , PA input  of casulaties.
and lateral skuli . and right and left oblique lateral Whereas radiographs were of great value as diagrws-
project ions of the mandible. The PA am-id lateral tic aids in maxillofacia l trauma , they were never a
skull radiograp hs were taken with large films in substitutefor astute clinical evaluation. Some types of
order to facilitate positioning at-id provide for fractures , such as maxillary or alveolar , were
inclusion of neck structures in the stud y. Sup- often much easier to determine clinicall y than
plemental views were occasionally ordered if radiogra phicall y ; indeed , it was sometimes im-
there was a distinct need for addit iomial radio)- possible to demonstrate an apparent clinical f rac -
grap hic information at-id if ’ the conditiomi of’ the ture oti poor radiograp hs. Whet-i such diagnos-
patient permitted. These additional views in- tic conflicts arose , primary reliance was placed on
cluded: Townes, submento-vertex , paranasal the clinical evaluation.
sinuses , at-id floor of the mouth-occlusal.

Radiographic survey of the cervical sp imie was . .- . . Documentation of Examination Ftndinfsindicated mainl y for deter m inIng the preset-ice
and location of foreign bodies or demonstratiomi If time permitted , photographs were obtaimied
of emphysema rather than for detectiomi of cervi- am-id diagra m s of the pattern of damage were pre-
cal spine fracture or dislocation , which is more pared since they were valuable for subsequent
commonly associated with blunt , tionniissile reappraisal of the iuijurv , part icular ly at the time
trauma. If there was any possibility of cervical definitive plamis for reconstruction and rehabilita-
spine injur~’ . mami ipulation of the head for tion were being formulated in the late or recon-
radiographic purposes was accomplished with cx- str uctive phase of mamiage memit. This later ph ase -

treme caution. of patient management occurred at a different
1’he quali ty of the radiograp hs in these mieces- facility at-id by a differeiit teat -i-i of surgeomis that

saril y expedient circumstances was fre quemi tlv had no mneans of convenient communication
compromised as a result of the following prob- other that -i imi it ia ily provided wr itt emi records amid
lems: large. bulk y facial dressings that prevemited photograp hic documentation of findings . A stand-
visualization of anatomic references by the ardized f r r nn f’or om’al at-id maxi llof ’acial injuries
radiology technician; trau m atic alteration of was mi ot available but is considered to) be a neces-

rABLE 7. —I nc idence of Osseous Inju ry fo r  Various Anatomic Site,c in the Maxi/ lofacia 1 Region for  the Five Groups of
Pat ients Included in the MFCS- — 
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66 • Management of War Injuries to the Jaws and Related Structures

sary future requirement to assist this type of mandible 64%, maxilla 13%, zygoma 145t , at-id or-
supplementary documentation and treatment bital floor 8%. These fractur es were from all types
planning. of causes though onl y 0.5sf were gunshot wounds.

Other sites and types of injuries in MFCS pa-
ANALYSIS OF EXAMINATION FINDINGS dents are listed in Tables 8 and 9. Teeth were
IN MAXILLOFACIAL CASUALTY STUDY fractured in 62.44%, avulsed irt 42.64%, and re-

- 
- PATIENTS quired extraction in 62.94% of all patients. As

would be expected , the highest incidence of den-
Cases included in the MFCS were reviewed to tal damage was in group I patients in whom

determine the type and site of oral and maxillofa- osseous tissue was avulsed to the extent that bone
cial injury. The patients were divided into 5 grafting was required.
groups (Table 4), which were determined by the Intraoral soft tissue injuries were most com-
nature of mandibular inJury since these injuries mon in group I patiemits in which the following
were most common in the maxillofacial area incidence was noted: tongue (47 .25%), floor of
(Tinder et al., 1969). mouth (62.64%), palate (13 . 19%), and pharynx

The most common site of osseous injury in the (13.19%) . For all groups the tongue (3 1.98%) and
mandible was the body (67.5 1%), followed by the floor of mouth (40.10%) were inju red in the
symp h ysis (46. 19%) , ang le (35.O3c~), ramus largest percentage of patients.
(25.38%), and condyle (7.11%) (Table 7). For all groups extraoral soft tissueinjuries were

These data contrast with civilian-type mandible most commoti in the cheek (57.78~ )—7 5.82% of
fractures (blunt trauma). Hagan and Huelke the group I patients sustained cheek inj uries. The
(1961) concluded that the location of such frac- sub- and infra-mandibular area (32.99%) and the
tures was related to the cause, force , and location lower li p (32.49%) were the next most common
of injury, an observation that was confirmed by sites of injury. Salivary gland injuries were seen
Salem et al. (1968) in their analysis of 423 man- infrequentl y in these groups of patients; they oc-
dibular fractures of non-gunshot etiology in pa- curred in onl y 8.12% of all cases for submaxillary
dents treated at U.S. Army installations . Huelke and 2.54% for parotid.
et al. (1962) found that the association of frac-
tures between location , site of impact , etc., was
not haphazard and could be statisticall y ADDITIONAL PREOPERATIVE
confirmed. Although this may be true for blunt- CONSIDERATIONS
type civilian trauma , the matter is far more com-
plicated for combat injuries because they are Once the essential diagnostic information had
almost all due to randoml y directed , highl y de- been accumulated it was possible to proceed with
structive missiles and as such are more severe and definite plans for operative treatment. Formula-
complex and do not follow common patterns. tion of these plans was dependent on continued

In the midfacial area, 19.80% of the MFCS observation of the clinical and ph ysiologic status
patients sustained maxillary segmental fractures of the patient as well as the presurgical logistics in
and 11.68% some type of Le Fort fracture. Other the casualty care area. The treatment category
midfrcial osseous injuries seen in these patients and priority assigned it -u the triage area (p. 49)
were zygomatic (15.74%), naso-ethmoidal were important in determining the timing of
(8.12%), and orbital (13.7%). The highest m ci- surg ical intervention. This priority was reap-
dence of midfacial bony injuries was seen in those praised in light of any dramatic changes that had
patients with avulsive osseous injuries of the occurred in the condition of the patient .
mandible that did not require bone grafting
(group II ), reflecting the multi plicity and severity Preliminar y Wound Care
of their maxillofacial injuries.

The distribution of maxillofacial injuries in In some instances it was elected to superficiall y
Federal Services treaunent facilities was studied debride wounds during the staging period prior
by Lilly and Kelly (unp ublished data) in an to operation (Fi gure 28). Such preliminary
analysis of 3,104 facial bone fractures. They wound preparation was desirable , but it was done
found the following distribution of fractures: onl y if long delays were definite and it was im-
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TABLE 8.—Incidence of Orojacial inj . ry to the Teeth, Alveolus , Tongue, Floor of  Mouth, Palate , and Pharynx f o r  all

____________ 

Gr oup .s of Patients Included in the MFCS

_________ _________ 
J Aiseulus ~~

‘[ 1’
- - Floo r of

Group 
Fracture Asulsiots Extractionhl Maxilla Mandible 

g j , 
____ ,, _

~~_ .,..L_, 

Palate Pharynx

t (N =91) 7t)(76.92] 54(59.34] 68(74.731 38(41.76] 66(72.53) 43147 .25] 57)62 .64] i2(i3.i9 J 112113.19]
i i  ~N=44) 23(52.27] 15(34.09) i9(43 .t8) 5(11.36] 3(6.82] 12 127.271 12127.27] 7(14 .29) 3(6.821
iii (N 23) 8134.78) 5(2 1.74] 15165.22) 1(4.351 t(4 .351 2)8.701 4(4 .351 3(13.04] 0(00.00]
IV (N=3i) 17(54.84] 8(25.81 1 17(54.841 2(6.45] 2(6.45] 4(12.901 4fi2 .901 2)6.45) 0)00.00)

V( N=8) 5(62.50] 2(25.00] 5(62.50) 1(12.50] 2(25.00] 2125 .00] 2(25.00] 2(25.00] 0(00.001

Total (N 197) 123(62.44] 84(42. 64] 124(62.94 ] 47(23.86] 74(37.56] 63(31.981 79(40 .iO) 26(13.20] i5(7.6il

Wigure’ . in bra c kets rqu~i
percentage ni N.

possible to take the patient directl y to surgery. If the maxillofacial injury was obviously SO se-
Serious bleeding must have been controlled by vere that a hi gh priority of treatmemit was estab-
hemostats or tempo)rary li gatures before imi it ia - lished amid wound care was imm nimiemit , it was ad-
tion of the procedure. This pre liniinary super- visable to defer amiv type of woumid debridement
ficial debridement in advance of preparatioti in and , imi fact , even woumi d examimiatiomi umitil the
the operating room was accomplished by vigor- patiemit was resuscitated am -id km the operating
ous fluid irri gation. A method of wound debride- room.
ment referred to as hydrodynamic was described by During the delay in the staging area , other sim-
Peacock (197 lE a]); this is essentially what was ac- pIe procedures could be performed that im-
comp lished in these contaminated war wounds. proved the patient ’s status during the interim and
By forcefulirri gation onto thewound surface ofa also expedited the subsequent operating room
large volume of irrigating solution (saline), con- procedure. Temporary immobilization of ’ unstable
taminants could be flushed away and the numiiber mandibular fractures , for examp le , could be ac-
of bacteria presumabl y reduced , which hel ped complished by simp le measures such as tying ad-
assure primary wound repair after closure. Sub- j acent amid/or opposing teeth together with a li ga-
stantiating these efforts are reports that a recentl y ture (dental floss , suture , wire , etc.) to stabilize the
developed pu lsatim g j et lavage, which is in effect a f’ragments thus mn imii m i z imig associated pain. Oc-
hydrod ynamic flushing device , has reduced the casionall y, time at-id circumstances permitted the
number of bacteria and debris as well as the m ci- app lication of dental fixation devices utider local
dence of infection in wounds experimentall y con- atiesthesia. This was dotie in the staging area or ,
taminated (Gross et a l . ,  197 1, 1972; Stewart et al., in sonne imistances , patients were temporaril y
1971; Green et al., 1971). transported to a clinic area where more ideal

TABLE 9.—Incidence of Orofacial Injury to the Lips, Cheek, Sub- and
infra-Mandibu lar Area, and Sal ivary Glands for all Groups of Patie nts Included in

the M FCS 
______________

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(65.931 4(4.40] 14(15.38]
11 (N=44) 4(9.09] 9(20.45] 16(36.36) 419.09] oroo.ooi 0(00.00]

It ! (N=23) if4 .35] 3113.04] 11(47.83] 0(00.00] 1(4 .35] 1(4.35]
IV (N=32) 8(25.00] 6[i8.75] i3(40.63] 1(3.13] 0(00.00) 1(3.i3]
V (N=7) 

- 
2(28.57] 3(42.86] 5(7 1.43) 0(00.00) 0(00.00) 0(00.00]

Total (Nm 197) 24{J2.18J 64f32.49J 114)57.87) 65(32.99) 5(2.54] 16(8.12]

‘F gnrcs in brackets equal
pei’cefl ,agr of N.
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facilities, such as better lighting, were available. cedures were later performed.
Soft tissue measures included niot onl y superficial
wound debridemnent as a preliminary to definitive
care but also placement of temporary tackim ig su- Anesthetic Management
tures or dressings to cover gaping wounds.

When occlusive dressings were used for tempor- Presu iiical Planning. During the immediate
preoperative period it was miecessary to con~’iItary wound coverage, they were moistened with with the anesthesiologist that was to be respomisibleeither Betadine® (povidone-iodine solution)* for for the patient during surgery . Fortunatel y , theexternal application or saline for intraoral place- maxillofacial surgeons were familiar wi th  thement. Although moist dressings are known to problems that mni ght complicate anesthetic man-contaminate clean wounds, it was thoug ht that in agemnent and preoperative comisultatiom i between; these instances of temporary openi packing of

contaminated wounds the antiinfective nature of surgeon and anesthetist proved valuable iii cases
of maxillofacial injury . During this session under-povidone-iodine would reduce rather thami standing and agreememit was sought comicert iimig

exaggerate contamination and also maintain a the following signif ica nt management issues.~ 1) in-
moist wound surface, thus lessening cellular tended imitraoperative surgical treatmemit plan , 2)
injury secondary to desiccatioti . The moisture requirements expected of the anesthetist , 3) esti-
prevented surface coagulation and promoted mated length of the operative procedure , 4) tim-
drainage , which lessened the dry ing of a viscous
exudate on the surface. To assure identification ing and type of intermaxillary fixatiomi , 5) use of

oral or miasoendotracheal tube , 6) necessity andand retrieval , intraoral dressings were tagged with durat iom of postsurgical emidotracheal tube retemi-long heavy-gauge suture material (0 or 00) that tion , 7) necessity , timimig, and techni que ofwas brought out of the mouth and secured to a tracheostomy, 8) estimated imitraoperat ive surg i-stable portion of the craniofacial skeleton. These cal blood loss and transfusion requirements , 9)patients were under carefu l observation while type , dosage, and route of administration for an-awaiting surgery, and personnel in attendance
were instructed to make sure that oral dressings ticipated preoperative amid intraoperative medi-

cations.did not become dislodged and compromise the intubation. lntubat i on of these patients wasairway. mandatory, ami d iii most imistamices , a mi asal as op-All these measures were accomplished iii auì - posed to oral endotracheal tube was preferred to
tici pation of primary closure of the orofacial lad- improve access for the surgeomi and to permit
erations which , because of the excellent blood imuermaxi l lary fixatiomi when required. Althoug h
supp ly, could be closed p rimarily even after a delay of nasoendotracheal ititubatiomi was difficult , it did
up to 24 hours. Delayed primary closure of maxil- facilitate surgical wound mnanage mn emit. If it was
lofacial wounds was seldom performed in Viet- not possible to place a nasal tube , oral intubation
nam though it has been successfull y accom- was performed though it was umiderstood that
plished, in other conflicts where military logistics imitermaxillary fixatiomi would be deferred umitil
did not permit routine primary wound treatmem it ami appropriate time after removal of the tube.
(Chi pps et al , 1953; Awty and Banks , l 97 I ) .  Tracheostomy. If miot already accomp lished ,

Facial fractures normall y constituted no tracheostomv was performed most comnmomil v
“acute” emergency in relation to such injuries .‘s after intubation , with the patient amiesthetized.
those requiring major vascular repair thoug h It The im dicatiomis and techt-iiques of tracheostomii v
was highly desirable to reduce and fix them as have beemi described in the literature (Sicher ,
earl y as possible. Reductiomi was sometimes tie- 1952; Rowe am-id Killey , 1970[fJ ; McKelvey, L. E.,
layed for up to 10 days as a result of associated 1972; Converse , l97~ Ec]). There was ord umiari ly
wound complications. However, in those in- ito mieed to vary from the stamidard techni ques—
stances where orofacial soft tissue wounds were m ost of the tracheostomies were perfot-med
closed and underl ying skeletal fractures not re- throug h a horizontal imiciSion and a layered ap-
duced , the wound closures were invariabl y dis- proach to the trachea was followed. It was under-
rupted when definitive fracture reduction pro- stood that in most instances the tubes would re-
____________________________________________ mnain in place at least during the period of medical
apur due Frederick Company, Yonkers . New York. evacuation and frequemnl y well into the late phase

-- -- - - - 
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of treatment , as will be discussed in the inter- TABLE 10.—Incidence of Tracheostosny for  the Five
mediate care chapter. Groups of MFCS Patients
The overall incidence of tracheostomny in the n~up r rac heostoniy Percent

MFCS patients was 47.2 1% (Table 10). Group I
patients (bone graft) had the highest incidenice I (N  = 91) 59 64.84

II (N = 44) 20 45.45(64.84%) followed by group II (avulsive—non- I I I  (N 23) 6 26.09
graft) patients (45.45%). The combimied incidemice IV (N = 32) 8 25.00
for these two groups was 58.52%. The combined v (N 7) 0 00.00
incidence for groups III , IV , and V, the less Se-

iotal (N = i97) 93 47.21verel y injured , was 22.58%. The incidet-ice for _________________ - _____________ ___________

these three groups is moreconsistentwith that for i . I I  (N = l35) 79 58.52

the heterogeneous maxillofacial casualty popula- 
- 

111, I V , V (N = 62 14 22.58

tions reported by Terry (1969) amid Tinder et al.
(1969) in which they found a tracheostomy m ci- Anesthetic Techniques. Most patients were anes-
denceof 17% and 14%, respectively. The frequen- thetized with a thiopental-type induction and
cv with which tracheostomy was performed was maintained with halothane , nitrous oxide , and
related to the severity of the orofacial itijury and oxyget . Halothane had definite advantages for
it was in fact a routine procedure in the face of use in a combat zone including ease of adminis-
extensive tissue damage. tration , mionexp losiveness , and wide app licability.

The fact that tracheostomy was performed far In addition , rap id emergence from aniesthesia
more frequentl y that-i in previous conflicts (p. and decreased incidence of nausea and emesis
12, Chapter 1) was perhaps related to the evolu- postoperatively reduced the requirements on
don of improved cardiopulmonary management personnel in the surgical intensive-care unit.
procedures and the need to prepare patients for Halothane was not recommended for marked
earl y long-range evacuation. However , tracheos- hypotensive patients because it is a potent vasodi-
tomy was not an innocuous procedure and its po- lator and it was difficult to maintain and obtain
tential comp lications will be discussed in the in- blood pressure during induction (CINC PAC ,
termediate management chapter. 197 if bJ).

SURGICAL MANAGEMENT

INTRODUCTION erl y considered the majority of wound-healing
complications were.avoided.

A rigidl y standardized approach to the surgical
treatment of these complex injuries was neither
possible nor desirable; however , it was advan- WOUND PREPARATION
tageous to adhere to accepted princi ples regard-
less of the exteni t of wounding. The material As evident from the previous sectiotis of this
discussed in this section is a correlation of basic chapter , missile wounds differed from elective
surgical principles with results of an analysis of surgical wounds iii that there was almuost umi iver-
the U.S. Navy maxillofacial casualty stud y an-id the sal contaminatioti and greater damiiage to and loss
personal experience of the authors, of tissue. As a result , the preoperative woutid

Since the proper healing of a wound was itiflu- preparation was princi pally directed to reducitig
enced by what was done at the operating table, the potential for postsurgical sepsis by adherence
several ques tions were considered prior to and to aseptic techni que and performance of meticu-
during the surgical procedure—was the wound b u s  debridement.
massivel y contaminated , had it beet-i adequately If hydrod ynamic debridememit (p. 67) of the
irri gated and debrided , had effective hemostasis wound had not been accomplished then it was
been achieved , and had provisions been made for employed at this time. Operating room time in
adequate drainage. If these questions were prop- combat situations was valuable and the prelimi-
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nary preparation ofthe wound hel ped reduce the tuted . The devitalized tissue amid extravasation of
time of wound preparation in the operat ing blood provided miu t m ’itio n al support for bacterial
room. Antibiotics were miot added to the irri gatiomi growth , whereas edema produced temisi omi within
solutions since there was no conclusive evidence the wound amid exaggerated the h ypoxic condi-
that they improved the effectiveness of’ the by- dons resulting from diminished blood supp ly
drod yn amm c debridetnent (Gross , 1972). It is tin- thus favoring the developmemit of’ wouti d sepsis.
likel y t hat topicall y app lied antibiotic irri gamits Earl y surg ical intervemition was probabl y the
permeate the tissues and f’ree-floating bacteria mnost imp ortant meamis of reducing the likelihood
were equall y well washed away with a salimie solu- of woutid imifection. Cleanl y imicised , viable tissues
don. Achieving a therapeutic level of amitibiotics with an adequate blood supp l y were best able to
in the tissues by systemic administration is a com bat bacterial invasion. Although antibiotic
sounder amitiinfe ctive approach to bacterial comi- therapy was also iniportam it in reducing imifection ,
trol (Robson et al ., 1973). it was miot viewed as the prima ry therapeutic measure.

The usual princi ples of presurg ical woumid The success of amitibiotics imi arnelioratimig wound
prepara tion were employed including cleaiisitig imifectiomi depended milore upon the prompt in-
of tissues surrounding the woutid wit h an anti- stitutiomi of sound surg ical princi ples.
septic soap solution-i after the removal of all hair
from the field of operation by shaving. Shaving of
the patient was performed very carefull y in con- Contaminating Microorganisms
j unction with a disinfectant because, as known , The type of bacteria present varied with the
razor trauma can provide an additional portal of geographic location at-id terrain , the type of de-
entry for exogenous bacteria (Robsomi et al., bris soiling the wound , the bacteria residing on
1973). The most commonl y used antiseptic soap the skin amid cbothim i g at the time of injury , and the
solutiomi was Betadine ®. timne between woumiding and treatment (NATO ,

At the tinie of wound preparatiomi , all dirt am-id 1975[l)}).
debris that had been driven into the cutaneous Seasomial variations in the incidence of micro-
aspect of the wound by the blast was removed by
vigorous scrubbing with sponges or brush to pre- 

organisms mmi wounds were well documemued.

vent development of a permanent tatoo scar (Os- For example, Staphylococcus epidermidis w a s  the - 
-

bon , 1969; Terry, 1969) (Figure 20). mimost commomi microorganism isolated imi

Although scrubbing of the skim -i and wou mid sur- J ammuary, Escherichia coli amid Pseudomonas
aerug inosa in the sumnmner months of June and

face with a medicated soap solution was am-i impor- 
July , and Acroba cter aerogenes was prevalemit in

tant prelude to surgery, it was recognized that March amid April. Despite seasomial variations ,
correct drap ing, guarding against the soakimig of however , S. aur eus and P. aerug inosa were the
drapes with irrigation fluids intraoperativel y , am-id most common organisms isolated on a year- 

I

completing the surgical procedure in an ex- round basis whereas the group of enteric or-
peditious manner were equall y importamit iii re- . -
ducing the extent of infection. 

ganisms, it i cludim ig A. aerogenes, E. coli, and Pro-
teus , were the miext most prominemit. Mixed
cultures were also found which contained van -

CONTAMINATED WOU NDS AND OUS combinations of S. aureus , P. aerug inosa , amid E.
ANTIBIOTIC THERAPY coli, but these constituted less than 5% of the imm itia l

positive cultures (Kovaric et al., 1968; Matsumimoto
et al., 1969). Emiteric organisms w ere prevalent in

Factors Effecting Contamination Vietnam because of the relativel y primitive waste
Every open war wound was considered to be disposal methods, use of human waste as fe r-

contaminated at the time of initial surgical tilizer , at-id the continuous hot , humid climate.
examination following inju ry.

Because these wounds were charac terized f ry de- Antimicrobial Therapy
vitalization of tissue, extravasatio n of blood, disruptio n
of local blood supply, introduction offorei gn bodies, and Imiitia l amitibiotic therapy, which included

contamination by various bacteria , severe infection penicillin and streptomycin , was directed to corn-
resulted if proper precautions were not insti- bating both gramn-posit ive and gram-negative or- I

-.  A
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ganisnis. However , st reptomycin ~vas usuall y 5. Pm-ovisions for adequate draimiage of the
administered for a short term (5 days or less) be- wound.
cause ofits potemitial toxicity amid , as a result , there 6. Closure of’ the wound without tension and
was a predisposition to secomidary imivasiomi by the with el irn imiatiomi of dead space.
ubiquitous gram-negative organisms (Kovaric et 7. Adequate immobilization of the fractured
al., 1968). Therefore , althoug h the patiemits were or imiju red jaws.
receiving antibiotics, it was miecessary to be con- 8. Maintemiance of’ a dry dressitig over the
tinuousl y alert for the deveb opmnent of infection, wounds.

Two conditions were essential for antibiotic 9. Prevenitiomi of secomidarv contamination by
control of bacterial proliferatiomi in tissues. medical persom imiel.

1. The antibiotic m ust be capable of destroying 10. Prop h ylactic amitimnicrobial therapy
or suppressing the etiobogic organisms (NATO , l975[b]) .
which in turn must be semisitive to the drug
emnp loyed. Bactericidal agents were prefer-
able to those with bacteriostatic properties. GENERAL PRINCIPLES OF WOUND

2. A therapeutic concentratiomi of the antibio- MANAGEMENT
tic must be established in the tissues that
harbor the bacteria for a period sufficient to Inside-out—Bottom-upallow destruction of the imivadimig microor-
ganisms (NATO, 1975 [c]). The basic princi ple of treatment for these in-

in certain conditions, such as shock or abscessforma- ju ries was to start with repair of the skeleta l dam-
lion, the effectiveness of systemic antibiotics was age and work upward from the mandible to the
restricted until the underl yimig ph ysiologic ab- superior extent of bony injury, whereas to repair
normality was corrected. Patients in shock ex- soft tissues one works outward to the skin , or as

— penienced compromised circulation and as a re- Small (1971) has stated , approach the injury from
suIt the efficiency of systemically administered the inside-out and bottom-up.
antibiotics was limited by poor distribution of the The key to restoration of the form and function
agent to the tissues. Large abscesses were as- of the facial skeleton is interdi gitatiomi of the teeth
sociated with avascular , necrotic , or fibrotic bar- m mi a position of occlusion that is considered ac-
niers that reduced blood supp ly am-id prevented ceptable for the patiemit. Thus ali gmiment of the
antibiotics from reaching the infecting organisms teeth and alveolar segmemits was accomp lished
in the area of the abscess. first atid the restored segments then broug ht to-

Table 11 lists the suggested choice of antimii i- gether into occlusion. Following this , the remain-
crobial agents for the majority of organisms that ing facial skeletal i mij unies were repaired and the
were implicated in contaminated or septic soft tissues closed , proceeding outward from mu-wounds. Table 13 gives the dail y dosage and cosa to skin. If this procedure was followed it wasroutes of administration of antimicrobial agents not necessary to disrupt previousl y repaired tis-that were used against the pathogenic organisms, sues by workim ig back through them to correct

underl ying inju ry that remained untreated. A
Control of Contamination common error iii reducing facial skeletal itijuries

of this magnitude was to start at the orbits am-id
The following primiciples were found effective work downward. When this approach was used,

in managing septic or contaminated wounds. fragments could easily be incorrectly positioned
I. Immediate surgical treatment. and malalignment was so m agnified at the level of
2. Adequate wound excision and debride- the dental occlusions that it was impossible to

ment. establish a functionall y correct imitermiiaxi ll arv re-
- 

- 3. Adequate hemostasis in the initial surgery latiomishi p.
— to prevent subsequent hematoma forma-

tion. Recovery of Foreign Material4. Removal of foreign bodies wi thin the
wound if this could be performed without Some missiles shattered bone oh contact and
causing damage to vital structures. fragmented into smna ller metallic particles. Pre-
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TABLE 11 —Suggested Choices of Antimicrobial Agents*
inf ecting microorganism Agent of first choice Alternative agents

I. Aerobic bacteria
A. Gra m-positive cocci

I . Stap hy lococci
a. Non-pen icillinas e-producin g Penicillin Cep halothin, va ncomycin,

erythromyci n , lincomycin.
b. Penicillinase.producing Penicillinase-resistant , penicil. Cephalothin . vancomycin ,

tin (e.g., methicilli n , oxacil- ery t hro mycin , lincomycin .
u n). gentamici~i.

2. Streptococci
a. Pyogenic-groups A. B, C Penicillin Ery thromycin , cep halothin ,

amp icillin.
b. Viridans Penicillin with or without stre p~ Amp icillin , sancomycin with or

tomycin. without streptomycin ,
cep halothin . erythromycin.

c. Enterococci (group D) Penicillin G with or without Amp ic illi n , chioramp henicol .
stre ptomycin. tetracycline.

B. Gram-ne gative cocci
I . Neüseria catarr holis Penicillin Tetracycline.
2. N. gonorl *oeae Penicillin Tetracycline.

C. Gram-negative becilü
I .  Escher-ichia coli Amp icitlin , cep ha lot hin Kanamycin , tetracycline , gen-

ta micin . chiora mp he nicol.
2. Aerobacter (Enterobac ter) Kanamycin Tetracycline, with or without

aerogen es stre pt omycin, gen tamicin.
S. Kiebsiella species Cep halot hin Kanamy cin . polymyxi n .

chloram p henico l.
4. Pseud~,monas aeruginosa Gentamj cin Colist in . polvmyxin . carbenici l-

u n .
5. Proteus

a. P. mirabilis Am’piciltin Ka namycin. cep ha lothin , gen-
tamicin .

b. Other Pro teus Kanamycin Nal idi xic acid , cep hal othin .
carben icil lin . gentamicin.

6. Serrotsa species Gen ta micin Kanamvdn,  chioramp henicol.
7. Akaligenesjaecalis Chloramp henicol or tetracyc- Penicillin G.

line
8. Salmonella Lyphi Chlora mphenico l Ar ~ pic ilii n . cep hato thin.

- :  9. Hasmop h ilus species
a. H. inj luenzae Ampiciltin Tetr ac~ d i ne , cep halothin.
b. H. ducreyi Tetracycline Sulfonamides, strept omycin.

I I .  Microaero p hil i c bacteria
A. Gram-positive cocci

I . Streptoc occi
a. Hemol ytic Penicillin G Ampicit l in. tetracycline.

chloramp henic ol.
b. Nonhemol yti c Penicillin G Amp icitlin . tetracycline.

chioramp henicot.

l i t .  Anaerobic bacteria
A. Gram-positive cocci

I . Streptococus species Penicillin G Amp icillin . tetracycline.
- chloramp henicol.

‘NATo Hamibook , E~ ergovy War Surg.~y : hr,t Un~ed 55*, Rn~u,a~, rmrrg~rn~ War Surg~r, - m975 p p  125—131 
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TABLE 11. —Suggested Choices of Antimicrobial Agents (Continued)
Infect ing microorganism Agent of first choice Alternative agents

UI. Anaerob ic bacteria (Continued)
B. Gram-positive bacilli

I .  Ctosf ri ~~um speclt s
a. C. p erfn ngens Pe nicillin C and tetracycline Cep halot hin . erythromycin.
b. C. nozryi Penicillin G l etrac ycline . cep halothi n.
c. C. histolitkum Penicillin C [etracycline, cep halothin.
d. C. septwum Pen icillin C Tetracycline . cephalothin.
e. C. sordelli Penicillin C Tetrac ycline . cephalot h in.
1. F. sp orogenes Pen icillin G tetrac ycline . cep haloth in.
g. C. getani Penicil lin C Tetrac ycline . cepha lothi n.

C. f tacter oides species Tetracycline with sulfadia zine Chloramp henicol , Vib ra inycin.

I V. Miscetl aneous
I .  Aclinomyces bovis Penicillin C Sulfadia rm ne.
2. Nocar dia sp ecies Sulfadiazine Pen icillin G.
S. Fusob acterium fus ifo rme Pe n icillin Tetracycline . ery t hr omycir s.
4. Catymmatobacteriu,n gronulomatis Tetracycline Streptomvcin.

cise localization and surgical removal of these re- Lion was performed in 8.85% of patients in the
tam ed missiles or fragments were difficult and MFCS (Table 12). As would be expected, the
were ordinarily not recommended. Usuall y the highest incidence (12.79%) was in those patients
retained fragments presented no significant im- with avulsive damage that subsequentl y required
pediment to resolution of infection , healing, or bone grafting (group I) since they had received
function. Ill-advised surgwal exploration for  elusive the most severe and extensive injuries.
embedded fra gments in the maxillofacial area was non-
p roductive, and caused unnecessary surgical insult TABLE 12. —Incidence of Neck Exploration of MFCS
while taking valuable operating room time. Attention Patients at Time of Earl y Wound Care
to the effects of the wounding agent and their. . Group Neck explored Percentrepair was far more important than recovery of — ______________ ___________

thespent missile. A dictum for these cases that has 1 (N 86) I i  12 .79

been passed down and remains valid is “a bullet 
~ =ceases to cause damage whet -i it ceases to move” 

~v (N = 32) 2 6:25(Shira, 1972). v (N = 7) o o.oo
Total (N = 192) 17 8.85

Neck Exploration

However , in those situations in which a missile HARD ‘l ISSUE
had damnaged the maxillofacial area and pene-
trated or come to rest in a region where vascular Princi ples
or other vital tissues were present, such as the
cranium or neck, it was desirable that the region In a word , the basic princi ple guiding the surgi-
be surgicall y explored to assess and repair dam- cal care of hard tissues was conservation. Avulsed
age to vital structures and to prevent the develop- teeth were lifted from the wound surface , but
ment of later complications such as vascular mal- teeth contained within comminuted bone frag-
formations or neurologic deficits (Figures 33 and ments were given the opportunity to survive so
34) (Jones et al., 1967; Fitchett et al., 1969; Ash- they could be used for fixation or to preserve the
worth et al., 1971; Mclnnis et al., 1975; Arpin and integrity of major osseous fragments. Removal of
Downs, 1975; Rich, 1976). Surgical neck explora- root fragments from loose bone segments was not
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SC(()i1(l~i i \  f i d ( t U i C S  %% cFc olt cu l) 10(lt It 1( l ai iol it
.. ~vas also ilc(CSSdr\ to sti ii ) I f l U (( ) l ) c i 1() St C al  a~—

‘ ‘ 
t a (h t l 3 c i It S  thus  dcpri vi i ig th e 1ragI11cnt ~ of thei r

‘ 
..
. .. 1)100(1 supp ly . It was best to r etain and pe riooli—

(a ll% evaluate these t oot fi’a g incii t s  and , if i tc y es—
,
.,5 sarv , re m ov e the m -1—43 weeks later al ter  the 1~oiie

had consolidated. At that  t ime,  beca use oF
periodontal membrane thickening and granula-
tion t iSSUe  proliferation about the roots . the
technical procedure was easier and jeo pardy to -

the major f r agmen t s  was reduced. l ’he preser~e l
alveolar bone was use fu l  at a later date to SUpp ort

— 
. prosthet ic app liances or as an under ly ing base h r

secondary sof t  tissue r econstructive proce (Iures
such as vest ibulop last~The cons ervation f bone and so/I t i s sue  cannot be
overemp hasized. If ’ a toot h was to he remth ve(l . care

I 

was takem i not to (l iSp lace or f rac ture  the  bone
f ragmen t s  oi’ tear the  soft tissue. When sut t i r ing

- 

- 4 the gingiva and mucop eriostea) t i s sue s . eve r~ at—
tet upt was made to ensui-e tha t  all bone was coy—
cI’e(l with mucosa.

Loose ~III ( l  s(~tt t ere ( l bone p articles . an( I espe—
dalls those wh ich ssere soiled or (I ii’ t v , ss e m e  ie—— — moved althoug h these fragment s  had usual l y

1 been llt INile ( l iron) ti le WOLI 11(1 at th e  t ime of h —

drodvi mamic debr idement.  Osseous f r a gm e n t s
w ith soft tissue a t t achment  tha t  were considered

—~~~~~~ t ~~ . to have a chance li)r survival  were retained anda restored as near as possible to correct allah inu c
position .

— “~~~~~ Mandibular Injuries

Man ( libul ar inj u r i e s  Wei’e a( 1(lressed first , be—
cause in u t i l i z ing  the  princi ple of bo t tom—u p re-
pair fir mul t i ple facial skeletal injuries the man—
(lihle was the f iun dat ion.  If closed comminut ed
fractures existed t h e y  were lreated liv dosed
methods of’ reduction. The fragments were
molded into t i- ic best possible position b~ di gital
pressure aIi (l main ta ined  b~- external  pressure
dressing and appropriate f ixat ion (Case report
07). If the comni inuted fractttres were open as
a result of ’ so ft  t issue laceration or avulsion
t hey were managed wi th  very conservativ e di—
red r edtt cti on. Extensi v e ope n reduction of

F igu re 3 3 .— Upp er and Middle i l’&iieii.iliiig high ~el.n its nii ’...i lc comminuted frac t tmi’e s b~- mul t i ple (lirect wi r ing
wound of ihe t ig ht (heek in .111 l$.s-r.ii .old . i%iial i ~ I he i r  i~ est en- or p la t ing  resulted in tl ev itali zat lO ll of bone
sive suel l i i i g  of th e  neck and t h e  i s s u i . ~~~~ ~ ‘r I ’. in g he ni. indi h le .  . .

Loweri ~~~~~~~~~~~~ of pat ient  I week p.isi in iu u  sl iouing t h e  Ileal . f ragments  as a i’esult of so ft  tissue strippi ng
ing incision line for neck exp lorat ion. t h at occurre(l dur ing  the placement of wires ts r

_ 
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TABLE 13.—Da ily Dosage and Routes of Administration of Antimicrobial Agents*
I Adult or maxi-

Drug Oral dose Intramuscular dose Intra venous dose mum dose per day

Cep h aloihin 40-80 mg/k g in 40-80 mg/kg in 12.0 g
(K etl in) 4 doses 4-6 doses

Chloramph enicol 50-1(X) mg/k g in 50-i O O mg/k g in 3.4 Child: 3.0 g
(Chloromycetin succinate) 4 doses doses ( t O ’ 7~ solution) Adult: 4 .0 g

Colistin 6-8 mg/k g in 3 1.5-5. 0 mg/k g in 300 mg
(Cols .~ 1st - in)  doses (5 mg/ mI) 2-4 doses

Er s-throm ycins 30-50 mg/kg in 10-20 mg/k g in 40-50 mg/kg in Oral: 2.0 g
(Ervthr oc ii s) 4 doses 3-4 doses 4 doses t M.: 600 mg
(tlotvc in) I V.: 2.0-4.0 g
(Pediamycin)

Gentamicii sulfate 2-3 mg/k g in 3 5 mg/kg
(Garan iycin) doses (7 to 10 days)

Kanamycin 50 mg/k g in 15 mg/k g i n 15-S O mg/k g in 2-3 Oral: 4 .0-6.0 g
(Kantre x) 4 doses 2-4 doses doses (2.5 mg/mI ) 1.M.: 1.0- 1.5 g

I V .: l .O-l.5 g
Aerosol : l O g
Peritoneum: 0.5 g

Li ncomycin 30-50 mg/k g in 10-20 mg/k g in 10-20 mg/k g in Oral: 2.0 g - -
(Lincocin) 3-4 doses 2-3 doses 2-3 doses t M.: 1.2-1.8 g

1.V .: i .2-i. 8 g
Penicillin C 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/k g in units/kg i n uni ts  (in Se-

~4-l hr 4-6 doses 4-6 doses lected cases,
before meals 100 million units )

Semisynthetic pen icittins:
Ampici l hi n 50-200 mg/kg 100-300 mg/k g 100-300 mg/k g Oral: 4 .0 g

(Amcill) in 4 doses in 4 doses in 4-6 doses l .M.: 8-14 g
(Omni pen) I V .: 8-14 g
(Penbritin)
(Pol ycillin)
(Princi pen)

Methicill in 100-300 mg/k g 100-300 mg/k g 12.0 g
(Di m~~iIIi n-R T) in 4 doses in 4-6 doses
(Stap hci llin )

Oxacillin 50-100 mg/k g 50- 100 mg/k g 50- 100 mg/k g 6.0 g
- I (Pro stap hlin ) in 4 doses in 4 doses in 4-6 doses

(Resistopen)

Pol ymy x i n B 10-20 mg/k g 2.5 mg/k g 2.5 mg/k g i n 2-3 Oral: 400 mg
(Aecrosporin) in 4 doses in 4-6 doses doses (0. 4 mg/ mI t M.: 200 mg

in 5% dextrose I V .: 200 mg
in water for
end ocarditis)

Tetracycline 20-40 mg/k g 12 mg/kg 10-15 mg/k g in 2 Oral: 2.0 g
(Achromycin) in 4 doses in 2 doses doses ( 1.0 mg/mI) I V .: 2.0 g
(Pa nmycin) t .M.:  500 mg
(Pol ycyc line )
(Steclin)
(Sumycin )
( ret rac yii)
(Tetre x) 

_____________________ ___________________

NATO H.~n4book . E.uerg,,rey Wae Surgv~y Fnu ( n,ged Si,,I, , R,,,s,o,,.
Eniergen,~ S%’ar S..rg rr%. J9 73. pp 125.131.
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Figure 34.— Upper le f t )  I’osteroan ierior radiograp h shoss ing inj i i r s  i i i  the rigtii m.iiidibtiiar bods .ind ramus . a dispiac(’d
too t h. and a portion of the  responsible missile t ‘/ ip er rig ht )  Rig ht  l.iiei .11 i .idiogi ap ii shoss ing t i n  cnn re missile low iii the
neck as well as the to it h in a position on tsi de of t i le  ni.i iid hIt .~1uldb l i l t)  l’i slt’i i.i h U t  ii ir rad iogr.iph d.is pi ist ii eat ment
A d osed reduction of the maint ibulat  I i.n tore  5% .i~ .R omplicht d .iiid I lie net k ss is e\ ph t ied .  The n iissih is is iii it located
a l thoug h ma im essel repair was ac(01fl1)lished \ ii ,it ieirm pt is is  n i . i t le  i i i  i i  in,  ii  lit’ dis 1il,i ed i i i i i ih  s i t U  e l i  did l imi t  i n l et—
fere with f ra iiiie reeluct ioti and was not cot imti t i iei  ed diiiiiig 11cc k m ~ j m l i s i  ti s i t  \ t i s / / l  t ig h t )  t’i, s lt i,atitei mi t  t . m d i i m g i a p h
II weeks Ixist iniiirs . h it’ disp laced tomi th ss .ms i cmos-ed at .i t ile m m i i  i i i  ilit’. ~ i.i .iii , I i t  stihi ii.mii dibiil,ii .ippi mt _ic Ii

lntermaxi lla rv fixaiicii i t ies ii C s  had been ,-cm mmsed aod lie i ii l iii is is iii t h u g  nell \~ s~ iiij i i i i iii . i is ii. i~~s si t s  . i s ss , i  iii d
w ith  the  missile at t h i s  in te rva l and its ieotos .iI is is l u l l  . it t i  lhiliti’iI I ,  l i t  /, I I I  l’ s si c  I l i l t  Ii ‘I I , i l h l l l t ~ l ,i

~~
l t i  aS ii,,iiilis I , , I huss

itig inj mirs - . 1 he mandible ssiis well healed is t ilt t i m m i  ve il ss t i m n l e t t  I lie I l l I s s l h m  \ k - i  7 h ail lxi ii U i t i mn e i f  l i l t i l t I h5 .Il ~fl( 5.

t liesia I n u n  the I g u t  peis let immi ii t.m ig le mu tIn i i i  k is i t t  mi i i  t i m t ilt l it  I tim nit his I II is I il~ mi i i i i  i s  I’i t s i s i t ’ im i  iii iii islmmg i m
s s h i i ~ t ii i i i i s l i t i s l i u t l . l h i h s  i t  isnig f i im t i i  lii i m i t  s i t  i i  s ; i i i iu i i i  .i ~m ii i t i i pim m i i i  t i i mus . i l  m u liii niis’mile I , ’ , , ,  , m ~~iu, i lm .mi i ,.t.i i l i im oft , ’ -
gl.I~lIi it I Ig ili I l l i t l i llIlIt hit t t i i t t i t l i s  lmmil ,,s , nmg iui p i i t  S 

- - - -~~ _ _ _ _ _ _  —-—--- --~ - -~ - - -~~
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plates. In severely comminuted injuri es such ~neasures were taken to assure primary healing
osseous devital izat ion would most asstirechly oc— and thus the opportunit y for earl s- graft ing—re—
cum since the arterial blood supp ly to the bone sidual fragments were correctly ali gned and
was usually dism-upted and the soft tissue at- fixed , drainage was performed , and soft tissues
tachments to the fragments provided their on l~ (oral and flicial) were closed pr imari l~ (Fi gure
blood supp ly . Cotup licating the survival of 38).
osseous fragmetu s was the fact that because Allop lastic imp lant materials to restore discon-
of the contaminated nature of’ these wounds the t inuity (e.g., metallic , plastic) were contraindi-
retained devitalized f’ragments were prone to in-
fections , which accentuated the later loss of bony .

substance. Infection was exaggerated by the 
•

presence of injudiciousl y app lied internal metal ‘I
fixation (Fi gures 35 and 36). . 

.

When direct open reduction was accomp lished , 4
it was best performed with the smallest gauge
wire that would retain the fragments in apposi-

- - tion (26-32GA)—the object ive was to dii’ectlv re-
duce onl y a limited number of major fragments
that would positivel~’ assist restoration of con-
t inui t v  (Fi gure 37). In some instances the
damage to bone and the dentition was so severe ‘~~..‘i ‘~ ‘ .

that even with a conservative approach to de- 
• ‘

‘

bridement it was necessary to leave a discon-
tinuity defect. When this occurred , a future re-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 31,.— ‘pp. I ma l imit  .1 t t t im ~ radii igi .ip h shu ts I t ig .i tin tal plate
t hat was pl.o ed 1m m reduce a fracture-avulsion of t l i ,  t i g ht mandible

F igu re 35 —Panoramic radiograph th at shows multiple w ires that resulting fr m mm a hig h vele mi m l ’ , missile . M i d d l e)  Pl ate IMP ) that be-
were placed at the time of treatment of a fra gmentation wound to came exposed tn the oral cavi t y hO dais fohlemss ing t reattne’nl The
effect reduction of commit it ited mandibular fragments. t h e  (I t ” wound was gr umsslv inlet tc-d ati d i t  was neeessars I i ,  ru tumise the pIa*~
s it a lu,ed m mswmnIs fragments iii t t m m -  region I rum the eu im al ramims to and the w ren that  were w- miring mt iii tht is t im e l4mtu’fr i Plau’ and
the m m  is p m ml t u a ml It I #22,  were simbsvm 1 muc itth’ , si, muig hc’d .i imd u delirid ed ~ rew s a lter rem, ms al fri mm w miund
f ri mni t im , -  w m mu iid ms a i t-st i l l  of 

~~ 
Islsl,’ nl in f m - u  t i m iii

-a -
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‘ 
— , Sm, “ .~~, - - - ( i t te ( l  i l l  thes e ( O I I t ~l I f l i I I d t e ( l  ~\ O t I I m ( l s  l )C (dt l ’st ’ t i l cI,

~~~,‘- - 
-~ - it i~- at - i.tl  )l \ ( t  ) I i t i i l ) t t t ( ’ ( l  t ( I the (ICVCI ( )~) t h em t t  ( i i

~\ OtI I1 ( l  i l i f e ( t i o ! I  ~t h id  Ie 9 t l i mC ( l  I C I u i o V ~f l . tt  a 5 ( 1 1 ) —

T se lit I e l it  i I i t t ’ I \  al to  ( u l m u c i l  t i m e  ex l e l l t  ~I I i ( l  st’ s em it~
i ) f  t h e  i m m f e t i o l l  as well as l i me  a s s im ej a t e d  ( 1 s s( ’ i ) I I s

( lest I’LIc t  iou ( l’~gt m m e  39: ( .ast ’ m e l ) O t l  08)
.-~ l tho t i i ,~lt t h is s ’  h u l l  ts cu t i c e l l t t ’ ( l  w i t h  b a ld

‘ tiss ue I i l a I i a t ~eI11 ( ’ I f I  , .1 ~s t ) I ( l  III u st be salt t  concern—
_ ung t I - ea t t i m e l m l  I ) !  la( el~ t t i o I i 5  55 I t i l i t i  t i m e  ( le l l ta l

arches. l~e lu i l e  I lie ( l e l I u m i l  R e  I e( l tm ct io I i  ~t I i ( l  f I x a—

t. fbI  of h u e  skelet al i l i p t l l I e s  ~% ( ‘ t  e (0l1 m 1) l e te ( f . l ac—
of l i m e  l ( ) t l g tme . floor ci i  I m i o t i t i l . l i t m g u a l

111(1( 4 isa anti ~ t m Igi sa .  anti  pliar ~ 11\ were cit )se(l
— l)ecat ls ( ’  ~t t t c I m m l ) l s  to  gau l ~U ( ess to the se ’ t l s s l l m .’s at a

lat ci i t i t e m s ,ti r e su l t ed  i l l  ( l e s t a i ) i l i / , I t i OI i  of t i m e
red tmced skeletal I iac~ (I l - e s .

Midfacia l Injuries

Maxilla. I i i  keeping ss i t lm  the  p m i l ci l lc of wom k—
ing upward oii t i me  facial  skeleton , t he next  un i t  to
be coIm sI ( lem ’ed Was the  fltt ’j Xi ll(J ( if l ( l  a 5 s h ( U If ( (l bones.
As I l i e l i t i om ie d p me s ioU sls , the classical 1_c Fort
p i t t e r m m s  of mi ( l f i tc ia l  ill j u m v  ~s crc not seen as o f t en

• as direct mtss i lc  damage. Regai’dk’ss of the  t yp e  of
inj u l’v the  tm ’eatm ncnt  was guided l)~ tw o consider—
at io lm s:  1) re duction <?f displaced / r a g tnenls n i/h
Oft /usa! re /a/#mmus h ip s as (li e guide , 2) ,mmoln lizalton o/
th~ l i e / Ui iii / ? m l LrflhmuittS between (he fixed platte o/ occlu—
s lot? ( l i / i l  III .’ iF / m i s t  c/ a ble sup er ior point on (he b eta!
.ckelelon. \ l t ’ l  Rods of achieving these oh jec t i~ t’s
varied according to the  5C’s C i i t  of the  in JUI ’V.
Dim ’ect w i l l  iig of f ’m ’ agm im e lm t s ss as Clii  p loved on Is
with large m’ ea dilv act cssil) le f i ’ agm etl t s  tha t
needed to he directl y fixed to I i id i l i t a ! I i  the
skeletal in tegr i t y  of the  t i ) id f acc.  \~ h eIm I.e Fort—
Is 

~~ 
fractures existed th e~ WC1 ’C m’ed t t t cd  sia  the

* usual  appm ’oache s descmi ix ’d in the l i t cr a t  t i i-c
t i  )i i ign ia im an(i Nat ’s i g. 1 964: R ~we ~tI1d Ki lie ’s
1970[gl’ .

I f l j t l m i ( ’ s  to the  hii ~fX i l l am’s a i i t  m a  \Vt .’ i t .’ r(’1)~t iF e(l
dii’ectl~ uni v if the  wound ss a~ op emi or ther e ~s a’s a
need tom ’ suppom’t of oilier facial  l ractui ’es om i t t i ~

t ml of ’ hcn iorm ’hage by a mit m’al pa cking (1’ t g —
l igu,,’ i7,— t  / ./ t m ‘ I  I’m i s t e t m m . i i i lm ’t m i mt  u m d i m m g t . u j m l i  s f i m m t s - t i m g  sc ’se iu  Is t I l e 40). II  at a ll  pt)s sii) lC . it ‘5 .ls best to h eat
m m m t t l f l l i f l l l t t ’ m h  l i i i  t u t u ’  mm f liii’ i t i . u i i m i i hh m in .i I s m ’ , , t . m m h m l  m .isu.ults “ h i t ’  

~ h act t lres thm’OtIg ii iht ’ ~hIi lmt I l i l  b~ clos ’t l miit ’ t iim icfs .
s i mst . i i i i , eI ,t t i .m g im im m u i . m l m m m i i  s s m m m t i i m l  I im m ’ m m ms m l i ’ . j m l  ut ut mm tim m i him — ‘ -

t t .m g t im mu t i s  is wi ll is ms t i h s i m m i i ’ t l  fw m mt t ’  . i i t f i i ,  i / ,, , l m , , s t m t ’ , ,m i i  Zygomatzcomaxilla~~’ and Orbit. \~ o t tun ls In ilw
im- t m o i  u ,me l t ’ . ’ m  1 mlm Ill m I . m ss  1 m m ’ ’. j t t m , m i t t i t lmi h i  ,, , ‘ s s m , m i i s  iui ~m m t s ss,us \- L,r im p p f i l ( 1 (  t t ,p t i i ~,l lai~ i / lu ll  I. , ft lst l t m m l I h t i l l f u t h l f u m t l  .111(1
t i i . i m m tf Ims ,himu ’ m t l s  m m i . thuh m u m g t h u  mhts ~m I. i m m i f t i . i g i i t m  iii ’ m m m l ’ ’  m 1 u u m I m m S l -  

i I ,f ( 1 ( 11  ~
. I l l_ i l  II t ’ ( I t u ( ’ t f i i s  I l lS iu l ~t’ l ih i t  I5 I I) I I

i imat m hs t i , m  i t  u mm i mmm.mI IM S1 1 1 h 1 1 I  .,im,i 1t t , i i  s h I lL m l i i i  ‘ui_ i l 51 m h mm l m is  s. i mf i
-,r i~’Im s s u m -  f In  i m i mm i m il ul ?t mm . m t , s  ‘ ‘ I  t m ’ , . I I t , . I ~ H.,’ I,s m l ul m m t l l m % m l l . u i s  \ l ’ i i i m m , l . m m m i t t t . l h i l t t  I l l  f m m t  t t i p i i t  t t s  m i t  th t s  I s $ n

l , s m t m m t,  u s m u ) ,  mo le im. , ,s  5 .11 l t d . h u t  ss h i t t t  i l i t -  / S ( _ i t I l l t u i . m ’ ,,lll a . ml i i i  ill

Ii, u mi n u  t e  Ii itt t i t  t’t I ‘iv: - i u, ,~fl t f  t ; ’ ,~~ t ,. m e ii i t t
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F igure 38.— Upper le f t)  Right oblique radiograph showing severe comminuiion of mandibular body as a result of a fragmen-
tat ion wound. Upper righl) A ppearance 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 floss . Treatment consisted of extensive debridement of the
mandible with irrigation of Ixine and teeth from the wound that produced a discontinuit~ defect in the midbods Middle
lef t)  Pannratnft radiograph I motith }x si treatment. l’he discont inuit delect that resulted from the sevet v wound is cvi—
dent Ihe wound h a s  healed ci nevent i iii I .  as a result of I he adequate but in th is case not gr ss. debridenieii t - l lie I rag—
ment s are f ixed iii stable , con -cc t aligtimeiit h~ u,iicrniaxi llarv fixation. Middle nght) Photograph of disc ontiiiuitv defect at
t ime of bone graft operation 3 mou ths post injury . Ihe proximal (P) and distal (D) fragments ale iii c x  e l k- i t t  posi—
lion for graft ing. 1he salt tis sues are supple and ssell s~iscii lanieed t iter uncomp licated healing. Lower l~fI) Panoramic
radiograp h of right maiidihic showing succes sful regetlerat ion of hone at the site ol l’( M grafting I 2 no nibs alter the
gra f t  operation. Loiter right) (;linic a) photograph of occ lus ion and right alveolar ridge 49 months post it i~u i i s - and 46 months
pos u grafting. -t i  t hus inter v al .i prosthesis was being ssorn b~ the patient and the radiographic appearance ol the gra f t area
was unc hat iged from that seen at the 12-month interval.

____ -.
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~~~ contaminated nature of these wounds the im-
plant insertion was best deferred unti l  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 li gaments were intact ,

- this approach usuall y gave adequate support
until an orbital imp lant could be performed (Ca.
14 days) at an intermediate or late care facility.
Timing of secondary orbita l floor surgery was
effected by ophthalmologic as well as logistic con-
siderations (Figure 40).

If the wound was not directl y open to the sinus
a CaIdwell-Luc approach was used to enter the
antrum. Blood clots and debris were removed

- 
-5. and an antral pack placed to support the orbital

floor after orbital fat was gentl y 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 nasoantra l 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

pat ient was followed by him during hosp italization
. i’ ” (CINC PAC , 197 1 [c]; Converse 1974 [dl) .

Naso-Orbita l-Ethmoidal Compl ex. Naso-orbi-
tal-ethmoidal injuries were not common andFigure 39.—Upper) A ppearance o f ora l wound 3 days followin g

treatment for a high velocity missile injury of the orofa cial area. An when they existed were managed with the same
allop lastic implant that had been fabricated with heavy Kirschner principles that app lied to injuries resulting from
w ires and acry lic was placed in the wound to brid ge a discontinuit y blunt trauma (Converse and Smith , 1963: Rowedefect of the symp hysis. There is dehiscence of the infected wound
and exposure of the imp lant. Lower) A ppearance of implant follow- and Killey, 1 970[h]; Converse, 1 974[e]). The es-
ing its removal. The fragments w ere sat isfactor ily maintained in po- sentia l feature of the treatment of these injuries
s it io n by intermaxillary fixation followin g imp lant removal after was to maintain the morphologic and dimen-which the infection resolved , allowin g healing to progress in an un-
comp licated manner. A bone graft was subsequentl y placed to re- sional integrity of the interorbital anatomy , rely-
store t he discontinuity defect (see Case report 08). ing on open procedures if there was any doubt

concerning the adequacy of reduction (Fi gure
indicated. The orbital floor could be examined 40). These inj uries were best managed in colla-
through the maxillary sinus to determine the boration with an appropriate specialty consultant
presence of fracture , collapse of the orbital floor , when available. When cranial damage was p1-es-
and/or herniation of orbital contents into the an- ent in association with such injuries neurosurgical
trum. When the floor was depressed without es- management was mandatory .
cape of orbital fat , packing the maxillary sinus
usuall y provided adequate support until the bone Stabilization of Fractures
fragments became consolidated. In those in-
stances where orbital contents extruded through Intermaxiliwy and Skeletal Fixa tion. Iii most
the orbital floor and fat was visualized in the instances stabilization of the reduced fractures
antral roof the need for an orbital floor imp lant was accomplished wi th  intermaxi llary fixation
was recognized , althoug h because of the highl y alone. If there were fragments of the mandible
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Figure 40 — Upp er l i/ i)  A ppearance of 2 I-year-old casualts who sustained a missile sound to the face In addition to the left
cheek Lu erat ion, t he facial skek’tott was iractu red in a I.e Fort II 

~~~ 
tenii .i ad t luc re ss is .is ulsion of dental .ind osseou s

tissues I uom the .luuuerior m,txill.u I ppet rig ht)  Intraoperau ise photograph shiosu tug exte nt of lace’ iat ion .ind utideils utig t i s-
sue c lauui .ug e MiddI~ l~/ r  I l i t  iui.ixull. ii s i s . i l l t , u i  li.ud beeti c’si,ihuislied til t ui~t uio i,,ii ssiih 1 t i C ion/s gtttul.utic stispeutsiot i sir-
ing \.is,i.i’l b i t t )  f t o  l i i i .  h u h  1st ii t ue at t ’ if  ,i o u t ’  ii d to t u t u  ‘ihddl, tig h t)  \ ppt .u u.Iilt r of p. tu itt i t t  itt iup leticin of opera—
u s .  treaumeul t I ~ut t i  .itio uis had lx c i i  Itised ,tiud the suls lueuis iou i us iues usc i i  teads lot a t t i c  i i nl ( ’uui Both of if ic’ iii.txill.ius
s iu i u i sc s sserc’ p.o ted suth g u i / c  t hat s s . is 1 ‘. i t t  i f s i t  1,15 ,1) .luitnostotulies Although f u . uc t u t e s  sse u e uuot c ’d iuu tiut ’ oihutal floor .it
t he time iii .uuiu r .uf c’xariu in.tuioui . gross ego ss of it Iiii,tl i i u i t t ’ u u t s  It,icl not 0cc uirred thus to hut.tl f l o t tu imp la nts se t  u i  pl.ic ed
unti l thc’ pau ic ’uu i it i i s i u l  it .1 l.uuc ’ i ii, f i t  h i s  i_ outer h i t )  0cc htis ion auid fixed deitt .ul 1>0 5110 s us 87 moult Ii’. lut ist ii ij(l i i_ ott-er
right) Appear.itu c’ of p.ituenu ‘

~ I l u i l i l u u ) i s  J s ts t  u u t j i u u  l’.ic i . t )  ss n it tue tu ss ts  c si l) i lit .uiid t h e  s u t i s i s t  lacel at uo ut uu f the’ left
cheek had healed with mi utim a l ss , uI  t u o g  s is i tu l i  .li thai tune ss. t s sithin normal limits 

-~ 
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that could not be controlled by int ermaxillary crush injuries was rarely used for the early p r i mary
fixation because they were edentulous or had treatment of these injuries. It is recognized that this
been rendered edentulous by the injury (e.g., method of fixation is indicated in cases of massive
proximal body-ramus segment) external midfacial avulsion or comminution ,where ptery-
skeletal-pin fixation was recommended for appli- goid-maxillary integrity has been violated.
cation at the appropriate interval post injury.
These devices were not routinely used for earl y Analysis of Fracture Reduction in MFCS Cases
primary care because of general lack of availabil-
ity and the fear that , if placed , they would fail Mandibular fracture reduction at the time of
because of the increased risk of infection as- early care in the MFCS cases was accomplished by
sociated with introduction of allop lastic materials open means in 43.48% of cases and closed means
at this interval .If external skeletal fixation was to in 50.3 1% (Table 14). Group I patients were
be used at the time of early care , it was best treated more frequently by closed (55.95%) than
employed where the logistics were such that it was by open (4 1.67%) methods. This does not imp l y
possible to have continuous control over the pa- that open osseous wounds were not treated , but
tient for at least 14-15 days in order to carefull y rather that it was not the practice to directly wire
monitor the wounds and fixation devices for the the fragments in avulsive injuries. After the value
presence of infection. A discussion of the control of conservative reduction in conjunction with
of edentulous fragments by skeletal fixation will stable fixation became fully appreciated , aggres-
be presented later in the text. sive or inappropriate open reduction procedures

Splints. Splints were not recommended for were seldom attempted.
earl y treatment since their construction was time Open reduction of midfacial fractures was
consuming in the exigencies of combat casualty necessary in onl y 6.83%of patients whereas closed
treatment and they were invariabl y associated reduction was required in 14.91%. in some in-
with lessened oral h ygiene and thus created a stances the severity of other injuries precluded
greater risk of infection and wound breakdown. definitive early reduction , thus in 5.59% of pa-
Adjustments, that are always necessary with sur- tients with fractures no earl y reduction was ac-
gical splints , were difficult to accomplish in the complished.
postinjury period because of swelling and pain ,
thus the splints became ill-fitting and detracted SOFT TISSUE
from , rather than assisted treatment.

Suspension Wiring. If midfacial stability could Princi ples of Primary and Secondary Closure
not be maintained without control of the mandi-
ble , suspension wires from the most appropriate Soft tissue orofacial wounds were sutured as
stable point on the facial skeleton above the level soon as possible after injury since p rimary repa ir
of the fracture were placed by standard methods and healing were the goaLs of treatment in contrast to
(Adams, 1942; Rowe and Killey, 1970[i]). wounds in other locations (i.e., extremities) where

Head Fra sne Fixa tion. External skeletal f ixation conditions for primary healing were not as favor-
(crania lframe ,) for stabilization of severe midfacial able (NATO , 1975[d]). The period following in-

TABLE 14.—Incidence of Open, Closed, and No Reductwn for  Mandibular and Midfacial Fractures
for Groups !, 1!, III, and IV Patien ts Dur ing the Early Phase of  Management 

____________

Mandible Midface NC) earlyGroup
Open Closed Open Closed reduction

I (N = 84) 35(41.67J * 47(55.95) 3103.571 iS(i7.86) 2102.38)
ii (N = 32) 12(37.50) i7 [53.i3 ] 6(18.751 2(06.251 3(09.38)
III (N = 20) 8(40.00] 10(50.00) 1(05.00) 3115.001 2(l000)
IV (N = 25) 5[60.00] 7(28.00) 1(16.00] 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 bracket, equal petrenuage of N
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jur y during which primary suturing of facial In the face there was a greater chance of surv i-
wounds was considered permissible depended on val for flaps of partiall y avulsed tissues that were
the type of wound and the jud gment of the sur- attached onl y by narrow pedicles. The decision to
geon. Althoug h primary suturing was best per- maintain such flaps was a difficult one and de-
formed during the first 4 hours after injury , the pended on the surgical jud gment of the clinician.
rich vascularizaion of the facial tissues permitted If the flap assumed a deep cyanotic color it was
successful pr imary closure of uncomp licated lac- usuall y an indication that the pedicle, although
erations as late as 24 hours after injury , suffi cientl y wide to allow passage of’ arterial

If many hours had elapsed since injury and the blood , was too narrow to permit adequate venous
open wounds were extensive and badl y contused return and sustained viability of the flap was un-
with clinical evidence of infection such as rapid likel y. If the cyanotic tinge was less accentuated or
swelling, erythema , or even sepsis , the closure was if digital pressure on the flap caused blanching
best delayed until the wound surface was pre- followed by rapid return to color , the efficiency of
pared for closure and infection brought under the dermal vessels was considered adequate for
control. Suturing of infiammed and edematous nourishment and the chances of survival were
wounds rarel y produced satisfactory results. good (Peacock , 1971[b]).
Preparation of a wound for delayed closure usu- Although these missile wounds resulted in dis-
all y took about 2—10 days and included cleansing organization of the tissues and a great amount of
of the wound , moist dressings , maintainance of tissue damage, the true loss of tissue was often not
free drainage , immobilization of tissues with as extensive as it appeared. The damage was in
gentle but firm pressure dressings, and systemic effect more apparent 1/ia n real. The exaggerated
antibiotic therapy. During the period of prepara- size of the wounds was due to factors which in-
tion health y, pink granulation tissue proliferated cluded retraction of the borders of the wound by
in the wound as a sign of satisfactory progress. contraction of the severed muscles, elasticity of
Quantita tive bacterio logic assessment of biopsied the surrounding skin , local inflammation and
tissue from contaminated wounds , although not edema , the weight of detached soft tissue flaps ,
widely used in the treatment of orof acia l wounds and displacement of bone fragments. Perhaps the
in Vietnam , has reportedly been successful for most important aspect of soft tissue managem ent
establishing the timing of delayed wound repair was determining the actual extent of tissue loss
and should be considered in the management and planning the type of closure that would be
of these types of problems (Robson et al., 1973; required; primary closure was performed when-
Krizek and Robson , 1975). ever possible. This was accomplished by the

If the patient was first seen several days after trial and error positioning of tissue flaps over the
injury and healing was well advanced but the underl ying rep aired skeleta l structures. Known
tissues distorted , which was often the case with anatomic landmarks such as the vermilion border
civilian casualties, it was preferable to permit of the li p were used as starting points for putt in g
spontaneous healing and anticipate secondary the puzzle back together (Figures 41 and 42 , Case
repair. report 09).

When a small or moderate amount of tissue
Wound Closure had been lost , onl y the undermining of skin edges

was necessary to permit suture closure. If this was
Suturing and Local Flaps. Ragged , badly con- not possible, a small rotation or transp ositional flap

tused wound margins were excised to provide a was used to flU the defect although these were
clean smooth surface for closure. In the richl y reserved for ideal conditions. Free split-thickness
vascular orofacial region it was possible to be skin graf i dressings were occasionally app lied to
more sp aring in the excision of damaged tissues than areas whenever the defect was too large to be
would be the case in extremity wounds. The skin closed by direct approximation or local flaps. The
was undermined to permit approximation of skin grafts provided a temporary dressing for the
wound edges without tension. Fine subcuticular wound until  later reconstructive procedures
sutures were used to eliminate dead space, ap- could be performed. When there was loss of ex-
proximate the base of the dermis , and relieve tensive full-thickness tissue around the oral cavity
tension on wound edges and sutures. and closure was impossible , it was necessary to
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Figure 41 —Upp er left and right) Appearance of 19-year-old casual,~ ss ho sustained a htg h se locu t~ mts su le wound t o t  he I. tsse u
face and neck. There is evidence of tissue avulsion sufficient to possibly preclude primary closure of the wound. Middle Ic/ f)
Posteroanterior radiograph showing extent of osseous inj ury to the anterior mandible. Middle right) Primary wound closure
immediately before the placement of a pressure dressing. Irregular and obv iously devitali,ed uissue along uhe wound mar-
gins had been sharp ly incised and the cutaneous flaps undermi uted and ads tm-ed uo permit primaus closure Drainage had
been effected through the inferior pok Cut the Iaceraui,tn at uhe right side of uhe neck. 1_ ooer Ic/ F) Panoramic raditugrap h I
mont h post inju ry showing extenu of osset us avulsioti at mandibular S% nuphysis Arc h bars had been reunosed auid uhe
radiograp h taken belit re construction of a mandibu lau- lingual sp l iu t u uha u was used uo p side mt uuoau-ch stahili,atitm uuuti l
conso lidation occurred. Lower right) Panoramic radiograph 86 months pctsu injury a ud  66 nuttnuhs ftu l luut t  ing tx uue grafting
to t he mandibular symphysis. The graft had been performed for cosmetic augmentation and uo strengthen the sv m p h~sis
region. (Continued in Figure 42)
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accept the fact of a deficit and su ture  inuwsa to
skin to minimize scam- contraction.  Fh is ty pe  of
closure suff iced unt i l  a latci- i c ( o l l s t ru c t ive  p~’~ —
cedu re COU Id be performed. I’h is procedure is
Consistent w i th  the l)riimci l) le of providing aim
inuet - mucosal l in ing as well as an outer skin t-oV—
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 usuall y resulted from one or more (I f the
following causes: lack of drainage for wounds in
which there had been extensive tissue dissection ,
inadequate im m obilization of’ the wound by pres —

- 
, sure dressing, fai lure to properly immobilize the

- jaws , and fai lure to properl y close the oral mucosa
thus exposing the facial wound to contaminati on
by oral fluids. Addit ional l y , secondary manipula -

/  non of inadequately red uced fractures caused
dehiscense of primary facial and oral wound do-— ~ sures. As stated previously , reduction and ip n ,nobj lj -
za tion of f~tcial fractures before priniar~ wound
1-epair were consid ered 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 Killev , 1 970(j]: Cur t in .

- 1973; Converse , 1974[f]).

/ I SPECIALIZED TISSUES

rT Salivar y Gland

Parotid. Whenever a d eep injur y of the cheek
or preauricular area was present the wound was

* 

: 
,
. carefull y examined for possible injury to the

— pa rotid gland or duct as well as the facia l nerve. I t  was
sometimes possible to see the cut ends of the duct
at the time of initial inspection of the wound. The
proximal segment was identif ied by the presence
of salivary flow which if not evident could be
elicited by pressure over the gland. I f int egr i tv of
the duct was questionable , a small polyethylene

\ . catheter (no. 2 or 4) was introduced into the
mucosal O StiUlil and threaded proxi m ally to de—

. terniine if it passed directly into the tr land orFigure 42. Cont:nualwn of Ftgure 4l—Up,~ r~e Oc-dusal radtograph
that illustrates a residual bone fragment that at one time ss-as part of entered the wound via a disrupte d section of
the lingual ntrut-x t t f  the mandible. The fragment was drawn lingu. duct. Arm isolated tear or comp lete disruption of
all y hv the genial rnusctulature at the tim e of infury and healed in thau the dt ict was repaired with polyethylene catheter
position ss- uthot it incident. Muddle and Loner) Appearance of pattern .

86 months post inj t l rs .  in the lumen to act as a support stent. When it was

~ 

- -  -
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not possible to locate the proximal duct , the monofilament sutures were placed on the cut
drainage tube was exited from the distal duct or nerve ends to facilitate location at the time of later
directl y through the mucosa into the oral cavity to repair. If the facial nerve damage was diagnosed
initiate development of an intraoral salivary as intratemporal , the treatment was deferred
fistula and thus prevent accumulation of saliva in until the neurologic status of the patient permit-
the wound. The p rinciple objective when treating ted appropriate specialized surgical care and
this type of wound was to guide draina ge of saliva facilities were avaIlable.
into the oral cavity and thus prevent formation of a
salivary-cutaneous f istula (Kruger , 1 968[cJ; Osbon ,
1969; Converse, 1 974[g]). Secondary manage- Ophthalmologic Injur ies
ment of parotid salivary complications will be dis- Injuries to the eye and orbit were routinel ycussed in the late care chapter. managed in conjunction with an ophthalmologist.Submaxillary. If the submaxillary salivary ap- Penetrating injuries to the eye and hyphema wereparatus was damaged in extensive open injuries recognized at the time of initial examination andto the floo r of mbuth or neck it was best to excise treaued definitivel y by an ophthalmologist (p.the gland rather than attempt to deal with salivary 60). There are certain ophthalmologic princi plessecretions since the procedure was technicall y less
difficult than parotidectomy and usuall y was as- concerning other injuries to the eye that were

p
sociated with inconsequential morbidity. Re- emp loyed and that should be emphasized in this

text in order to provide the maxillofacial surgeonmoval of the gland eliminated the possibility of with a basic perspective for the treatment of in-postoperative salivary swelling in the tissues of jur ies to this area.the neck and later development of a salivary Lacerations of the lid which exposed the globefistula. If the duct could be easily identified and required earl y treatment. It was highl y importantrepaired in the anterior floor of the mouth , it was to provide cover of the globe to prevent desicca-acceptable to do this although a tedious time- tion of the corneal epithelium , which greatl y in-consuming procedure to correct a problem of this creased the risk of abrasion. The lid is an ex-nature was not warranted because it was not tremely viable structure and recovered well after —

commensurate with the overall objectives of sur- multi ple severe lacerations. Treatment usuall ygical treatment in an early care facility , consisted of suturing the lid with fine braidedPolyeth ylene catheter drainage of the submaxil- material as earl y as possible and covering anylary gland via the duct was not usually successful
and duct catheter drainage of the gland via the exposed area of the cornea with an ophthalmic

antibiotic ointment in a petrolatum base. The eyemucosa , such as in the parotid area , was not prac- was then covered with a dressing until it wastical since gravity prevented the free flow of saliva necessary to remove the sutures. While waiting toup into the mouth. repair the lid , exposed cornea was covered with
generous amounts of op hthalmic ointment and

Facial Nerve the eye was covered with a sterile dressing.
The most common injury to the cornea was

The same type of wounds that damaged the abrasion of the ep ithelium. This occurred follow-
parotid area affected the facial nerve. It was de- ing exposure when the lids were lacerated or dur-
sirable to ident~f y  severed major trunhs of the nerve and ing repair. To prevent and/or treat this injury the
rep a ir them bj suture app roxinzation at the time of cornea was kept moistened as described above. A
primary wound repair (Converse , 1974 [h]). my driatic agent was instilled to counteract spasm
Whenever possible this procedure was best per- of ciliary muscles , thus resting the eye.
formed under magnification by specialists famil- Lacerations of the conjunct iva not associated
j ar with microsurgery, and while it was time con- with penetrating wounds of the globe or exten-
suming it was of greater significance than salivary sive lacerations of the lid were not sutured , be-
duct repair and therefore higher on the list of cause in the absence of infection they healed
necessary surgical priorities. If the logistics of spontaneousl y without complication. If the con-
surgical care did not permit sufficient time for junctival laceration was deep and wide healing
definitive nerve repair, silver clips or colored was assisted by approximation of the edges with
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fine interrupted braided sutures. into the sac to allow end-to-end continuity to be
If the canal kuli of the nasolacri mal apparatus was maintained during the period of the repair and

severed accurate repair at the time of’ primary subsequent healing (Rowe and Killey , 1970[kJ;
closure was desirable. A ny lon filament or small CINC PAC , l97 l [a]; NATO , l975[a]) .
polyeth y lene tube was passed down the canaliculi

POSTSURGICAL CONSIDERATI ONS

INTRODUCTION SIGNIFICANT ASPECTS OF MANAGEMENT

Postsurgical management was an essential corn- Five sepa rate aspe cts of management were re-
ponent of the early care continuum. The postopera- lated to or occurred during the postoperative
tive course of the combat casualty was determined period and were most important in caring for the
by the effectiveness of surg ical wound repair , the casualty following the primary care of his
cumulative effect of concomitant injuries , and the wounds.
ph ysiologic response to injury. The postsurgical
period involved the interval between surgical
treatment and evacuation to the next level of Operative Considerations
care which in the cases studied was about 7 days Many of the casualties arrived at the earl y care
(Table 2, Chapter II.) facilities with a full or partiall y full stomach and it

As virtuall y all the patientc had been found was desirable to place a nasogostr ic tube in the
physically fit prior to combat , the postoperative more severe inj uries to evacuate stomach con-period was ordinaril y not complicated by exacer- tents and lessen the possibility of emesis. This wasbation of preexisting chronic disease such as a particularl y important consideration in the casemight be seen in a more heterogeneous popula- 

~~ maxillofacial patients since they were almostdon. In addition , attending surgeons in the post- routinel y placed in intermaxi iiary fixation duringsurgical period had the advantage of dealimi g with treatment and emesis was a threatening event. Ifa relativel y more stable patient than that encoun- a tube had not been placed prior to surgery fortered in the usual postinju ry emergency setting. the management of concomitant injuries , it wasThe patient had survived the physiologic insult of passed at the beginning of the procedure ratheracute traumatic injury and his status was than during the postoperative period when thedocumented by a history and physical examina- passage was usuall y more difficult and the patienttion as well as a record of surgery, anesthesia , more vulnerable to associated comp lications. Themedication and subsequent care. tube was later used for feeding during the earl yManagement of patients at this time was ac- postoperative period although , unless maxillofa-complished with the understanding that they cial injuries were extremel y severe , oral alimenta-would be evacuated within a few days postopera- tion was usuall y not compromised for a pro-tively. There was no attempt to prepare patients longed period.for secondary surgery unless it was necessitated A urinary catheter was placed if multi ple injurieson an emergency basis by the development of
complications. Many patients had sustained in- were present or extensive resuscitation had been
juries to multi ple systems and though they were necessary during the initial management at the
not compromised by preexisting chronic diseases early care facility and it was desirable to precisely
it was nonetheless necessary to antici pate proba- monitor fluid output.
ble and possible comp lications. Time lag between
wounding and definitive care , effects of climate , Immediate Postoperative Care
military activities prior to wounding, and the re-
quirements for earl y evacuation were all factors The airway and respiration were constantl y mon-
that influenced the development and manage- itored. When there was doubt concerning ade-
ment of comp lications. quacy, the cuffed endotracheal tube was left in
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place until these concerns were resolved , if tra- non was used that would depress respiration.
cheostomy had not been performed. The cuff Fluid , electrolyte, and nutritiona l needs were di-
was deflated periodically and the tube and vided into rep lacement and maintenance categories.
trachea were cleansed with sterile saline solution. The basic replacement requirements usuall y had
Moist air in the form of cool vapor was directed to been met during the period of resuscitation ,
the tracheostomy orifice . Coughing and deep presurgical preparation s and surgery. This re-
breathing were encouraged to ensure sustained quirement was determined by correlating clinical
pulmonary ventilation. assessment, laboratory studies , and cardiovascu-

In the presence of multi ple injuries a pulmo- lar-renal response to fluid therapy. In the un-
nary condition referred to as pro gresszve p ulmonary comp licated maxillofacial injury, replacement
insufficiency (PPI) or shock lung developed in some therapy was determined by standard postopera-
patients with particularly morbid effects. Fluid tive formulas (Shires , 1971). When severe con-
overloading coupled with compromise of alveolar comitant injuries were present the additional
air exchange and/or pulmonary capillary perfu- need for replacement fluids was jud ged by the
sion provided the most frequent setting for de- extent of injury and tissue damage and was de-
velopment of progressive hypoxia and h ypercar- termined by the surgeon responsible for inanag-
bia. The key factors in preventing PPI were ing these problems.
avoidance of fluid overload during resuscitation Oral intake was encouraged as soon as possible
and surgery, extensive use of blood gas monitor- post surgery, starting with clear li quids and con-
ing and aggressive pulmonary supportive care tinuing to more nutritional fluids that provided
(CINC PAC , 1971[d]). adequate caloric ami d proteiti requirements (Wi!-

The patients were naturall y anxious concern- son , 1970; Randall , 1971). The ability to maintain
ing their survival , the nature of their wounds , ami d satisfactory oral h ygiene , thus allowing uncom-
the efficacy of treatment. Thus , it was essential plicated wouiid healing, aiid the ability of the
during the immediate postoperative period to patient to take oral feedings were the princi pal
develop and establish good rapport between the factors that determimied the rapidity with which
patient and professional personnel with whom he oral intake could be resumed. In general , hydra-
was in contact. In this regard it should be noted lion was more important than nutrition during
that while specially trained nursing and profes- the first 24—48 hours .
sional personnel staffed the recovery/intensive Pressure dressings , which had beeii placed fol-

- - care units of the earl y care facilities , the units lowing surgery , were removed after 48 hours to
were frequentl y filled to capacity with seriousl y inspect the surgical site and advance or remove
injured patients and surgeons were frequentl y drains. If the incision was grossl y covered with
required to personall y perform routine nursing blood or secretions it was cleansed with sterile
care themselves or delegate these responsibilities water or a mild disinfectant soap solution. It was
to other paraprofessionals who were not ordinar- best not to repeatedl y attempt meticulous cleans-
ily assigned to this environment., It was necessary ing of wound surfaces durim ig the pei-iod of pri-
that all these individuals be cognizant of the emo- mary healing . The sutures were not removed un-
tional needs of the patient. til it was possible for adequate tensile strength to

develop in the wound , usuall y iio sooner than 6
Su portive Care days (Madden amid Peacock , 1971). Alternate su-p tures were occasionally remnoved at 3 day s and the

All the supportive care was ideally coordinated suture lines supported by tape amid dressings. To
by a single responsible surgeon. The recovery assure esthetic wound hea limig, sutures were re-
and intensive unit personnel were instructed to moved with the sam e m eticulous care with which
develop an acute awareness of the nature of po- they were placed.
tential complications for the different types of Dr ain~c were removed as soon as there was evi-
injuries such as subtle variations in vital signs , deu ce they were iio longer required to evacuate
respiration , state of consciousness , or laboratory exudate from the wound. Most drains were re-
values. Patients who sustained maxillofacial in- moved or advanced 2—3 day s post surgery;
juries required onl y minimal to moderate pain whenever possible all drains were removed prior
control or sedation. In these patients no medica- to transfer from the early care facility. If it was
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necessary to continue wound drainage during the day. At the t ime of removal preparations were
period of evacuation , it was essential that a spe- mnade for rep lacement in the event bleeding re-
cific note be made in the record advising attend- curred. Antral pa cks for support of’ skeletal facial
ing personnel of the presence of a drain amid the fractures were not removed for at least 10 days
need for its management. Culture of drainage and were frequentl y in place at the time of patient
was indicated if any purulence was noted. In the transfer—here again notes to this effect were
face of persistent drainage antibiotics were not made ir ’ ~he patient ’s chart in a very conspicuous
changed until there was definite evidence that the manner.
cultured organism(s) were resistant or not sensi-
tive to the antibiotics alread y being used. If the
drain was advanced it was again necessary to se- Complications
cure it to the wound surface with a suture . Irri-
gation of wounds via drainage tracks was per- Few comp lications attributable solel y to the
formed onl y in the presence of infection and with maxillofacial injury developed during treatment
sterile or mildly antiseptic solutions. at the earl y care facilities. The various bod y sys-

Drains from the parotid gland into mouth via tems were continuousl y monitored and , althoug h

the buccal mucosa were left in place as long as problems such as pulmonary atelectasis were oc-

they were effective in directing the flow of saliva 
casionall y seen , the patiem it whose princi pal injury

into the mouth. If salivary flow was not evident , was in the maxillofacial areas generall y experi-

the drainage tract was gentl y irri gated to clear enced a relativel y sm ooth postoperative course.

viscous secretions that might be obstructing the This was in part attributable to the vi gorous earl y
treatment and intensive supportive care that the

flow of saliva. It was occasionall y necessary to
reposition a new drain through the drainage patients had received as well as the relativel y

wound in the buccal mucosa in an attempt to more relaxed circumstances of the postoperative

reestablish salivary flow. However , if the initial period (in comparison to the triage —* operating

drain was not functional , secondary attempts at room phase) which permitted earl y consultation

salivary drainage fro m the damaged parotid area for management of developing systemic comp li-

were usually not successful. Management of cations. With very few exceptions primary wound

obstructive salivary gland complications will be closures did not exhibit gross infectioii and

discussed in a later chapter. If drains had been breakdown during the earl y care phase (see Table

placed in other areas of the oral cavity for pur- ~ l , Chapter VI) .

poses other than salivary drainage they were re-
moved as earl y as possible (2—3 days) to prevent Evacuation Procedure
secondary contamination.

Little adjustment of fixation was required dur- Aerornedical evacuation was, in almost all in-
ing the postoperative phase at the earl y care sta nces , an inevitable fact of casualty care. During
facilities since in most cases fixation achieved at the earl y period of the conflict some patients who
the time of surgery was adequate. Because the did not require secondary reconstruction or re-
patients were to be transferred by air evacuation , habilitation were retained at mobile or fixed
wires were not used to replace previousl y app lied comp lete facilities until their wounds were healed
intermaxillary elastics. Virtuall y all of the fixation (p. 18). As the number  of casualties iiicreased

was by intraoral or direct reduction wiring, and it was not possible to retain patients for convales-
few attempts were made to app ly additional fixa- cense because all beds were required for support
tion (i.e., external skeletal , splints) at the earl y of early wound care.
care facilities since these adjunctive measures The reality of aeromedical evacuation has been
were ordinaril y accomp lished at the intermediate well described by White (1968) in the following
or late care facilities. At this interval the most paragraphs.
important consideration relative to fixation was to
maintain adequate oral h ygiene in the area where Screenin g of patients for movement is made at the
the devices were attached to the teeth. ori ginatin g hospita l and at each successive casualty

sta ging unit or treatment facility. The desired goal is
Nasal packs that had been placed to control that no patient will be moved by any means until he

hemorrhage were usuall y removed by th e 5th has reached ‘stabilization. ’ In practice it has been 
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found that stabilization varies dependent upon cir- dents . Care was essentially supportive amid con-
cumstances. In the ideal situation , as occasionally si~’ed of m easures su -h as drug administration ,
exists iii South Vietnam (SVN), with a low incidence infusion of fluids that had been omdered prior toof casualties with adequate beds and readil y availa-
ble emergemicv and sur ~cal care , patie nts z a m ~ ~~ evacuation , use of suction and oxygen as mie es-
held in country for a 2iiweek period for stabiliza- sary, a mid other routine care.
lion prior to m ovement. This was particularl y valu - The phy sical and physiologic changes that
able in chest , abdo minal amid severe m ulti p le cx- might occur in ca’-u a l t y  evacuees were related to a
trenlity wounds.

On the other hand , in a forward combat situatio mk variet y of factors that  in fluenced the condition of
or when a large n u m n l er of recently wounded 

~~~~
. the pat ient commnensu iate wi th  the nature  and

tients flood in-countr y (SVN) facilities amid rapid severity of his wounds. These included pro-
movement is required , stabilization is onl y th at longed exposure to extremes of thermal condi-
which will permit safe transportation for relativel y tions , rap id change in climate amid time zones ,
short fli ghts. Between the two extremities is a situa- dehydration , amid the atmnosp heric conditiomi of Ition where conditions permit the holding of patients
in in-country treat ment facilities for 3—10 days. the aircraft cabin. All these factors contributed to
Here, stabilization permits restoration of body accemi tuati o n of fati gue which in turn increased
fluids , electrol yte balanceand gastrointestinal , renal the suscept ibility of the patient to com plications
and pulmonary function. (White , 1968; CINC PAC . 197 l Ee]).

Figure 43 illustrates the evacuation routes that
Timing of Evacuation. Under normal condi- were used ami d the distances between the princi-

tions patients were not recommended for th an- pal intermediate stops amid CON US. Transfe r
ifesting from the combat zones to CONUS unless from an in-country fixed facility (Vietnam) to a
they were several days post injury. However , it CONUS destim i ation extetided over approxi-
was not always possible to conform to this matel y 92- 1 02 hours (4 day s), if the patient expe-
schedule because of the disparity between the rienced an optimal travel schedule. It was not un-
number of beds at the earl y care facilities and the corn mon to add as many as 4 additional ~~~~ for
number of casualties being received. As a result , overni ght stops and del~ys that were requir~. : ,:S a
earlier evacuation to CON US or intermediate result of logistic coordination of large-scale casu-
care Pacific theater facilities often occurred. aity evacuation. The intervals for all stages of
Management of casualties at the intermediate evacuation are listed in Table 2, Chapter II. Rec-
facilities , which was heavil y dictated by logistics , ommendation s for coordination of treatment
will be discussed in the next chapter. during evacuation with emnp hasis on intermediate IThe timing of the evacuation procedure for the stage management will be discussed in the chap-
patients in the maxillofacial casualty stud y was ter on intermediate care of the casualty .
presented in Table 2 of Chapter II. It was seen Selection, Preparation, and In-Flight Manage-
that the mean patient stay at the earl y care ment of Evacuees. The basic criteria for selecting
facilities was 7.75 days. This is consistent with patients for evacuation took into coiisideration
data reported by White et al. (1971) in which they the possib ility for expansion of gases within bod ylisted a mean departure time from Vietnam for cavities , the presence of fev er , bleeding. dehvdra-
3,987 patients of all categories of 7 days. don , and inhibited resp iration.

Effects of Evacuation on the Casualty. In for- Patients who were to be transferred via the
mulating the decision to evacuate a casualty, the aeromedical system were at the very least ex- -

surgeons took into consideration the nature of pected to meet minimum basic criteria which in-
the evacuation aircraft , the conditions of fli ght , duded the following: 1) stable hemotocrit of 35
the duration of the transfer process , and the v/v and hemog lobin of 11 gm% . 2) stable vital
ph ysical and ph ysiologic changes that might signs , 3) no active bleeding, 4) adequate h dra-
occur during transfer that could influence the tion.
condition of the patient. The aircraft were basi- If a tracheostomy tube was in place it was
cally cargo planes designed for freight handling changed immediatel y before evacuation to assure
and as such were noisier aiid more diml y lit than a clean and well -functionim i g tube at the begin-
passenger planes. Medical supplies and equi p- ning of the long and tedious transfer process—a
ment were brought on board and the interior of tube with a cleaning cannula was essemitial. It was
the aircraft was set up to accommodate the pa- necessary to order humidification of the tracheos- 
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Figure 43. — Routes of aerom edica l evacuation from Viem nam mhro ugh intermediate facilities to CONUS . Air mileage be-
tween var ious points of transfer are iist ed.

tomy site since the humidity of the aircraft cabin seriously injured category.
was usuall y quite low (ca. 10%). Patients were not Transfer of patients with cerebrosp inal fluid

F transferred with endotracheal tubes in place. (CSF) drainage was obviously a neurosurgical de-
Hypoxemia during aeromedical evacuation has cision although aeromedical evacuation was usu-

been shown to develop in injured patients as a all y discouraged in these cases unless other
F result of lowered cabin oxygen tension and reasons superseded. As the atmospheric pressure

recommendations have been made that supple- was decreased in the aircraft cabin during flight
mental oxygen be administered to seriousl y in- there was an increase in the CSF egress; it was
j ured patients during fli ght to prevent hy- thought that when the cabin pressure was in-
poxemia and its potential complications (Henry creased on returning to the ground there was an
et a!., 1973). The supraglottic airway was phys- ingress of fluid and air which carried with it sig-
icall y compromised in patients with maxillo- nificant elements of contamination.
facial injuries treated by intermaxillary fixation If intravenous catheters were to be required for
without tracheostomy. Podlesch et al. (1975) con- fluids , they were replaced within 24 hours of
cluded from studies of patients undergoing ex- evacuation since it was desirable to leave these
tensive maxillofacial surgery that hypoxemia catheters in place for only a maximum of 48-72
does occur postoperativel y but that it can be cor- hours.
rected by an increase in oxygen content in the Medications were ordered by means of the pa-
inspiratory air. Thus it would seem desirable to tient ’s standard evacuation tag, which , although
include supplemental in-fli ght oxygen in the or- an admittedly imperfect document , was used to
ders for evacuation of future maxillofacial pa- give recommended en route treatments and in-
tients even though they might not be listed in the structions and was an acceptable international 
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document. If the possibility of an undesirable Oral hygiene was a definite problem during
extension of medication existed , “stop” orders evacuation because of the limited capability for
were written clearly on the tag. The availability of accomplishing these measures and the lack of
medications during evacuation, was determined familiarity that fli ght crews had with specialized
and if drugs were ordered that were not in stan- oral wound care.
dard supply, an adequate supply to cover the The status and management of orofacial
duration of need during evacuation was dis- wounds during evacuation will be discussed in the
pensed to accompany the patients. Whenever next chapter.
possible oral , in lieu of parenteral medications, The need for having succinct information eas-
were used; for the patients in IMF , drug suspen- ily available to all attendants concerning the status
sions were necessary since it was difficult and in of a patient as he progresses through various
some instances dangerous for these patients to medical echelons has long been recognized. This
attempt ingestion of tablets and capsules at this is particularl y true with patients who sustain max-
stage of oral wound healing (CINC PAC, illofacial injuries because they have uni que prob-
1971[e]). lems not readily evident to nonspecialized sup-

It was rarely necessary to provide an attendant port personnel and require carefull y coordinated
for patients with maxillofacial wounds since their treatment that is best accomplished by individuals
needs could usually be managed by the flight who are full y knowled geable concerning the en-
medical crew, tire spectrum of management. It is evident that

When j aws were immobilized by wire or elastics the p resent evacuation tags , while helpful during
it was necessary to prevent aspiration secondary each leg of a patient ’s movement , do not tell a
to emesis by providing either a cutting device or complete story and there is a need to develop a form
incorporating a quick release mechanism into the that will chart the essential points of a patient ’s
fixation devices. It was prudent to write instruc- history , his condition and treatment from initial
dons to aircrew members concerning access to point of entry into the chain of medical care, and
intermaxillary wires and positioning of the pa- the final disposition. With contemporary data-
tient in the event of emesis. Patients were told to processing capabilities , such a form could be used
assume a prone position with their head down over the for data anal ysis in relation to specific problems
edge of a bed if they experienced emesis thus that have been formally selected and pro-
helping to prevent gravitational flow of vomitus grammed for investigation (White et al., 1971).
into the trachea and lungs.
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I fCHAPTER V

Care at
Intermediate By W. ROBERT HIATT

EUGENE J .  MESSERFacilities J AMES F. KELLY

INTRODUCTION

The mean interval of patient care at inter- remained equivocal in contrast to the civilian
mediate phase facilities for MFCS patients was trauma patient who might be considered for dis-
17.42 days though this interval was occasionally charge at this time. Additionall y, necessary Jogis-
prolonged (see Table 2, Chapter II). In discussing tic considerations associated with evacuation oc-
intermediate care we are actually referring to patient casionall y created circumstances that contributed
management at the intermediate facilities within the to the development of wound complications.
military echelon structur e rather tha n any sp ec~.f ic type of Thus surgeons in the intermediate facilities were
treatment. During this interval , sutures, packs, and prepared to manage a variety of complications
drains were removed , antibiotic coverage was and to provide , when necessary, secondary
evaluated , and fixation was adjusted , replaced , or definitive treatment.
removed. Ideally, this period of convalescence The logistics of the evacuation procedure actu’-
was characterized by gradual increase in strength , ally predicated the need for a distinct intermedi-
satisfactory wound healing, and psychologic as ate phase of treatment. Three groups of patients
well as physiologic acceptance of the injury. Un- could be identified in the evacuee population.
fortunately, this optimum postinjury situation The f irst group had sustained extensive injur ies
was not routinel y observed since these combat for which they had received satisfactory earl y
injuries were complicated by a multi plicity of care , and were in good condition when they ar-
problems that were often unique , frequentl y rived at the intermediate facility. These patients
bizarre , but always required careful early diag- were not considered for return to duty because
nostic evaluation , intensive therapy, and close ob- they required late management and were trans-
servation. ferred to CON US as soon as possible. The second

Numerous factors had affected the achieve- group consisted of patients in whom comp lications
ment of ideal treatment results under the cir- to early care had developed or were developing
cumstances of earl y management and therefore and temporary retention at the intermediate
surgeons at the intermediate facilities became re- facility was required for diagnostic evaluation
sponsible for more than just maintenance of and/or treatment before transfer to CONUS.
ideally treated patients. It was not uncommon to This group will receive the major attention in this
receive casualties at a hospital over 2,000 miles chapter. The third group had received satisfactory
from the combat zone 48 hours post injury with earl y care for inj uries that would be expected to
wounds that , because of the tempo of war , had heal within 60 days. These patients were retained
been expeditiousl y managed and required exten- for convalescent care and then returned to duty
sive treatment. Even as late as 10 days following within this time frame.
injury , the condition of the combat casualty often

95
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RATIONALE OF MANAGEMENT

Patients arrived at the intermediate facilities at included a search for occult injury, impending
virtuall y any time of day or night. At Guam , a medical or surgical complications , and evaluation
logistic pattern evolved wherein the patients were of the mental status of the patient. All decisions
received in the late afternoon. Although the time concerning management made at this time were
of arrival and specific logistics for Guam are not subject to modification since additional informa-
typical of all intermediate facilities , this experi- don was frequentl y obtained during subsequent
ence will be described since it is considered workups that had been accomplished less ex-
sufficientl y representative of the general princi- peditiousl y and thus more comprehensivel~ . It
pies of casualty reception and management at was necessary for the attending surgeon to be
such hospitals. decisive yet flexible in his approach to patient

A special van was used to transport patients management. Transfer to a specific ward from
from the airport. Prior to arrival of the transfer the air evacuation ward did not occur until  the
van at the hospital , all specialists had been alerted following day unless immediate surgery was re-
and were available for consultation before the quired. In these cases the patients went to the
patients were received. All patients were taken to operating room and then to the ward of the par- -
one ward and evaluated by an experienced triage ent service. Occasionally pat ients were placed di-
officer who then referred cases to the appropriate rectly on the next day’s air evacuation fli ght for
specialists. The triage off icer , usuall y a general transfer to a CONUS facility.
surgeon , assigned pat ients on the basis of the specialty Understanding the status of the patient relative
that would be respo~isible for prima ry care of the pr inci- to his future treatment needs was of utmost im-
pa l inj ury. In many instances the maxillofacial in- portance when therapy was administered during
ju ry superseded other injuries or conditions such this phase of casualty care. Major modifications in
as uncomplicated fractures , lacerations , or management were instituted onl y if initial efforts
malaria , and the patient was admitted to the max- were obviously unsuccessful. In summary, the
illofacial service with the understanding that the principa l goal of activities during the intermediate
maxillofacial surgeon would seek consultation as phase was to accomplish treatment in coordination with
required. At the time of reception on the air early and late care rather than to establish and
evacuation ward , decisions were made concern- imp lement an independent program of definitive
ing isolation , intensive care , or immediate management.
surgery. Init ial patient evaluation or screeninw

PROTOCOL OF MANAGEMENT

HISTORY OF INJ URY termediate facilit y because of the comp lexities of
the evacuation process. Without adequate rec-

Of utmost importance during treatment of ords uni que means of transmitting information
maxillofaclal wounds at intermediate phase from early to intermediate surgeons were corn-
facIlities was knowledge of the history of wounding, monl y employed. These included special notes on
wound management, and posttreatment patient p ro g- air evacuation tags as well as handwritten mes-
ress. It was not uncommon for these patients to sages delivered by medical personnel or even the
have been treated by a variety of doctors , nurses patients themselves. As much information as pOs-
and corpsmen at several different facilities. The sible was obtained concerning the patient by
medical record was viewed as the sing le most im- whatever means available , only then could the
portant source of information concerning the intermediate surgeon proceed intelli gently with
progress of the patient but , unfortunately, con- his diagnostic evaluation.
sistent records were not always available at the in-
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CUNICAL EVALUATION Diagnostic dilemmas did arise concerning cul-
tures and infections in the tracheobronchial tree ,

An immediate impression of the patient’s gen- i.e. , the need to treat vi gorousl y with antibiotics or
eral condition was formulated from vital signs , continue onl y local care with appropriate hygiene
information from flight attendants , and the pa- and irri gations.
tient ’s general appearance. Although airway Pulsation of the tube , the presence of blood-
obstruction , hemorrhage, and impending or con- tinged mucus , or persistent bleeding about the
tinuing shock were usuall y under control , they tracheostomy orifice were noted as possible signs
were nonetheless uppermost in the mind of the of impending major vessel hemorrhage. Blood
attending clinician, gas monitoring was instituted in those patients

who were not completel y stabilized following
their injuries. Expert nursing care was essential

Airway for the pat ient with a tracheostomy and this could
onl y be assured by the surgeon writing specific

Acute airway problems were seldom seen at this orders to include all aspects of tracheostomy care.
time, but many patients had tracheostomies (see The decision to maintain or discontinue the
Table 10, Chapter IV) that required careful man- tracheostomy was based on many factors includ-
agement because of the serious and even fatal ing the need for additional , sequential surgical
complications that could result. We do not have treatment as well as the timing and type of air
data on complications of tracheostomy in Vietnam evacuation. In most instances tracheostomies
casualties, but some idea of the nature and m ci- were not removed until the patient reached his
dence of such pro blems can be appreciated from final CON US destination and/or impending sur-

4 a report of Stemmer et al. (1976). They reviewed gical treatment requiring general anesthesia was
the fatal complications of tracheostorny in a gen- comp leted.
eral care Veterans Administration hospital over a
20-year period and found that hemorrhage , in- Wound Evaluation
fection , airway obstruction , and cardiopulmo-
nary collapse were among the most common Soon after admission to the inter m ediate facil-
causes of death attributable to the procedure. ity dressings were removed and wounds in-
Chew and Cantrell (1972) reviewed reports of spected. When there was no sign of infection in
1,928 tracheostomies, which included 100 at their wounds that had been debrided and sutured ,
own Naval facility. The overall complication rate simple cleaning of the surface and redressing
was 15.8%, and the most frequent complications were indicated. When drains were present they
were similar to those that Stemmer et al. had were advanced or removed . The microbiologic
reported as commonly associated with tracheos- status of infected wounds was evaluated by cul-
tomy fatalities. Tube disp lacement was noted as a ture and sensitivity (C&S) methods to determine
most striking direct complication , and in those the specific etiology of infection. Antibiotic
patients where this occurred there was a 25% mor- therapy included both local and systemic ad-
tality rate. Skaggs (1969) observed that the rate of ministration of agents selected on the basis of
complications with emergency tracheostomy was C&S studies , if available. A myriad of antimicro-
2—5 times higher than with elective procedures. bial agents were available each with m di-

Because of the potential morbidity and mortal- vidualized dosage schedules. In the absence of
ity associated with tracheostomies special p recau- sensitivity testing, or while awaiting results of
tions agains t complications were taken at the inter- C&S studies the selection of the proper agent and
mediate care facilities. Obviousl y, the position dose was problematic . Table 11 , Chapte r IV , lists
and security of the tube were carefull y monitored the suggested choices of antimicrobial agents for
at all times , particularl y at the intervals desig- use against the various types of microorganisms,
nated for tracheostomy care. To obviate obstruc- whereas Table 13 , Chapter IV , lists the dosages
tion and reduce infection , careful aseptic toilet of and routes of administration for the different
the tube and orifice , along with cultures , was agents.
routinel y performed. According to Matsumoto et al. (1969), the or-
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TABLE 15.—Review of 1,531 Initial Wound Culture s,
at an I n termediate Facil ity

________ 

(1 J anuary 1967 to 31 March 1968) * 
______________

Total Percentage of Percentage of
Microorganism number total initial total positive

cu lture initial culture

Stap hylococcus aureus 387 25.3 29.2
S. epidennidü 64 3.1 4.8
Pseudomonas cn’uginosa 243 15.9 18.3
Pro teus species 84 5.5 6.3
Escherichia coli 230 15.0 17 .3
Aerobactur aero genes 73 4.8 5.5
Kkbsiell~ pn eumoniae 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. cob 43 2.8 3.2
No Growth 204 13.3
Others 64 4.5 4.8

‘Mattuo, o lo . r., ci al.: Con,bat nurgert in .omrnu ,,irati on ~~~~~ I. War wound and barIerioIog~ ( Prefiminar 5 report). Mliii Med l9i)9) :655-6~ . 1969.
- J —

gan isms most frequently isolated fro m wounds at an TABLE 16.—Bacterial Species Isolated in Pure Culture
intermediate phase facility were Stap hylococcus aureus From Tissue_BioPsy Homogenates *
(29.2%), Pseu domonas aeruginosa (18.3%), and Es-
cherichia coli (17.3%) (Table 15). At these facilities Species Numbers % Pure

th ey found penicillin and amp icillin to be ineffec- ___________ 

isolates

tive against the microorganisms cultured, l ’seud.omonas aeruginosa 43 46.9

whereas streptomycin-resistant organisms were Staphykcoccus aureus 18 19.6

cultured from 50% of the patients. P. aerug inosa Prote us species . 12 13.0
Kiebsiella Enterobacter group i i  il.9

was sensitive to neomycin, colistin , and man- s. pyogenes .~ 5.4
delamine upon initia l and repeated cultures. E . Escherkhia coIl 3 3.2
coli was sensitive to colistin , cephalothin , nalidixic Total 92 100
acid , and nitrofurantoin. Methicillin , chloram- 

nd~ \Id ie Medphenicol , cephalothin , cloxacillin , and vancomy- 134~~~~~
,j J~ 

ci al .. M,crobial flora of orthopacthc war uou

cm were all effective against S. aureas on the initial
and repeated cultures.

Heggers et al. (1969) obtained aerobic and Comp licating the problem of infection was the -

anaerobic cultures from biopsy sp ecimens of wounds enemy ’s practice of fabricating homemade exp io-
in war casualty patients when they arrived at a sive devices with a variety of materials that even
CONUS facility from Vietnam. Of the tissue after wound debridement elicited foreign-body
specimens cultured , 92% grew at least a single response; these included nails , rubber , wood,
bacterial species and , in 8%, more than one species stones, leather , and plastic. As mentioned in the
were isolated. Table 16 lists data from their stud y early care chapte r (p . 70), fecal contamination
concerning the frequency distribution of bacte- was rather common and , in fact , the wounding
rial species in the culture and tissue biopsy agents were reportedly contaminated with
homogenates. P. aeruginosa (46.9%), and S. aureus human or animal excreta that fu rther magnified
(19.6%) were the most commonl y identified or- the potential for infection. As a result of these -
ganisms. Gram-negative rods were cultured from unusual comp licating agents , wounds did not
75% of the homogenates as opposed with 25% uniformly respond to conventional therapy.
gram-positive cocci. Thus , late or chronic wound
infe ctions in Vietnam patients were more likely f rom Additional Considerations
enteric gram-negative bacteria than from gram-positive
spe cies. The adequacy of arch bars or other fixation
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devices that were attached to the remaining denti- by more onvenuonal techni ques.
tion was determined with the understanding that The diagnosis of a mandibular or maxillary
for effective treatment these devices must be sta- fracture was seldom an incidental finding on
ble and not detrimental to the teeth , soft t issues, radiographic examination. These examinations
or investing bone. Splints , if present , were were used to confirm clinical impressions , deter-
evaluated for appropriateness , cleanliness and mine the extent of osseous damage , and guide the
ut ilIty , course of treatment rather than as primary diag-

The functional integrity of all cranial nerves was nostic tools. There were times , however , when
determined and , if neurologic abnormalities serendi pitous information was obtained and the
were observed , necessary consultations (i.e., oph- need for appropriate radiograp hs was thus rein-
thalmology, neurosurgery, etc.) were obtained , forced.

Swelling in the area of the major salivary glands If there was a normal PA and lateral chest
was carefull y evaluated. Lacerations of the maj or radiog raph in the patient ’s jacket from a previous
salivary glands and/or ducts can result in collec- facility and there was no clinica l or historica l
tion of interstitial saliva with considerable distress evidence to suspect change , it was the practice not
to the patient. The differential diagnosis in- to repeat this stud y. In general , the number of
cluded , in addition to salivary gland injury, radiographic examinations was limited and based
edema , hematoma , infection , and aneurysm. on specific indications.
Most injuries to the parotid gland healed spon-
taneousl y if the major collectin ductal structures
were intact. This matter will be discussed in more
detail in the late care chapter.

Finall y, arter iovenous f istulas were occasionall y Admission laboratory examinations at the in-
seen and therefore auscultation was included , termediate facilities were essentiall y no different
especiall y over the great vessels of the neck. Post- than at other secondary hospitals. Admission
traumatic A-V fistulas may be late in develop ing studies included CBC , differential , hematocrit ,
and it was necessary to be alert to this possibility hemoglobin , and VDRL. Sequential mult i ple
throughout all phases of management (Arp in anal yzer (SMA) examinations were not generall y
and Downs 1975). available at this time, but they have subsequentl y

replaced piecemeal testing and should be used
when available. Routine urinalysis was ordinaril y

RADIOGRAPHIC EVALUATION adequate and if other abnormalities were seen ,
especiall y the presence of red blood cells , a

Panoramic films were obtained on all am- urologic consultation was obtained. Abnormall y
bulatory patients if this capability existed. In pa- hi gh urine-specific gravity was not uncommon
tients who were unable to be positioned for because many of these patients were h ypovolemlc
panoramic examination , a limited numbe r of ap- as a result of long air evacuation and the tropical
propriate facial bone films were obtained. In pa- environments.
tients with midfacial inju ries the standard Waters Blood gas studies were obtained on patients with
project ion (upri ght , if possible) was an excellent tracheostomies (Stemmer et al., 1976) and/or with
screening, as well as diagnostic view , since the intermaxi llary fixation if there was evidence of
entire facial skeleton was well visualized in this compromised respiratory exchange.
project ion. For lower face injuries standard views A stool sample for ova and parasites was required
included in the “mandible series” were obtained, by hospital instruction because of the high m ci-
The need for additional specialized views was dence of intestinal parasitic disease in the South
determined by clinical evaluation and a stud y of East Asian theater (Gilbert et al., 1968).
all current as well as any previous films that ac- In the multi pl y injured patient consultants
companied the patient. Laminagrams could be ob- were frequentl y required. In such cases it was best
tam ed in any projection and were occasionally to allow the consulting specialist to indicate which
required , but the need for these views was the additional laboratory studies he would require
exception rather than the rule and was predi- rather than to antici pate his needs by an order for
cated on inability to obtain necessary information a battery of seeming ly indicated tests. With the 
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advent of SMA , a wider variety of laboratory data cause uni que situations dictated the appropriate
was routinely available , techniques for the particular surgical situation

( see Case reports).
Splints. In some patients with loss of bony con-

SECONDARY TREATMEN T OF tinuity, IMF utilizing remaining teeth was not
MAXILLOFAC IAL INJ URIES always possible and intraoral acrylic splints were

used as satisfactory adjuncts to treatment. In spite
• Skeletal Fracture of edema , secretions, etc., it was possible to obtaiii

fairl y accurate impressions by modif ying the im-
Fracture treatment at the earl y facilities was pression procedure. Initial impressions were

usually by intermaxillary fixation (IMF) methods sometimes used onl y as a matrix to construct a
and was aimed at obtaining a reasonable reduc- tray for the final impression. Accuracy was of
tion and establishing the patient’s occlusion in relative importance since it was often necessary to
what most closely approximated the preinjury modify or section casts because of arch displace-
relationshi p. In a small percentage of MFCS pa- ment . In addition , uniform precise tissue adapta-
tients it had been possible to provide only tern- tion was not required since the tissues were ex-
porary reduction and immobilization and the in- pected to undergo changes in character and
termediate surgeon was required to accomplish contour during the progress of healing.
secondary reduction and f ixation. Open mandibular Because of the variable and uni que anatomy
reduction was accomplished in 7.45% of patients that was present after injury, it was necessary to
and closed reduction was performed in 5.59%. be innovative in splint construction while at the
Secondary reduction of midfacial fractures was same time following prosthodontic principles.
even less common—open (1.86%) and closed Future prosthodontic considerations as well as
(3.1 1%) (Table 17). immediate treatment needs were incorporated in

the planning of these temporary prostheses , i.e.,
maintenance of intermaxillary space, creation of

TABLE 17.—Inc idence of Fracture Reduction Performed at spaces for feeding, and airway and incorporation
the Intermediate Care Facility f or Pat ients in the MFCS of fixation attachments such as arch bars . Appro-

Mandibular Reduction Midfacial ReductionGroups priate circumferential wiring (i.e., mandibular ,
____________ 

Open Closed Open Closed peralveolar) was used for stability in addition to
I (N=84) 6(7.141* 8(9.521 0(00.00] 4(4 .76] circumdental ligation. There was concern for tis-
Ii (N=3 2) 1(3. 131 1(3. 13] 2(6.251 1(3.13] sues underl ying these splints , and it was necessary

111 (N=20) 115.00] 0(00.00] 0(00.00] 0(00.00]

~v (N=25) 4(16.00] 0(00.00] I[4.o0] 0(00.00] to assure that splints were properly relieved and
Total (N=161) 1217.45] 9(5.591 3(1 .86] 5(3.11] that meticulous oral h ygiene was maintained.

Figures i,, brackeir equal percentage of N The basic function of splints at this interval was to
pa ssively stabilize bony f ragmen ts and not to serve as

In those cases where there was severe comminu- active reduction devices in which case they invariabl y
tion or avuLsive osseous injury, the objective of caused ulceration regardless of the adequacy of
treatment was to immobilize the remaining frag- relief and hygiene.
ments in close anatomic position during healing. In those patients with oroantral communica-
If this was done in areas of comminution , con- tion nzaxillary obturator splints were constructed
solidation occurred and the patient was left with after the primary wounds had healed sufficientl y
near normal form and function. In instances of to effect a transition from packing to obturation.
avulsion , where full-thickness discontinuity External Skeletal Fixation, Unfixed edentulous
existed , an attempt was made to at least correctl y fragments usuall y could be maintained in reason-
align the residual fragments for later bone graft- able position during the first several days post
ing procedures. Bone grafting concepts will be injury as a consequence of the splinting action of
discussed in the chapter on late care, the tissues resulting from pain and edema. Dur-

Various methods were used to immobilize the ing this time the patients arrived at the inter-
osseous fragments including arch bars , wire fixa- mediate or late care facilities and , in the absence
tion , splints , and external skeletal-pin fixat ion. of gross wound infection or local infection at sites
No one method was exclusivel y employed be- of anticipated pin placement , it was then possible 
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to apply skeletal fixation when indicated. Under move most of these imp lants at the intermediate
the logistic conditions in which these patients or late facilities (p. 77 , Chapter IV) . However , if
were managed , it was best to app ly this type of they were providing a positive adjunct to treat-
fixation at the late care facilites unless the patient ment , they were allowed to remain unti l  such time
was to be under observation at the intermediate as they interferred with function or were sen-
hospital for a relativel y long period (Case reports ousl y comp licating the healing of bone or soft
10 and 16). More specific comments concerning tissue as a result of infection.
the app lication of external skeletal fixation will be
presented in the bone graft reconstruction sec-
tion of the late care chapter . Soft Tissue

Craniofacial head frame f ixation of midfacia l
skeletal injuries was seldom utilized. However , Management of soft tissue wounds was of
when extensive fractures occurred in this region , major importance at intermediate facilities and
head frame fixation was a useful method and was many uni que problems were encountered. When
probabl y best applied at this interval. The prin- dealing with unsutured wounds it was necessary
ciples of this type of fixation were the same as to perform delayed prima ry closure as soon as it was
those app lied in nonbattle inj ury , possible to control sepsis (Chi pps et al., 1953;

Operative Treatment—open reduction, de- Robson et al., 1973; Krizek and Robson , 1975).
bride,nent. In cases of badl y comminuted frac- Late secondary closure and/or skin grafting was
tures, treatment was continued by closed reserved for the more comp licated cases.
methods if at all possible. If seconda iy extraora l open Eradication of wound infection began with cul-
reduction procedures were necessary to reduce ture of exudates and selection of specific antibi-
and fix major fragments, they were not under- otics as previousl y described. If there were no sys-
taken until infection was under control. !ntraoral temic signs of infection or cellulitis , antibiotics
open reduction , while somewhat difficult at this were sometimes withheld and onl y local wound
postinju ry interval as a result of pain , trismus , care was accomplished. Irri gations and/or an-
etc., could be performed under local anesthesia tisep tic soaked packings alone often controlled
thus lessening the potential for morbidity. The sepsis in such wounds very effectivel y and quite
patient’s ability to withstand an awake reduction rapidly.
greatl y influenced the selection of the type of Irri gation was performed with various emp iri-
operative procedure. cally selected solutions. When dealing with P.

As previousl y mentioned it was inadvisable to aeruginosa infection , it was common practice to
remove all fractured teeth during earl y and inter- perform lavage with a weak acetic acid solution. It
mediate intervals because large segments of via- was the opinion of many surgeons that this
ble bone were often lost when this was attempted. method of treatment was very effective against
It was noted that the retention of root fragments the ubiquitous P. aerug inosa organisms even in
did not ordinaril y comp licate earl y healing. Pa- deep wounds. Perhaps the most commonly used
tients were carefull y observed for signs and antiseptic irri gating solution was Betadi ne® 

, which
symptoms of dentall y related infection , and re- was used as an antiseptic for all types of facial and
sidual , uncomplicated fragments were electivel y oral wounds even in the absence of overt infec-
removed several weeks post injury when their tion. Another irri gating solution commonl y used
removal was less difficult and could be ac- in oral wounds was 9-aminoa cr idine , which was
complished with greater conservation of bone (p. employed as a solution of benzalkonium chloride ,
73, Chapter IV). water , and the chemical 9-aminoacridine that was

No attempt was made to remove residualfo reign easily formulated by a hospital pharmacy. The
bodies, such as bullet fragments, unless they were irri gation protocol of one author included normal
easily accessible or directl y associated with infec- saline for routine irrigation of contaminated
tion or functional impairment. Allop lastic im- wounds or a solution of bacitracin , neomycin, and
plants were placed by some surgeons at the earl y p olymyxin in saline for grossl y contaminated , po-
facilities for maintaining space or effecting re- tent ially life-threatening infected wounds. Cau-
duction of fragments. When this was done infec- tion should be exercised in the use of local
tion invariabl y ensued and it was necessary to re- antibiotics since systemic absorption may cause 
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severe toxic reactions, for example, nep hro- Management of Fever
tox icity from topical bacitracin or polymyxin B
and deafness from neomycin (NATO 1975). The differential diagnosis of fever was comnp li-

Normal saline was an excellent irri gant and was cated not onl y by the multi plicity of injuries but
used in very large volumes (several liters), par- also by the potential for patients to have con-
ticularl y when extensive mechanical flushing was tracted various “fever diseases” endemic to the
required. Hydrogen peroxid e (H202) was also used combat theater. If the elevation of bod y tempera-
for irri gation , especially when anaerobic or- ture was over I degree and lasted for more than 2
ganisms were suspected or confirmed or when days , then diagnostic studies were undertaken to
the wound tissues were relativel y avascular. determine etiology. It is , of course , obvious that
When using I~12O2 in and about the oral cavity, fever can result from both infectious and noninfec-
especially in the presence of IMF or in patients twus causes.
with tracheostomy, the foaming property of Postoperative. The differential diagnosis dur-

~

peroxide may occasionall y produce respiratory ing an immediate postoperative period , that is the
complications, first 12 hours , included metabolic or endocrine

Betadine® soaked packs were often employed and factors secondary to anesthesia and/or organ
were changed as often as four times a day, de- s~stem disruption , inadequate tissue perfusion -

pending on the condition of the wound. As the resulting from h ypovolemia , or transfusion reac-
wound healed the amount of packing was re- tions if blood had been administered. Minor ele-
duced until a clean granulating surface was pres- vations in temperature often responded to an-
ent. Once the wound was clean and free of sepsis , ti pyretic agents and/or increases in either oral or
it was secondarily closed or covered with a skin intravenous fluids , which inferred a noninfec- -
graft as indicated. If the granulating surface area tious etiology related to fluid imbalance or minor
was quite small , the wound was covered with a metabolic alterations. If a general anesthetic had
sterile dressing until it epithelialized. been administered pulmonary complications were

considered one of the most likel y causes of fever.
Fevers associated with pulmonary derangements

NONOPERATIVE MANAGEMENT could be of the infectious or noninfectious variety
depending upon the extent and complication of

Fluid Therap y the disease process. The patients were carefully
examined for tach ypnea , tach ycardia , rales , an~l

Fluid and electrolyte imbalance was common decreased breath sounds indicative of atelectasis,
and was usually the result of patients having been the most common postanesthetic complication.
transferred over long distances through tropical It was desirable to establish an earl y diagnosis for
climates. The deficits observed were not ordinar- suspected incipient pulmonary complications
ily severe and were amena ’ ~ to correction by the and to initiate appropriate pulmonary therapy to
administration of fluids that were selected by em- preclude the development of bacterial

pirically j udging the patient ’s condition , monitor- pneumOnitis. The possibility of develop ing pul-
ing input and output , and determining serum monary complications was enhanced by a variety
electrol yte levels. As a result of their orofacial of conditions that existed in these patients such as
wour~ds , these patients frequentl y, were not tak- depression of the cough reflex by narcotics ,

ing sufficient fluids by mouth during the period dyspnea secondary to muscular splinting as-
of transfer either because of a reluctance on their sociated with constricting bandages , aspirated
part or a lack of encou ragement by general duty foreign bodies , or pulmonary parenchymal
nursing personnel. Assuring adequate oral intake pathology (shock lung) secondary to extensive
through positive encouragement by all personnel trauma.
facilitated the correction of fluid imbalance and Phlebitis. Virtuall y all these patients had un-
at the same time hel ped to reestablish the func- dergone multi ple phlebotomies for the adrninis-
tional integrity of the injured orofacial tissues. tration of intravenous infusions (IV) , and as a 
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result , the potential for developing throm- provided to all personnel in Vietnam because of
bophlebitis existed. The most common present- the endemic nature of the disease. Despite these
ing symptom of post IV phlebitis was tenderness precautions malaria was a prime consideration in
along the course of a vein , but fever was occasion- the diagnosis of all fevers. The active disease typi-
all y present , subsiding with treatment of the vas- cally presented with irregular fever , malaise ,
cular inflammation, headache , and chills. Two types of malaria , P las-

Genitouri nary Tract. Symptoms of dysuria , modium vivax and P. falciparum were most corn-
chills , increased frequency, and flank or sup- monl y encountered in Vietnam returnees. It was
rapubic pain in conjuction with fever drew atten- imp ortant to establish an accurate species diag-
tion to genitourinarv complications. Low grade nosis to select the appropriate therapeutic regi-
urinary-tract infections that existed previous to men. Primary P. vivax attacks began abruptl y with
surgery were occasionall y unmasked during the shaking chills , followed by fever and profuse
postoperative period . This was especiall y true if sweating. The initial chill was usuall y preceded by
catheretization had been performed or there was a short period of malaise or headache. The fever
prolonged urinary retention and stasis. lasted from I to 8 hours and after it subsided the

Medical Disease. The most common diseases patient felt entirely well until  the next paroxsym ,
and disease categories observed in U.S. Army which in uncomp licated cases usuall y occurred
troops in Vietnam , other than pulmonary and every 48 hours. P. falciparum malaria was as-
venereal , were malaria , diarrheal diseases, and sociated with shaking chills that were preceded by
fever of unknown origin (Gilbert et. al., 1968). a chill y sensation. The paroxsyms lasted from 20

Table 18 cites the incidence , timing, and type to 36 hours and were associated with prostration
of concomitant medical disease entities found in and headache as prominent symptoms. The
MFCS patients. The overall incidence was temperature rose more gradually and tended to
l6 .I3~~, with a majority of diagnoses being estab- fall by lysis rather than crisis. Intervals between
lished at the intermediate or late (12.90%) as com- paroxsyms were exceeding l y variable and the pa-
pared to the earl y (3.23%) facilities. Of the 30 tient remained ill and usuall y ran a low grade
diagnoses listed , malaria (8), parasitic disease (5), fever during these periods. Except in rare in-
hepat itis (4), and pneumonia (4) were most com- stances the species diagnosis was established in
mon. blood smear and the patient then remaitied

Malaria was viewed as the most important under medical care with the maxil lofadal i t i j u r i e ~
communicable disease in U.S. troops and being m anaged iii consultation.
chemoprop hvlaxis against malaria was routinel y The etiology of diarrhea! disease included ~.w

entire spectrum of enteric pathugens including
Salmonella, Shigelia , amehiasis , and Entamoeba his-

TABLE 18. —Inc idence, Tinting, and T’~p e of Concomitant tolyt ica. Diagnosis was established by medical eon -
Med ical Diseases that Occurred in Patients Included in the sult ant s and medical management followed.

MFCS Acute, undifferentiated feb t ili ’ disease was amon g
A. Incidence and timing the most frequent c , i t i ’~r~ of admission among

Early Intermediate Total army personii~~ to \ lc tn am.  A diagnosis of
N = i86 6(3.231* 24(12.90] 30(16 .13] ‘fl T0 ” ~v;i~ 1- t -~( r \  ed for  febrile illnesses that per-

si~ied for longer than 3 w eks and in which the
B. T~#Je diagno~ic s~as uncertain a f t e ~ I ws~ek of stud y in

Parasitic diseases 
the h~ spita1 following ini t i~J complete histo

Hepatitis .4 physica l examination , and Ia. oratory studies in-
Pneumonia -4  cluding malaria smears (Gilbert et al., 1968).

• Meningitis - 2 Initial Rehabilitation. If the physical condition
Urethrutis : permitted , earl y ambulation was encouraged for

-
~~~~ all maxillofacial patients. It was the opinion of the

maxillofacial surgeons that bedridden patients
*Flgures in brackets equal percentage of N. . . . .with associated orthopedic injuries or other seri-

• m -~~~~-
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ous disease , in comparison to ambulatory patients exchange , and increased basal metabolic rate.
had slower recovery from their facial wounds , The will to live and the desire to “get better” and over-
developed more complications , were reticent in come physical adversity combined with the reality
their communication, and tended to be more of ph ysica l improvement were hallmarks of satis-
reluctant to accept their wounds. This simple act factory patient convalescence .
of ambulation , of being up and about for a short Numerous other factors influenced patient
period no matter how difficult , dramatically care during the intermediate phase. Those we
changed patient attitude and improved well have discussed were considered most significant
being. Ambulation produced psychologic bene- and therefore have been emp hasized by discus-
fits as well as physical improvement resulting sion in this chapter.
from enhanced circulation , facilitated ventilatory
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CHAPTE R VI

Late Care
(Reconstruction— 

By PETER W. CONNOLE
BILL C. TERRYRehabilitatio n) JAMES F. KELLY

WOUND MANAGE MENT AND SPEC IAL PROBLEMS

INTRODUCTION fronted with many questions concerning their ul-
timate recovery and for probabl y the first timeThe mean interval for admission to the late were beginning to seriously consider what impact

care facility for all groups in the MFCS was 24.55 their wounds would have on their future. It was
• days (Table 2, Chapter II). The total length of therefore not unusual to recognize varying de-

treatment varied depending on the severity of the
injuries. Those few patients who were retained at grees of depression during the initial phase of this

period. Adjustments were easier , just as in the
the intermediate care facilities for longer than the earl y and intermediate period , if casualties with
average period had their reconstructive and re- similar pr abkms and injuries were p laced in the same
habilitative treatment initiated at those locations, hospital area. This provided them with the oppor-
Once at the late care facility, many patients re- tunity to associate with similarl y injured patients
quired extensive reconstruction and prolonged whose wounds were in various stages of healing
rehabilitation for periods longer than 6 months , and rehabilitation. They were thus able to ob-
particularl y those included in the MFCS groups serve the therapeutic benefits of treatment and to
I and II (Table 4, Chapter IV) . Others required develop a more optimistic attitude toward their
less involved surgical management and were dis- own problems. These relationshi ps and observa-
charged from the hospital within 3—6 months; tions relieved some of their initial anxiety and
they were typ icall y those included in group ~~ assisted them in accommodating to the reality of
but a limited number were in groups II and IV. Iii their role in the process of orofacial rehabilita-
the remaining patients , management ~s ..ss usuall y tion.
less complicated and their hospital care , which
was comp leted within 3 months , was mainl y con-
valescent. The majority of group IV and V pa- CL INICAL EVALUATION AND
dents were discharged wit hin 3 months. TREATMENT OF WOUNDS

Most patients were sent to a hospital near their
home and at that time entered an even more The 1mni cal problems encountered in the man-
complex emotional and psychologic period than agemei.l of these patients were varied and often
that alread y experienced. Up to that time they uncertain , It has been repeatedl y emphasized
had survived the initial trauma , resuscitative and throu ghout the text that there was a need for con-
surgical care at the earl y facility, and had been staul reevaluation of injuries , general medical condi-

• involved in and preoccupied by the transporta- lion , and response to therapy. In this section we shall
don to and continued care at the intermediate review and discuss problems that  were of concern
facilities. When the patients were reunited with during this later care period other than those
relatives and friends , they were immediatel y C0f l specificall y associated with bone graft reconstruc-
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don or preprosthetic surgery. sive , and alert. Af te r  the tube was removed
In the previous sections of this book , an at- placement of a but~cal airway, as described by

tempt has been made to follow a chronolog ic Doneker and Hiatt (1966), held the li ps apart and
order of management. However , during the late allowed additIonal air exchange through the
care period the sequence of management was mouth (Fi gure 44). This also provided easy access
variable and depended on the condition of the to the ora l cavity for removing blood and secre-
patient at the initiation of late care as well as his dons. This device was usuall y left in place for 12—
progress during hosp italization. For this reason , 24 hours following surgery or until  the patient
the following discussion is not as chronolog icall y could manage secretions and satisfactorily main-
structured as the preceding sections. Lain his own airway .

• Airwa y Assessment and Mana gement Wound Evaluation and Mana gement

Tracheostomy. Patients with tracheostomies Objectives of Management. During the late care
• were evaluated to determine the need for this period the overall objectives of wound evaluation

method of airway management. Tracheostomy and management were as follows: 1) providing
was retained for the following reasons: 1) the supportive care to promote healing; 2) irradicat-
necessity to manage problems or comp lications ing infection; 3) identif ying conditions where
other than those related to the maxillofacial in- there were compromised function or esthetics;
ju ries; 2) the immediate or contemplated need and 4) planning for appropriate rehabil itation.
for extensive surg ical procedures under general Achieving these objecti ves was made difficult by
anesthesia such as exp loration and debridement the location of wounds , complexity of the tissues
for infection control , secondary wound closure or involved , and associated functional and esthetic
soft tissue grafts , or placement of sp lints and fixa- requirements.
tion app liances for alignment and stabilization of There were often both extraoral and intraoral
fractured bony segments. components to the wounds that could involve

When tracheostomies were discontinued , the skin , muscles, mucosa , ging iva , bone , and teeth ,
orifice of the tube was either graduall y closed or as well as other associated specialized structures ,
completel y occluded for increasing periods and
the patient was closel y 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. Onl y after it was firml y established
that the patient could tolerate the occluded tube
was it removed.

Intubation for Surgery. Essentiall y all of these
patients were in intermaxillary fixation and pre-
sented airway problems for subsequent surgery
under general anesthesia. The nasotracheal route
was prefe rred for  intubation and was usuall y ac-
comp lished as a blind , awake procedure. Al-
thoug h not generally utilized during the Vietnam
conflict. fi beroptic visualization systems are now
available. I ntuhation using this aid significantl y “ •-• -

simplif ies the procedure particularly in patients
in in t e r ma xu tL i r s  fixation, w i t h  restricted man—
(lib li lar m~ ss t men ts , or with anatomic variations
t hat iinp li t . itt ’  the i i ’.iial intuhat i on procedures Figure 44.—Buccal airway device that was used to support the lips
( .1 

~~~~~~~~~~ 
j~d ts~~~ , 972~ Davis , 1973). and cheeks in patients who had undergone jaw surgery and been

hlkiw i n g  sw gets the Ii.isotra(heal tube was placed in interma xillary fixation. This device facilitated maime-
• . nance of the upper airway. thus reducing airway complications and

maini~i u , u i l u n t i l  the patient was stable. respon- often obviating the need for tracheostomy.
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such as salivary glands , their excretory ducts , and teeth, or reta ined foreign matter. Successfu l therapy
both motor and sensory nerves. In this section included elimination of the contributing factors
consideration will be given to the most significant by appropriate surg ical intervention.
management problems. Some that were discussed The optimal time f i r  delayed primary wound
in the preceding intermediate care chapter will closure had passed by the time patients entered
be reviewed in the section on bone graft recon- the late phase and for this reason was rarel y ac-

3 struction. comp lished at this interval. Wounds that were
Wound infection. The threa t of infection granulating were selectivel y covered by skin

existed during all phases of casualty management grafts once they were free of infection. In the
and the underl y ing princi ples of treatment were MFCS patients skin grafts constituted 19.09% of
the same regardless of the interval at which the the secondary soft tissue procedures that were
diagnosis was established. A diagnosis of wound performed (see Table 33). In most instances the
infection was made in 4 1.98% of MFCS patients. skin grafts were used to cover raw surfaces and
The greatest number of infection diagnoses (21.60%) were subsequentl y revised.
was made during the 8- to 21-day p ostinjury pe riod. Intraoral Wounds. The management of in-
Late care facilities were the locations where the traoral wounds was more comp licated because of:
diagnoses were most frequentl y established 1) limited access; 2) exposed bone , damaged
(25.93%) (see Table 31). It was the observation of teeth , or root fragments; 3) accumulation of de-
the authors that there seemed to be a hi gher bris around the fixation devices , remaining teeth ,
incidence of wound infection in those patients and in the wound bed itself. Debridement of de-
who , because of the exigencies of battle activity , vitalized tissue was accomp lished to encourage
were transferred directl y to a late care facility and maintain healing. If the wound was not man-
without intermediate hosp ital admission. The aged properl y , adjacent health y tissues were
reason for the hi gher incidence of infection in jeopardized because they became involved in the
such patients was probabl y related to the follow- necrotic process and were severel y damaged

- - ing: 1) large numbers of pat ients of necessity and/or lost. In those instances where this hap-
being cared for by fewer personnel under less pened a greater tissue defect resulted and in some
than ideal situations during the aeromedical instances discontinuity actuall y resulted from un-
evacuation period ; 2) delays en route because of controlled osseous infection.
unpredictable logistic problems related to The oral h ygiene regimen used to maintain• mechanical difficulties , inclement weather , etc., wound cleanliness included: 1) irri gation and
which extended the aeromedical evacuation mechanical suction after each feeding; 2) cleans-
period. In addition , if one or more patients be- ing the remaining teeth and fixation devices with
came criticall y ill during the period of evacuation , a small child-size toothbrush at least 3 times dail y
they could monopolize the efforts of attending (patients were encouraged to do this themselves
personnel for a considerable period of time while as SOOn as they were ph ysically able); 3) irri gation
the remainder of the patients necessaril y received of the wound bed and/or exposed bone with an
less attention than they would under less difficult antiseptic solution at least dail y or more often if
circumstances. These comments are not meant as purulent exudation was present. Covering the
criticism of the aeromedical evacuation system soft tissue bed and/or bone with a petrolatum
which performed remarkabl y in transport ing gauze dressing, which was changed periodicall y,
and caring for casualties , but rather as a reflection provided a waterproof barrier and aided in pro-
of the reality of the circumstances of evacuation. tecting the underl ying tissues from debris (Main-

Extraoral Wounds. The princi ples of manage- ous and Terry, 1974). In some instances there
ment for extraoral wounds were essentiall y no had been extensive orofacial tissue destruction
different from those described in the inter- followed by secondary wound breakdown , and
mediate care chapter. These wounds were readil y maintenance of satisfactor y wound hyg iene in the
accessible and could be debrided and kept clean face of oral feeding was virtuall y impossible.
by careful local care. It must be reemphas ized that Nasogastric tube feedings (Randall , 1971: Con-
continued drainage from wounds that did not respond to verse , I 974[a]) were initiated in these patients
antibiotic and local conservative care usually reflected until the wounds were sufficientl y healed to per-
an underlying skeletal infection related to devital bone, mit oral intake.
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Debridement. Tooth and Root Fragments. eithei intraora ll y or extraora llv althou ~ h t he
Periodontal and pul pal health of rem aining tooth cxtraora l route was preferable because there
and root fragments were carefully evaluated. The was usually better access for a wider cx-
objective of this evaluation was to determine if plorat ioii . the wound was easier to manage ,
they could be retained to assist in stabilizing bony and there was not the problem of oral cont.a-
segments or provide support for future pros- mination.
theses. In some instances salvagable teeth or roots During wound exploration all free bone frag-
which were critical to the rehabilitation but man- ments were removed as well as other embedded
ifested pararadicular pathology were endodon- matter (i.e., metal , clothing, tooth fragments) that

• tically treated. If there was any question that retained was easily accessible and could be removed with -
dental structures would compromise healing, they were out jeopardizin g adjacent health y tissue. Debris
removed. This included tooth and root fragments that had been identified clinicall y or radiographi-
that had been retained during early care with the call y but was not in the immediate area of de-
understanding they would possibly be removed bridement was generall y not removed unless it
later with less potential damage to surrounding was or became symptomatic.
adjacent structures (p . 73, Chapter IV). Serial Following debridement , wounds wereirri gated
radiographs and clinica l examination were frequentl y with saline or antiinfective solutions
utilized in evaluating the status of these struc- and packed open with dressings. Occasionally ,
tures. The clinical examination included stand- irri gation catheters were placed and wounds were
ard periodontal evaluation with recording of closed following debridement. Specimens re-
pocket depth and tooth mobility. Usual methods moved at surgery were submitted for culture and
of pulp testing were not app licable in many of sensitivity testing for selection of appropriate an-
these patients because of the regional sensory tibacterial therapy. It was not unusual to have
deficits that had been caused by the injury, additional bony fragments spontaneously ex-

- • Periodontal and periapical pathology that de- pelled from the wound during the subsequent
veloped late in the course of treatment , after con- phase of healing. If adequate osseous debridement was
solidation of osseous injuries , maturation of soft not accomplished , it was not possible to control these
tissue wounds, and restoration of masticatory chronic supp urat ive processes in a reasonable period of
function , were managed in a conventional man- time.

• ner. Additional considerations regarding the Reta ined Missile Fragments. Large retained mis-
management of tooth and root fragments will be sile fra gments remote to the wound that interfered
discussed in the bone graft reconstruction section with function or might present future comp lica-
of this chapter. tions , i.e., vascular or neurologic, were evaluated

Bone and Foreign Debris. The policy of conser- clinicall y and radiographicall y for removal.Ifvas-
vative bone debridement previousl y discussed in cular injuries were suspec ted, ang iograph y was per-
the earl y and intermediate care chapters was con- formed to confirm the existence of aneurysms,
tinued. Bony sequestra that presented either in- arteriovenous fistulas or other vascular abnor-
traorall y or extraorall y were removed when they malities (Arp in and Downs , 1975).
could be lifted from the wound with gentle ma- Posteroanterior , lateral cephalometric radio-
ni pulation. Unexposed devital bone that ss as con- graphs , ami d submental vertex views were valuable
tributing to a chronic suppurat ive process b r  locating fragnients in the maxillofacial area.
presented a more complex problem regarding These films were technicall y simp k ~o obtain and
diagnosis and surgical management. It was not often provided sufficient information to deter-
always possible to identif y bony sequestra ra- mine if removal was warranted (Figure 45).
diograp hicall y because of their smil l  size or the The decision to remove retained fragmen ts was not
superimposition of adjacent bony structures. In taken lightly since locating them in the tissues at the
the presence of a suppurative process that time of surgery could be extremel y difficult. If
could not be resolved by nonsurgical means. it the decision was made not to remove a fragment ,
was necessart to surg ically explore the are a even it was important to make the patient aware of its
thoug h no obvious source of infection could be presence and encourage him to return for
identified clinicall y or radiograp hicall y . Such follow-up evaluation (Figures 33 ami d 34).
surg ical redebridement was accomplished 
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TABLF 19.—Incidence of  Secondaiy, Open or Closed, became loose and ineffective by the time of late
Fr ac ture Red uction [ or Mandibular ~~d Midf~-üsl care admission. In fact , when loosened they acted
Injurie s at Late Care Faciliti es for  MFCS Patients as orthodontic appliamices ami d caused shifting of

in Groups 1, II, III , and iv teeth and associated bony segments, thus defeat-
ing their intended purpose. Splints were used

Group 
Mandible Slidlis ce

(open or closed) (open or closed) ubiquitousl y as an adjunct to IMF. Arch bars or
cast metal lingual app liances were most corn-

(N = 84 m812 1.43 1* 2102.38) mnonl y employed to allow earlier function and
11 (N  32) 3(09.38] 1(0313] monoarch stabilization once osseous consolida-
Ill (N = 20) 3115.001 1110.001
IV (N = 25) 1(04 .00) don had progressed to the point that IMF could

be discontinued (Case report 06 and 13).
Total (N = 161) 25(15.53] 4(02 48J When teeth anchoring fixation app liances were

~~igure~ luu bracket, equal perceuut.uge .~ ~‘~• lost as a result of debridement during inter-
mediate or late care , the use of IMF as the onl y
means of fixation was precluded and other

Methods and devices used to maintain alignment and methods were emp loyed such as splints or exter-
stabilization of bony segments were constantly nal skeletal fixation. The bi phase external skeletal
evaluated. I t was not unusual to progress to other fixation device was very usefu l , especiall y in the
means of fixation during this period or to reapply severely comminuted mandible or when discon-
or reinforce the devices alread y being used. The tinuity existed. The advantages amid disadv an-
ingenuity of each surgeon in managing fixation tages of this app liance for controlling osseous

• and stabilization problems was reflected in the fragments are discussed in the bone graft recon-
great variety of devices used during all stages of struction section.
treatment. It is apparent that there was no one way to
manage these problems, and the solution had to be
adapted to the needs of each patient. RESTRICTIVE JAW FUNCTION

Fixation periods were prolonged for the non-
graft patients because of the slow couisolidation Intr~~ ucdon• that occurred in the face of severe comminution
ami d avulsion and the hi gh incidence of infection. Although MFCS patients required prolonged -

The mean period of fixation in the non-graft therapy to restore miormal function of the ja ws,
patients was 51.78 days. The patients with the including conservative resolution of jaw restrk-
more severe avulsive injuries (group II) ex- tion ,severe limitation of mouth openingrequiring
perienced the longest episodes of fixation—the aggressive intervention was rarel y seemi im i this
mean interval was 60.25 days and the range was rather homogeneous population. However . Se-
from 19 to 168 days (Table 20). vere restriction ofjaw function was emicountered

in other Vietnam conflict patients , both military
TABLE 20.—Period of Intermaxillarj Fixa tion Following and civilian , and it has also beemi identified as a
Early Care for  Non-Graft Patients in MFCS Groups 11, serious problem in maxillofacial casualties since

III, and IV (days) 
_____________ World War I (Converse , I 974[bJ; Connole. un-

Group Mean Range published data). Therefore , a i-eview of the man-
agement princi ples app licable to the treatment of

11 (N = 28 60.25 19- 168 jaw restriction is included as a necessary compo-
I l l  (N = 17) 45.82 2i ~ nent of late care rehabilitation.IV (N =9) 47.78 i 7- l 5 0

When encountered , successful resolution of
Total (N = 54) 51.78 17- 168 ja w restriction depended on accurate diagnosis and

adequa te management. There were a plethora of
conditions which could result in inabilit y of the

Arch bars ligated to the remaining teeth were war trauma patient to open the mouth norm a lly .
the most common form of fixation. They had Although radiographic examinat ion was hel pful
often been placed under hurried circumstances in establishing the etiology of restriction , accurate
in the busy acute care facilities and frequentl y diagnosis was most often gained with an orderl y 
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evaluation of the patiemi t ’s history, h is symptoms , ticatory muscles with difficulty ’ in opening the
and a carefu l clinical examination that included mouth. ” (Dorland , 1974). Except when conver-
ami assessment of residual mnandibu lar function. sion reaction (h ysterical trismus) (Thomna , 1958

Of particula r importance was the anatomic location [a]; Salmon et al ., 1972) or tetatmius (Richter ,
of injury. When not grossly obvious (i.e., facial 1971) are suspected due to lack of local clinical
scarring, etc.) the involved area could often be hndmngs , trmsmus was the ubiquitous companion
pinpointed by the location of pain elicited during of inflammed masticatory mnuscle whether the
forcefu l attempts at jaw movement. Identi f y ing cause was trauma , infection , forei gn body, or -(

the anatomic location of the stricture within the scarring. Pain caused increased spasm ami d pro-
masticatory apparatus was the key to successfu l moted a vicious cycle of further pain and spasm.
mamiagemnent of these patients. The adequacy of Trismus was considered a component of re-
management varied considerabl y depending on stricted opening whenever pain was present.
the anatomic sites of stricture; however , once t he Eliminating or neutralizing painf ul spasm was a p re-
location was established , a progressive treatment requisite to treatment of any restrictive lesion. In man-
rationale could be selected with confidence that agement , causes of continuIng inf lammatmon
generall y satisfactory results could be obtained were controlled or removed (chronic infection ,
depending on the severity of the condition. For fore ign bodies , etc.) and muscle relaxation was
the foregoing reasons, management of these encouraged with heat and gentle exercise.
problems will be discussed by anatomic site. Prior
to doi ng so, it is neccssar y to place in perspective J aw Exerc isers and Ph ysical Therapythe matters of ank ylosis and tr ismus and also to
discuss the general methods of mechanicall y ap- Over the years , numerous jaw exercise
proaching the problem of jaw restriction, app liances and protocols for their use have been

advocated (Gray, 1969; Alexander et al., 1970;
Ankvlosis Rowe and Killey, 1970; Kwa p is amid Dyer , 1974;

/ Mincey et al., 1975). These can be characterized
True bony ank y losis of the temporomandibu- briefl y as those for intermittent use and those for

lar joint of traumatic etiology results most com- continuous use . Both have been e m p loyed effec-
monly from an indirect force such as a blow to the tivel y. The impo rtant featu re of each was to avoid
chin that causes cond ylar fracture or intracapsu- traumatic force which could generate additional muscle
lar injury . Ank ylosis was exceeding ly rare in spasm or microhemorrhage and f ibrosis within muscle.
combat casualties and the vast majority of condi- Alexander et al. (1970) described an excellet it
tions causing restrictions were extra-articular. Al- physical therapeutic protocol comisisting of dia-
though missile injury caused extensive tissue thermy, local heat , and muscle relaxi mig cxer-
damage, there seemed to be less tendency for cise, which can be used as a prelude to dilat ing
energy to be transniitted through bone and cause jaws in trismus.
indirect fracture (p. 35, Chapter IV) . Thus, un- It was often found that injuries which initiall y

• less the temporomandthular joint was directly involved appeared to require more aggressive surg ical
in missile inju ry, ankylosis was an unlikely cause of therapy responded to the patient employ ment of
restriction, conservative physical therapy . Preliminary

Most para-articular restrictions (pseudoan- ph ysiotherapy was of li m ited value iii extreme
• kylosis , etc.) were due to fibrosis , although cases with massive fibrosis or bom iy imp ingement;

mechanical bony impactions and ossifications did however , in most circumstances , initial  treatment
occur. of painful trismus simp lified management of re-

strictive lesions.
Trismus

Trismus often accompanied restricting fibrosis Anatomic Locations of Restriction
and its treatment was essential for successfu l re-
solution of the overall problem. Temporoj ar ietal. Whether due to blunt trau-

Trismus isdefined as ”motor disturbanceofthe ma , missile wound , or a surg ical incision for
tri geminal nerve , especiall y spasm of the mas- craniotomy scarrin g in the temporal muscle origin 
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J requenth resu lted in ,esli-frle d manthbular J unctio n w ith  .i Itle( hafiica l ratchet ( l ’homna, 1958[I ) J ) . I i
( Khosla, 1970; Kwap is and Dyer , 1974) (Fi gure th is  was unsuccessfu l , the insertion of the tern —
46). Often this type of r estr ictiomi was reffle(lied poral mimuscle was released by corono idectomv. in
by conservative t r eat l im emit .  (1 this was not SUC( csS- either circumstance , bite blocks were placed to
(uI , it was necessary to place the patient under m nai n t a i m m im max i mn um jaw dilation while the patient
general anesthesia and employ a shor t—act ing was under anesthesia and postoperativel y .  Al—
muscle relaxant. An at tempt was made to ly se the thoug h aim i nconvenience to the patient , keeping
fibrous adhesions by forcefully dilating the jaws l)it e blocks in place for 4—5 days postoperativel y

greatly reduced relapse tendency due to m uscle
• . spas m caused bs- postoperative pain. Following

s’~ ~~~~~~~~ this , a gentle regimen of jaw—dila t ing  exercise
I 

— 
‘ was provided un t i l  normal , pain— fm -ce range of

- . m l iaII ( l i l ) t I lsLi  f un c t i o n  was achieved and no f u i m t h e m
- — 

. tendency toward relapse was noted.
Zygoma—Coronoid Process—Maxillary Tuber-

osity. A common site for extra— art icular restric-
tio ns to occur was the region where the coro —

- ~~~~~~~ 
- . -: noid process in its normal excursion came in

4 
. 

. close proximity to the ~vgoma and maxil lar
- 

~~~~~~~~~ tuberosi ty .  Fibrosis or bony adhesion of the
.:. — : coronoid process to the zygoma or maxil la oc—

-
. curred following injury . Treatment gemierall y

_________ — . .
. consisted of coronoidectomy followed by ja w—

• . .

. dilating exercises. By itself, conservative p hvsio-
- . - . therapy was not usually effective in treatin g lesions

— ~~~~~~~~~~~~~~~~~~~~~ of t/mu area.
- Occasionally a fm-actured , severely depressed

/vgomatic comp lex that was not adequately
- . 

. -. 

~~~~
. —‘ treated imp inged on the coronoid pmocess

- 
sufficient ly to mechanically block its normal ex-

- , cursion. If delayed zvgomatic complex fracture
- 

. - 
:~~~~~~~~•!.. 

- reduction was imposs ible , coronoidectoniv and
consem-vative physiotherapy were necessary be-
fore mandibular function could be restored

- 5. I’ 
, (Brown et al. , 1946; Warsow , 1971; Findley ,

1972; Sperling, 1973).
.
~ - 

. I n  addition to the effects of t rauma,  infection -

and J ’oreign bodies at this site caused or accentua ted.~ ‘. • . ..
~~ f ibrosis and/o r bony consolidation. It was necessary to

elim iiumi ate the contributing factors (infection , -

forei gn bodies) in conjunction with conservative
F igure 46.—Upper and tint er) 1 1st-O tt - toni -i-ear-old ?~ I .Il ;- t i-j ib d ph ysiotherapy in order to resolve the problem.high sclocitv missile iii Jurs ‘I t Iw sti l t  t issut’s in the left tern 1ii ‘r.i l i e — 

—
gioti involving the tetnpor.ilis t oil  siipei s~i proximal portion ot the Pterygomasseterzc. Direct trauma , infection ,
maswit’r musc les. The-re i-~ .i’ - i Rs. itt .issot i.itt-d brain concussion, amid missile fragments were the most common
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ d~ 

d pnmartls si - it h pros- i causes of restr ictl~ e lesions associated ~ mth the
Was unabl e to depress his m4iml,ble- more th.i,i Ii ) mm .ts measured pterygomasseteric muscle complex. Because ofits
between t he maxillars and mandibular central incisor,. After reas- external position the masseter was more fre—
~~ssmetit for the possibility of overlooked mandibular fracture , a . .

diagnosis of mandibular restriction associated with temporalis and quem it l y’ involved. Aggressive surg ical intervention
masseter musc le fibrosis was made. Treatment consisted of daily was seldom necessary in treating lesions of this area
forced opening using a sti lt ’  opening mouth dilator b r  2 weeks until since conservative therapy to relieve trismus in as— -

a 45mm of mandibular depress-am was- achieved. At 6 weeks the pa- . .  - -

t ient could easily elicit a 40 mm opetling with unrestricted Unite- sociatmon with gemitle exercmse was generally effec—
tional movement, live after mnfec tm on had been controlled and sig-

•

~ 
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nificant forei gn bodies had been removed. hrmann , 1959; MacIntosh and Obwegeser , 1967)
If  fibrosis was extensive as indicated by severe to achieve an adequate prosthetic foundation in

rigid ity , either medial or lateral to the ram iius , it the m andible.
was necessary to very graduall y initiate physical Restriction of mouth opening due to extensive

‘I

tenim i g of the scar tissue. While this conservative cheek was treated successfully only b~’ surg ical
therapy to allow maturation and spontaneous sof- loss of substance or full-thickness scarring of the

approach could take up to a year , an acceptable recreation of the defect and replaceniemu with

larl y when a contimiuous use jaw-exercising (Crockett , 1963; Tempest , 1966; Converse , 1974F degree of function was often recovered , pam ticu- pedicled tissue for both covermmi g amid l inin g

appliance was used. It was extremel y important [di).
not to emp loy traumatic ja w dilation or attempt to
stri p fibrous adhesions under general anesthesia
because this caused additional fibrosis and the Summary
natural softening of the scar tissue was delayed. The majority of limitations had a large compo-

I I Buccal Circatr ix. Constricting buccal scar nent of true trismus ami d were amnendable to con-
bands which bound the maxilla to the mandible servative therapy. Trismnus was treated prior to a
developed from such injuries as lacerations , avul- definitive determination of the nature aiid extent
sions of buccal tissue , amid burns. These scar of the restrictive lesion.
bands not onl y limited mandibular movement but When a restrictive fibrous or bony lesion was
also compromised dental prosthetic restoration . encountered , successfu l treatment depended on
Preprosthetic management of this type of prob- the followingprotocol: 1)Deferment oftrea tmnent
lem is discussed in the section on preprosthetic um iti l the pat iemitwas at afaci l ity capableof provid~surgery. ing the necessary clinical support amid long-termRowe and Sowray (1965) proposed the follow- observations that were required for successful
ing means of managing restrictive intraoral scar mamiagement; 2) solicitation of active patient

• bands: 1) Use of mechanical aids , 2) excision of cooperation; 3) performance of functional
scars, 3) excision of scars and Z-p lasty, 4) excision surgery prior to correction of cosmetic defects; 4)
of scars with Thiersch type of skin grafting, ami d imp lementation of a flexible and thoroug h pro-5) Esser inlay graft. They also noted that pedicled cedure that did not need to be repeated; 5) force-
tissue may be required when structures other ful dilation of the ja ws under anesthesia was not
than the mucosa are involved, to be repeated if relapse was encountered simice

The most effect ive and reliable method of relieving additional fibrous or bony adhesions often re-moderate to extensive intraoral restrictive scar bands suIted; 6) surgery was indicated onl y w hen previ-
was a mody’ication of the intraora lly placed ep ithelial ous conservative efforts had failed; ami d 7) utiliza-
inlay as originall y used by Waldron in World War tion of a gentle continuous jaw-exercisingI (Ivy and Eby, 1924; Converse, 1974 [ci). The app liance as opposed to an intermittemit device
purpose in this instance was not to establish a during the postsurgical period.
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 SALIVARY GLANDS
bone. The maxillary approach was preferred for
two reasons: 1) It allowed greater latitude , i.e., if Of those patients included in the MFCS , 10.66%
the coronoid process was noted to be involved in sustained salivary gland injuries: 2.54c~ in the
the stricture it could be removed as a portion of parotid and 8.12% in the submandibular gland
the maxillary procedure; 2) the buccal inlay skin (Table 9, Chapte r IV) .

• graft is an ineffective procedure for vestibular These injuries involved the gland or their excretory
extension as a preprosthetic consideration in the ducts and sometinzes resulted in a draining extraoral
mandibular arch (MacIntosh and Obwegeser , f istula. If the inju ry was to the gland , any fistula
1967). If mandibular preprosthetic surgery was that formed usuall y closed spomitaneous l~ after
also required , we emp loyed the buccal inlay wound repair amid return of normal excretory
technique in the maxillary arch to achieve mouth function, Injuries to the parotid duct forward to
opening and the skin graft vestibulop lasty (Re- the anterior border of the masseter muscle or to

~
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the submaxillary duct usuall y formed a spon-
taneous fistula. if this did not occur , drainage was
established surg icall y throug h the mucosa adja-
cent to the severed duct and was maintained with
an indwelling catheter or drain until a permanent
fistulous tract developed.

Inj uries 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 surg ical
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 maj or
portiomi of the duct and onl y a short proximal
stump remained , the usual methods of repair
were not app licable. In this situatiom i the duct had
to be reconstructed to provide a path from the - 

-~~~~~~~~~~~

anterior border of the masseter throug h the buc- ______ - 
-‘ . ‘ 

~~~ ~~~‘ 
5

,
; j

cinator muscle into the oral cavity to restore the _____ - 
_________ 

~~. I

normal anatomy (Fi gure s 9, 10, and 14; Chap 

-

_____ 
_____

ter III ) .  A procedure for accomplishing this was .

described by Kuttner (1906) and a modification ~i~- ”k , J .,~~

of this technique was utilized successfull y in ,~~~~ ,,
•~~~. ~~~~~ ‘~-~~~ .

•

MFCS patients for this type of reconstruction ~~~~ -~~ j  ~~~~~~~~ 
~~,i

( mgures an ). 
_______ 

..“- .~~~~. ,
. , s-~~,

_ _ _ _ _ _ _ _  

- 
_ _ _ _ _

CONCOMITANT INJ URIES AND MEDICAL _ _ _ _ _

DISEASE 
____

~-s--
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 chapte r (p.
96, Chapter V). The incidence of medical com-
plications was 16.13%—rarely did they compromise
successf ul management and eventual healing of the
maxillofac ial injury.

The severity, multi plicity, and complications of
concomitant injuries were the major factors that

• effected maxillofacial wound management and
healing . For example , in a patient with empyema Figu re 47 —(‘pp er A ppeardn% e of a 26-~ej t-t ,ld t ,ictiak ~ on .tdmis-

i-Ion to a secon dary earls ’ ca re facilit y , showing m.issts--e left facialand multip le infected extremity wounds mainte- swe lling that was present 36 hours after a missile tnjurs to the face
nance of oral hygiene and meticulous care of the that had been treated without prov isions for drainage of a ses--erelr
maxillofacial wound were difficult. In addition damaged parot id duct system. M iddle) Photograph 5 we eks post in-

j ury showing cutaneous salivar y fisl ula on the cheek. Loiter) Post-the deleterious effects of chronic infection or eroanterior radiograph showing a fluid level in the left ns-axillars-
com promised ph ysiology of any etiology obvm- sinus that on surgical drainage was found to result from salis--a. 
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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 overla pp ing the vertical fiber of the masseter muscle (M). The
horizontal fibers of the buccinator muscle (B) are seen anterior to the masseter. Upp er middle) Diagrammatic illustration of
an anter iora ll y base d, full-thickness bucca l mucosa pedicle flap (F) that s -s-as desi gned to be of suffi cient length to brid ge t he
distance from the oral cavity to the remaining parotid duct stump. Upper right) A tract was developed through the
buccitiator muscle and the end of the mucosa l fla p (F) pulled into the extr aora i wound. Lower left) The flap was formed into
an oral mucosa lined tube (T) by suturing around an appropriate sized polyet helene catheter. Lower right) End-to- end
anassomosis of the mucosa lined tube (T) and parotid duct stump (P) was accomplished after the catheter was directed into
the end of the residual prox imal duct.

ousl y had a negative effect on wound healing in surgery under general anesthesia and postopera-
• general. tivel y. They measured blood volu m es and found

Illustrating the sometimes precarious p hysiologic unexpectedl y large reduction in red cell m ass (ca.
status of war casualties during late care , even after 40%) that were not commensurate with hemoglo-
sa tisfactory earl y care, is a report by Biron et al. bin and hematocrit values. When red cell mass
(1972) concerning a clinical syndrome that they deficits were corrected by red cell transfusion , the
observed in Vietnam casualties with orthopedic clinical management of the patients was far less
and associated injuries. The usual number of complicated. An exp lanation for this phemiome-
maxillofacial injuries were included in this group non , referred to as the “anemia of trauma ,” has not
(Ca . 10—15%). They observed that many of these been established. Surgeons managing trau m a pa-
patients manifested inordinatel y complicated tients should be familiar ~.s’ith this clinical svti -
and delayed wound healing as well as serious drome since it can greatl y affect the success of
episodes of hypotension during periods of surgical rehabilitation.
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BONE GRAFT RECONSTRUCTION
-j

INTRODUCTION suIts by the following remarks , “Statistics which
appear in the table below are in many cases esti-

Bone graf i reconstruction of t h e  maxillofacial mnates rather thami accurate reports because of
area was rnostfrequent ly performe d in the mandible for lack of access to records. It was particularl y
patients included in the MFCS, princi pally be- difficult to obtain fi gures on complications. And
cause there was a greater incidence of avulsive lack of follow-up may be responsible for a hi gher
mandibular injury (Table 8, Chapter IV). Or- percentage of primary take than should actuall y
dinaril y , adequate masticatory functiomi could h O t  be the case.”
be restored to the mandible by prosthetic means Mowl-em (1944) introduced an iminovation in
when discontinuity had resulted from avulsive grafting during World War II invo lvim ig the use of
injury, whereas in avulsive maxillary inju ries comi - iliac cancellous bone chips; he reported 36 mandibu-
struction of a prosthesis frequentl y effected ac- Iar grafts all of which were successful insofar as
ceptable functional restoration , thus reducing, al- uniom i was concerned. Mowlem ’s observations de-
though not eliminating, the necessity for bone scribed the essence of this as follows: “In using
grafting. Onlay grafts to the zygomatic-maxiIlar~ cancellous chi ps we are reversing the accepted
area for restoration of morphology were rare— standard of bone grafting. Instead of sp lim iting
onl y twosuch grafts were accomplished omi MFCS the defect with a dense , almost miomi-cellular
patients. This section therefore emp hasizes man- tm-ansp lant which may also act as a brid ge for
dibular grafting since this was the most conimon osteogemiesis or as a poor source of new bomie—
osseous reconstructive procedure. amid for neither of these purposes is it histologi-

call y suitable—we rel y on other methods for fixa-
EVOLUTION OF MANDIBUL AR BONE dorm and fill the defect with a cellular mass , the
GRAFTING survival of which will produce the requisite

amount of new bone within a matter of weeks.”

Historicall y the mandible has been most fre- The work of Mowlem was sciemiti fIcallv substan-
quentl y reconstructed in maxillofacial war in- tiated by the imivesti gations of Burwell in the 1960 ’s.
jur ies. Ivy (1920) reported on the treatment of au After an extensive series of experiments concern-
estimated total of 1, 125 gunshot fractures of the ing the fate of bone grafts , he concluded , “cancelious
mandible by the American Expeditionary Forces bone after its tra nsplantation has the capacity topro mote
in Europe during World War I. Of these patients osteogenesis in red marrow.” He further stated , “the
123 or 11% required bone grafting. The methods new woven bone produced by an autograft of
of grafting included the osteoperiosteal (37%), fresh marrow containing iliac bone is derived not
local pedicle graft method (30%) , cortex of the onl y from osteoblasts on the surfaces of grafted
tibia (17%), crest of ilium (7%), rib graft (6 %), and bone , but also from osteoblasts created by the
ramus sliding graft (3%). Of these operations , differentiation of littoral cells limiim i g the vascular -

76% were considered successfu l though the sinusoids of its survivim ig red marrow ” (Burwell ,
criteria of success were not indicated. These pro- 1964).
cedures were performed without the use of an- A more elaborate discussion of bone phvsiol-
tibiotics. At that time the success of long-term ogy would be relevant to the subject of bone graft -
bone grafting was noted by Kirk (1924) as 65% in ing, but we conc uded that such a presentation is
a series of 156 patients. best reserved for a treatise specificall y concerned

Mandibular bone graft reconstruction in with bone as a tissue rather than in a text primar-
United States mili tary facilities during World il y concerned with a survey documentation of
War II was surveyed by Blocker and Stout (1949). clinical experience. Burwell (1969) comp iled ami
This surve y covered 1000 grafts including one- excellent review of bomie transplantation in which
piece iliac (81 %), rib ( 15 %), tibia (2 %), and iliac he presents a very reasonable discussion of the
chi p ( 1 ~

). Results were reported in terms of the state of the art that remains valid to date.
success of union. “Primary take” was achieved in Thus a variety of methods ha ve been used to recon-
90.7% of patients though they qualified these re- struct the mandible in battle casualties. To date , the
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most commnon lv emp loyed transp lant has been necessary, if the soft tissues associated with the
autogenous iliac bone , either as a solid one-p iece reconstructed alveolus were unstable over the
segmemit or augn iemited with hi ghl y osteogenic crest or were residuall y positioned in the vestibu-
cancèllous marrow chi ps. Recentl y there has been lar areas imi a manner that precluded construction
renewed interest in the efficacy of allogeneic of a satisfactory prosthesis.
(homogenous) bone grafts augmented with au- The necessity for a second- or third-stage pro-
togenous cancellous marrow as a means of reduc- cedure , or both , could not alway s be established
ing morbidity associated with donor operations before initial bone grafting . However , the proce-
(Jones et al., 1972; Burwell , 1976; Friedlaender , dures needed to be identified as possible exten-
1976; Kell y , 1976). These methods hold promise sion of treatment so that the pat ient could ap-

4 for the future , particularl y in light of the exten- preciate the end point that was to be achieved. To
sive developments that have occurred in the field ensure cooperation during a potem itiall y long
of transp lantation immunology (Najarian and period of reconstruction , the patient was made
Simmons, 1972). aware of the objecti ves of the program and the

procedures necessary to accomplish them. This
• CRITERIA OF SUCCESSFUL exp lanation was clearl y presented and every ef-

RECONSTRUCTION fort made to accomp lish treatment objectives as
soon as possible, in keep imig with adequate heal-

Before we discuss the MFCS bone graft pa- ing amid maturation of tissue , because this was the
• tients , it is first necessary to identif y what we con- time of opt imum cooperation and motivation.

smder the objectives of mandibular reconstruction The opp ortunit ~ to afford a rational program
and the criteria forj ud ging successful treatmem it. of staged mandibular bone graft reconstruction

- 
- A review of the literature relative to this subject directed toward total rehabilitation has been

suggests that in most instances restoration of con- greatl y enhanced by the recent reemp has is of p re-
t inuit y by achievement of union has been consid- pro.cthetic surgery. These methods of reconstruc-

tion are aimed at restoration of proper oral andered the definitive measure of’ success. From the maxillofacial form and function through a varietydata acquired in our study, we concluded that of hard ami d soft tissue surg ical procedures (Re-althoug h establishing continuity through graft hrmann , 1959). Diagnostic criteria have beenunion is important , this does not always provide refined ami d new surgical techniques have evolvedthe patient with a satisfactory functional and (Macintosh and Obwegeser , 1967). The variousesthetic result. We offer the following objectives treatment approaches are not described hereof graft reconstruction as necessary to assure that since they will be discussed later , but we em-complete rehabilitation is achieved. 1. Establish- phasize the need for including them in an~ pro-men! of mandibular continuity. 2. Establishment of an gram of oral and maxillofacial rehabilitation if aosseous alveolar base fo r a prosthesis. 3. Correctio n of desirable , functional , ami d esthetic end point is toalveolar and vestibular sof t tissue def iciencies in p r ep- be achieved (Kell y , 1973).aratio n for p rosthetic reconstruction.
Establishment of continuity should be ac-

complished in such a manner that it is possible to PROCEDURAL FORMAT FOR
achieve both an esthetically acceptable contour as well RECONSTRUCTION-REHABILITATION
as a maxillary-mandibular relatio nship suitable for
p rosthetic dental restoration. Figure 49 illustrates what we consider to be the

It was often difficult to achieve all these objec- correct progress of treatment during the late phase of
tives by a single operation and in the patients management. The essemitial continuity of treatmem it

• successfully rehabilitated it was frequentl y neces- is exemplified in this diagram , as well as the op-
sary to proceed through as many as three stages of portunity and necessity for including all types of
surgical treatment to obtain the desired results. If reconstructiomi at the appropriate interval.
the f irst-stage operation had achieved onl y the Three basic principl es, previousl y discussed in
establishment of continuity, then it was necessary this chapter , must be app lied p rior to bony con-
to perform second-stage bone graft augmentation solidation or grafting. Infection must be con-
to provide an osseous alveolar base for a pros- trolled , debridement of devitalized hard tissue
thesis. A third stage of surg ical treatment was accomp lished , and the bony fragments stabilized
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I .  CONTROL OF EXISTING INFECTION

2. SECON(~ RY HARD TISSUE DEBRIDEMENT (TOOTH AND BONE)

3. FIXATION OF OSSEOUS FRAGMENTS TO MAiNTAIN PROPER ALIGNMENT

CONTINUITY — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DISCONTINUITY -
CONSOLIDATION BONE GRAFT

~~~~~~~~~~~~~~~~~~
E PROSTHETIC

• SURGERY

PROSTHESIS

CONTOUR AUGMENTATION
BONE GRAFTING

AND/OR
ESTHETIC SOFT

TISSUE REVISION

Figure 49. —Pro -cdural lormat diagram

in proper ali gnment. surgery, comitour augmentation amid scar m ’evisiomi

If consolidation occurs and continuity is restored may be accomplished as required after the graft -

with the osseous fragments in satisfactory posi- operation.

tion , a prosthesis may be constructed and esthetic Application of this simple formula has led to

soft tissue revision performed if required. When imnproved and complete results in the reconstruc-
tion and rehabilitation of max illofacial casualties.

conditions are unfavorable for construction of a
prosthesis , indicated preprosthetic surgical pro-
cedures should be accomp lished before definitive ANALYSIS OF BONE GRAFt ’ CASES
prosthetic restoration and soft tissue revisiomi .
Cormtour augmentation bone grafting can be per- There were 93 patients reported in the MFCS
formed as au adjunct to final scar revision but who required bone graft reconstruction. Imi this
should precede the soft tissue operation. group, 114 grafts were performed , with 20 pa-

If discontinuity exists after the preliminary prin- tients requiring multi ple grafting procedures. All
ciples have been applied and bone grafting is re- of these grafts were performed with autogemious
quired , prosthetic restoration , preprosthetic material (iliac, rib, particulate (ancellous marrow
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[PCM]), except for 6 composite grafts that con- TABLE 22.—Mea n Interval—Date of Graft to
sisted of allogeneic (banked) mandible combined Last Follow-Up 

________wi h autogemious cancellous marrow. In 80 pa-
tients who received 101 grafts it was possible to I ’~p t ’ of gt- a ft nays Years

acquire sufficient data for valid anal ysis of the iliac crest (N =34) 2095.29 5 . 74
long-term results of’ surgery (Table 2 1). The Rib (ti 8) 2568 .38 7.04

mean length of follow-up postgrafting for the 80 PCM ( N  =36) 1808.17 4.95

patients s”as 1,992.01 day s or 5.46 years (Table Other (N=2) m240.oo 3.40

22). Total (N=80) 1992.01 5.46

Table 23 lists the incidence for various types of —

primary and secomidary bone grafts performed
for augmentation or continuity restoration. Of ity—and onl y 1 was successful. Of the total of 83
the total of 101 grafts , 83 (82.18%) were per- grafts , continuity was achievedimi 68 (8 1.93%) . For
formed for continuity restoration and 18 those grafts that were the primary or im mitial re-
(17.82%) for augmentation. The great majority of constructive procedure , continuity was achieved
the primary or first bone graft operations were in 80.56%- , whereas in patients who received sec-
for continuity restoration (90%) whereas the ondary grafting following an initial unsuccessfu l
secondary operations were about equall y divided opemati on the success rate was 90.91%.
between those performed for augmentation The incidence of bone grafts for continuity in
(47.62%) and for continuity restoration (52 .38%). various anatomic regions of the mandible is listed
Of the 18 augmentation grafts , i t  were per- in Table 25. In 32 patients , 38.56% of the total ,
formed with iliac crest bone , 4 with rib , and 3 with the graft included the symp hysis alone or in corn -
the PCM system. bimiation with other adjacent regiomis. Of these 32

Table 24 presents the success of mandibular patients , 19 received grafts that included the sym-
bomie grafting in terms of continuity restoration , physis plus the bod y or the parasymp hysis area.
which it will be recalled is onl y one of the criteria Six of the eight rib grafts reported were per-
that was used for evaluating the grafts per- formed for defects involving the svmp hvsis.
formed. Thirty-five iliac crest grafts were per- Forty-four graft s, 53.0 1% of the total , included
formed for continuity and 30 (85.7 1%) were suc- the bod y or the body in combination wi th  the
cessfu l for this purpose. Of the 5 secondary iliac ang le or ramus. Twenty-four of the 37 PCM
gra fts for continuity , 100% were successfu l as grafts were emp loyed for reconstructioml of the
compared to 83.33% of the 30 primary proce- bod y combination defects as compared with 15 of
dures. A total of 8 rib grafts were performed for 35 iliac and 2 of 8 rib grafts. Iliac graft s were
continuity—in 6 patients (75%) continuity was performed with equal frequemicy in the body and
achieved. PCM graft s were performed for con- sy mp hysis regions.

tinuity in 37 patients—3 1 (83.78%) of these were More grafts were performed omi the right side

successful. Onl y 3 composite (autogenous- (56.63%) than on the left (30. 12%) althoug h there is

homogenous) grafts were performed on patients no exp lanation for this predilection and it would

included in the MFCS—all to restore continu- appear to be a ramidom distribution rather tha n
one produced by any specific factors associated
with wounding. in 13.25% of pat ients the grafts

TABLE 21 . —Success of Achieving Long-Term Follow-Up included both sides (Table 26).
f or Pat ients Included in the MFCS Who Underwent Bone Table 27 presemits data for success in achieving

Graf t  Reconstructio n of the Mandible continuity for grafts in various anato m ic sites of
the mandible. The success of achieving continuityOriginal Long-term

data data available for iliac grafts was 80% for the svmiip hvsis combi-
nations , 93.33% for the bod y combinations , 80%

Number of
patients reported 93 80 [86]’ for the ang le-ramus reg iomi , and 85.71 ~ for all
Number of grafts 114 101 [89] sites. For rib graft s 66.67% were successful for the
Patients requiring sy mp hysis combinations , 100% fi . r the body , and
regrafting - -  20 20 [1001 75~ overall. PCM graft success was 81. 82% for

~ igur~s in hr~rk ri s nto.i p~r~o~gc ~‘t ~~- symp hysis, 83.33% for body, 100% for ang le—
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TMSLE 23.—Frequency of Bone Grafts Performed for Augmentation
or Continuity Restorat ion

Type of graft 
Augmentation Continuity Total

only restora tion

A. Iliac crest

Primary 4(11.77]’ 30(88.23] 34(100]
Secondary 7(58.33] 5(41.67] 121100]

11(23.91] 35(76.09] 46[i00]

B. Rj b

Primary 1112.50] 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(9m.67] 36(100]
Secondary 0(00.00] 4(100.00] 4(100]

3(07.50] 37[92.50] 40(100]

0.

Primary 0(00.00] 2(100.00] 2(100]
Secondary 0100.00] 1[iOO.00] 1(100]

0[00.00] 3(100.00) 3[l00]

E At! grafts

Primary 8[10.00] 72(90.00] 80(100]
Secondary 10(4 7.62] 11152.38] 21[lOO]

Total 18[17.82] 83(82.18] 101(100]
Figuret in brackett equat percentage oF N.

ramus combinations, and 83.78% overall. For all (7.35%) of the total patients a denture was not
grafts , continuity was achieved in 68 of 83 in- required because the injury and subsequent gra ft
stances (81.93%). had not affected the denture-bearing area ,

Eighteen bone grafts were performed for aug- whereas in 12 patients(17 .65%) masticatory func-
mentation (Table 28). Ten of these operations tion was possible without a denture because there
(55.56%) were secondary procedures to a primary was sufficient residual dentition , i.e., gra ft prox-
continuity gra ft whereas 44.44~ were primary imal to first molar or second bicuspid with full
operations done solely for augmentation. Thir- complement of teeth. Thus , in 51 of 68 grafts
teen (7.2.22%) were for functional augmentation (75%) a denture was indicated for restoration
of the alveolar segment of the mandible and 5 of masticatory function following bone grafting.

• (27.78%) were for cosmetic augmentation. Prosthetic rehabilitation will be discussed in the
The number of patients requiring a denture preprosthetic surgery section of this chapter.

after bone grafting is listed in Table 29. In 5

L. ------- - - - - — - - --
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TABLE 24.—Bone Graf t  Success (Continuity Restora tion)

- Total for Continuity Failed to
Type of gralt continuity achieved achieve

continwty

A. Iliac crest

Primary 30(100]’ 25(83.3’S] 5(16.671
Secondary 5(100) 5(100.00] 0(00.001

35(100] 30(85 .711 5(14.29]

B. Rtb

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. Comp osüe

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 graft s

Primary 72(100] 58(80.561 14(19.44]
Secondary 11(100] 10(90.91] 1(09.09)

Total 83(100] 68(81.93] 15(18.07)

~Figure~ in bracken equat percentage ~~ N.

TECHNICAL MANAGEMENT from 38 to 799 days (Table 30).
Basic p rincip les necessar y to follow for successful

Introduc tion graft ing were: 1) Awaiting and/or providing
adequate vascularity and nutrmuon of the graft

The success of bone graft reconstruction was bed , 2) establishing stable immobilization of
largely due to the adequacy of previous treatment grafted segments , 3) assuring asepsis in conjunc-
and the thoroughness of evaluation and prepara- don with grafting. Comprehensive postoperative
don prior to grafting. The period of time over care and follow-up were strong ly emphasized to
which the patients were prepared for grafting prevent or reduce complications that might lead
was prolonged , principally as a result of chronic to graft failure . Satisfactory management of these
infection and slow healing. The mean length of patients was carried out within a well-developed
time from date of injury to bone grafting for but flexible treatment plan. In the following dis-
MFCS patients was 253.16 days and the range was cussion of the essence of such a plan , we recognize 
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TABLE 25.—Incidence of Type of Bone Grafts in Variou.c Anatomic Regions of  the
M andible

Type of graft
Anatomic site Composite Total

Iliac Rib PCM

A. Symphysis

S only 2 — 2 — 4 (04.82]’
S + B 9 4 6 — l9 (22.89]
S + B + A 3 1 1 5 (06.03]
S + B + A + l t f  I 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 [02.4 1]
R only — — — I (01.21]

5 — 2 — 7 (08.43]

Total 35 8 ‘S 83 (100.00]

Eigures itt brackets equal percen tage of N .
tS Symphysis; B — Bods; A = Ang le; R = Ramus .

TABLE 26.—Anatomic Location of Mand ibular Bone Graft—Side of Grafting

Cocation Iliac Rib PCM Composite Tota l

Bilateral’ 5 4 2 — i i [13.25] t

Right 18 3 23 3 47 (56.63]
Left 12 1 m2 — 25 [30.12]

Total 35 8 37 3 83 [100.00]

~De1rct i,,vo tsed both sides including the ntdline.
tEi gures in bracket s equal percentage oF N -

that this does not constitute the only valid ap- electrolyte status , nitrogen balance as determined
proach but rather an overview of a management by adequate intake-output and active weight gain ,
phmlosophy representing a distillation of cumula- and blood volume. Patients with multi ple wounds
tive experience that has served well. and chronic infection were restored to positive

• As previously mentioned , in this and the in- physiologic balance slowly even thoug h they were
termediate care chapter , the initial considera- under continuous medica l supervision.

• tion in management was the overall systemic evalua- Fortunatel y, in most instances the ;naxillof acialpa -
tion of the patient. It was highl y desirable to the tients were in good health by the time reconstr uctive
success of bone grafting that the patient be in surgery was plan ned as they had been under con-
optimal physiologic condition prior to operation. tinuous medical observation since the time of in-
Of particular concern , in addition to establishing j ury.
the integrity of all organ systems, were fluid and

_ _ _ _ _ _ _ _



-

~

. _ - - - — _ - ----=--— -.-———- _ - -._--- --.

~

-- ———

~~~~~

.——.,_ — .,-._---—-_ - ----_.-_=-,_-- , - --------- _ - --=—

Late Care (Reconstruction-Rehabilitation) 123

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

— 
liacattot i t t f  gra fts bs- attatoatt u regiotts ’

S. tap t.. sLs ct.ntbataations Body combtnattons Atagk.rasta us 
— 

—

Isp.- of gr.at l  S c B +  B A R TOTAL.
S attth S+B S + B+A  Total ools B+A B +A+R lotal onl) A+ R .,nl, t otal Al.L

‘.11 I-S

A- Ibue

tontanuit. 2 7 2 I 12180 001$ 5 4 5 14(93.321 2 I I 4(80.00J 30(85 .7t I
‘s o raotluaasaty 0 2 I 0 3)20.00) 0 0 1 106.671 2 I I t)20.00) 5114.29 1

- 
2 9 3 I 1511001 5 5 5 15)100) 2 2 2 5(1001 351 t 00)

B. Rd.
a. ot tttnu ats 0 4 0 0 4166.671 I I 0 2) 1001 0 0 0 (1(00.00) 6(75.001
Noaonlum,ts (3 0 I I 2133-33) 1) (3 0 0(00.00) 0 0 (3 0(00.00] 2) 25. 00)

0 4 
- 

I I 6(100) 
- 

I I 0 2)100) 0 0 0 0(00.001 (([ t OO)

C. PCM

Ctmtinuits 2 5 I I 9)81. 82) 9 3 20.183.33) 2 (3 (3 2(100) 31(83.78)
Nocontinuitv 0 I 0 I 2)18.18) 2 

-- 
t~ 0 4)I&(i7) 0 0 (1 0(00.00) 6(16.22)

— ________ 

2 6 I 2 11)100) 12 9 3 24)1031) 2 0 3 nI(s)) 37)100 )

0. Co~tpsoafr

Contanuits 0 0 0 0 0)0(1.00) I (1 0 1)23.33) 0 0 0 0(00.00) 1)33.33)
N.. contitsuity (3 0 (.1 0 0(00.00] 2 0 0 2(66.67) II 0 (3 0(00.00) 2)66.67)

- 
0 0 0 0 0(00.00) 3 1) 0 2)66.671 (a 0 0 0(0(3.00) 3)100)

S= S~mph c s i s ; B — B o d y ; A = A n g Ie. 
— -  -

tFigures an brac kets eqtaal percentage of N.
TOTAL . ALL GRAVI S WITH (ON I INUI I S  8181.93)
TOTAL. ALL (;RAFrs W ITH NO (ON FIN( TV 15)18.07)
Tot Al.. AL.L GRAFTS 8311001

TABLE 28.—Incidence With Which Augmentation Bone 1) The long-term positive jaw immobilization
Grafting to the Mandible Was Performed for  Either required in association with graft recon-
Functional or Cosmetic Restoratio n in Both Primary struction.

and Secondary Grafting Situations* 2) The potential advantage of retaining spe-
- . . . . cific teeth for both jaw immobilization and(,raft Functional Cosmetic rotal[%] .

subsequent prosthetic rehabilitation.
Primar y 6 2 8(44.44]t 3) The adverse influence of odontogenic in-
Secondary 7 3 10(55.56) fection on grafting—when infection oc-

Total 13(72.22] 5(27.78] 18(100] curred near the time of grafting, total graft
• tS  of lOt grafts st -er r jwr ls.rs,s rst (or .arag t ra rntat ns tt It l iii ss hot s it i t s  

failure could result.
pr esent. Radiograp hic examinatio n of the teeth and support-

tPs gsa rr . t a br a. bets s-, ~tcs I pa rs rt tt ,tgeo l ‘~ ing bone was essential and included standard cx—
traoral and panographic views as well as periapi-

Preoperative Evaluation cal radiographs of all teeth , particularl y those
adjacent to graft sites. Althoug h panographic

The bone grafting candidate shared in com- films were more easil y obtained and provided a
mon with other maxillofacial casualties , the re- convenient serial assessment of osseous repair ,
quirement for a complete and thorough orofacial they were not utilized to establish a definite as-
examination. sessment of the state of the dentition. When ap-

Evaluation of the remaining dent ition took an addi- propriate radiograp hs were combined with clini-
tional significance in the grafting candidate be- cal evaluation of the remaining dentit ion to de-
cause of the following considerations: termine vitality , mobility, and periodontal status ,

•
.1 _~~~~~~~~ ..-=~~~~~~~~~~~~~~~~~~~~ _-~~~~--.---- .. -- - -. -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 29.—Patients Needing Dentures Following and were helpful iii assessment of the residual
Successful Bone Grafting for  Continuity Restoration dental occlusion in relation to future prosthetic

requirements. Most patients undergoing bone
No dentuies required 

Number graft reconstruction required denta l prosthetic
Adequate ft f app liances subsequent to graft ing as an integra l

Type of graft otciusal patients part of their management (Table 29). Prosthetic
Demure N/A function requiring evaluation during the preoperative phase of

WIth oUt dentures treatment established the basis of coordinated
pros. 

__________ surgical and prosthetic treatment , thus assuring
Iliac crest ‘S (09.68]~ 5 [16.13] 23 (74. 19] preservation of essential teeth and creation of

(N = 31) alveolar ridge relationships favorable to denture
Rib 0 (0.001 1 (16.671 5 [83.33] construction.(N = 6)
PCM 2 [06.67] 6 (20.00] 22 [73.33]

(N 30) Control of Sepsis -)
Other 0 (0.00] 0 [0.00] I (100]

(N = i 
_________ __________ __________ 

Forty-six (56.10%) of MFCS patients with avul-
Total (N = 68) 5 (7.35] 12 (17.65] 51 (75.00] sive mandibular defects requiring bone grafting

- (group I) presented with infection at varyingpagures an ba aa kns equal percentage of S. . . .times during their postmnjury course. The
greatest number of these infections (27) were

TABLE 30.—Mean Interval (Days) f r om Date of Injusy to diagnosed at the late or CONUS facility (Table
Date of Graft for Patients in the MFCS Who Received 31). Infections were usually chronic but acute

• Mandibular Bone Grafts exacerbations were not unusual—they were
— treated as previousl y described in this chapter.

Type of graft Mean Range . .Once initial soft tissue healing had occurred ,
iliac (N =34) 392.35 73 - subsequent episodes of infection were usually as-
PCM (N =36) 

157 sociated with the presence of nonvital tissue
Other (N =2) 236.00 136 - 336 (teeth , bone) or foreign material such as allop las-

tic imp lants or wires (Case report 11); it was un-
Total (N =80) 253.16 38 - 7~~ common for missile fragments to cause latent in-

fection (p. 73, Chapter IV). Surgical sv ire or
other fore ign debris was carefully scrutinized for

• intelligent appraisal of their potential advantage possible removal , even in the absence of clinical
a. - or liability could be made. infection , if they were in the bone grafting area

Study casts were also obtained because they pro- (Figures 50 and 51). The matter of foreign-body
vided an excellent guide in planning anatomic removal was sometimes conje ctural and , in retro-
reduction of the remaining jaw segments , served spect , some decisions were regretted. For ex-
as models for intraoral surgical sp lint fabrication , amp le, a questionable fragment of debris that was

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

Interval dunng which diagnosis made Local, where infection diagnosed
Group

0—7 days 8—2 1 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] I I[13.41] 27(32.93]
El (N 35) 1(02.861 6(17.14] 3(08.57] 10128.57] 1(02.86) 2[05.71J 7(20.00]
iii (N=20) 0(00.00] 3(15.00] 4(20.00] 7(35.00] 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(00.001 0(00.00] 0(00.001 0(00.00) 0(00.00] 0100.00)

Total (N = 162) 14(8.64) 35(21.60) 19(11.73) 68(41.98] 9(05.56] 17(10.49] 42(25.93]

Figum in brackets equal percentage of N.
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Figure 50 —Upper Ic/I) Panoramic radaaagrap h au 22-year-old casualty taken 8 ssee ks f tdl aass it ig .i hag h velaxu t~ missile anJur~
to thejaw at the time the patient was admitted at the late care facility. Debridement . open reduction and IMF with arch bars
had been a- - o m p lishecl at the time af injury. Chronic- infectio n had developed and the mattdihular right second bicuspid
had been removed it .at i intermediate facil ity in c-arnju nction w ith limated wound debt idemetui atad supportive care. Upper
right )  Panoramic radiograph 4 months post injury. The manclitstt lar right first hictas p id atad first m(alar had been removed.
Middle Ic/ I)  Patt aramic - radiaagrap h 6 months post iti jur~ fo llowitag debridement nI botie and wire froan the mandihatlar
wound. Ihe ( i ra iamdet ita l wires secta about some of the matidibular teeth were securing a lat igual a -rvl ic- sp lint which was
prov iding monoarcia fix atia ti. Presence au the sit ag le molar taa oth itt the proximal I ragment was ciii t ial  as it priavaded cntat aol
of this Iragmeait hs spli t a t f ixation and occlusiotu with the opposing dental arch. Middle right) A ppearance of acr~lic sp lint
dew- ritx d in n ,a t i , a i  sc liar middle kIt radi agraph . Lota ’er Ic/I) Panoramic radiograph ¶1 months lollowing inj ury at approx i—
mate I~- t he time drainage from the wound finally t ( a s t (l Loiter right) Panoramac - a-ada(agrap h I ear hallow aau g atujur v 

~~~
prior Ut ~~ne graft i aug. All ha ugh the as us ia  in! was aut a ss - hca lcd a t at a t a— u nta u n exa stc d at the I racture sate. (Cotultn and an Figure
5/ .)
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E agur S I . Ctanhinuali.,n aaj ~ agure 5(t .—La l i f  l’ai t a at .iiiaii i .ulit agrap h 3 ant t t a t  las It alit ass i tag P( - NI Ia ti n gi alt ut  a ansi a ut lit an a at
the mandible with es tdv nat at t  graft repair. Right) Panturamic radiograph 74 motaths pa st injury anal 26 matt at hs foilaass itag
bone grafting. Eiidatalttntics had been performed nit teeth adjacent to the graft in the distal fragment and the prttx t iiaa l
ramus fragment asas iii proper alignment as a result auf its c- auntraal during t he pre - and puustgrafting period.

in remote relation to the graft bed subsequentl y moval to enhance the potential fbr graft survival.
contributed to a postgraft infection as a result ofa When frank residual infection was observed in
previousl y undetected fIstulous tract (Fi gures 52 t he potential graft area , removal of involved teeth
and 53). was accomp lished in conj unction with  surg ical

Teeth adjacent to the injury site with questionable rede bridern eni preliminary to reconstruction. To
radiolucencies were definitely potential sources suppress the infection with antibiotic treatment
of late infection and thus required a m ost critical wi thout  appropriate surgical therapy was unw ise
appraisal. Determination of vitalit y by conven- and could cause an exacerbation in the midst of
tional means was not possible when sensory in- reconstruction. Bone grafting ~Ias not ret ommend€ d
nervation to the area had been disrupted. It was until at l€ast 6 weeks after redebridenwnt. to permit
the n necessary to rel y on such imprecise criteria revascularization and maturation of the tissues in
as tooth stability and color with the hopefu l as- the area. The final decision for gra fting in these
sumption that sufficient viability had been pro- instances was made only after a carefu l clinical —

vided the dentition via the vascular network of evaluation of the prospective graf t  bed to ensure
the labial and the lingual mucosa. Bell (1969 , it was well healed and free from in fec t ion .  If
1971 , 1973 , 1976) showed that the vi abili t y of grafting was accomplished too soon af ter  such
dento-osseous ja w segments can be maintained if procedures there was very little chance of graft
a soft tissue vascular pedicle is intact on at le~’st success.
one surface of the fragment.

Endodont ic thera/ ~ was recommended , even Selection of Critical Dentition
without  confirmed nonvita l i ty or abscess forma-
tion , when such teeth were viewed as being critical Selection of teeth , which were most critica l to
to adequate ja w fixation or for eventual prosthetic surg ical reconstruction , necessitated a detailed
restoration. Conversely , when questionable teeth appraisal of the denti t io n in relation to the func—
were of minimal  advantage , it was prudent to t ional capacity of the ja ws.
remove them before grafting. There was noabso- Teeth in the proximal fragm en t adjacent to an
lute formula  app licable to this particular problem avulsive defect in the mandibu lar body presented
and these cases were decided Ofl an individual either an advantage or a liability . In general . iion-
basis. If endodont ic therapy was not possible or functional teeth or those tha t  had the potential of
had p reviously f~iiled , it was considered desirable develop ing pericoron itis were removed. Teeth
to resolve such situations in favor of tooth re- that were in functional occlusion were of great
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Figu re 52 — Upper) Panoramk radaogt ,a ph of a 22.s a t i i )  di isa i i )  a s t .iketu 2 ~a maant hs l~ 
ast injti rs . Mandibular, ext rc’nuat ’.

and trutuk inpurac ’s h~d ra ’ sa altc d Iraam f a. ag auueau t .a t a ta t a  is u a a a t a i l s  ih .ia i i  i i i u P  us bi tt the p.ittctui ste~uped ta n .a lxaub~ t t  a~u. Ihe
right matidahul.it ata p ur s la id lx i ii at e,ata’d hi ai1x ta t t d a a i  ta int .  Iuip la. isat pu t t a  lu a u . ia .ata d a t u tc ’ t  uii,ax illars f i xata t a it  us t i lt .ar Ii
bars. Sec aat ud. irs ck’lut tdetu~ ta t la .ac l lx’eta ix ’rti. rtuietl .iaad t a c t  P a .at ad luaai at Pa ul sputu ta t .a a uu t u s h  s .a ~ uui so a cd lu - tut u t h e  Iltuat - of
t hc natu ti t it ‘u. a a l a  a l i t  d t i .a guu ieu a i  that aappeat-ed lake .a aaa a u t la  sa t u .s a as as st ’e tt at a l te Ii ia t a u t .  s a i i  ‘am id /c )  lt .at u i i t _ atu iat t a l a a a —
grap h -~ iu t iai t a lis p a u a s a a r up aat - s  ~. iut. attclilut il. it- t gu t  sa at ta i l luau a us p u tu l  t at !  Put t ta t - \ u i  iii ii ,a uud uI! fa s .iluat ,i luacl lwa ia tet iuaase d
a lthotigh matba lat s ss ,a’. sta ll a s  nletat at ul a t Ia.it ta n esa le  I Pat ’ t a a ta t lu . lake  It .a gat at a u a sat a s s  , a is is stil l ci idetut. /. a ia fp  Ic/ I )  ( )a a h a a ’ .,aI
radiaagrap h t i f  alit Ib aa a ra af  the naaaa ith t ,aka tl .11 alit s. aa tt t  uuuu a t  is t lat ’  radatagr .ap h in that t uuadd la ’ t rat aua - . Ihc ala - alac d Itagt un-tu a
(arruuua ) t hat h~d beeta ta utt ed on paiuaara maa r .aalaatgi - .apalu us a s lax .uli,a d is Ix’ung ti alit - Ilat aa r a i f  the tau t iutlu at iluts lanuc . It ssa s
elected ntal ta t rc ruutist alit fr agt uae nt. /. sss • 7  rig ht)  ( )a a la is.il ratlaatgrap h shtt ss tug a ala a la . -.) It-agn uetta nu littiur aal iuuut uth j ust
prior ta-i its rcrrtrt u .d tria-i,alh~ hifln ;aiia g a ai a s  an s a) i i i  P( ‘a! gi-a fi . ( (. ‘oa/rnw d ,n F;gvri- 53).
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Figure 53. Lt-,nlinuatui n of Figure 52 —Upper) Patuaura mtc radiograph i~4 t uuaunth s faa llauss tug inpurs and 4 maanths post bone
grafting. The mandibular right first molar had been rem uved 4 months belaure the time of grafting. The’ calcified fragnaetut
was st ill evident. A chroni( infection developed at the site auf the baitue’ graft and the’ graft did taa ut stahili,c’ . Middle)
Panoramic raditugrap h 6 naa uiuths paust bone graftiaug. The fragment had been ra.’nwtued friam the flaxt rauf the nutut ith sin~~’ itwas t h uught ta t he a contributing saaurc e’ atf the’ chr auuic itufection which had re’sulte’d in failure aafth e bone graft . A fisaultuus
tract was identified Irai t ua the f ragmc’t t tat the area atf tutun—unio n at the gia ft site’ . Laaui.er) Panturat iai radi ugraph 3 ma utaa hs
following a sc’caund bone graIl (rib) that sa ia na’da’d the first procedure by 13 mtuta ths. All 151 F had fwc’n remtuved and the
mandible’ was stable, the graft was caunuulidatcd and mature and the matudible fu ruc uiotua l whe’ai the patient was last seen 45
mont hs fatlktwing the secaund bone graft .
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F igure 5 1 — L’ppa’r Pant r,i nun radiograph ol .a I 9—yea r—aal d casualt~ I 2 da~ s I au llauss trig .a high it  liii it’. missile iiujui ‘. t ia t lie’
lace .i rid j .asa fast orati tauir exis ted in the left laud y aul the mandible a tad a he re luau bec’ta ,ivulsaa at a iii a pa at t tu tu (If the’ a ta ) er laur
borde’ i t a t  .aaud a t aa l t iah iaag atae ii aaa p haa.sas I rc , iiuuu c’uia haad t- t ui usjstc ’ d ta t ’  ulc’ hracleuuieuat data - h aat t ise ’ i  a t r i te’ a t pe’ia ued uac t iat t u ((ta le’
ss’ ire ia t tg h at parasyuiaplus sas .ue,t) .aaua l !ax,tt loau hi iaa tei t uaxt l l ~arv Iu\ , aa ia ut u is- it li au-cia iu,ia s lua u tuutul.i r teeth iii u)uc ’ prtuu_ i ni_ a I
fragment had fx’e tt braauug f t t taunt t at a I ustota aiad u s e d  f~ i Itx aaa t aau thus ;uligatiaug alit’ It .i~ tuuc ’tua Muddlu ) l~a tat at’amic t- ,a dta tgu iplu
5 maunt hi pausa injurs aa ad I nuataith f ua llaaw ing a u t a t ge ’ aa a uat s tlaaaa Ixutie giaI’t a-e’cauns tr tn t aa utu u I al uc t iu.iiuduh ala- l’iuc’ p ur s a sa a u u _ al
I ragnieri a suds still inaintaitae’d iii cat rrcc t ali gtante’nt )o a lie’ in a 1a istau t i of the maalar tet’t P u . Na a t t t ) uc r te’et h u~ ’ra- bust da arta a g the’
a- oursa ’ nI lrc’alitag prior tat hau te grafting. Loai ’cr) lu,atiaura mit i-adiaugrap h 62 maututh s putust inj ury aiud 5~ mataa al us I.ulltt ss iaig
hattie goalting. i’he’ g u ; a ta  was  us-e lI lue’aleah, t he matlar teet h sseuc ’  st ill itu iuau e au ttaua l  relattotu with the niaxu llaatud ssm ta ue ’tt ~ a . )

the mandible’ wa s uuatrma l .as a result aal cotstr au llit ug the’ pruuxinial I ragmetul d uring the ea t  lv hc’alitag atiel au cunaj uncl iotu wathu
bone grafting.
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benefit in m aintaining the normal anatomic posi- anatomicall y positioned bone graft  that was of
tion of the proximal ramus by preventing the adequate size and contour. When sufficient soft
anterosuperior mal positioning of this fragment tissue was available bone grafting preceded final
(Fi gure 54; Case reports 09, 12). soft tissue revisions. If there was insufficient soft

Obviously, canine teeth were advantageous tissue for grafting, pedicled or rotational flaps
both for sp linting and prosthetic restoration and were performed before grafting to correct
considerable effort was expended to retain them deficiencies (Converse , 1964 ; Converse , 1974 [II ;
whe n it was determined they would not undul y Parsons , 1975). Remaining jaw segments were
compromise grafting. anatomicall y reduced p rior to bring ing in addi-

Som etimes , when there was a limited number tional soft tissue to assure a more accurate apprai -
of remaining mandibular teeth and they were sal of soft tissue requirements. After additional
insufficient for fixation or offered little prosthetic tissue was transposed it was essentia l to allow
advantage , it was considered expedient to remove sufficient time for revascularization before osse-
them and provide graft stabilization by means ous reconstruction (Case report 04).
other than intermaxillary fixation. In the MFCS series, 48 patients (32.88~ ) re- 

-

During routine prosthetic treatment , maxillary ceived 110 secondary soft tissue procedures ex-
teeth that  opposed an edentulous mandible were clusive of those performed for preprosthetic
removed when necessary to relieve stress on the surgery. The greatest nu m ber of procedures
mandible and minimize resorption and atrop h y. were required in group I (4O~ ) an d group II
This philosop h y was not considered app licable (34.48%) patients. Au average of 2.29 procedures
during mandibular reconstruction because it was were thus required per patient (Table 32). Of the
necessary to retain all infection-free , functionall y total procedures , scar revisions (38 .18w) and lo-
capable teeth for as long as possible to provide the cal flaps (25.45%) were most commonly used. -

greatest potential for mastication. The distinction between local flaps and scar re-
visions was arbitrary since most scar revisions

Soft Tissue Considerations were performed b local-flap methods yet listed
in the record only as scar revision. Fhe imp or tant

Adequacy of Tissue. The sequelae of soft tissue point is that 63.63% (loca l flap and scar revision)
inj ury markedly influenced osseous reconstruc- of all soft tissue procedures were of the local
tion so it was necessary to closely coordinate man- variety . Distant flaps constituted 11 .82c of the
agement of soft tissue problems with the man- total procedures, skin grafts 19.09c~, and mu-
agement of related skeletal injury. cosal grafts 5.45% (Table 33).

Occasionall y , in an overzealous attempt to Scar and Malalignment. When anatomic reduc-
achieve primary closure of avulsive perioral soft tion had been effected and maintained for a
tissue wounds , the princip le of suturing mucosa reasonable time post injury, nzalali gmnent due to
to skin was violated at the time of earl y treatment scar-tissue contracture was minimal and did not
with resultant microstomia . In such cases it was pose a management problem. This was the case
obviousl y essential to reestablish adequate access with most of the patients in the NIFCS. However ,
to the oral cavity to permit continuing wound and in situations where appropriate early and inter-
dental care , such as elimination of oral sepsis , mediate care was not provided, intense scar tissue
definitive care of the dentition , and construction
of stud y casts and sp lints. This was best ac- I ABLE 32.—Inc idence of  Soft Tissue Procedurescomplished by some type c~~comnhIssuroton iy as —_ _ _ _ _ _ _  _ _ _ _ _ _ _

soon as possible after injury and unquestionabl y Number of Nutuher of Procedures
befo re the time of bone grafting. The needless (;roup patients procedures per patieta t
delay and increased comp lexity of management
seen in these cases served to strong l y reinforce I ( N = 5 5 )  34t4o .oor 74 2. 17

the absolute necessity of proper earl y surgical II N=2~ 10t34.481 25 2.50

wound care (pp. 69—87, Chapter IV). 111 , 15’, V
( N = 3 2 )  4[l2.50] II 2, -aThe quant ity and qual ity of sofi tissue iii the area of ________ ——

the osseous defect were evaluated to ensure that it Total (N = 146) 48 132.88) l i t )  229
was amp le to provide both cover and lining for an ~~tg iu t ’ ,  iii ha-au -it o t .quaal ~w~.ta ’tti ,aga’ a N
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TABLE 33.—Type and Incidence of Soft Tissue Procedures
- ;  Flaps Grafts

&ar l’auta l(;roup ~~~~~~ -~ -—— _________ ___________

Distaiut Local Skiiu Mucosa rev ls tatta

I 8(lt) .8lr 18124,32] 13117.571 516 76] 30(40.54] 741100,00]
II 3(12.00] 7(28 .00) 5120,00] 1(4.00 ] 9(36.00] 25 1100.001

lIt , IV , V 2(18.18] 3(27.27) 3(27.27] 0(00.00] 3127 .271 II (100.00]
. 4 — —~~ 

_________________________________ — ___________________________________ ____________________________ ______________________________ — ______________________________________________________

T otal 13(11.82] 28125.45] 21119.00] 6(5.45] 42(38.18] 1101100.00]
‘lugut-n au I..... La- us equal perariutage’ ui iota! procedures periorttaa’d

resulting from lack of fixation and chronic infec- fragment at the time of graf ting, it was pru dent to
tion caused considerable malalignment of j aw re move the coronoid pr ocess to permit unrestricted

-
‘ 

segments , which necessitated scar excision and reali gnment of the ramus. Once the proximal
surgical repositioning of segments prior to gra ft - fragment had been returned to its normal
ing . Patients with these problems were commonly anatomic position , it occup ied a much more in-
seen by both military and civilian surgeons in- ferior position. For this reason , the incision fo r  the
volved with reconstruction of civilian casualties. surgical approach was placed much lower in the neck
Connole (1974) described the management of than would ordinaril y appear appropriate. This
these adverse sequelae in the following way: lower incision facilitated identification of tissue

planes , enhanced safety of the seventh nerve
Scar contracture in the discontinuity defect re- branches , and assured that the incision closure
vented anatomic red uction of remainin g mandibu- would fall beneath the border of the mandible inlar fragments until scar release was carried out [well
in advance of bone grafting]. The jaws were a more esthetic position.
stabi lized anatomicall y at the same time as scar tissue Fixation Appliances for  Grafting. Objectives of
was excised to nrevent recurrence of the collapse as Fixation. The means of obtaining stable fixation of
a res ult of  additional cica trix formation. Three to remain ing j aw f ra gments in graf t ing cases werefour weeks were allowed for mucosal healing before similar to those methods described in the earlybone grafting. The notable exception to prelimi-
nar y scar release was in instances in which the defect and intermediate chapters. There was no universal
inc luded the ang le or vertical ramus of the tnandi - method of f ixation that was acceptable to all cir-
ble. In such instances , the proxitral fra gment is cumstances and , in general , the simplest and least
drawn superior l~ and mediafl y by unopposed mas- cumbersome technique which p rovided stabili ty in at icatory muscle action [Figures 9 and 10, Cha pter
III];  the fra gment heals in that posit ion. It is best to give n ci rcumstance was selected. The princi pal
reposition such fragments at the time of bone graft- reason that app liance selection did vary from
Ing. routine maxillofacial fracture treatment was the

requirement for extremel y long-term positive
Such a treatment rationale was appropriate in fixation encompassing both the period from tinle

cases of gross malali gnment due to contracture of injury to graft reconstruction as well as the
since stable reduction could seldom be achieved postgra ft interval. The previousl y noted mean
in these instances without preliminary release. interval from inj ury to grafting for MFCS pa-

When releasing and reducing a proximal ra~nus tients was 253.16 days (Table 30), whereas the

TABI.F: 34,—Period of Intermaxi llary Fixat ion in Conjunctio n with
Successful  Bone Grafting for  Continuity

l ype tal graft Mean fixation Ratage auf hixatioau
per iod (days) period (days)

S., Iliac (N =21) 69.67 36 - 131
B. Rib (N=4) 77.00 51 - 116
C. P(:M (N =22) -47.73 2 1 - 85
D. Other (N 1) 70.00

Total (N 48) 60.23 2 1 - 131
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mean period of intermaxillary fixation following ‘onibination of fixation methods was utilized.
graft  reconstruction was 60.23 days (‘1 able 34). The most common conjoint fixation sY stems were

During the pregrafting period emp hasis was custom sp lints in Conjunction wit h stock arch bars
placed on mainta in ing reduction with adequate in 11 patients [14.1 0~ ] f’ollowed by bi phasic ex—
fixation by closed means. Whenever feasible , the ternal skeletal fixation and int ermaxi l l arv fixation
use of’ tnonoarch fixation was emp loyed to permit in 7 [8.97%]. (Sec footnote table 35)
more satisfactory dietary intake as well as access to Oral Splints . In man y respects , the intraora l
the oral cavity (Fi gures 50 and 5]; Case report splints used fi)r graft stabilization resembled con-
13). This not onl y allowed improved oral h y- ventional fracture sp lints thoug h the require-
giene and wound cam’e , hut great ly simp lified liieiits for absolute stabilit y of f ragments  in con-
anesthetic management during treatment  of junction with gm’aft ing ~ cre more critical.  Splint
other inj uries. f’ai lum’ e during fracture treatment usually ncccssi-

Stabilization appliance m’equirements were tates only the inconvenience of reapp lication and
reappraised in the immediate pregrafting phase possible delay in union , whei’eas failure of a sp lint
of treatment. If the case was uncomp licated and during grafting was more serious and frequentl y
the dentition adequate , the onl y need was to en- resulted in an unsuccessl’ul graft . Whereas
sure that IMF was still secure and did not have to nionoarch sp linting was acceptable in the pre-
be readjusted or m’eapplied. grafting period , it was generally recommended

Table 35 lists the frequency of utilization for that splinting p lus intermaxillar y fixation be used
the various methods of fixation in conjunction in conjunction with grafting to assure positive sta-
with bone grafting. Intermaxil lary fixation with bi l ity , particularly during the early phase of osse-
stock arch bars was used in 43.59%- of the patients , ous repair. Once satisfactory graft healing and
while custom arch bars were fabricated for  union were evident , it was possible to return to
19.23%. Not uncommonly , it was necessary to monoarch sp lint stabilization while the graft un-
supp lement intermaxillary fixation to provide the derwent maturation.
positive stability required in grafting. This was Rigid one-piece sp lints tha t sp anned the avuLcive
usuall y due to a lack of sufficient dentition or the defect wem’e used most commonl y : they were con-
comp lex nature of the injury. The inadequac~ of structed in either acry lic resin , gold , or chrome-
simple intermaxillary fixation in these cii— cobalt alloy, Gas! metal sp linLs had Ihe advantage of
cumstances was overcome with various types of providing very posit ive fixation with a min imum
custom fabricated intraora l splints or arch bars , of bulk. However , the y were extremely unfo r-
extraoral fixation appliances , and in som e cases giving of any technical or planning errors and
with internal fixation achieved during recon- were difficult to modify at surgery . Even a sli ght
structive surgery. In 26.92% of the patients a alteration in the relation of osseous fragments

TABLE 35.—Frequency of Various Methods of Fixation in Conjunction with Bone G ra / ting

Type of graft Arc h 
~~~~ 

Custom Ot l u r 5 Combinations
Stock Custom split-at

Iliac (N=33) I t(33,33]t 6[18.18] 2(06.061 1(12 .50) 12136,36]
Rib (N=8) 1(12 . 50] 0(00.001 2(25.00] 1(12 .50] 4150.00]
PCM (N=34) 20(58.82] 8[23.53] 0(00.00] 1(02.94 ] 5 ( 1 4 7 1]
Other (N 3) 2(66,67) l[33.33) 0(00.00] 0(00 .00] t)100.00]

Tc,tal (N=78) 34t43.59j i5[l9.23~~
’ J

~ 4(05.13] 4(05.131 21(26.92)
‘(Silica- : ltu 1,I1,~se’ 2 

— ____________________

t o t ,o,,
~

,s

a 4(:,,,,ulttui,tu 5 .
(; uus un u, i s ,a in  + sU,( k
a r u h ! ~.ur f t 4 t ! i J
Hi1uia.a,t’ + a a (5 a7 7
t lu ’ .aul b :u ,u s! i \ i I-~Ouhcr . .  2

2!
tEiguares in hr.uc in, ru iu uai pera-riaaag r uti N - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



. .  . ---~~-,.~~~~ -- -~~~~~~~~~~ .-~~ ——-,- -5-5-~~- — - --- -.-~---~- - ,

Late Care (Reconstruction-Rehabilitation) - 133

was greatly magnified at the dent ition-sp lint  in- When the biphasic pins were placed it was  es-
terface , thus precluding insertion of’ the splint sential to engage both the inner  and outer com—
without significant adjust ment. For this , reason , it plex of the mandible to ensure firm engagement
was often the practice at the time of grafting to and long-term stabilit y . Two pins were placed in
utilize acrylic sp lints that could be more easil y ad- the proximal and distal segments , a sufficient dis-
justed to planned or antici pated changes in frag- tance fm’om the graft marg in to reduce cotitamina-
ment position. If ’ a metallic splint was desirable non via the pin tract. Because the external pins
but there existed a possibility of fragment reposi- penetrated the cutaneous harrier , they repre-
tioning at surgery that mi ght preclude metal seined a potential pathway for introduction of
sp lint adjustment , an acry lic sp lint was also con- infection and it was essential to maintain scrupulous
structed to be used as an alternative and thus cleanliness around the p ins. Inadequate seating of
eliminate the necessity of abandoning splint sta- - pins and pin-tract infection were the most com-
bilizatio n altogether. At an appropriate interval mon causes of app liance failure.
following surgery, the acry lic sp lint could be m’e- Interna l Stabilization. Various methods of inter-
placed with a metallic sp lint that permitted more nal fixation were used for graft stabilization such
satisfactory long-term stabilization including as wires, pins, plates, or metal cribs. Specific app lica-
monoarch fixation. tions of internal fixation will be presented in as-

When the teeth to be li gated to the splint were sociation with discussion of the various grafting
not entirel y satisfacfory, i.e., short clinical crowns , methods.
limited number , t he sp lint tended to loosen dur-
ing the critical period of immobilization. To pre- METHODS OF GRAFTINGvent this particularl y undesirable complication , it
was advisable to enhance spl int retentio n with cii--
cummandi bular wiring althoug h these adjunctive Introduction
wi res were not placed too close to the graft site
because they could provide a potential source of As previously stated , there are numerous graft -
gra ft contamination. The oral and extraoral ~~ 

ing systems available and no one system has as yet
sues along the wire tracts were carefull y observed demonstrated universal app licability for mandibular
for signs of inflammation and all wires were re- gra fting . However , individual characteristics of
moved if infection developed, the various systems may be of relative advantage

Externa l Skeletal-Pin Fixation. In the presence of in particular clinical situations. A discussion of
the characteristics of the more commonlyinadequate dentition or edentulous fragments

that could not be appropriatel y controlled by ~ 
employed grafting methods follows.

traoral sp lints , external skeletal-p in fixation was
used to control jaw fragments. In the past the Iliac Crest Grafts
Roger Anderson app liance was used in this coun-
try; however , its use has become less popular , Techniques of Graft Recovery. The various ap-
partiall y because of inexpert ut ilization but also proaches to the iliac crest for obtaining bone graft
because of intrin sicdisadvantages with the system material are well documented in the surgical lit-
itself. erature and onl y a brief summary of the most

The majority of Vietnam casualties requiring commonl y used methods , the rationale for their
external pin fixation were treated with the bip hasic use , and complications that might develop are
appliance (Morris , 1949) (Case reports 05, 14 , and presented.
17). The advantages of’ the bi phasic app liance The iliac crest may be approached anterolater-
were: 1) The pin-screw design provided positive all y or posteriorl y to obtain either solid or par-
bony engagement and thus ensured long-term ticulatc graft material. The anterolatera l ap-
stability ; 2) the acry lic stabilization bar was li ght , proach was employed in the majority of MFCS
strong, and contoured readil y to facial form; 3) patients receiving solid iliac graft s as well as those
th e app liance could be released and reapp lied as cases where cancellous bone and marrow were re-
necessary; ~) the app liance was app licable in a covered for particulate graf ’ts.
variety of anatomic locations and clinical situa- When the antero lateral app roach was emp loyed ,
tions (Kell y , 1971). the patient was placed in a supine position and the
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donor hi p elevated. If the incision was placed or removal of a cortical bone plug.
directl y over the crest and continued directl y to Although the p oster ior approach to the crest re-
bone in a single plane , there was a tendency for quired a large r incision and a greater depth of
postoperative scar contracture along the belt line dissection throug h soft tissue , a large portion of
which caused discomfort to the patient. This was the crest could be removed with less deformity
avoided by utilization of’ a stepwise approach to and minimal discomfort upon ambulation in the
the crest. The skin incision was initiated approx- earl y postoperative phase. The posterior ap-
imatel y I inch belowand parallel to the crestwhile proach was used primaril y when a large block
the rest of the dissection was carried down to bone graft was required. The patient was positioned in
directl y ove r the crest. This stepwise approach either the lateral decubitus or prone position and
prevented development of a direct scar band a 6- to 8-inch curvilinear incision was made along
from bone to the skin surface and also placed the the pal pable outline of the posterior iliac crest.
incision line well below the crest. Dissection in the Because of the greater mass of soft tissue involved
inferior portion of the incision was carried out in dissection and the generall y larger size of the
with caution because the lateral femoral cutane- grafts when this approach was used , drainage of
ous nerve passes over the inferior portion of the the wound was routinel y employ ed to prevent
anterior crest and its severance produces a rather formation of a hematoma. This was in contradis-
annoy ing anesthesia on the ventral surface of the tinction to the anterior approach where the use of
thigh. Retraction of tissues medial to the ilium a drain was more of an elective decision based on
was judicious since herniation of abdominal con- intraoperative findings.
tents from this location was a reported comp lica- Block Grafting to the Mandible. Iliac crest block
tion of iliac osteotomy (Reid , 1968). grafts were used in a variety of ways to restore

Eitherfu/i- or half -thickness grafts could be ob- mandibular discontinuity defects. Thirty-five
tam ed from the anterolateral approach though , MFCS patients received this type of graft (Table
in genera l, full-thickness grafts of the iliac crest 24). Block grafting was accomplished by different
were avoided if possible since their removal techniques such as inlay, onlay, or inlay-onlay
created a distinct deformity of the hip.’ Half- combi nation.
thickness grafts were most commonly ethployed Inlay graf ts restored just the defect with no over-
because they had the advantage of maintaining lay of proximal or distal host bone (Crenshaw ,
the overall morphology of the iliac crest while 1971[b]). Prior to placement of the graft , the
providing sufficient bone for 1-econstruction. The mandibular bone ends were cut back to a bleeding
unique curvature of the ilium allowed selection of a surface to encourage vascularization and to pro-
portion of the crest which best conformed to vide a smooth interface for abutment of the gra ft .
specific requirements for mandibular contour The grafts were usuall y secured with interosseous
(Mohnac , 1969). More discomfort was noted wiring thoug h bone plates or metal mesh also
when a block graft was removed from the lateral were occasionally used (Fi gure 55). Augmenta-
aspect of the crest since this is the origin of the tion of these gra fts with cancellous chi ps to en-
abductor muscles of the leg (Crenshaw , 197 l[a]). hance healing was found effective , particularl y at
Half-thickness grafts taken from the medial as- the graft-host j unction (Obwegeser , 1966). Inlay
pect caused less discomfort during earl y post- grafting is essentiall y gap filling and does not
operative ambulation. Although some degree of afford primary stability to the reconstructed jaw ;
remodeling takes place in the iliac crest following therefore , it was used when graft stability could
removal of a block graft , it was generally not be achieved by firm jaw immobilization or other
possible to use this same donor area for future positive means of fixation.
gra fts. Althoug h onlay grafti ng was used to restore all

Chip grafts of cancellous bone and marrow have the areas of the mandible , these gra fts were consid-
distinct advantage that they could be obtained in ered most appropriate in areas subject to con-
such a way that essentiall y no deformity of the hi p siderable stress. The onlay graft overlaid the host
occurred. Most frequentl y bone was removed by bone adjacent to the defect thus providing addi-
curettage of the marrow space throug h an Os- tional stabilit y . They were placed on either the
teotomy window in the cortical plate , either by lateral or medial surface of’ the mandible and
raising and then replacing an osteoperiosteal flap secured with interosseous wiring—they brid ged
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Figu re 55. — Upper l e/ t)  I .at&’ a ,ii a .ad aa t gt .aph a u tn,indtble of a 22’s ear—okl ( asu~aIts 6 months it illiats tug multip le it .igtuent atta u t !
wounds that i t in tided matidihular an j ut ’, Earls- . i tstermedtaic’ , .ind a natial phase of late arc had I~cct i (amp ltcated bi t he
wsra - i is t a t  a lit’ t l i t t i  ,ii ii . alulttiiiiii.iI .a ia t l  t’’s t t  ,‘iiiits i a i j a i ’  it 1k ii,at l been a(Iaisitte ( l i t t  a I,iit i ii ! .a( liii i t t a  t i iaitt lt lt ul.i t
t-ec-o f l s t li ic t it t it  5 mtati t l is af te’r inj iars .aa is h o  is ita l ic the t ’dt ’ i itulta iis ptox im.al f t  .agtneait is is t t t .a t  Ia dis distt at it’d .~ at l a das ’
coil (at i urn tlefct t ex isted - 1 ‘pper righ t )  1 .atci .11 radaiagt .a t it rtt. a tidihle 3 it c’c’k It t lh taa ing m a  ,idabul.i a rca i Inst I Ut t a t  ta i is at h .u
solid, .tt itttge ’ti itus. iliac . inlay loam ’ gialt that had bn’cti pI t t ed 6 t i i t t t i  is  ptts t inpat l ist pt t ax i nia l  f t  . ig nat’ t t t kid Ix cii i t  -

posit i(ttie(l with di f f icul tv a aid i tutet iial t i Xat i ( t i l  Was ~ t a as itia’d hi a Su et na ii It a n t  pI.atc’ I_ ot ter  le ft)  I ,,atct .al t .adit tga a ph t al
man( lible 7 nititaths 

~~~ 
gra f t i tag .  h u e  ga - aft was well iiicot.ptit ,iicd \ oh’ the ~R wait t ol wi t  a ,aI to i.tllt i ia i ss i l t  itagnteii ts

that had bet_ t i  a llttwcd mit retnaiti i i i  tIc’ st ilt iiss itc ’s as thes Weac ’ .asi t iu ptatt l iato . Lou a’, t l ~ l aI)  Lata ’t ,il t .tdictgt .ap h a t f  t i i .ati alahlt ’ ~s t a r s  aia d Ii nit it iths pa st grafi t aig. - l he grait load ri’tiitideh’d to a It ss t i l ia i i t ’ a istta ti .is a lit metal plate h a s  a t t pait ig I lo t iiaj ,t t
pat rt ioti iii the ei t t t i -  for t es is ath it i  t he taiaiidihlt’ .

rather than filled the d iscon t inui lv  dek( -l an d i t s -  wa.s provided by the un lay se(’Iion. ali ( l the
thus did not always provide suff ic ient  bulk or cancellous chi ps not ouR restored moi’phologv
at_ curatel y restore desired contour.  hut also assured active. early osteogeiicsis at the

11,c inlay—o n lay graft , which was prepared to gi’af’t site (Nl owlem 1944; Burwe l l .  1964). ‘[‘he
both overlay an( l t i l l  the (lefect , (l i ( l confor m more eai’lv healing and u l t imate  mat uration of such
accura t ely to ma iidih u la i’  mo rp hology and pr o— gr af ’ts w et e  excellent and,  in addi t ion,  the amount
ducc t suf f ic ie n t  bulk  of OSSeOUS tissue , bu t  it s of t i t etal  required i ii  t h e  s~ stem was ,n i , i i ina l , t h u s
preparation was te ( l iot is  and ~c i v  t ime  co l i sum— improving the  opp or tuni ty  for  uncomp licated
ing. secondary pi’eprosthctic surgery when required

li i  a number  oF cases a g ra f t ing  sy stem was (Fi gure 56; Case report 15).
e m p loyed in wh ic h  an onl av portion , a section oF Pa rtia l decor tia ”al ion of solid graf ts , which was
cofl i(0 (  ancellous bone , was () V ( ’ i la i ( l  oii the  l ing— consistent wit Ii St i’em! gmh req uii’em cnt s . was
ual surface of th e mandible and the d i sc o i it in t i i t v  q LiCI ) t lv  emp loyed since it theol’clicallv increased
defect was o~ cr fillcd wi th  caiicellous chips . Stabil— exposure of ’ t he osteogenic marrow t isst te. Sttch

~
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exposure was thoug ht to improve vascularization As shown in Table 24 , eight rib grafts were used to
of the graft and promote earlier and more ex- reconstruct discontinuity defects in MFCS patients.
tensive osteogenesis while at the same time en- They were generall y performed as onlay gra fts ,
hancing the ability of the graft tissue to survive that is with the rib overlapp ing the medial or
infection (Obwegeser , 1966). lateral aspect of host bone adjacent to the graft .

When successfu l , block grafts had the advan- Althoug h the rib has been used to restore the
tage of providing sufficient bone for long-term mandibular deficits in all locations , it was particu-
requirements forstrength as well as continuity.  In larl y advantageous for restoration of the curved
addition , they could be performed with a mini- region of the symp h ysis-. Six of the eight rib grafts
m u m  of sophisticated instruments , materials , and placed in MFCS patients were used to restore this
laboratory support; a distinct advantage with any area (Table 25), and this perhaps exp lains the
type of surgery . slighth’ longer mean period of fixation for these

A number of disadvantages were observed in patients (Table 34).
association with block gra fting . It was sometimes To facilitate bending the rib to the desired con-
difficult to obtain adequate bone to restore large tour , it was usuall y grooved at intervals along the
mandibular defects without significant mutilation medial aspect and gentl y fractured in an incom-
of the iliac crest , a sitdat ion that often precluded plete or “green stick” manner (Figure 57). An

- 
- subsequent use of the crest as a source for addi- alternative method involves the use of sp lit rib ,

tional grafts. Infection of block grafts created a fn ’e- as described by Longacre (1957).
carious situation since they contained a high per- The major drawback of autogenous ribs for
centage of cortical bone which was slowl y restoring mandibular discontinuity is their lack of
replaced with viable tissue and tended to resist in- bulk. The superior-inferior height of most adult -

fection poorly. Once they became infected there ribs is onl y 1—1 .5 cm , w hereas the width is less
was often sloug hing of the entire graft unit as than 1 cm. Ribs , like other osseous grafts , under-
compared to the situation in the more viable cor- go resorption and remodeling during healing
tiocancellous grafts where at least partial survival and occasionall y the amount of bone remaining
of osseous tissue occurred. Despite excellent graft was insufficient to provide adequate strength
preparation and stabilization at the time ofopera- and/or alveolar bulk to the restored mandible . in
tion , block grafts were slow to remineralize and re- these cases , secondary bony augmentation ,
quired relativel y long periods of rigid iminobih i- princi pally for preprosthetic purposes , was per- -

zation (Table 34). When these grafts were prema- formed prior to construction of a prosthesis and
turely placed into function before sufficient re- restoration of normal masticatory function. it
mineralization had occurred , a degree of collapse should be noted that lack of alveolar bulk for
or malahi gnment resulted. prosthetic restoration following gra fting was seen

with solid iliac and PCM grafts as well.

Rib Grafts
. PCM Grafts

The procedure for removal of autogenous ribs
was accomplished by a surgical consultant experi- Boyne (1970) developed a modification of
enced with rib resection. A lateral approach was Mowlem ’s chi p grafting involving the use of a
most commonly employed and an appropriate length metallic crib lined with a microporous filter into
of the sixth , seventh , or eighth ribs was recovered, which cancellous marrow material was placed, to
Anteriorly the amount of rib available for resec- effect restoration of osseous defects. This graft-
tion is limited by the costochondra l junction , thus ing system took advantage of the superior os-
when long spans of rib were required it was neces- teogenic potential of cancellous bone and allowed
sary to extend the dissection more posteriorl y, removal of adequate graft material from the
This posterior dissection was necessarily carried ilium without mutilation of the donor site. Addi-
through the heavy back musculature which finds tionall y, the metal crib provided intrinsic support
its insertion on the humerus and as a result great- to the graft system. The mean period of JMF
er postoperative morbidity was experienced in- following PCM grafting was considerabl y less
cluding temporary, painful limitation of arm than for rib , ilium , or composite grafts (Table
movement. 34), althoug h a relativel y hi gh percentage of — 
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Figure 56 .— Upper Ic/ I)  I c i t  patit it ant at t- .ohiaa gt a ph 6 o c’c’ks post iii j un i t t  a 20’s n’ar’nld ,asmial t ’ , it hat had siisa ,aa ned in nIt plc’
I ragnit’ titat at atm it a a aa tuls m It t h a d  a aig t ime ama tat aca.iI area. 1 It’ m.a tmil ihmal ,ar sit amat id had hx’e t s deha itl eti and th e ais pl.at cd t i I ‘ii I’
is mt h li-s Ii i t i jt.; tIn’ i~att i t i d hail Iae,al c’ml is- ithit ,iii ct tm p lkatmo a as . I he’ pt - taxi t t i a l rtt t ssi m s f t  ,agmc’tmt hati ix’eti ni, aaim t .aita etl ta
t ioti u s  t lac ’ aii ,aimtlibt il.in ‘ai t i mul ,atnl t lairtl t iiaa l,a t I tic’ a aa n t s  ta t  m lii sa t  t imid niail,ar pt t t ~e ’ ctm atg matm tm t lit’ alu m a c a i m a t i u l a t s  tle’tect
is c’t - c’ m i t t  .it lc’t~t i itc’ Is s mm ppi t a ted hi hatt ie ,t t t t f  t lie k a ta th  sias m m-ti i i t ic ’d 

~~~~~~~ 
Itt bt ta mt’ ga .af t i t t g .  litie, a-tg bt tj t , t ’ t t  p .a t t a t r , at sm m m

t a t f i t a gt ,ali)i 15 iseeks It llaai siatg .n I’( St gm a l t  i t t  t h e ’  t, t ,am td ili le . Nta cissm t ims u’gctit ’m , a m tt t n  lm .ad nm tit m m m l  ,ai t In’ ga .a f t  Sam , .itid i lam
ni.atidihle is is iiaast.abl ,’ is heti a lit ’ m m m c t ta mc , mmm ha spl ata t  is is a e t naas m’mI ~IuIdb It~t)  l e f t  p.itm it raalimm t at lit ugi ~ap lm 2)) d,a’, s ttt l la ,t * a u g  a
i t t  t t t m d hatt ie g r a f t  (m a t f tc ’  uia,ait( Itt)l (’ . ( itt ’ gt at !  mo tm ” us t en t itt a st ta g lm’ t.al ,Im’ s lim c m ta t  .aa a t tcm ~m’ Imoais a t a t  t o a tt  , ia t a t ’ I lomm ’, a lm .a t bac t i m ’ tl a ,a t
it as s i c  unt i l  i t t  t ime tt ieahi , il ,as~ic’m t iii ml,’ tt maatdable , i am m l ~a tm g tmo’ tamt  d us ml p.irtaa I ts  i t )  I al i t  c ’ l l at aas nm ,am i c c  ~ItI,II, righfl I a Ii
Ia ,ata t t at lmtt  t ,umhmtig t ,ip lm “ m t i i t tmm l m s  ta i l la is itig tIm e s a t  autid li a , mmt ’ ga t i m  shi t t ’~s m t ai ~ s.amust , a t  t o t s  m i at is t t lmm lai a i a ma t t i  tIn’ gm a ! I .11 a im s
m,aU t s ,al / f l,,, Ic/ f l  J i l t  ~~~~~~~~~ t, a d iaagt .aj .ih 21  i f l a ta i t  his )t t i s i  gt a t t a t ig .  L t t i ( tm t at t a ,a t c ’ ls , 1 1mm’ t i i .atmdi hitil ,a t t l imm ml mi i a al ,am hi.tci
ha t i m  lt tst ( lu t is t u - a t i t m g  .a t t  , ‘ ( l ( ’ ma lm i lau uas s p a t  m u  j ilt t o t  mlist al a b,ataaaeam t.  l i s t r tig ht )  I i - ia  p.atmtit. itnt a .ada tt gt .qtlt $ ‘a t  i i i  i ta l i t ius
rig the scm t a rad ht iaia - g ta i t .  1 he gr,ali us t n , at m a tm ’ ,aticl hm , t s u’iiiaadc’Ietf tat  t a t i i t t t  fl l hi at li die’ fai nt t maa a ia l  ,tx ms ati ihit’ ntatadtb la
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PC,\t gr~u f t s was PIa( t’d i l l  sht~i l — s p a i i  bu ( l% (let e(’ts
( ‘l’able 25) .
The Metallic Crib. A variety of m etal  cribs ss as
emp loyed wi th  th i s  sy stem i ml C l u ( l i ml g  im1 ( l iv i ( lUa l lv

, — cast cribs of chromt~—cob a/ t al/ U ’)’ as ne / I a.s swaged or
adapted cribs- f r o m p a ne/,s of tita Ptium or Vita/h um ° ,

The type of ’ cm’ ib was selected on the  basis of ’ the
tech nologic laboratory supp oi’t available to the
sum’geon as well as the  ci’ib ChaI’ a(t el ’ is t i ( ’S Wl1i(’hl
offered m’elat ive advantage in the  p ar t icular  gm ’a f t —

—
. in g s i tua t ion .  ‘l’he (‘111)5 were usual l y  secured to

hone by compati ble metal screws.
Custom cas t crib,s of surg ical chrome—cobalt allo~

of fem ’ ed the greatest degree of ’ ri gidit y .  ‘1’he~ wem ’e
emp lo~ed inf ’i’equ ently for  avu l ,sive defects of
modest size , because they required i li ne—
consuming f ’abrication and when used were most
advantageous where extremely lai’ge segments of

I  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ the mandible were to be restored, A p a t t e rn  for

‘ the crib was usually developed wit Ii the use of a
mnan dil) le I i’om a di’y skul l  \s’hj( ’h approximated

______________ 
t he size am i d shape desired for  the  p a m’ t iculam’ p a—
tient :  the pt ’e l im ina m’ v p atte m’n could be miio d iIie d
to more accum ’ate ly conform to the act ua l contour ,
Determination of ’ crib contour tha t  would best

— ~~~~~~~~ approximate the desired mn and ib ul a i ’  rnom ’p ho l—
— ogv %s’as aided w ith j u t .’ t i ’s ’ t>1 Jatt ’i’~t l ( ‘ep h alfl f l i e l—

~~~~~~~~~~~~~ 

‘ ‘a ‘I n c  radiogi’ap hs , p I’einj um’v photogra phs . ii avail-
able , and apprai sal of ’ t he qu a n t i t y  and qu a l i t ~ of ’
soft tissue overly ing the  defect . It  was desirable

r ‘ — that  the design of the cm’ ib a ssum ’e at k’a~t 1.3 ( r n  of
over lay onto the proximal and distal  f r a g m e n t s  to
pm’ovide sufficient  s tab i l i za t ion ,  ‘I’lw enhance—

‘ ment  of’ stabilization l)~’ l)I’oad cI’il) o~’e1’lal) ~~~~~
due not om ilv to the lam ’gem’ a rea of’ (‘I’ll) in  contact
with host bone but also to wider placement of ’ the
f ixa t ion  screws, which was possible in these in-
stances. Screws used for  securing the  crib to the
bone were preferably cast in the same m etal as the
crib to prevent electrolysis induced by d iss imi la r
meta ls.

Titanium and Vital/m m ® im/ ila nt.s- were corn mit er—
cia llv availal ) le either as flat l)~I m ~els that  could be

j ,_ contoured to the  desired shape or ’ as pt ’cfor’mi ied
contoured cribs that  could he mo (Iif i ed at
surgery . Vita l l ium z is an alloy ss’hem ’eas t i t a n i u m  is

Figure i 7. — ( pp. i t  ( a a t  ma . .iI a aims h a t  tag na.id,’ i t t  a a at ngenaicas nib gt a t m 
~ ~~ rC met a I, ai d each In ate n a  I has l)et ,’ Ii l( )tI mi (Ito pennait ixmdtng a a i the iwant’ ma , a a , t i ia anm ta t  mIte I. ihaape ,ai t h im ’

matmdibk’ , Middle) 5~,i mar ‘‘I mite nihbe’iaig nentaised muu ta ( i l itatt ’ lie’tad’ clm ni ca l l ~’ acceptable. Of sm g n mf i c amw e ,  however. Is
irig mit desi rsable shape. l,i, icet ) Ami t a age au uat is rib ga - suit a aatit t ut it - , ’d ma ,  u l it the relativ e (Ii lUcre uce i n rnalk ’abi lit a m i d p la st k’—
shape mat mu m ’  t ii.itt<ltt ilc’ , 

ity  of the  two metals. l i t a m u t m i n  is mu (R h  im rc
p lastic . am i d a given thickness must be em ~ neam ’l~
I ss ice tha t  of ’ Vi t a l l iu mn ° to achieve the  same re s is t— 
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ance to deformatioti with a given stress (Steine- the two procedures could be carried out simul-
mann , 1973). This point is probably most perti- taneously, which reduced operation time. Addi-
nent in weighing the advantage of the malleabil- tionall y , there was less need for modification of
ity versus stability required in a particular graft- mandibular host bone unless considerable ebur-
ing situation. nation was present. This was in contrast to block

During the era of the Vietnam conflict , most grafting where considerable time and effort were
PCM grafts were supported with contoured Vital- consumed in placing the graft and m aking pre-
h u m ® panel cribs since this was the material most cise butt or morticed joints to provide local fixa-
readil y available at the time. Panels were supp lied tion and stability between the host-graft seg-
in various thicknesses, and the most commonly ments.
used gauges ran from 12 to 25 thousandths of When the metal crib was placed , a 1.5 cm or
an inch (0.3—0.6 mm). The heavier gauges were more overlap on both host bone ends was desired ,
employed for grafts in the posterior body region with at least two screws in each of these over-
of the mandible, especiall y when the crib pro- lapped areas to secure the crib to the adjacent
vided stabilization to the proximal fragment. bone. It was found that onl y a li ght lateral-medial
Normall y the heavier gauges of the panel were curve at the inferior aspect was required to give
precontoured before surgery and slight modifica- inherent strength to the crib. The vertical dimen-
tions were carried out during the operation. The sion was adjusted so that the portion brid ging the
use of malleable panels , which could be cut and edentulous space was ofj ust sufficient height to
contoured to size in the operating room , was of provide the support needed.
distinct advantage in cases where the size of the Careful control of this vertical crib hei ght di-
discontinuity defect could not be determined mension was important in reducing late comp li-
until final reduction of segments was ac- cations caused by the superior edges of the cri b
complished during surgery. In areas of acute being exposed to the oral cavity in response to
curvature , as in the symp hysis region , contour pressure by denture flanges or subsequent pre-
could be achieved with multi ple partial sections prosthetic surgical procedures. When the crib
on the medial aspect , which allowed overlap of eroded throug h the mucosa it usually had to be
the contoured panel. This technique had the ad- removed.
vantage of achieving the desired contour and When the metal crib was placed , it was hi ghl y
curvature , but much of the rigidity of the crib was desirable that theflange not be p alp abk through the
sacrificed, overlay mucosa. This became significant at the time

Selection of the crib material and thickness de- of denture fabrication because ~s’hen the crib
pended upon availability and the situation in flange was distinctl y palpable intraora lly it pre-
which it was being utilized. A more malleable , sented a location for pressure ulceration , and re-
li ghter crib could be used if it was only supple- moval of the crib was required before a demiture
menting other fixation schemes such as inter- was constructed. Crib placement will be discussed
maxillary fixation , bi phase pins , and monoarch further in the section on preprosthetic surgery .
splints. The more stable and thicker crib material Regeneration of bone above the level of the crib
was used when a major portion of the fixation was was essentiall y undirected and uncontrolled. To
provided by the crib itself. In any event , every assist the establishment of vertical graft hei ght ,
effort was made to reduce the bulk of the crib to particularl y when a low crib was used , it was
the absolute minimum required to accomplish its necessary to overpack the crib in an effort to en-
intended purpose. courage osseous proliferation that would provide

Technique of Application. When PCM grafts vertical height and establish alveolar bulk for sub-
were used , it was not as critical to identif y the sequent denture requirements.
exact size of the defect before removal of donor Long-Span PCM Graf ts. Althoug h comp lica-
bone as it was with block grafting, because it was tions associated with grafts will be subsequentl y
much easier to estimate the quantity of particu- discussed , it is pertinent to mention at this time a
late cancel lous marrow required to fill the defect common observation concernin g long-span PCM
than it was to select the exact size of a block section grafts. There was a tendency for  inadequat e graft

F of bone that would be needed. Thus , donor mate- p rol~feration in the very long spans , particular ! ’,! in the
rial could be obtained before graft-site surgery or midgraft area (Case report 16). Whether this was 
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due to a lack of vascularity for graf’t nutrition is aged by an appropriate surg ical specialist.
onl y a matter of speculation. Whatever the cause Rib Resection. Pneumnothorax is the most cotn-of’ this lack of proliferation , it perhaps should monk’ encountered complication of’ rib resectioninfluence the selection of grafting system fbi’ this and , although it was not reported in the MFCStype of situation. A crib-supported block graft group, this is not viewed as representative be-augmented with particulate cancellous marrow cause of the smna ll numnbe r of patients. Daviscould be postulated as probabl y the most accepta- (1976) and Baker and Connole (1 976[a]) re-ble m ethod in these circumstances. ported an incidence of pneumiiothorax of 25~ in a -

comnbim ied group of 58 patients who underwent
COMPLICATIONS OF BONE GRAFT rib resection in association with bone graf t  aug-
RECONSTRUCTION mentation of the jaws for preprosthetic pur-

a poses. All the patients who experiemiced
Recurring problems with both recipient and pneumothora x were treated with a chest tube

donor sites were encountered in bone graft without serious sequelae. The relativek ’ hi gh in-
reconstruction. These complications were some- cidence of pneumothora x does miot preclude rib
times unavoidable , but their sequelae were mini- grafting when indicated , because the condition is
mized and their incidence was reduced by recog- temporary when properly treated. There is , how-

- 

- 

nition of the potential for their development and ever , a definite need for carefu l patient manage-
tnstitut ion of measures to avoid them. With the ment by members of both surg ical teams to assure
understanding that occasional complications will earl y diagnosis and treatment of pulmonary dys-

~ 

- occur , particularl y in the management of com- function. Normal lung expansion was routinely
— plex war trauma cases , this section identifies what confirmed in the recovers- room b~’ chest radio-

these complications are rather than pontificates graphs and auscultation.
with clarity of hindsi ght concerning errors in Even in the absence of pneumothorax there isa
management. tendency toward restricted lung expansion dur-

ing the early postoperative period; therefore ag-
Donor Site Comp lications gressive pu lmonary care was routinel y emp loyed ,

particu larl y the encou ra gement of deep breath-
Iliac Crest. In addition to almost universa l ing and maintenance of meticulous pulmo-

d~ff iculty on early ambulation, a number of other nary toilet. When longer sections of rib were re-
complications were associated with iliac crest os- quired , the patients frequentl y experienced ag-
teotomy. Most commonly a postoperative hematoma gravating symptoms associated with the donor
was found. Although these usually resolved in- site that included tenderness over the incision
nocuously, they represented a potential for infec- area and discomfort on deep breathing (Baker -

~

tion and if signif i cant fluid was present aspiration and Connole , 1976[bl).
and culture under aseptic conditions were per- 

Jformed. Infections usuall y arose fro m surg ical Recipient Site Complications
contamination alone or in conjunction with de-
vitalized bone. They were treated with local The majority of recipient site complications were
wound care such as irri gation , debridement , and infectious in nature. The incidence of postoperative
appropriate antibiotic therapy. infections for all MFCS bone graft patient s was

Infrequentl y a pos tope rative 1kw developed sec- 33.66%. Interesting ly , the incidence for con- 
-

ondary to retroperitoneal hematoma and for this tinuity grafts (33.73%) was almost identical to that
reason it was well to confirm the presence of for augmentation gra ft s (33.33%) (Table 36).
bowel sounds and remain care full y alert for ab- When wound infection developed in cases of
dominal distention. Herniation was reported grafting for continuity, it was of considerable
after removal of large full-thickness grafts (Reid , concern because in 12 of 28 instances (43~ ) there -
1968) and , althoug h a rare complication , it was failure to achieve continuity . Connole (1974)
should be considered when prolonged ileus or a reported an infection/ graft failure ratio of 50% in 

-

palpable soft-tissue mass appear in the area of a series of PCM gra fts.
surgery . Obviously, such complications are man- A resume of factors that coinributed to graft
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infection, as well as comments concerning their earl y graf’t nutrition. Large hematomas that had
prevention amid/or management, follows, widely dissected tissue planes were evacuated

aseptically and cultured; a drain was placed and a
TABLE 36.—Bone pressure dressing reapplied in an attempt to pre-

Crafting—Postoperat ive Infection vent reaccumulation of fluid. If pus was present
or C&S studies confirmed patholog ic organisms,

Nuinber ofGraf ts for: wound irrigation with saline or an appropriate
antiinfective solution was instituted to prevent

‘~~. ~‘on1inuiiv accumulation of contaminated exudate around
-

‘ 
~~~

c
~~~~

_:5) I~ the graft. Earl y , aggressive treatment with irri ga-
PCM (N=37) 10 tions , and of course , pro per systemic anti bmo tm cs ,
Other (N-’S) ‘3 often prevented graft failure.

‘r~~il (N =83) 28133 731 Violation of Oral Mucosa and Wound Dehis-
B, A u i ~ntoJson cence. Inadvertent intraora l perforation with re-

Iliac (N=l l)  s sultant break in aseptic technique sometimes oc-
Rib (N=4) 2 curred even after carefu l dissection. It wasPCM (~‘

. 3) 1 difficultto establish the precise depth of the plane
Other (N = 0 

— 
0 for the graft bed in the scar tissue present in the

Total (N ” 18) 6(33,33] defect. If the perforation was recognized at
surgery, it was carefully closed to reestablish a

C. To~~. a aftt 
3~ 33,661 water-tight seal and the “nd was copiousl y ir-

rigated. If antibiotics wet - iot being used , they
‘Fi gures in brackets equa l pera-eia~age of N. were instituted intravenousl y during surgery and

continued by the appropriate route for at least 7
Nonvital Teeth or Forei gn Bodies. The presence days postoperativel y to treat the now contami-

of nonvital teeth adjacent to the graft site was nated wound.
H frequentl y implicated in the development of graft Intraoral perforation during surgery could

infection and resulting failure (Figures 58 and occur without recognition , thus it was necessary
59). Previously quiescent foreign material , in to rule out this violation whenever postgrafting
close proximity to the graft site , was recontami- infection occurred. This was accomplished by re-
nated at surgery and infection ensued complicat- lease of IMF and examination of the floor of the
ing the entire procedure. It was therefore neces- mouth for a mucosal rent and/or the presence of
sary to conduct a carefu l clinical and radio- purulent exudate. In instances of suspected
grap hic preoperative evaluation and if these through-and-through drainage , th e pat ient ivas
sources of infection were present , redebridement asked to rinse orally with a dye solution and the
was necessary prior to final graft preparation. extraoral drainage examined for the dye.
Additionall y , previously sound teeth were oc- Throu gh-and-throug h draina ge (oral and ex-
casionally inadvertently devitalized during the traoral) was associated with a hi gh incidence of
graft procedure when the surgeon was re- gra ft failure , therefore vigorous wound treat-
contouring host bone , placing fixation wires, or ment and hi gh dosages of antibiotics , selected on
inserting bone screws. To obviate these iatrogeni- the basis of C&S studies , were essential if the graft
call y created sources of infection meticulous sur- was to survive in those difficult circumstances.
gery with full knowledge of pertinent anatomic If a PCM graft had been used and oral perfora-
detail was necessary. tion noted at the time of infection , prognosis for

Hematoma Formation. Occasionall y, despite long-term retention of the crib was poor since the
correct wound management , hematoma de- crib and its filter acted not only as a foreign body
veloped. This served as a potential culture media but also as a trough in which pathogenic or-
for bacteria that might be in the wound as a result ganisms sequestered. Despite these adverse con-
of sur gical contamination. The accumulation of ditions , removal of the crib was sometimes de-
such fluid also prevented the adaptation and re- ferred for a reasonable time in the hope that
vascularization of tissues , thus compromisin g there was a chance for consolidation of the gra ft.
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Figure 58.— Upper lefi) Left panoramic radiograph 15 days alter injury showing avulsive injurs to the mattdtble w i th  re-
ta ined maalar teeth projecting into the osseous defe t Upper ri ght)  Left patt o rant i radi aagr a p h 9 st i cks after i lt ~ur s .  I he
teeth are st ill present and the extent of the osseotis defect is well delineated, Middle l a / I )  1.eli panaaratltic t .idtOgi .tp h 7
mont hs after inj ury artd I day prior to h’tne grafting showing minimal to absent a assa ’ ,aus support bar the retained molat
tt’eth which wer e projectin g into the future graft bed, There was considerable n at a l t’esorptiolt Ott the retained molat ~1a d’
die right) Left panoram ic radio graph 3 days post grafting showing a metal crib s upported g raft (PUSh bridging the ,isseous

- The molar teeth were still in place. Lower le f t)  Left patlorantu radiogra ph 2 months post grafting. ‘l’he sea aa tt d .ittd
third ma,lar teeth had been removed in the f~ice of e’hratnic inlect iott at the graft site hut the metal a rab wa’, sti l l  Itt 1)1.11 C
‘th e re  w as some evidence aa f increased opactf icat ion in the’ graft are a alt ltoug h the ttiandtble as as utistal,le at iii ’ gt alt sa t ,
Loner ri ght) 1.eft pataaarant c radiograp h 3 motaths piast graf ling . ‘t h e  tnetal crib had fx’e t i rem,,ve’d and the’ ft t s t  tttol.ii to, atl t
was extra c ted tlte’ lolhtwittg day. ‘l’ltere was no n—utt un t at the gt ’a lt s i tc .  Subsequent to this the’ j ot a c  t i a a tt  at tlt,’ gt ,tl t s u it ’ aa is
sa a a at t  reso lved, ( outintwd in Figure ~9,

Deferral wasjustified onl y in infected cases where identify potential  destruct ive extension of infec-
symptoms were minimnal  and aggressive local tion of ’ho st bone. The objecti ve of prolonged crib
wound care could he maintained. In these in— retention was to gain consolidation at the  graft
stances , caref ’u l radiograp hic scrut iny was essen- site prior to crib removal and thus establish at
tial to monitor the progress of healing amid to least sonie brid ging of the discontinuit y defect to
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Fugu r. 5’~ ~.. nhmntiaIio,i aa/ Fig’ura ~X—t ‘pp,’rt Paa taa rjnama t.uli. ga .iph 16 monmiis. ihta’ r t i ’ t t ia  as il a at m it t ’  i t  iii ,iiuil lit a t  it. .l.im intl
months follow itig .1 sec tnd bone graft (autoge’nous solt il ihi.ic) to the mandible, The proximal ramus fragment wa s
distra -tt’d anterosupa’riorlv atad the’ graf t had lx’eti placed aa uts id e the fun ct iaamta l vector of ’ the matadihk’ apparent ly i a  hu ll
taut the’ ang le’ reg io n. Na a attem pt was  macla’ ta t sec ti a itt thy coraanoid praacess and reposit iaan the a ,,ttaus, L am ar )  La it
panaarantic radiograph 52 tn,anths balkawit sg the second baa tt e graft shoss’ing the’ remodeling aa f tI-u’ graft that had aatcurrc’d
particularly where the’ atag le’ had bee’n augt netate ’d outsid e’ the functiaanal se’c taa r  of the’ mtsat idib lc’ , Ca at a t i ttu itv had be’ct i
seuces sfu llv restored although symmetr y and the’ praaxima l ramats fragmetit paasu tt. )t a caaa t ld have’ ba-et a impraave’d at the linac’
ad ha ute gnaft iatg las release’ o f t  he’ uaro,toid pra ac e’ss .

facilitate continued management. tential for infection existed: however , it did not
Extraoral wound dehiscence also offered a ordinaril y occur unless the infl ati ìnia ti on became

poor prognosis for a graft. The wound and ex— quite intense and/or a secoiid am’~ sout’cc of con-
posed crib material were kept clean with dail y tamination was inti-oduced. In this category ivei’e
irri gation and dressing changes. The decision for galvanism caused by dissimilar metals , sialoceles
the crib removal was predicated on the comisidera— near the graf’t. and the disruption of healing pro—
tions just described. Once an extraoral dehis — duced by instability at the graft site.
cence developed 5 no attempt was made to sut’g i— I mi s ummary ,  it was necessary to carefully ( li t—
call )’ cover over the crib. lerentiate between inf lammation and infection in

Inf lammatory Conditions. In addition to the the face of postoperative graft comp lications i%’it h
above factors , which were directl y associated with the understanding that  there was a wide range of
an infectious process , othe r comp lications de— factors that contributed to thei r  development.
veloped that presented clinicall y as aseptic i l l-  Earl y , vi gol’ous treatment directed toward an ac—
flammation rather than overt infection. The p0- curatel y established diagnosis was mandatory if
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gra ft failure was to be avoided, inadequate Stabilization. Loss of stability was a
major cause of graft failure. If means of positi ve

Assessment of Unsuccessful ~~~~~ 
fixation had not been assured prior to placement
of the graft , attempts to recover stability alter

Table 24 indicated the rate of success with the graft placement were frequentl y inadequate or
various types of grafting systems used for con- ineffective and graft failure resulted.
tinuity restoration. Although it was not always Inade quate Debr idement. Debridement ac-
possible to precisely identif y why a particular complished less than 4 weeks prior to graf t ing was
graft failed , it was nonetheless possible to derive characterized by wound infection , dehiscencc ,
certain conclusions concerning graft failure in and graft failure.
general. These conclusions have been distilled Intraor alPCM Graf ting . PCM gra ft s for resto-
from an analysis of the MFCS cases in which ration of continuity , which were placed via an
grafts were unsuccessful. intraoral route , were associated with a hi gh m ci-

insufficient Time Between injury and Grafting. dence of complications and failure. Such an ap-
Time is essential to reconstruction of a surgicall y proach was not advisable for war casualty recon- —

resected area and especially to reconstruction of a struction.
war wound. Whereas immediate reconstruction Adherence to Basic Pr incipks. In almost every
has been advocated and successfully performed unsuccessful graft , failure was attributable to vio-
following tumor resection , it should be recog- lation of basic princi ples of bone grafting that
nized that the remaining graft bed in cases of were recognized and stated as earl y as World War
tumor resection is often previousl y uninfected I (Hayes , 1920; Ivy and Eby, 1924) as noted in
norm al tissue with adequate vascularity. Soft tis- chapter I (p. 6) and restated in this chapter. Vio- -

sue and vascular damage in war injuries extended lation of these p rinciples was neverjustqled. Although
far beyond the avulsive defect itself and the it was possible , via contemporary reconstruction
wounds were universall y contam~ ‘iated—healing techniques , to more consistentl y achieve restora-
was prolonged and associated with considerable tion of form and function , the percentage of suc-
scarring. In such cases it was essential before cessfu l grafts for continuity was not markedly
grafting to allow time for recovery of vascular ity, improved in comparison to Wori d War II. Im-
ensure asepsis, and await development of sup- provement in this percentage in the future to a
pleness in the tissues overlying the defect. Iktter great extent will depend on how assiduousl y sU r-
patient acceptance of necessarily protracted geons follow recognized princi ples rather than on
treatment was gained if the treatment objectives development of newer techniques or therapeutic
and the antici pated sequence of therapy were protocols.
adequate ly explained.

PREPROSTHETIC SURGERY

INTRODUCTION denture-bearing area did improve the efficiency
of the prosthetic app liance and also greatl y ye-

The majority of maxillofacialca.tualties required den- duced adverse stress on remaining dentoalveolar
tal prostheses to comp lete their rehabilitation but loss of tissue. In this section we will define the problems
bone , soft tissue , and dentoalveolar structures of prosthetic rehabilitation that lent themselv es
often compromised the adequacy of the prosthe- to surg ical correction and discuss solutions using
tic treatment that could be provided. Althoug h selected cases to illustrate satisfactory long-term
dentures could be constructed in most instances , results.
they were not opt imall y efficient when placed Although many patients in the MFCS , other
in areas of deficiency without the aid of prepros- than those who received bone graft s, required
thetic surgery. Even with preprosthetic surgery some type of preprosthetic surgery, p ar th ’ular at-
ideal conditions for prosthetic treatment were tention is focu sed on 51 p atientc who were grafted for  

-

seldom achieved; however , creation of a stable mandibular discontinuity defects and who required den- - 

-‘-~~~~ --- ‘- - ‘--- ~~~~‘-~~~ — - ~~-
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‘l’ ABt .I; 37.—Prosthe tic Status of Patients Who ment , or found it inconvenient to have further
Received Successful Bone Grafts J ’or Continuity treatment because of geograp hic location. busi-

Relative to Their Preprosthetic Surgert ness commitment , etc. (Table 37).
Requirements Because of the complicated nature of pros-

thetic rehabilitation not all dentures were satis-
P1’S performed before

1k ‘ 
denture cortstruction factory for the long term , and preprosthetic sur-

Type aaf graf i , 
i t t t i t C  

I gery was still considered necessary at the time ofco mts ti uctu 
Bm,.’ Soft last examination for 23 of the bone graft patients
aug. tissue who had required dentures. Vestibulop lastv was

Iliac l5[65 .22]t 2(08.701 8t34,78] required for all 23 pat ients , whereas bone graft
*(N =23) 

________ _____ ________ 

augmentation was required for 13. There were
Rib 4f 80,00] 2140,00J 3(60.00] no plans for preprosthetic surgery in 18 of the 23

(N = 5) pattents. Of these 18 patients , 8 refused treat-
ment , but in 6 instances the evaluating clinicians

PCM 
99) 

13(59. 09] 2E09.091 3(13,641 did not recommend surgery althoug h it was m di-—_n—’- cated i n l i gh t o ft h e criteria discussed in this chap-
Other 0(00,001 0(00,001 0(00.00] ter. In the remaining 4 patients the reasons for

= n 
______ _____ ______ failure to plan preprosthetic surgery were un-

Total 32(62.75] 6(11.76] 14(27,45 1 clear (Table 38).
(N = 51 It should be noted that in the past many of the

\ =na rnaba ’ raa i paiir.aas rr.1uaritag ,a da’a a ,aaa.’ Iast taaomgsaaaaa ’s ~iaal boaa,’ conditions that could have been corrected by con-
L rau aang ta ,r a, anaanuai a (Ira.,,. -t aSk’ 2~a ( .

igu res I.. br,.rke~ rqaaai p~rs~,aa~g~ at ~~. temporary preprosthetlc surgery were not
treated and prosthetic rehabilitation was either
compromised or not attempted. Even today, all

tal p rosthetic app liances . Thirty-two of these pa- clinicians are not adequatel y familiar with the
tients had dentures constructed and of this treatment opportunities provided by prepros-
group, 6 underwent bone graft augmentation thetic surgery and for this reason some of the
and 14 had vestibuloplasty procedures prior to casualties have been incomp letel y rehabilitated.
denture construction. Of the 19 patients who did in fact , one of the majo r obj ectives of this section is
not have dentures constructed the reasons were to review the indications fo r  p repros thetic surgical timer-
variable: patients either felt they could “get apy so that all clinicians who will be responsible for
along” without a denture , refused further treat- 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 Prep rosthetw Surgery_at Last Follow-Up Exa mination

PPS requ ired at time ( :l it a icia mt Reason
, of last examination No platas Patient did not PPS rantType of graft

Soft Bone for PPS ref used recaa mnmemad accomplished
tissue aug. PPS unknow n

Iliac 10143,481 3(l3,04]t 10(43,481 5121.741 3(13,04 ] 3113,041
*(N 23) 

___________________ _________ _________ _____ _____ 
—

Rib 2(40.00] 2(40,00] l[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(1001 1(100] — — —

(N = l) 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _

Total 23(45,10] 13(25,491 18(35 ,29] 8(15,69] 6(11.76] 4(07.84]
(N =_5l~ ___________ ___________ ____________ ____________

‘N — no,nher sa t paiarnr~ requiring dentur e faa ttowing ,,aaa,’,* iut bone gr~utin g liar aaana inuia ’,.
ai’ .gure* an hr,cke,s ~s~u~i pea’ren,agc 01 N. 

—~~~~ . “——‘- “ - ‘~~~~~~ “ -“ - - -  -



r ‘ ‘~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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befull., appreciative of what can be achieved for  these RATIONALE FOR PR EPROSTHETIC
patients. SURGERY

MacIntosh and Obwegeser (1967) have pre-
DEFINITION AND PURPOSE sented an excellent resume of preprosthetic

surgery and althoug h the procedures they de-
Prep rosthetic surgery can be def ined as surgery of the scribed were not specifically desi gned for treat-

hard and soft tissues of the j a w s  which makes successful merit of war casualty sequelae , they have been
p rosthetic treatment possibl e. Specificall y , the goal of found to be readil y adaptable to this purpose.
these procedures was to provide a suitable foun- The sound biomechanical princi ples upon which
dation for the construction of a prosthesis which these procedures were based permitted the de-
would be stable and retentive under functional ‘ velopment of specific diagnostic criteria for
stresses , preserve the associated structure s, and evaluating trauma sequelae and selecting appro-
satisfy esthetics. The extent of inju ry and other priate soft and hard tissue corrective procedures.
uncontrollable circumstances made it impossible Acceptable functional results were obtained with
to provide ideal conditions for prosthetic treat- these newer treatment approaches , whereas pre-
ment in every instance , therefore , compromise in viously employed ridge modif y ing procedures
final management was sometimes required. (Kazanjian , 1935; Trauner , 1952; Clark , 1953)

To obtain satisfactory prosthetic rehabilitation were generall y unpredictable and had gained ac-
and to avoid both unnecessary compromise in ceptance by neither the surg ical nor prosthetic
prosthetic care and inappropriate preprosthetic communities even for more convent ional non-
surgery, it was essential to assure comp lete coop- traumatic conditions.
eration and understanding between the pros-
thodontist and surgeon. Onl y when the patient ’s
requirements were clearl y identified and there Vestibuloplasty
Was a mutual unde 1-standing of each therap ist ’s
capabilities could these needs be resolved in an In accomplishing these procedures soft tissues
optimal manner. Effective cooperative therapy were modified to provide a primary denture sup-
encompassed not onl y planning and treatment port base consisting of firm , attached , immobile
but also a comprehension of what could be realis- tissue overlying the edentulous alveolar area.
ticall y accomp lished and what long-range com- Lateral st ability was gained by providing as much
plications might be antici pated relative to the pa- buccal-labial and lingual vestibule as possible. For
tient ’s injury and rehabilitation , optimal denture support and stability it was de-

it is anticipated that war casualties , with their corn- sirable to have fixed tissues extending over one
promised dental and orofacial conditions, will be espe- half the distance from the alveolar crest to the
cially susceptible to dental disease as they experience the depth of the vestibule.
usual p hysiologic alterciions of aging. Further ad- As a general rule , vestibulop lastv p rocedures were
verse conditions resulting from earl y loss of teeth , deferred until all other corrective hard and soft tissue
resorption of support ing bone , and deteriorating surgery had been accomplished and suff icient time had
soft tissues will result in additional functional im- elapsed for  tissue healing and maturation. The pre-
pairment that must be recognized and treated l iminary corrective procedures included: pro-
earl y. For this reason , it is essential that these viding additional soft tissue when required: es-
patients be impressed with the need to accept a tablishing bony cont inui ty  wi th  satisfactory ali gn-
responsible role in maintainin g their oral health ment , contou r , and intermaxillary relationshi p:
and to present for follow-up examination and osseous alveolar augmentation; and restoration
required treatment on a regular basis. The need of acceptable mandibular function. Another im-
for continuing prosthetic care supp lemented by portant consideration was removal of previously
appropriate surgery is especiall y important and placed wires and metal plates that could compli-
cannot be overemp hasized. cate either the vestibulop lasty or subsequent
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prosthetic rehabilitation (Case report 16). Since
vestibular surgery was cotisidered the final step
prior to prosthetic rehabilitation it was therefore
i m portant to cnsure that all preliminary meas—
u i-es were accomp lished before undertaking
these procedures.

indications. Problematic conditions requiring ,

corrective vestibulop lasty 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 partiall y or completely obliterated the yes-
tibule; and 4) buccal-labial tissues continuous
with the lingual or palatal mucosa.

Althoug h the presence of sound “st rategically”
located teeth usuall y enhanced prosthetic re-
habilitation by providing primary retention and ar to t denture to pl~c eaaser  uidnt ltbui:~ al’.eoLu

support for a fixed or removable prosthesis , addi- skin graft several weeks previously. The flange of the dentute s a t ’ -
tional vestibulop lasty procedures were ofte n re- tentionally relieved to a level that is well above thejunc rion of the

quired to provide optimal long-term results. skin graf’t-vesti bular

Mandibular Procedures. The pr imary goal of
mandibular sof’t tissue procedures was establish- sible to extend the interim denture to whatever
ing an area of fixed tissue over the remaining level was necessary for optimum support and re-
alveolar crest and creating an adequate buccal- tention. A permanent prosthesis was placed
labial and lingual vestibule. This was ac- when , in the opinion of the clinicians , t he recoil-
complished by placement of either a split- structed tissues overl ying the alveolar rid ge were
thickness skin or mucosal graft over the exposed sufficientl y mature .
periosteuni following excision of scar tissue and When a vestibulop lasty was planned in a
repositioning of muscle attachments and mucosa pat ient whose discontinuity defect had been re-
(Rehrmann , 1959; MacIntosh and Obwegeser , constructed with a PCM graft , a decision was
1967; Steinhauser , 1969; Hall , 1970; Davis et al., necessary regarding retention or removal of the
1974). metallic crib. The criterion that evolved was to re-

An important point of emp hasis concerns the move the metallic crib if there was any possibility
placement of a denture over the surgical area. I n  that a portion of the crib would be exposed by the
most instances an interim denture was inserted surgery or imp inged upon by the subsequent
shortl y after stent removal. It was important to prosthesis (see Figures 62 and 63 and Case report
ensure that the flange of the interim prosthesis 05).
did not extend beyond the grafted tissue-reposi- I n the casual ty patients there were two major reasons
tioned mucosa junction because such extension at that made it necessary to modify the usual vestibuloplas ty
this time caused an inf lammatory  response that techniques—when the vestibule was oblitera ted by exten-
ultimately resulted iii  a loss of’ vestibular depth sive scarring or when there was continuous bucca l to
thus reducing the amount of fixed tissue covering lingual mucosal bridging by unattached tissue. In
the remaining alveolar r id ge. To assure that the these instances it was very difficult to get an im-
level of the flange was correct , the prosthodontist pression that could accuratel y reflect the under lv-
was requested to relieve the interim denture so ing bony contours (Case report 17). One method
that a marg in of the skin or mucosa graft was for solving this problem was to place wire loop
exposed and visible around the entire buccal- extensions fro m the peri phery of the stem
labial border (Fi gure 60 and Case report 17). (Fi gure 61). These loops permitted controlled
After an interval of about 6 weeks , it was permis- direction of the thermoplastic impression ma-

_____________________________________________________________________________________ 
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associated u ’j th a 5Oci loss of the vestibular depth ga ined
at surgery (Macintosh and Obwegeser , 1967), it
was necessary that the projected rid ge hei ght be

- 
sufficient for  support and retetition of a pros-
thesis. If it was apparent that with the antici pated

- relapse there would be insufficient rid ge height
and vestibule , then a vestibulop lasty with less re-
lapse potential was selected.

a A stent was not ordinaril y utiliz ed when sec—
-- ondary epithelialization techni ques were em-
- 

r- 
~~~~~~~~ ployed because the inflammatory response elicit-

~~~~~ 
, 

- ed by the stent contributed to delay ill healing and
- 

additional relapse. As in the mandible , all interi-
urn prosthesis could be placed immediatel y pro-
vided that the flange did not extend beyond the
repositioned mucosal edge. After  the secondary

Figure 61.—Modified impression ste m for mandibular vestibulop- ep ithelialization was complete , the final pros-
lasty procedure . Wire loop extensions have been incorporated on thesis could be extended as desired by the pros-
the buccal aspect of the ste m to contro l the dir ection of the impression . -

mater ial into the extent of the defect and also on the lingua l not onl y thodonttst .
to direct the impression materia l , but also so secure the circumman- Additional Considerations. In some cases spe-
dibular sutures fro m the opposi te flap. ciall y designed unconventional prostheses were

constructed to restore areas of damaged and
terial into the extent of the defect thus assuring deficient tissue without benefit of preprosthetic
an accurate adaptation of the soft tissue graft . surgery (Case report 13). It should be recognized
These wire loop additions were also used to sup- that in many of these instances such app liances
port and secure circummandibular sutures on were constructed before preprosthetic surgery
the side opposite the flap when onl y one side of was widel y app lied to the reconstruction of these
the vestibule was being grafted. This assured deformities. Althoug h these prostheses were
positive flap contro l and fixation in the pre- initiall y quite functional , t hey were prone to
planned }~O5itiOfl. eventual failure as a result of the additional stress

Maxillary Procedures. In the maxilla, as in the that was placed on the remaining teeth and sup-
mandible , corrective surgery was recommended porting structures. In retrospect , preprosthetic
when the vestibule was partiall y or comp letely surgery would have created a more favorable
obliterated by scar tissue or abnormal mucosa- denture base and permitted construction of a
muscle attachments which interfered with den- denture with more evenly distributed stress thus
ture placement. The techniques usuall y included preserving the teeth and supporting bone and
grafts of sp lit-thickness skin or mucosa althoug h enhancing long-term success.
secondary epithelization techni ques were utili zed
when there was a limited area (it i smvo t svn t e i i l .  Bone Graft Augmentation
Other types of vestibuloplasty were m - am -rl ~ used .

Grafts of split-thickness skin or mucosa were used in Indications and Types of Grafts. Bone graft recon-
the maxilla where there was extensive sca r tissue that struction fo r  alveolar ridge augmentation was necessary
required excision and it was important to retain as in both the maxilla and mandible to restore substantial
much of the surgicall y acquired vestibular depth osseous loss in the denture supp ort area. Specific m di-
as possible. Displacement of scar tissue to obtain cations for these procedure s varied according to
an impression that accuratel y represented the the anatomic location of the deficiencies and the
underl ying bony contour was often difficult and suitability of underl ying osseous structure for
stent modifications similar to those in the mandi- comp lete support of the prosthesis. When the
ble were required. Interim and permanent den- amount of remaining bone in the denture-
ture construction was similar to that for the bearin g area was so minimal  that vestibulop lasty
mandible (Case report 18). alone would not provide a sufficient base for the

Because secondary epithelialization was known to be construction and support of a satisfactory den-
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-

~~~~~~~~~
- - -

~~~
-‘ - -—-- .-



- - —- - ~~~~~~~—- ------- ---- - —----—.----- . —“-- .- —-,~~ -~~-- -~~~—---~~~~~---— -~~ -~~~~~~~~~~—-—- —‘ —  - - — - ---  — -

Late Care (Reconstruction-Rehabilitation) . (49

ture , bone gra ft augmentation was considered Bone gra ft systems previousl y discussed for
(Celesnik , 1963; Steinhauser and Obwegeser , management of mandibular discontinuity defects
1965; Davis et al., 1970, 1975; Terry et al., 1974). were also used for alveolar rid ge augmentation.

An additional reason for augmenting the man- In the MFCS patients these included rib (4), solid
dibular alveolar ridge was the need to correct the iliac (6), and PCM gra fts (3). The type of rib graft
problem of flexion that occurred when the bon y described by Davis et al. (1970) was well suited for
defect was so great that the mandible was unstable augmentation procedures. The particulate can-
during functional movements. This was espe- cellous marrow grafting system was also consid-
cially annoying in the partiall y edentulous patient ered satisfactory but its use did require metallic
and was often initiall y manifested by dislod gment crib adaptation and the necessity of a second sur-
and/or distortion of a prosthesis during mastica- gical procedure for removal and for  this reason it
tion (Fi gures 62 and 63). When a fixed appliance was onl y recommended for isolated alveolar
spannedanareaofflexion eitherunseat ingofthe ridge defects (Case report 17). An advantage of
brid ge occurred and/or peridontal pathosis de- the PCM system was the greater osteogenic po-
veloped that caused loosening of the abutment tential of the cancellous marrow , as well as its
teeth. earlier vascularization.

Isolated areas of bony deficiency in the eden- Technical Procedure and Complications. Re-
tulous maxilla usuall y presented no serious gard less of the system used, it was necessary to adhere to
prosthetic problems and could ordinaril y be the following basic surgical p rincip les ~f the augmenta-
managed with local soft tissue procedures. tion was to be successf ul.

In the MFCS 18 of 101 bone grafts were per- 1) The primary incision for development of
formed for augmentation in patients with man- mucoperiosteal flaps was placed in the center
dibular continuity. Thirteen of these grafts were of the residual scar tissue overl y ing the alveo-
performed for functional augmentation of the lar crest. This insured maximum blood supp ly
alveolar rid ge to enhance prosthetic rehabilita- to both sides of the flap.
tion whereas 5 were performed for cosmetic aug- 2) The flaps were mobilized at the expense of
mentation (Table 28). The types of grafts used vestibular depth SO that ade quate graft cover
and their incidence were reported in Table 23. and tension-free closure could be achieved.
Six of the functional augmentation grafts were 3) Periosteal relaxing incisions when necessary
accomplished after a previous bone graft for con- were placed well away from the flap margins
tinuity restoration and 7 were performed in pa- to protect the blood supp ly.
tients where a discontinuity defect had never 4) The graft was stabilized against the host bone
existed. and potential dead space eliminated by

Figure 62.—Left). Panoramic radiograph 19 years following a missile injury to the fac e and jaw that had been treate d by
IMF and external skeletal fixation. The residual osseous defec t (arrow) caused weakening of the mandible with Ilexion a,f
thejaw during funct ion and dislodgement of the partial denture. Right) A ppearance of osseous mandibular defect at time
of PCM bone grafting for strength au gmentation l9 years following injury. 
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w ~1’he qu al i ty  and vascula r ity of over ly in g  sol

~ 
tissue had an important  bearing on the outcome
of augmentat ion.  With boii~ augnie l i t at  loll

, cedures , t he iiW i ( IClWe of comp lications such as
. 

. wound tlehisccnce aii~i partial sequest r~tt ioi i  of
.‘ . the graft was usually hi gher than  in p at i  its  w i th

unconipromised soft  tissues (Baker and Cotsnole ,
1976 [a]). In  the MFCS there were 6 cases of
postsurg ical inf ect ion (33.33w) involvin g aug-
mentation gra fts .  Infec t ion  (WCtliTe (l i l l  con-

!! ~~ junction with  3 of I I  solid iliac gra f ts , 2 of 4 rib

~ • 4 . grafts , and I of 3 PCM gra ft s (Table 36).
Postoperative wound dehiscence or infection

k occurring in association wi th  SOJKI autograf t s  did
. 

• • not necessarily herald comp lete loss of the graft
providing t imely and appropr iate t reatment  was
instituted. This included culture and sensitivit y
testing of any exudate to guide selection of an-
tibiotic therapy , dail y irrigations of the exj)osed
graft with an antibacterial solution , protection of
the area with a petrolatum gauze dressing, reduc-
tion of obviously devit al bone without  d is turbing

— 
.‘~~~

. 
.~ the surrounding soft tissue , and removal of bony

sequestra only when they had becom e comp letel~
separated and could be l i f ted  f rom the wound
with minimal  force . More r ’igo ro u.s surg f ra l manage —
ment includ ingflap s to reestablish p r ima ry closure over

i exp osed grafte d bone was not successful and there/ ore

~~~~~ 

I not advocated.

- . 
When the PCM gra f t ing  sy stem was emp loyed

the microporous filter because of it s position }) 10—

i vided some protection against the  oral environ—
• ment when wound dehiscence occurred. In the

presence of dehiscence the at-ca was kept clean
hgurc n . — t pp. , aPitl .‘.li .ldl. ) Panoramic radiogra p hs ~_‘ t it i.. nt hs . . .
post bone grafting lw l t t t e  .i tt d after removal of the meta lli. t t h th a t  b\ local hygiene and daily Irr igat ions with a selec—
was placed at the time of PCM graftin g . The c-rib was removed be- ted antibacterial solution. In all cases . the crib and
cause it encroached on th e area of the denture flange. Lou-c Patso- microporous filter were removed at 8— 14 weeks
ramic radiogra ph 6 ve. ir s k~~ttwtn g bone graf tin g and 25 s e . t t s  ktl- -
lowing missile injury. The mandible was stable at this time and the post graft ing.  The wound ‘~ças again closed p r i—
pat ient is-as iseari ng a satisfactor y partial denture, manl y and the vest ibular surger% planned at

about 6 months po st graf t ing (Case report 1 7) .
Vestibuloplasty Following Bone Graft Augmenta-

placement of bone chi ps about the graft w hich tion. Vestibulop lasty ft) ll owing bone graf t  aug-
also had the advantage of providing final Os— mentation was ~‘ery frcquenth indicated in
seous contour . order to provide op timum denture support and

5) Water—ti ght closure was accollip lished with a function because at the time of graf t ing flap s had
monouilament nonwicking-type suture mate- been mobilized and vestibular tissue disp laced to
rial (Lill y et al ., 1969; Kelly , 1973). obtain adequate graft cover (Case reports 03. 05,

In order to minimize the opportunity f~~
. inf ec— and 17). At the last follow—Lip eXaminat ion.  11 of

tion , meticulous aseptic techni que ~~~ observed the 13 pat ients who underwent Functional aug—
(luring the surg ical procedure and appropr iate mefl tat iOfl  graft s we -e Wearing a denture ,  one
antibiotic coverage was instituted and continued was unable to wear a denture , and one patient
for at least 7— 10 clays postoperativel y, planned tt ) have a denture constructed iii the in.
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ture. Seven of the 13 patients had vestibuloplasty recontouring had occurred. Althoug h such
prior to denture fabrication and the procedure changes can continue for up to 2 years post graft -
was planned for the one patient not able to wear ing, the major modification has been shown to be
a denture. Of the remaining 5 patients who had complete by 6 months (Davis et al., 1974; Terry
not had vestibuloplasty, it was considered desir- 1974; Baker and Connole , 1977 [b]).
able in 3 instances , althoug h denture construc- Summary. In summary , predictable surgical
tion had been possible , whereas in 2 patients Op- techniques were available for correction of osse-
timum dentures could be fabricated without ad- ous alveolar ridge deficiencies in the maxilla or
ditional surgery. mandible. On the basis of experience with war

It was found best to wait at least 6 months after casualty reconstruction a hi gh degree of success
bony augmentation for the soft tissue alterations. can be antici pated with these procedures in both
This allowed time for the graft to mature and the mandible and maxilla , but because of differ-
develop a periosteal-like tissue sheath. Ideally, all ing anatomy and prosthetic requirements, bone
soft tissue vestibular procedures were deferred graft augmentation was more frequentl y m di-
until the greatest proportion of the remodeling- cated in the mandible.

CONCLUSION

The late care period was characterized by a planned. The need for such a system was made
constant review of treatment goals and coordina- readily apparent as patients in the MFCS were
don of the efforts of all clinicians involved with recalled and examined. Problems were identified
accomplishing these goals. The needs of each pa- that had gone unnoticed and instances of delayed F-
dent were determined and therapy predicated on or omitted therapy were observed. When treat-

— 

- 
their individual requirements. The treatment af- ment was instituted for these long-term deficien-
forded many of these patients was complex and cies it was usuall y not simp le and often involved a

- 

- 

prolonged and of such nature that they will ide- broad range of surgical and dental care.
ally require follow-up care for the remainder of It has been made clearl y evident that the long-
their lives in order to assure a stable functional term needs of oral and maxillofacial casualties
and esthetic result. No definite system that pro- should not be overlooked and formal provisions
vides for coordination of this extended care for should be made for their continued care.
the individual patient has yet been designed or
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Previous sections of this text have identified the in the face of many variables and comp lexities
continuum of casualty care from the initial injury which exist in casualty management. A retrospec-
throug h late reconstructive treatment. Emp hasis tive view of treatment results invariabl y imparts a
has been placed on the app lication of those prin- degree of perceptiveness that is seldom achieved
ciples of management that best assure the long prior to the initiation of patient care, part icularl y
term success. The following case reports are pre- when faced with the complications innate to war
sented as a means of further accentuating the injuries. These case reports have been selected ,
necessity of understanding the long term respon- there fore , to serve as a prospective guide to fu-
sibility which is intrinsic to oral and maxillofacial ture ora l and rnaxillofacial casualty management
casualty care. and thus to hel p further assure optimal long term

The reader is asked to review the material that treatment success that meets both esthetic and
is presented in an objective manner and to recog- functional criteria.
nize that the results obtained have been achieved
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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 right side 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 shi p)
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 manuall y 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
provided supportive care until medical evacuation to CONUS 3 days afte r 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 ang le and ramus of the mandible.
He was maintained in intermaxillary fixation for 6 weeks. At discontinuance of fixatio n there was clinical
and radiographic alignment of the mandibular fragments , graft stability, and satisfactory occlusion. The
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 disfi gurement and normal masticatory function.
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Upper left: A ppearante ol a 21 .~ear.old ,.as ua lt s at t riage at an earls care hospital sho win g the sma llentrance isound at the right
naso labia l fold and the much large r exit wound in the right neck beneath the ri ght mandibular angle. Upper right and middle left:
Lateral oblique and posteroanterior radiographs, I day following wound treatment , showing the positio n of th e reduced
mandibular fragments and the deficit of the right mandibular ramus. Middle right and lower left: Lateral obli que and
poste roanter ior radiogra phs II months following injury just prior to hone grafting. Discontinuity and asymmetry we re
evident as well as the distracted position of the ramus. Lower right: Posteroanterior radiograph. 7 weeks post bone grafting. The
graft was (inlaid to the fragments and the ramus was not repositioned. 
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Upper left and upper rtght: A ppc.iraticc of patterfl 7 years post i t t , u t  There was minimal cosmetic deficit .ilt hiou g h some
mandibular asymmetry existed because the toron, iil process h.uh not been reali gned at the time of gra fting Middle left:
Appearatne of the occlusion 7 yea rs ,ilter inj i i t  ‘. I he p.itl, nt hi.id normal range of mandibular molioll Middle rig ht:
Postero ,iniertor radiogtap hs 8 y ears folloss ing i t t j t i t s  .iiid 7 st’.it following butte graf ting. Loner: Patioramic radiograp h 7

a fte r  butte grafting showing the mature an hitci tura l .ih)pe.it. Iiii i oh the hone graft regioti . T he graft had teniodehed to
t he I u nctiotial 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 symp hysis and soft tissue

‘1 avulsion of a portion of the lower right lip. There was also avulsion of the mandibular left firs t bicupsid
through the right cusp id teeth (#21—27).

Early Care: The patient was immediately evacuated to a 4th-echelon facility (hospital shi p). Follow-
ing triage he was taken directl y 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 syste m 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 ora l microstomia secondary to the avulsive inj ury to the lower li p. 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 li p. This was followed I month later by right
commissurotomy and later by a vestibulop lasty. Subsequentl y , the patient underwent secondary local
scar revision of the lower li p. 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 03

Description of Injuries: This 19-year-old casualty sustained multi ple fragment wounds of the face ,
neck , and upper extremities. These injuries included a compound , comminuted fracture of the ri ght
and left mandible with avulsion of a large segment of the symphysis containing the mandibular left first
bicuspid through the rigl’t 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 polvethelene drains were
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 fixatio n with elastic traction and
was discharged to the medica l evacuation system 9 days after his initial injury.

Intermediate Care: This casualty entered an intermediate hosp ital the day of his discharge from the
early care facility. Supportive care was provided and further debridement was carried out including
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 medicall y evacuated to ( ON  US.

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 irri gation (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 ri ght 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 ofthe mandible was now edentulous , a bi phase external skeletal-p in
fixation app liance was placed from the ri ght ramus to the right zygoma to control the fragment and
maintain stability. A pproximatel y 6Y2 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 symp h ysis . A mandibular vestibulop lasty with sp lit-thickness skin
gr a f t ing  was performed in the right mandible 14 weeks post bone gra fting. A complete mandibular
denture  was delivered 10 weeks following the vestibulop lasty . Further surg ical procedures to rehabili-
r ite this patient included revisions of the chin scars and insertion of a silastic imp lant over the ri ght
u i . a t u l ih l e . Ar last examination (6 years and 2 months post injury) radiographs revealed excellent bon~.snt .siir ing of the mandibular gra ft with acceptable esthetics. There was an adequate mandibular 

-

.1. lii i , . -  1i~- .ir ing rid ge and his comp lete mandibular denture was functioning satisfactoril y.
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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 anteriorl y , exiting in the symph ysis 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 majo r neurovascular injury.

Early Care: The patient was received initiall y 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 simp le circumdenta l intermaxillary wires. The day following treatment , the
patient was transferred to a 4th-echelon facility (hosp ital shi p) where he received supportive care prior
to medical evacuation 6 days after injury.

Late Care : The patient was evacuated directl y to CONUS over a 48-hour period and admitted to a
majo r medical facility 8 days after injury. InitIal examination revealed purulent discharge from the
tracheostomy site and the mandibular wounds. Twelve days post inj ury the mandibula r wound was
debrided , fractured teeth were removed , and a mucosa-to-skin closure was performed Jollowing
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 svmp hysis reg ion. The
immediate postoperative period was complicated by jaundice and a diagnosis of hepatitis was estab-
lished . The hepatitis graduall y 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 conjuncti on with soft tissue reconstruction of the chin.  Fifteen months
following injury, an autogenous corticocancellous bone graft was performed from the righh iliac cresl to —

the mandibula r symp h ysis. The graft healed uneventfull y ; however , a chronic infection developed at the
iliac crest donor site and was treated successfull y on an outpatient basis over a period of several weeks.
Six months following the bone graft procedure an anterior mandibular vestibulop lasly 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
diff icul t y .  Over the next 3 years he underwent additional soft tissue procedures to improve his facial
appearance and lower li p function. At last follow , 8 yea rs post injury, esthetics and masticatory function
were satisfactory. Althoug h the treatment of this patient was comp licated , comp lex , and quite pro-
longed , the ultimate results were very acceptable.

169



r ~~~~~~~~~~~~~~~~~~~~~~

‘ “

~~~~~~~~~~~~~~ 

‘ ‘ .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

170 Case number 04

~~~~~~~~~~~~~~ 
...

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

. 

‘rm ~~‘ - - 1
~~~1 ~~~~~~~~~~~~~‘~_ : t. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.

5 —
.
’ 4

141
V

S ~, , ~~~~~~~~~ 
-

ku
Upper left. Pretreatment appearance oh .i l9-year’old t.isuaht ~, it ho sustained a hiigh— ve hmw uts m is sile ssot uuud stu t hu extens us
damagc’ to the oncu tac ial area. Upper right. Post t reat ttuet it appearcu uwc ~ of ’ th e patient following u n.h heostu unu’. . humuted in tc’rni.ux ul.
lary t ixatiu,n , and wound closure. There is as tnt .u t I em pt Ii) red cut -c t lie a utterior mandibulat I ru t ci ret ~ u.u .i ius of t’~ t i ntis c’ I mis

of ’ isu ft tissue in the peruo ral reg io ul , it i s i s  i o u  m ss , ,ns t u suture unc uc -osa to sk itu to ef f ec T pritnar s lui s nu c, ,~tu ddIe lef t \ ppe.it a ut
of small entrance wound in posterior uuc’i k as it .ippt’ared 9 clays post injc irs Muddle rug ht, l,u irr r l i l t ,  and (urn o rig ht.
Puus u’roantcnior , right arid left lateral i,hluc 1tue raduogu’aphs, 9 days post itij ur~- . s hots t u g  l is of st uf it t iu uw c’ and malp us i tiuu t i of the
anter ior mandibular osseous frag m ent s . .Simple intermaxi hl ary ss - iring is-as ito If ’  i t t ’  itt nuatt italning the two unajor tnatidibcu.
lar fra gments.

- -  ~~~~~~~~~~~~~~~~~~~~~ —-—-~~~~~--~~~~ 



r 
- -  

~

--

~~~

. . ‘ - .

~~

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Case number 04 . 171

- - 

a.

’-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~
c

~~~~~~~~~~~~~~~~~~~~~~

’

;

’

41 4 4 *
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Upper Ic/ i , upper right , and muddle. A ppearance of patient 8 years and 2 months post in~ur~ - Numerous secondar~ soft tissue
procedures were performed to enhance the appearance of the chin and function of the lip. Functional denture occhusiout was
still being maintai uued. Lower: Panoramic radio grap h 8 years and 2 months post injury. Mandibular eontiuuuit’u huad becut
restored although normal symmetry did not exist hecacuse of’ t he malunion that occurred during t h e  complicated iuiitial ph ase
of late care . 
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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 li p, cheek , and neck.

Early Care: The patient was initiall y 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 shi p). Following triage , examination , and radiogra ph y,
the patient was taken to the operating room for evaluation and definitive treatment of wounds. The
wounds were conservativel y 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 satisfactoril y 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 symp h ysis and
body regions. Supportive and local wound care were provided and the patient was medically evacuated
to CON US after 18 days.

Late Care: The patient entered a late care hospita l 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 fro m the oral wound. The patient progressed satisfactoril y but
continued to sequestrate small bony fragments from the mandibular symp hysis region during the next 2
months. Four months after late care admission , another dentoalveolar sequestrectomy was performed
including the mandibular left firs t and second bicusp id , cuspid , and lateral incisor teeth (#20—23). A
PCM graft was performed 10½ 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 symp hysis region. A vestibulop lasty with sp lit-thickness skin grafting was performed 6
months later , following which a wound infection developed that responded satisfactoril y to local care
and antibiotic therapy. At the time of last follow , 5 years and 2 months post injury , the patient was
wearing a functionall y satisfactory denture and presented a pleasing esthetic appearance.

173



r —

~~

-

~~~~~~~

-

~~~~~

-

~~~~~~ 

--

~~~~~~

- - - - -

~~~~

,‘ -—

~~~~~~~~

-- -

~~~~~

--— -- -

174 . Case number 05

.;

~~ 

1~~~ 

-

~~~J/ 7. . ~~~~~~~~~~ — —
p ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

—r -

- ~~~~~~~~~ ~~~~~~~~

fS I ..

.i 
.

— J4~ L~°’ 
‘ •

— :. 
~~~~~~J 
,

Mii~~

• 

. S ~~~~~~~~~~ ~~~~~~~~~~~~~~

I-,  
I ” . -‘ -~~~~

- - ‘ 5 .—.,

- 
- 

-

Upper Ic/ I: A ppearance of a young nu.uui prior u i  s ust auut un g u n j u u r s  (.lt tu t t le  oh high school graduation) C pper rig ht Hut
app earance as a casualty on arrival at 4th’eehehouu f acuhu t s (fuusp it .uf sItup) Au .u 3rd—ci-helout facul uts a tr .o heostium’, fu.id been
performed and tc’mporary ta king s i u t ui t ’C S pkic’ecl rim scm uu ue .u l.iu gc’ u ut  um l, um m l l i p ru ’ su u l t u ru g  f rt iuut .i f iug hu’’.eloi i t s  missile th.it b.ud
per forated thu reg io n oh the ,uuutenion- t naru c hif itul .iu boils iii ,u h u t  u,ouir.if pl ut ut ’ ‘uliu/dh lu f f  I hut’ , \ t s  nu t umf I lii mu u u l , um il ss uiuuu d arid
unc ler lv imu g t issue damage st -a s evu de uut Io ll iuwuu ug uc’ hc ’ .usc’ of i fi t’ r. i i kin g s u i T  mu t s (, u u s ’  hu.unil .iuud s mu f t  t su it ’ c l.um.u ge haul
occurred - Middle right: Preoperative 1) imstc’t ii.i li n t li lt I ml hum igt 1tbu sItu us i i i  g i fit’ cl usp l.ic’e rt ic ’uuu u I  ri t a ruduf uu l.u u I r’a g u uu c ii T i - l.~ m ’er
left: Posiopeu’aiuse raistr’ r~atut c ’ u’ i~ u radiograp h sh owin g thin uui.iru du btul.uu It . ig l luu nu t  I a m u i t u u i l i  t I ter f t  . iu t im ’,’ r’t’dun uuuu r u ito) ss’otunu , l
c luusure . I.u mu m e r ri ght: A p1x’arauu e if l0it tt ~t i t itnuuie duat ef ’ .  I’ h I nt uu ug u u i uuu , I  fu usuur t’
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• CASE N UMBER 06

Descri ption of Injur ies: 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 symp hysis and body regions. Mandibular teeth that were avulsed included the left
centra l incisor through the right firs t 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 afte r 2 days in transit. Four days
following admission , root fragments of the mandibular right first molar tooth (#30) were removed.
Multi ple bony s~questra were removed during the next 3 weeks in conjunction with vigorous loca l
wound care . A Vitallium ® lingual mandibular splint was inserted 7 weeks post injury. Five and one-half
months post inju ry 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 inju ry , the patient had excellent function and was wearing a mandibular prosthesis without
difficulty.
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Upper left: A ppear.inu of soft t i ’ ’ .ue wound in ~ 19-year-old casualty who had been strut k h~ a high-~elociiv missile. Upper
right: Posteroanterior radiograph, taken following triage, showing the fracture comminution of the right mandibular body.
Middle lef t: Lateral radiograph showing comminution of the mandibular symphvsis region. Middle right: A ppearance of
wound closure. Although the wound initially appeared to be associated with extensive soft tissue avulsion. little tissue was
actua lly lost. Lower: Panoramic radiograph 18 weeks post injury. At this time the patient was still in intermaxillary fixation.
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Upper . Panorams radiograph 22 weeks post inj ury. At this iimc the patient ’s IMF was released and monoarch fixation
oniinued. M iddle . Panoramic radiograp h 15 months post inj ury. There had been recontouring and remodeliog of the
mandibular bods, the mandible was stable and firm, and the patient was able to function normally. L.’nver le/ t: A ppearance
the mandibular alveolar ridge 69 months post injury showing a defu it with fixed overlying mu osal tissue that permitted
denture constrt.u lion. Lmver rig ht: A ppearance of the dental o clusion with the mandibular prosthesis in pla e. Excellent oral
h alt h had bee ii maititait ied.
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Lower: Panoramic radiograph 69 months post injury.
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CASE N UMBER 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 , firs t and second molar teeth (#29—3 1), 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—3 1) 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 afte r injury .

Intermediate Care: The patient was received at an intermediate care facility where supportive care
was continued for 4 days prior to transfer to CON US.

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 app liances were removed. The maxilla ry right third
molar tooth (#1) was removed 10 weeks following inj ury . Endodontic therapy was performed on the
mandibular right third molar (#32) 3 months post inju ry . 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 ssound of right c heck in a ‘21-sear-old casual,’. t ‘pper right: Lateral radiograph showing comminuted
f racture of right mandible involving the dentition. Middle left: Closure of • heck wound. Middle ri ght: Posttreatment . lateral
oblique radiograph 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 opposing maxillary dentition. Lower: Panoramic radiograph. IS days following inju ry, showing
fragments that were molded into correct position.
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Upper: Pa riorantu ra.fiogt .iph. :4 2 mi .itt Its p. ist t re.itment . show ing ‘..ittsf.~ tort i isM~i ius healing a ttd ma tittenan ce of
mandibular morphology and symmetry. Endodontic therapy had been performed 3 months diet injury (in the critkally
positioned third molar. Middle: Panoramic radiograph. 19 months post injury, showing excelletit osseous healing at the injury
s ite. The second molar tooth was still in place and functioning. Loiier : Pattoramic radiograph. 77 mou ths jaiSt injury, showing
further maturation oF osseous tissues at injury site. Although wounding fragments s~ crc- st ill in the t issttes . they afforded the
patient no difficult~
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L’pp er Ic / I: FLill-fa Le photograph .uf patient 57 months post ut ij ully. ‘pp er right: Righ t  latera l fat tal photoguap h 57 m o n t h ’  post
injury. Lower left: Dental occlusion on the side of injury with part ial denture prosthesis in place 57 months post injutus Lower
right: Partial denture which was being used to restore occlusion and which was partiall y supported by a molar tooth if iii was
clasped by a distal extension of the prosthesis.
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CASE N UMBER 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 right lower 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 aPop lastic imp lant was placed to
maintain mandibular fragment position. The soft tissues were closed and the mandible was immobilized
with maxillary and mandibular arch bars an~ intermaxillary fixation. The patient was admitted to the
medical evacuation system 2 days following injury.

Late Care: Evacuation was directly to CON US and admission to a late care hospital occurred after 2
days in transit. Admission examination revealed erosion of the allopiastic implant through the ora l
mucosa although there was no overt suppuration. The patient was placed on antibiotic therapy intermit-
tently in the face of chronic wound infection about the imp lant. Intermaxillary fixation was maintained
to control fragment position. The alloplastic implant was f inall y 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 accomp lished 4 months following the bone graft. As a result of recall in conjunction with the
maxillofacial casualty stud y, 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
satisfactoril y without complaint and manifested acceptable esthetics.
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t ‘pper I c/ i.  A ppearamu C of alloplaci u implan t that Iu.id ~~u ideel t hrouigh i be u 0 .il mm ,,sa It t lie time ot ad muss,. in iii the p.~ ii iii
CONUS facility. The implant had beeti placed at the time iii initial wound u ate to ui ’suiiue ’ avulse-d osseous I S s u l .  I ppm ,i~hr
A ppearanceof8th ribafter resection before insertionasa mandihulargrafu u.. uesuoueoiultunui is . Middle lelt Ruh g m.i fu s. ’ i n ,
in place across symphysis defect. Middle right: Panoramu radiograph 6dass following autogenous uih gu a f i t iu ~ iii tIn .ini, ui..i
mandible. Laser left: Panoramic radiograph 6 ne’ ks after rib grafting iii uhi mtuauidible. Loser right: Panoramu u.idi’.i~i..1.hi
months following auto genous rib graf ’t to the mandible. The graft had oinsohidated we’ll. 1~he framessork i I a pat ui.,l if . om i t .
whic h is partially supported by the residual molar teeth. wa s evident in the radiograph. 
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Upper left h’.iuior..muc radiograph. 6~4 months post boric grafting, showing well-healed and remodeled rub graft in the man-
dible’ I p/ er  rig ht and middle lef t: hi traoral appeau m m c -of  ~~~~~ 68 monthspos bone grafting. showing inadequate tissue base
fun .m de mure 

~~ 
in i pall’. in the right a ulterior regs lu Middle nghs A ppeara tue’ of ,m utoge000s augmentation rib gra ft secured

lit pl.n e at lime of grafting. I.over: Panoramic radiog mph IS ela%s folIo’.’. ing rib graft augmentation of the mandible . 
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Upper left and Upp e r right . A ppeara in t- of im.iu mc iii 32 tliouit lis a I ter a ugulle mi mat mull 1~ muic’ gu .11 m 111g. t lsddl left: h i t  m .iora l .tp~x’.i i
ance of recouist rmu ted tiia uidihle 32 ullotut Ii’. Ii dli mcc i t ig a ugurn-ul tatioul hotim.’ g uaf m ing and 14 t o m itt i f is .,f ic-i ‘. esi ibulm mp last ’ . .
right: A ppearaun e’ iii m a lmts mou i with ut m auie fmf i m ml .mm demm i umc - agaiuisi miat miral maxill.ius demi t i t i m mim I P.itmom ,itlli( t admograp lt ~t
moniths fohlon ung .l mig mc ’ ilm.mt mo mm bou t’ graft ing and 7 s e m i s  and 5 moult Its al ieu graft ing l it  om lI l m iwIs
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, 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 bod y.

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) , centra l incisor (#8), and mandibular right
centra l 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
comp leted an elective tracheostomy was performed. The postoperative course was satisfactory and he
entered the medical evacuation syste m 6 days post inju ry .

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 hosp ital 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 supp le 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 gra ft bed. The mandible was immobilized with arch bars and
intermaxillary 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 inju ry .
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Upper left: A ppearance of 21 — year- u hf • .i.uu i , i lu ’. Iiillun ing Iu.lguum. ’ulu.iuii ~ui ‘.c.,tund to Io’.seu h.i. e’ . 1 fm/ m~ img lmt .~pp’ .iu .11m m ,  • it
csound at time of de—hrideme-uit dt uui u i g  i t t  I’. m h e f uumuum ’ . , ’  mu , ’ .Iu int ui t  shmon iuig ihe’ ex ie’nu of tissue damage’ ~Im ulmll , /mf i f i ,51 , . , ,
te’ruor rad iogra ph out the- d,is of mum ~m mu s f u ii ’ .suu ug u ~ ii iii ‘ .I d..mnagt’ tim ihe uima,idibk’ . Middle right ami d l i . , ,  I, it h’u . s u , ’ u m  , .iu m ieu uu m u
and lateral ohliquue uad iog u.i 1mf m s h u ts m u g  p u i ’ . t tm ~~T m u I  Iu . iguum ~’ umm s folhmns iuig clmmscd rt’ducuioim. Lower right: ‘I’I” .iia t im m u t  f i . t t m~’ l t I
afier closure (if wot iuids amid est.ih ulushun. mit iii if,’11, u m f  iii dmaiuuge’ .
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Upprr le/ t Missile l~~ 
ket that isa ’. rewccrc-d fro m the nmm uunid Upper right Iniraural appea rame ‘ if wound ~,re.l 6 nnonths post

inj ury j ust prior to mandibular bone grafting for continuity. Middle left: L.ateral oblique radiograph seve ral days fohloscmg a
PCM graft to the mandible. Middle right: Panoramic radmograph. 5 years and S months post bone grafting, showing cont inuity
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 oUthe alveolous was deficient, t he 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 , floo r 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 earl y care facility. He was provided supportive care during this interval and was re-
ported to have a continual sp iking 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 CON US 22 days
after his initial injury.

Late Care: The patient arrived at a late care hospital after 4 days in transit. U pon 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 vi gorous
coughing; however , there was no airway compromise and the laryngeal wound was managed satisfactor-
ily without further surg ical intervention. The facial wounds were debrided of exposed transosseous
wires and devitalized osseous fragments 17 days after admission to the late care hosp ital. At this time the
mandibular fractures were repositioned and an external skeletal-pin fixation appliance (bi phase) 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 cusp id tooth (#22) was removed 13 weeks after admission
to the late care facility. The bi phase app liance 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 5½ months following initial injury . Although radiographicall y the mandi-
ble appeared to be intact , clinical evaluation had revealed that it was unstable as digita l 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. Postoperativel y , the patient developed an infection overl ying the region of
the bone graft and was treated with antibiotics following 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 is umber lO

formation; however , there was still clinica l 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 initia l inju ry , the patient had excellent incisal opening
(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. P. ‘s ue t u i  m m mcii . in u anlim mgr.iph • uum , he’ da~ u it imm I t im y ‘.hi. uts trig cc’. ,‘rel’. m u immmnmti,ed h f  u ni.i mi nluf ule . I pp m ’v right. Pu icier.
anter ior radmuugr.ip h. immediately post tre’atme -umu uu um the day uu f inju m s . showing inadequate reduction of th e mandibular
fragments hut est..hlishmeni of intcrni,ixillary f ixation with arch bars Middle left: Left lateral oblique radiograph. taken at
intermediate care fac i f i my,  sho win g inadequate redmoti mun f ~~~~~~~~ fragments w ith malalignment of ranlus. Middle right:
Panoramk radiograp h on day mit  adm m csmm , m m to late ma r e t i m  lit’.. Liner left: 1.eft lateral oblique radiograph showing a disc.mnti-
ntj itv di f u i after local dt-bridemenu uhau was iou css it.mted h~ umral wound deftiscence and suppuratioul. L.’m er right: A ppear-
anfl’ of patient at t ime’ of applicati .un of hiphase’ exte ’unal skeletal fixation appliance shortly after debridementt of iromauidi-
hular wominel. The f irst ph ase cmuui mlt- iumr had not as s i t  been re’ntoved.



. -~

198 Case number 10

£1 ‘U
p 

~~~~~~~~~~

—,, -
- .

4 _______

— ~~~
— 

_____________________ 
- ______

~~~~~~
-

-~~~

I 

~~I
:IPlIlI;II1

~
PlII
~W

I 
-,. 

-

41
~1 

. Ill .
.
.
.
.

Upper left Lef t  panoramic radiograph shm>wimigposit ion of fragments amsd progressof healuutg 2 m ui im uuiu fmsfm m llmm w mui g mu q m i m s .,iimf
I month after application of huphase apphi.mnce Upper right: Left panoramic radiograph S months post iu i j t i u  s fci f lm iss uumg
remo’. al i t  hi h)has(’ a pplia flu C pruor to bone- gr,m f uuuig. Fragmt-n ts had coutsolidated at t h e ’  iofe ’u miii f~ iu der , lion, s i  i f ici i c—
mamniee l lle’xuoui and instability of the mandible. Middle left: A ppe’aramn e of mamudible’ am the mino ot f iiin m gi . mt m mu m g s h u ts m u g  a o m it .
si m luclated txiui~ strut auid a h u e  u I  f ibrm ous U t h u  iii ad ja mi ’ tit l(> the ’ pe ru isi cal c’k’vaior. Mu/d im rig / m i I m t i  ~ .i o m i t . .  tim .  i .md ii gm a 1>11
18 hours followiuig I’CM gra ftiuig. Loner left: h ell luliloii1t110 radiograp h> . 3 mmmu ii hs j im~st g m.u fmm n g pus ~iu m u  i ,u m i  i f > ut ’ m m usal
uhai w~m lieu ccci  i~m iuul  tic ri’ctirre’uil graf l it ili-utimin. Luner rig/i t: I _c ’f t pa nina niik tadiogra phi I mu mimi f t hi ill, its m mig u m iiii us .1 l i t  m 1w
meta llic crib. A Ii uie’ar area of raduuil mtee ’ ncv is ccc i i  iii midpmiiuioii uif i lie’ m msse uiu s bridge’. Flu’ in.i uidmhlu’ 0 .>~ ct.,hh .m lilt, mig ht am
this interval there- was still f lexi mmui .
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Vpj. mer left and upper rig ht. A ppe.ir.imm c .ul p.itu eum u . 7 years post injury, showing nmandihulam syunmetrs ..n,I uitmuiuu im. , I uesidual
deformity. Middle: Panoramic radiograph I year post grafting. The mandible was stable, the areaolthe graft ss .ts, onsofidated,
and the’ osseous limulk had in reased since the crib was removed 9 muimiihs presiously. Loner: Panoramic u .uuhuuugr ~up h mm last
follow tip. 7 su ; mr c  post injury. Very dense bone had developed it> the area of injury and gra ftimig. this is compeuhsauors to tf>e
(u ini s m m hi (f aij ( uu i of f umie t imi na l stres s in this th iimu region of the mamudib le. A lthuiugh an alse,mlar etc- f cci existed , i lie’ p~utieihl ssac ul .m l
inic-re-s u’ml m u  fmi rthu-r treatment. I)t miual disease was extensive iui boubi the maxilla and mandible. If teeuh are lost ausd f i unc t im ium
becomes depenide rit m u m >  a prosthesis . some type of preprosihetic surgery will be’ required to mamuitauil a masticatory capacity. 
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CASE N UMBER 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 imp lant
was fabricated fro m Kirschner wire and acry lic 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 imp lant eroded through the oral
mucosa and it was removed. After the imp lant 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 acry lic stent used to stabilize the frag-
ments. The infection was managed with local wound care and a variety of antibiotics over a 2½-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 partiall y 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 9½ 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: A ppearance of a 19—year—old casualty at ‘ inN - of tr iage following a high-set... ii ’. nuissile st .mmind m u . the lm uss e u f . im, ’
upp er right: Appearance after fracture reduction. soft tissue . hiuctuu t ’ . and uhr.uug lu-auud . ihm iu iug h isotitid du.uuum..ge’ . ~tmddIe 1i’fI
and middle right: Posteroanterior and lateral obhiqtu’ ra.luogiaphs prior to initial .1mb, i,li’me-ni at i m i t,c.uiunvnt I .‘..~~~ l,f
A ppearance 2 months after injury showing an abscess that had formed in. the’ mig ht • hec k .uve ’ rf y uu ig the aII.upl.msmum uinp l.uuiu
Lower right: Panoramic radiograph, 9 months post in jut-’.. showing the allopl.isii. uuimp latii still iii pl.i•~ I he implant stas
removed a month later because of chronic infection and the fac t that it preeIude.l dcl u mu imus e hard and soft i i csuie I” . .u i ist ruc tio ms
of the mandible to a functional status.
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Upp e; left . A ppearamneof the alhimp lastie mnnp hanu at the’ t ime of removal 10 months post injun 1 he ump laniu had beet> fabricated
from Kmrs line r wires amid acrslm c blocks . Upper right: Pau>mmramic radiograph 3 weeks afte. rib) graft reTumuis tr ueu im iu > of t h e ’
man>dihk- ‘diddle left: Pamtu mram um r.udiuugu mup h I 7 wee ks p.1st gr~mft iu ig. Middle rig ht: tiiln(>r~>m ic raehu migu .i1ifu 9 mmliii his pmmst graft-
ing. Lou er P.umioramie radiograph. II months post grafting. sfiossimig cunisohidatiuius ml the guaf i
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Upp er left and upper nght. A ppearame u>f patuem it 54 mou ths ,uf ter inju u s I here stas excel lent 5% mint-irs un the hotter inc third of
t he face where the auineruor mandible had been> recou>s irucued Middle left: Imin raorah appeauance of p.muieiit . 42 months
following rib grafting uif the mandible . s howing gold crossns ot u the’ i u’niaiiiimig molar teem Ii m fiat ci uppmmrte d .u pi~~ isuu >ii
attachment de ui tur e. Middle right: A ppeau a mi e of floor of mouth with deficie’ni ahveolau ~~~ 

c,cs ,mru d muiadequaie’ ls stable mouth
floor—vestihular m ucuisa. Loner l i/ i :  A plx’ar.m t He’ of precusiu iut at ma e h itmeut u t nau>dibmu ha i dci i i  ii re iii m u  lusiomi ss it h miai tur af
maxillary denuttio ut. Lower nght: Posteroantcruor radiograp h . 42 miinuImc post gmatiiiig , sbiossiuig m>>auidibuhar cc otuneurs as well
as m.dar remwn s and c-xten smon bar , that supported u fue mauidihuh~uu deuinmue iii .m ea ui t mhe -s e’ m t .ish>ioiu
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Upper: l’aui mm ma u i iu t . i i l Iogm .i 1ih. l~ muu u>i h>s t u m lhmmss uu mg rub gu~ufi re ( mmt istr Uc iumti m uf  utie auiuerior mauidihle . s f ioss iuig the unateure and
ts ehl—, i i iucmil u~h ,u icu h gi .ih %in/u/I , hi, mim uu iaui t um mac fumigu ~u 1 > fm. 9 imimmnmuh is  f i mhf oms tog .t i tgnt uc ’ umuaiumim of tIn’ nui~uiu dibh’. u-mih i arm aumoge’ —
m i um ut s iii um m i i i  m u m m a u i  c i h i m its gu i l t .  I mu uiuii,ur mcd li that hid smup poited ittc d, ii immic ’  had ix’u im huo icu ’ micub his mimi- m uu mq utu ug a( - iiuiii
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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 surg ical 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 primaril y, 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 ri ght
mandibular wound and teeth and bone were debrided intraorall y in a series of procedures that extended
over a 5-month period. Instability of the mandible was still pr ’csent 6 months post inj ury 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: A ppearaunc- of patient at surge’rs ou> tf m e ’ cl.uue of injurs . s f iowing the’ stomum ids of euu tr a m ic e (~~.N) au>d ec.mi iF / t pper
right: Post ernanterior radio grap h . on the’ date mif uui~murs , showiu>g the position> m i t  the mandifnuf ,tu fragments af ue- r ii c’ .ut rnc’u>t
Middle: Panoramic radiograph. following aduiuumms uu mum im u .1 l.iue care huosputal 2 ui>nm> this hx>st u u>j uu s , u.hmiss I u>g ueet h p tm ~ c’c tm u >g unto
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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 symp h ysis .

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 app lied. The patient was admitted to the medical
evacuation system 2 days postoperativel y.

Late Care: The patient was medically evacuated directl y 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 symp h ysis 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 ri ght iliac
crest to the mandibular symphysis was performed 16 weeks after inj ury. The postoperative course was
uneventful. Intermaxillary fixation was discontinued 8 weeks after grafting and monoarch stabilizatio n
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 inj ury, 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 necessar~ to
restore masticatory function. Facial symmetry had been restored and there was little residual deformit~ . 
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Upper lef t: A ppear ..mmm .’ uuh .12-,ear-o ld casualty showing penetrating suhmemitah fragmetitatiotu wounds. ( ‘ p/ icr ri ght: Lateral
radiograph showingses,’necomminut ionuof the mandibuhars~ mphvsis regioui. Middle l,”f l: P,,sie’ ru>au>terior radu >guap h> otu date
of injury followingopen ssire reduction of the paras~mphvsis fractures auud iiitermaxillarv fixa iiuuu> with arc h> bars. Middle rug/t i.
A ppearance post treatment , with patient in arch-bar untermaxillars fixatioui. No anterior mauidihmular teeth had be’eui remosed
at the time .u f m utual wouuud managemeuit . Lower 1,11: A ppearai>ce of oral wound 2 1 days pe st  injur% and 14 ,h,us s hollowing imuitial
debridement and tooth removal at hate care facility . The mandibular left lateral auud central iuicisors . right lateral amid ce’ntrah
incisors, and righu cuspid had been removed. Dehridemenn was necessitated by dehiscemue auud sm lppurauuumu u that devehmup.’d
duruuug direct transfer to CON t S . 1_ oner right: Laust iuuu mu)uuoarclu sp liu>u t h at isas applied af ue u addiuiou>,il se ’c m m uuda ms debride’.
mciii um m ma inutaiu u f ragmeuit peisiuioui amid pernuiiu Jaw ftunction before Ixiuie graftiuug.
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weeks post grafting showing the monoarch splint that was pr.is mu fuuug • ,uuuuinued stability to the heahitug graft. Lmmu ii r  f el t:
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stable. hut a dentoalveular defect existed with abse n ce of an uusseous h.isc’ mum support a prosthesis aiid distu>rti u>uu aiid instability
u)i vest ih uhar soft tissues. ’[ he niormah relationu of the dental arches had iK’eni maintained. Lower right: A ppearance 5 years and 9
mont hs post injury of fixed-bar appliance than was consmr umtecl t I m  support a removable partial denture prosthesis 5 unm mu uuhs
a fter the hone graft . Recessioni umf peri .m d mm imi a ltiss tue s about the ahtutmeu >t teeth was occurring hut the teeth amid apphiauice ssere
stable. Preprosthetic surgery had tin t been considered at nbc lime of part ial denture fabrication. 
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CASE N UMBER 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 symph ysis and a Le Fort II
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 sp lint 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 floo r 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 li p. Six months following return to CON US
and 8 months f ollowing inj ury , ~i bone graft to the mandible was performed to restore continuity . The
graft consisted of an autogenou~. 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 li p and facial
scars were performed, including a skin graft to the right floor of the mouth , accomplished in an
unsuccessful attempt to provide more stable support for a removable prosthetic app liance. Twenty-five
months following continuity grafting, bone gra ft augmentation of the mandible gra ft was performed
utilizing autogenous rib. At the time of surgery , incision in the right floor of the mouth resulted in
pro fuse release of confined mucinous salivary secretions. Postoperativel y, 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
vestibulopiasty 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.

k An additional soft tissue procedure , with or without augmentation bone grafting, would permit con-
struction of a more functional prosthesis.
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grafting.
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in the graft bed.
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Upper: Panoramic radmograp h I week fo llostuuug tub graft augmentation of the mauuduble- . Muddle: P.. mm umm., m uum c radiogra ph IS
months following augmentation grafting and 40 months following continuity grafting. Lou ’er: Righ t  mandihulau pamioramic
radiograph 42 months following augmentation grafting and 67 months following contiuiuity graftiuig. 
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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 we ae fractures of
the maxillary ri ght and left first molars , lateral incisor (#3, 14, and 10), and the hard palate as well as
laceration of overl ying soft tissue. A large segment of the tongue was avulsed and there was fracture
avulsion of the right mandible with associated teeth from the symph ysis 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 exp lored bilaterall y and packed with
petro latum 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 f acility the day of discharge from
the earl y care facility . Necessary wound debridement was performed and supportive care provided until
his medica l 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. At surgery perineural scaring
was found , althoug h the facial nerve was intact. Postoperatively onl y 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 resto re 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 post injury 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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Upp er left: A ppearance u)f 21 —year—old casualt y shuuuss m ug  t hue’ emit ra mice’ ( I. ~ a uu d ex mu ( LX) ‘ii uuuuds t hu.um re-suhit’d I mum iii
high—se- lux ity missile. L’pper ri g/Il and middle left: Ltuie ’rtu h timid pums ue ’ uuuauu ie ’ m iuu u uadiuiguap h m s m mt u el ms u I  it i l t i t S  s hu m us s u mu g t h e ’  c ’ \ me ’ mum u I
eunu derivi mug s kehenal dtumntige iii the max ihh ; m tmt id intu tudihic’. Middle rig/u t and /mu ,m . A ~u~ie _ it ,iiiu c mi t  lu_ ui u,.’ ut m I m u m  ut t im pm ist i t i ht i is
I hue- wumtmuud Mars ssere huc’autnug satisfactorily aht huuc mg iu t hu c ’ mm .’ was a flto mmd ttp~uvtitauict’ t im hue m m~,hm t si d e um h thw f ,m~~’ , se m m uu <h. iu 1mm
tic ut, h mue ’ us e dtumage i hut m u ue’suhied I ruiuiu I hit ’ mu ii r
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I f if m.r P , umi m uu m mm i i i  m ,umhu umg m _ u h uhm t mum mm mmihm s 1m.u .t umu m u t , ‘I mu ss ing aim u.’Xt isiS m i i s m u ,  ‘ Imu t uumuu ’ , m l, t i m  t m t  t h u  i mg hm u u m u , m u m u h uh s ( m ,,muul
be—tihi mug u h ehm ’ u m m m l  t h u .  I. t t  mmu , u ’ su hl I ~ii uuu ~~m .uu mu uf u u.s 1 , muh m um u m u h i  m u ch t u tu  m m i h m u t u i m u t t i , u  i , m t m  ~it m si t u mu hum ss i m u 1 m h u s s u s  ii g u m u m u ~f m ,/ ,//m
Iut uu im m i , i t i uu i  u , m m h u . m g u _ , 1 u h u  ii u m u m u t u i h u s  1 m m m s  I uui ~u i i  s ( hum u m m u u ’ t  m i 1 u i ,  ml  , uu. . 1 .uu l  _ u u u m h  m m m h , m m u i m . t i u  m h _ u I hu. ’iu t , ’ mm m u m s u m  I 1 .  , m h’ _ u u u m m t

utm u l i migm _ i~,ht 1st t i u m m u u m h u s 1 u m m s l  m u m u u t s  I lii m ’ s ’ .  m m i i ’  u m u i u u t u u  ‘ m m m i i  nul l  hi. .uhu m l _ u m u m t  t h u  u h m s u m u u u t u uumuu i s  u t  i i i ,  i ii~h u t mum u m u m f u h u l u  mu u m u _ , m m u m ’ u h

I—um u ( u N f uumml ie s  h _ u I fm ~’e ’um 
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liii iii , ml u u mu t Ime’  u m u _ , m m u h u h u u u h . u u  I. hi I _ m u u i )  m u m ’ ..’’ u . # _.‘ I’ 
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Upper left: Appearance of operatise sute for bonue graltimig to the muuaiudmble showing outline’ u I  fii lx’rtrop hu m e M i t  \ u u s m u m u u  that
was performed in gainingaccess to the disco~ tinuity defect. The graft operat iummu is_ is perfmurnue-d I t m mm uuthus pm msu umu ~u it s I
rug/i t: A ppearance cii mamidibcmh ardisco mutmus uity defect at time of ixumie grafting sfi uuss ing prm u ’cumuu. uI ,,nud dus m. i I f r.ugnueumms .~Imddl ,
left: Appearance uI autogc-muu)us. cortic cmcauicelhiuus iliac huuuie’ graft mumilaid u i  u hue’ himig im _ i l c m  ‘ t i m  ‘. m i t  tIme ’ pt mms ,mnu.ih ,,uuu l uhu s i ,ul
fragments. Muddle rug /Il: A ppearance eif graft atugmented with parmic~t m haie ea u ic e lhm,u s tuu.u i m muss I m t .  , m t h)lk’.It _ ut uc e’ u ml is mm m m mi u l
c losure. The vertical segmemut of the hypertrophic scar was a lsumexcused amid t h e ’  isunmuu d isa sd t,utum m ml f u m m u m u  m separtute .de’pe ’ umu le ’ m um
incision in the neck.
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I ‘pp er P.u mu uu m .mm m u i, r..diograph. I ,miu.mui fu p~~m fxunie gr.uf ming, s lums m u g  t h e  . tic lomm u sp li n t s u ms,’ml hm ur inwu rti.mx ill.mns tmx.um m u un timid the
size and contour of the graft that restored the area of disconuinuity, Middle: Panoramic radiograph, S muinths post ~~ne
grafting. showing esidemice mm f osseous c uuu isuil icl atio uu . The graft was stable at this imuterval and the intermaxillary hj xa t ium n was
discontinued. Lower: Panuoramic radimugra ph IS mumnuhs post grafting. The graft had healed well amid remodeled w ith lim ited
reduction iii hulk. Additicmntil endodonutic amid restorative dental procedurc-s had beemi performed .
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Upp er left Postcruuante’ruuir r_sduographi . Itt misunit his jx st gu al tuusg, shoss muig the vs iii uiie’urue al appear_i mice ’ m u the n c e  m m u t t  tic ie’uI
mauidt File’ I ‘pper ri ght: A ppearance uuf p_ it me- m um , Sf) nuuutu thus 1xusm gm,iI m t u g  ‘,hi m uss mug f , i e u,ul ss ni mild ii s ,u mimI .o e’pi.ihile’ C s i h ue’t ii
‘clue/m//e l~’/ t I u i un _ iu iu - tmh t ipjx ’autmmue ’ m u graft ,mme ’ ,m tm u t Ime ’ m glut u u m.mmumhmh u le ‘III mumu m mu i hus 1H m s t gu _ i lum mug ( m u t miumu lmu t s  h u h  hu e ’u ’ mm i i  s um m m m i i  t uum t

t h e m  u’ mc ’ uu u .uuuu , ’ cI .m tie—c _ cl liii ac ld iti uu nu tml h m ’ h i t m m s t h u ’ ut m s u m  gu t s 1 , u u m m . u t u u h m h u u m l , u t  
~ 

mu _ ui u f e ’ muuumm m is_ is mum hue i u m m u s u t  iii m c m l \c thu _ m i t mime
t h e ’  ~) aime ’ umm is is ue hmm e t tmmui iii .1 mm c lii tr t ’ atm uuc ’ m ut ‘ut uildli mu g /ut 

~ huf x’.et.umne ’ u m I ne l l—h ut  _ uh, ’u I imu ,m s _ u l) ,u ‘9) mmmmu t u t his Jiuust mu u i uu m I
P a tmum u tuuuuuu rau fmmu gu _ mp hu . 4 s e a m s  , m uu u l 9 uuumuuuth i s  Is ust gu , . fmuu u g I Ii. gu i t t  f u .u,I t t ’ uu umuufe ’ k  if ti u r’ s p um ums e ’ m u m  t h u  f umm u m tm mmt i , u l
re 1tm ir e ’ mu t c ’ uu is u I  tim e ’ uiuan mdubhe’ tmmucl c f us p Itu~e’d u mmum uuu ,uI t u.u hx ’u uml.u i u m uuu mum memuuu ’ m I mum m I me s u m  mu m s u I  sit m’ss us t thuu t u  t h e  hue mnu ’ . I’ miu l u umhuimu—
m ic s had hx’m’mu h ) e ’ uf u mm nuiecl miii uhe nuauudihuhar left  hum si tu t um lu im



CASE N UMBER 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 bod y from the symph ysis
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 inju ry after 7 days in transit. Debridement of the fracture d 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 vestibu lop-
lasty with a free-mucosal palatal graft was performed to extend the left mandibular alveolabial sulcus. At
last follow, 6 years and I 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 presumabl y providing the major support to the mandible since the amount of
osseous tissue within the crib appeared to be quite limited in the body-symph ysis region. Bony augmen-
tation or extension of the vestibulop lasty was not advisable because of the height of the crib. If teeth are
lost and a full removable denture is required , it is antici pated 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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Upp er: Paru.uramic radiograp h iii a 2 I-rear—old casualty 5 months following .u high-s eloc its mii m c s m he ’ ueoumid mum t h e u mmuu f . i e  i_il .iu,’a.
A discontinuiity defect c,f the left mandible existed, Middle: Panoramic rauliuugrap h. 9 months post injury j ust prior n.m botie
grafting. showing the presence of custom splints that were used for interuiu.uxmhlary fixation. Lower: Panoramic radiograph 4
days following boric gralm reconstruction nil the mandible with a PCM graft system, A metallic crib had been cusuom fabricated
for the procedtu re .
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Upper Panoramic radiograph. 4 months post grafting, showing the meu.mhlu • rib un pl.uu r uth evidence of eusseous prohilerauion
alxmsi’ the- level mmf the- crib in the angle-body and symphysis reg i.uns c m l uhu- graft. ,%ImdmUm’ left: Intramural appeanance of tissue
overlying the bone graft 27 nuonuuhs post grafting. Conti nuu mm u’. ss .is preM’nH htut thuere was essentially tin alveolar ridge and,
ahthotugh the s m u t i  tissues were partiall% stabilized by se’s tm bu huu p h ucus , a mmuhs  .udequate denture base did t ium i exist. The
s~’s mibmml o p hasm s was compromised by mhe presence uuf the me’I.,Ihk c rub . ti m/I ll , rt~ht A ppearance m m focclusiou i 27 uiuummui hs posi
gra f u imug Nmmrma l imuteruuiaxi llary relamiuinusand wcle msiuuu i were mainmau mu-m i mum u mIm e rmg huside.Cnmusiderahleg imigival recession was
ev ident tufxuuu the maxillary heft amui e ri um r teeth. Lower left: A ppearamuce of uempou.urs soft- l i ned steiuu thu_ it the patient was
wear ing 27 mouumhs post grafti n g. Lower right: A ppearance of premsthesis that was worn 51 months post grafting. 

-.—-—--.-- . - . - -  - .4



r ~~~~~~~~~~~~~~~~~ 

._

~ 

-, 
~~~

.-——- -. ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. 

~~~~~~~~~~~~~~~~~~~~~~ 
— —

230 - Case nu,nber l6
_ _  

_-

~~~~ : 
? 

~~ “i

~~~~~~
~~~~

I

\4V4~4~

S .  ~~~~~~

Upp er left: Appearance of pat ient . 5 years and 4 months post injury. Upper right. A ppe.iu .un. .‘ iii pm. us m fu . ’sms i hu.um ss .,s Is mm mi i  :m su i t s
and 4 months post grafting, Note the abnormal bulk of the denture flange which was resting omi ihuui mucosa l tissue iosei umug
the rim of the metallic crib. If additional teeth are lost prosthesis couistructioui ssilh be exmremel~ di lfi cemhm ssithuoun addutmomi.uI
preprost hetic surgery which in turn us precluded h% presence of the metallic crib. Middle: Occhemsal radiograph 5 years amid 4
months post grafting. l’here was m u m u I~ a th imi st rum of bone evident within the metallic crib ss Iiicfi was preusiding the uiiajuur
stability t im the mandible, Lower: Pauiorannic radiograph 5 ‘me’turs amid 4 momuths post graftiiig. Iii flue 5 years siuuce t h e  X .u ;us
displayed in the hemwer panel (p. 228) there had been fract emreand colhapsu’ uuf the-crib at the uamus j umuu c m im umu . A tuiiique
appearing structure , perhaps an enlarged sty loid proc’ess, was see-mu contac ting the distah.scmperiuui cmuruier u I  mhe’ crib.
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Description of Injuries: This 23-year-old casualty received a hi gh-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
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
primaril y. A closed reduction of his mandibular fractures was performed utilizing arch bars and a
bi phasic external skeletal fixatio n app liance . The patient ’s postoperative course was satisfactory and he
was admitted to the medica l evacuation system 2 days after injury.

Intermediate Care: The patient entered an intermediate care facility the day of transfer. An
extraora l open reduction of the mandibular fracture was performed 9 days following admission. The
patient was made available to the medical evacuation system 4 days postoperativel y (17 days post injury) .

Late Care: Admission to a late care hospital occurred after 2 days in transit. Intermaxi llary fixation
was discontinued 7 days following admission (10 days after open reduction) and stability was maintained
with a biphase app liance . Over the next several weeks the mandibular ri ght 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
bi phase app liance was still in place. Three weeks later , the external skeletal fixation was removed.
Althoug h the mandible was grossly stable and there was radiographic evidence of osseous repair , the
partial denture was functionally inadequate because of deficient alveolar structure , unstable underl ying
soft tissue , and flexion ,.~t the thin strut of bone in the midbody. Subsequentl y, several scar revisions
were accomp lish~ u~ t~~ release the contracture at the right li p commissure . An autogenous PCM graft
was placed 11 ½ i~~ 

.
~~ after injury to reconstruct the dentoalveolar deformity . Twelve months follow-

ing hone graft aug ’ien ation . a mandibular vestibulop lasty s%’ith skin gra fting was performed to corn-
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 ra nge of mandibular motion and demonstrated satisfactory masticatory function.
The region of the graft was full y mature with normal osseous architecture and the level ofaugmentation
was essentiall y the same as 2 months post grafting.
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Upper left: A ppearance of 23-year-old casualty when admitted to a hate care fac ihuty 3 weeks after a high-selex its mmss uhe’ isoumud
to t hc- face and jaw. An external skeletal f ixation device had beemi placed as am u adjemnct to imitermaxi llam’s hxaiioui .umucl open
I r,ue to re’ reduction to help cuuntroh the mamudibuhar fragmemits. Upper right: Pamioramic radiograph am time u t  adm msst uumt 1 mm late
dame ’ facility 3 ‘.su’c’k m alter wotmnding. I lie nuanrlihu.mlar hrsm molar (#30) is_is projectiulg imuto the asulsise uuiauidihuiai defect
ss m uhuut mu bomus ccusering use r  the apex. Middle left: Panoramiiic radiograp h 4 months after injury . Tooth #30 was remuuse’ch 7
s s c c k s  1xusm im u l t ur s .  Middle ri ght: Panuoramic radiuugraph 10 muuuit hs Post imi je mr v amid 5 muinthus alter removal ofexuermia l sk e’ Ic i,uI
f u x a m m u uum . 1 1w’ miuam uc l ihhe hi_id cuumuso hidate ’d although a large osseous defect cuf the denmoalseuular prmucess c\ k~e c1 itt ihe righ t  buwls
re gu ummm. Lower left:  Sue md% nummdeh appearan ce uuf demitoalseum lar defect thai existed II mcinuhs after injurY jusm be - l u te  atignietuu~i-u imuuu hxuu ue ’ grafting. Flue’ s mut i t  issuuc ’ s m if the cheek and the’ Iluuumu u I  t h e  tiiotmihi , w hich Were cc) nti tutmott S with tu ne anot her , fuiruiue’cl a
nimm huuk’ ue ’ uuuhu k u shue’e’u uu’ .-erlvinug the’ niandibemlar de’Ie’c u whic h d id m uum t aIIuurd a stable mis su m e - base in st mpport a pu- must hc’sis .

rig /u t: Mc’uafhi c rib l i ne d with a microporotms hihm er that was used to comiform the- paruict mlaie gm-aft niaterial ju l mhc- defect
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L’pper left: -~ e mt u m g e ’ nmuuums . p.uu iii mul ,im e ’ , u ,uuui u’ Ihuutm s u u u , u u mmm i i  gt i t t  muu. m ue ’ t j,ul hi m m ii i  t h e ’  uhuumuu i p/mu m tug/ u : ~slct~m lIm c rub . tu tu I mm pii tmm ui s
filte r , anu d ~isurt iu u I_ itt’ graIl um u . m u e ’ m j u l  itt phuce n t  m u s s mIme ’ u h e ’ uum u u .ih s e ’ m ml , um ule lc ’u i - .t luld/u /u/ I ~‘Iuut uu s ,m l ulu ’ hu is c m ’ muc e thu _ it che’sc’ lumpc’d
mis-er m itt’ P(~ sf gr.ihu 2 sse ’e ’ks pm us u grahu iuug. Fue q ume ’ m ut ru mg , uuu ummms , m mu uf s.u s e ’ I iuuu li ii ku tug u s d1  t Ime ’ mk ’ t c ’ u ummmumuuuhle ’ cI  th ie’ m ’ xm em ut mit t h e ’
hrc ’_ i kc luus s mm. .%lm dm’l(, ’ ,u~ /ur l’, uuu uu u , ut iuu u m .uu l imugt ,u h ihi 8 u~ u~u L s  f uuhlmus s t mug .utu gi i iettt .mn t uuui h~ u mue ’ gm~u hiuuug lu st 1 ut u d mn t i m miue ’i_ ilIuc m u  u h m
rc ’uuim us ,uI F’ .  u u h u i um u ml ms s ( l u u i ’  t e’p,uit i’m sc ’ u’ tu Imu l mu u s t ime ’  Ie’ se ’ I ut t hit ’ m m  thu /_ mull 1.: Im, umuuum ,uuuu i( m ,uc huu ug uap hi 7 muu m mnuihus Iuuhl um ms tug
imu g ulu e ’ uuu _ ituumum bu mu mie gu ut ii u ug I mum t u,u sm’ml , ul s mu m l , it h e ig ht u’ c’s u u l e’ umu mu lie’ gu mit ‘mit, 
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/ /upm r le f t :  (; uuta lum u ni lumued c-ouuu puuuuiuui utiipi m ’ s ’ m m u t u  u h m.um is ,us muu, u mhc ’ mit t h e ’  b,umue ’ gu mIt u- em u m m u s i  i m u m ue’ if ,mh ’ . c ’ m u h,uu i muf gc’ hmu hhuus s i’t,~ tl ,uju
m hmsM ’ u u iu i um . l.Jpperr ighl: A p1x’arauice of du u u uuum ‘ mi i i ’  u mt u huumu u u m k’ m huuh ho ssu uug clc’rm ,uuuume’ u’”.u ‘ mmm ii mit  s h uhut—uhu uc km ue ’ s ’ m ‘ mkuu u gr it ’  ii t ui t ic ’
u I  su ’ mu uh n m luup las is 12 nuonths ,uf ue’r aiu gm u u cuilau i t mm u hm mtuc ’ gu mfi ul ug.  .tliddle left: Skin g u, m l m ,uu t ,u 1 uuu  ml t i m uuu u j umc ’ s ’ m u m m iu )ui iii in s c m  (it ui i i~
uul stc ’ umt use-u ~ulyeuul ;uu ridge’ . ‘m4id d/e rig ht: -\ h u Ix ’ uuau l c c  u I  skumu gm - aIu—s - c ’stuhuuul m m~ml i ’ mis s tud ,uu mumume m ’ f  ‘mmc iii mc ’ ni mm m m l ~ u!,us
Iu u hlm mwiut g sumge’ rs - Lcuuu’er lef t :  -~~ipe ’amauucc ’ mit  ‘ m k i m u g t lu t u_ ~ s c-s iu h ( mh mu ~)hasms s ite ’ 2 4  d iuss ~~~ ‘ m u u i g u i s  . / u u l u u P  tug/ut: . t j )lM.’a ia t i c c  mm !
rue mm uusmru ( u c l  ~m hs cmm I _ im mich ge’ 24 m u m mu mu t i us puism lxmmuc’ gr atiimu g .uuuil I 3 t iu mm uuubu ’ m l as st ’ s iubuuuhmu h ulmmsm ’ -
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Upper left and uppe r right: A ppearance of patient , 6 years and 4 mc)nths post unuj urs . shossm mig acceptable esthet ics and hip
function, Lower: Panoramic radiograph. 5 years and 5 months following bone graIl augmtuc’nutation of the mandible , showiuug
full maturation of the graft area. normal-appearing trabeculation . and maintenance oh alseolar height obtained at time of
augmentation bone grafting 
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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 ri ght zygoma. There was an
avulsiv e, compound, comminuted fracture of the right mandibular bod y, lacerations of the overl ying
mucoperiosteum and avulsion of the right mandibular teeth and alveolus (#29—32) . There was
neuropath y 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 (hosp ital shi p) where his
ts’ounds 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 primaril y. Postoperatively, the patient developed swelling and purulent drainage from the area
overly ing the right mandibular fracture . Bacteriologic testing revealed Pseudoinonas 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 asp iration. 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 satisfactoril y. Intermaxi llary fixation was removed 10 weeks after inju ry , 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
clinicall y 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 dentit ion. The patient was not able to wear a prosthesis over the
right mandible because of an insufficient alveolar process and improperl y positioned vestibular soft
tissues.
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Upper left and upper right Ch muuu ah appe.mraluce of the patueumt 6 ~.ears post um ijur s . Lon er left and lower right: A ppear_ mute ul the-
occhusionu and intnaoral appearance of the right mandibular als-eolar process. Au last lolloss the patient si-as not isear mmug a
prosthesis. Periodontal pauhosis is-as exteu usis-e auud the fate uif ses-eral critucal teeth is-as questionable. Lmuss mit addiuiouual
mandibular teeth would further preclude conustruct ionu cuf a pruisthesis ssithc ut preprosthetic scmrgerv inchudumug h~ umue gra ft
augmentation plus vestibuhop has ty .
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CASE N UMBER 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 immediate ly evacuated to an intermediate hospital where a
large oral-antra l 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-antra l opening was successfull y closed utilizing a soft
tissue buccal flap procedure. Other treatment included endodontic therapy on the maxillary left cuspid
tooth which had become devita l following the injury. There was excellent occlusion and satisfactory
masticatory function with the remaining teeth; therefore , prosthetic restoration of the left maxillary
d efect was not attempted and the patient was returned to active military duiy. Five years following the
injury, a prosthesis was fabricated but was unsatisfactory because the vestibule and denture support area
were inadequate .

Nineteen years following inju ry the patient had developed moderate periodontal disease. Bone loss
around the left maxillary cuspid was extensive necessitating its removal. To facilitate construction of a

F prosthesis for the left maxilla , bone graft augmentation followed by vestibuloplasty was required. A
PCM bone graft was performed 19½ years after injury , followed by vestibuloplasty with split-thickness
skin grafting 6 months later. At last examination , 5 years post gra fting and 25 years following injury, the
patient was wearing a functional prosthesis over a stable reconstructed alveolar ridge.
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Research in
Acquired Craniof acial
Disj’igurernent Edited 1~ RALPH W. PHILLIPS, B.S,, D~SC.

INTRODUCTION

This book represents carefu l documentation Navy in the production of this book, it  became
of the management-of oral and maxillofacial in- increasingly apparent that acquired craniofacial
juries incurred in the tragic act of war. It is hoped disfi gurement is a major health problem to the
that the material contained in this text will also American people. In recognition of this problem ,
help prepare health professionals to treat pa- this Appendix is written to identif y selected areas
tients who have suffered severe craniofacial u.s ~iere knowled ge is needed to reduce the impact
trauma from whatever source. of the acquired disfi gurement on the afflicted

As the opportunity developed to assist the U.S. individual , his famil y, an d society.

THE NATURE AND EXTENT OF
THE PROBLEM

Trauma is the princi pal cause of acquired dis- are highli ghted. Yet , there are reported to be
figurement. Trauma can be defined as the more than 55 million accidental injuries in the
change in morphology or function produced by United States every year , and 11 million of them
the application of an external energy source on are disabling to some degree. Hospitalization of
the body. The reaction to injury or transfer of trauma patients exceeds 22 million days annuall y ,
energy may be of an acute or a chronic nature a fi gure substantiall y above that for other serious
(Narasimhan and Day, 1975). Gross trauma from diseases of man , including cardiovascular disease
such causes as vehicular or athletic accidents , and cancer (Mattson , 1975).
combat , burns , falls , ablative surgery, and radia- The incidence of craniofacial injuries is still
lion will be considered in this Appendix. largely unknown. A report on injuries from au-

Trauma is the fourth leading cause of death tomobile accidents indicated that 70% involved
in the United States and ranks fi rst in cause of head structures. Facial soft tissue wounds were
death between 1 and 37 years of age. Although incurred in 60% of the cases, and associated facial
there is increasing concern for this health prob- skeletal tissue lesions were present in 7.6% of the
lem , it is still among the most neglected medica l cases (Converse, 1974). The causes of 1,042 cases
problems in society (Mullen , 1976; Touloukian of facial injury were : automobile 54%, home 1 7%,
and Krizek , 1974). Some of this neglect arises athletic 11%, animal bite 6%, ot her 5%, intended
from the fact that other health problems which 4%, and work 3% (Schultz, 1970). A stud y of
seemingly pose a greater intellectual challenge injuries resulting from falls indicated that 8% of
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248 Management of War Injuries to the Jaws and Related Structures

the fractures involved the teeth and jaws , criteria such as anatomic site, regional classifi-
whereas 21 % were of the craniofacial structures cation , extent and impairment of ph ysio logy, and
(Smith , Burrington , and Woolf , 1975). other listings based on clinical symptomatology ,

Data reveal a seventeenfold increase in the risk with or without pertinent biologic correlations.
of fatality in motorcycle accidents over automo- Future classification schemes might benefi t f’rom
bile accidents. Admissions to hospitals fbi- treat- the inclusion of molecular considerations and
ment of motorcycle injur ies have increased five- help reduce the confusion frequentl y found in
fold in the past 5 years. Of 240 fractures caused comp lex clinical trauma cases (Narasimhan and
by motorcycle accidents , 11% involved facial Day, 1975). Improved methods of data classifi-
bones and 8% were skull fracture s (Deaner and cation might also facilitate the obtainment of
Fitchett , 1975). more reliable information concerning incidence ,

The psychologic response to trauma has re- morbidity , and mortality.
ceived limited attention by researchers. This ne- Treatment of trauma requires that primary
glect may be due to the complexity of the issue. attention be directed to the total pat ient. For ex-
Psychologic response to trauma is assumed to amp le , mult i ple system inju ries resulting from
incorporate the emotions of fear , relief , distress , automobile accidents necessitate multidisci pli-
blame , sha me, the desire to dismiss unpleasant nary management. The experience of military
experiences , and the urge to hide deformed hu- combat as exemplified in this book hi ghli ghts the
mans from society (Mattson , 1975). Disfi gure- need for a sizable biomedical team and a team
ment resulting from ablative surgery is , by its leader to assure that serious injuries ‘us ’ill h o t  be
very nature , a preplanned injury differing from overlooked (Touloukian and Krizek , 1974). Or-
other types of trauma. In this case , the psycho- ofacial trauma usuall y can be managed after the
logic impact and necessary personal adjustment life-threatening aspects of the injury are attended.
of the patient , his famil y, and others must be The training of dental , medical , and allied
dealt with even before the trauma has occurred, health professionals in trauma care has histori-
How this emotional impact differs from that cally received a low priority in the total biorned-
caused by sudden , unexpected accidents is not ical curriculum (Watkins , Metcalf , and Audette ,
known. 1975). Throug h improved training of the health

The varied nature of the problem points up professionals , more comp lete knowledge u.s’il l be
one of the first tasks to be faced in addressing developed and better care made available on
this important health issue. Innumerable classi- these variegated injuries.
fications of trauma exist , each based on variable

PREVENTIVE PROGRAMS

For many types of traumatic disfi gurement , example , many accident victims who now survive
prevention represents a logical and realistic goal. previousl y fatal auto crashes still sustain head and
Hence the improved design and control of man ’s neck injury. Through a reduction in the time
personal environment identif y a major effort to elapsing between reception of the wound and
achieve prevention. Great strides have been definitive hospital treatment , mortality preven-
made in such areas as occupational safety , pro- lion may be associated with increased morbidity.
tective sporting equi pment , and improved au- During World War I overall mortality u.s’as about
tomobile safety features. However , prevention 10% while intervening time was about 1 hour.
is a continuing process and as industrialized so- Mortality was 75% when intervening time was 10
ciety becomes more automated and complex , en- hours (Hardaway, 1975).
vironmental control also becomes more comp lex The behavioral and motivational dimensions
and difficult to manage. It is important to note of man ’s response to imp airment from trauma
that successful prevention of fatalities may result must be studied iii conj unction w ith environ-
in a marked increase in craniofacial injuries. For mental research designed to prevent injury .  Man
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must have the motivation to preserve himself ’ and dress the problem of self-inflicted injury to better
others , to recognize danger , and to avoid un- understand the dilemma that these individuals
necessary risk. Behavioral studies must also ad- are experieiidng .

NATURAL HISTORY OF
ACQUIRED DISFIGUREMEN T

SPECIAL IMPACT ON CHILDREN ler , 1967). Desp ite controversy about the mech-
anisms underl y ing this type of’ growth distur-

Acquired deformities of the dentofacial area bance , injury to the nasal septum app arentl y does
may be divided into two groups: 1) those due to result in maxillary hypoplasia and orofacial
the loss of stimulus to normal growth , and 2) dysfunction.

-t those due to mechanical restrictions on growth.
The problem of acquired disfi gurement relates

- , , , Loss of Stimulus to Normal Growthto both missing or displaced tissue. This results
in localized deficits—almost never excesses—with The Battered Child Syndrome. Violent abuse or
the localized deficits frequentl y influencing a neglect of children has been a problem since the
larger area of morp hology throug h mechanical beginning of recorded time (Ten Bensel , 1975),
restriction of growth. The battered child syndrome app lies to the child

In a child , a blow to the lower jaw often causes who has received repetitive , severe injuries. Such
damage to the joint , since the cond y lar neck rep- injuries frequentl y result in bone fractures , in-
resents the most vulnerable part of the mandible ternal injuries , severe skin injuries , or damage
at early ages. A unilateral fracture of the bod y of the centra l nervc is system (Gregg and Elmer ,

- — of the mandible w ill usuall y be associated with 1969). Conservative estimates indicate t ha t
a fractured cond y le on the contralateral side. Jaw 200,000 to 250,000 children in the United States

— fractures in children below the age of 3 years are are maltreated annual l y  (Solomon , 1973), Recent
likel y to lead to severe deformity, while fractures Congressional testimony suggests that 6,000 chil-
beyond the age of 6 years will be less disfi guring dren die annuall y fi-om child abuse (Congres-
(Rowe , 1969). In young children surgery tends sional Record , 1973).
to aggravate the problem. Thus , a closed reduc- The percentage of young children who  receive
tion approach is advocated (Waite , 1973). abuse-related injuries leading to later oi-ofacial

Loss of Mandibular Condyle and Nasal Cartilage ’ disfi gurement is not known. However, child
Growth failure after injury to the face at an earl y abuse is unquestionabl y more common than
age relates , in part , to loss of growth stimulation many people think. Children who  al-c p h ysically
provided by the cartilages of the nasal septum abused by the parents often receive head inju ties.
and , perhaps, by the mandibular cond y le. The In a stud y of 134 children known to have  been
extent to which cartilages in the cranium and face assaulted by parents. 37 had skull fractures , and
serve as primary growth centers is hi ghl y con- another 15 had evidence of intracranial hem-
troversial, The cartilages of the cranial base, the orrhage su.’ithout skull fracture (Cohen, 1975),
nasal septum , and mandibular cond y le can be Since jaw fractures are less common in children
ordered in terms of their similarity to ep iph yseal than in adults, it is not surprising that 57c/ of all
plate cartilages. The latte r group of cartilages is children with a fractured mandible oi maxilla
known to have a primary role in growth of the also have multi ple fractures elsewhere (Waite.
long bones. Cranial base cartilages are rarely 1973).
damaged by trauma because of their protected In the case of the mandibular coiid y le . t he car-
location. However , the cartilag inous nasal sep- ti lage apparentl y grows more in reaction to other
turn is vulnerabk to injury and animal experi- growth . rather than serving as a p r imarY growth
ments indicate that loss of’ the septal cartilage center. Mandibular fractures are knou.s ’n to exert
does have an impact on growth (Sarnat and Wex- a deleterious effect cn growth ii they occui at an 
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earl y age. A major question concerns whether from such burns is reported to affect the parents
thedeleterious eff’ect isdue to lossof ’ the cond y lar more than the burned child (Wri ght and Ful-
cartilage or to restriction of’ growth related to loss wiler , 1974). Growth deficits secondary to sur-
of the normal joint. Most investi gators agree that gery also can result from mechanical restriction
gt owth continues afte r a cond y lar fracture pro- due to scar tissue.
vided the joint capsule and disc ~re not injured
(Rowe , 1969).

Nerve Damage: Inj ury to motor nerves leads to RESEARCH NEEDS
- 

~- 
loss of the associated muscles as well. Muscle loss
produces soft tissue asymmetry, which in turn, As with all problems of orofacial deformity, a
may lead to hard tissue asymmetry as growth primary need for research relates to our present
proceeds. Trauma as u.s -eli as developm ental dis- lack of understanding of the direct and indirect
turbances produce asymmetry. influences on growth. An improved understand-

Ton~~se Inju~~: Damage to the tongue can occur ing of the precise role of surrounding soft tissues
from mechanical trauma , infection , or electrica l on growth of the facial skeleton certainl y could
burns. One of the strongest arguments for view- be exploited therapeutically in the management
ing the importance of the tongue as a stimulator of acquired disfi gurement. Animal model sys-
of mandibular development is the tendency for tems commonly used in growth studies could be
mandibular underdevelopment to occur in pa- adapted to simulate tissue loss associated with
tients with tongue injury. As was-the case in con- acquire d disfigurement. In addition , human sub-
dylar ca rtilage loss, it is difficult to separate the jects with acquired disfi gurement represent “ex-
effects of lack of growth stimulation from me- periments in nature.” More precise documen-
chanica l restriction on growth in such cases. tation of these cases should provide a promising

field of clinical research. For example , t he place-
Mechanical Restrictions on Growth ment of metallic implants into the jaws of young

children with fractures would provide a method
Mechanical restriction of mandibular growth of assessing growth patterns subsequent to inj u i-\

is primaril y due to ank ylosis. Fixation can occur (Bj ork and Skieller , 1972). This information has
as a secondary response to trauma or infection , direct app lication to improved therapy in the in-
or may be related to rheumatoid arthritis. An- dividual patient. When nerve injury and loss of
kylosis is usually seen at the temporomandibular muscle tissue are suspected , evaluation of sensory
joint , but ank ylosis of the coronoid process also innervation , nerve conduction , and blood flow
has been reported subsequent to accidental in- coup led with electromyogra phv and studies of
jury with depression of the zygomatic arch (Find- muscle function , could also be considered.
lay, 1972). Release of ank ylosis is essential to the
prevention of increasing mandibular underde-
velopment and seu.-ere facial disfi gurement. Once GENERAL IMPACT ON PATIENTS
disproportionate mandibular growth has been
observed , release of the ank ylosis is not likel y to Facial injuries and fractures of the facial bones
produce catch-up growth that will effect correc- have increased in severity as the speed of vehicles
lion of the distortion. Normal growth will often has increased. Such fractures frequentl y involve
resume following release and such growth is ex- the middle third of the facial skeleton and oc-
pected to limit the severity of the ultimate result casionall y the anterior cranial fossa and brain.
but not preclude the need for surg ical In oral and maxillofacial injuries , emergency
rehabilitat ion. management considerations involve the main-

The second major cause of mechanical restric- tenance of an adequate airway and the control
lion of growth is nongrowing or contracting scar of hemorrhage . Tracheostomy may be required
tissue. This is a particular problem fbl lowing ex- if the injury is severe . Antibiotic therapy should
tensive burns. Even after excellent cosmetic re- be instituted as soon as possible (NATO , 1975).
pair of a burned area in a growing individual , The basic princi ple of definitive treatment is i-es-
facial asymmetry and other evidence of growth toration of skeletal integrity in relation to sound
distortion frequentl y appear (Masson and Jam- dental occlusion.
ines , 1972). Interesting ly , psychologic trauma
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Infections malunion problems of this type. Studies of fix-
ation methodology should also be included in

In f’ections involving fractured facial bones future investigations.
often result in a loss of’ hard tissue. This loss Extensive comminution and fracturing in the
produces a detect or deformity which is propor- naso-orbital-ethmoidal area pose a particular
tional to the amount of bone destruction. Fol challenge in terms of avoiding disfi gurement.
lowing the control of infection , the soft tissue Bony repair , positioning and anchorage of can-
covering infected fractures may be scarred and thal tendons , and reestablishing functional na-
ti ghtly bound to adjacent structures. The mail - solacrimal drainage are important objectives.
dible is most of ten involved , but the maxilla , zy- Accurate and stable repair of this morphologic
goma, and septum are also imp licated. Clinical comp lex is best achieved relatively soon after in-
studies to determine the unique characteristics jury , because the tissues are still free and pliable.
of infections associated with fractures of facial Animal studies designed to examine the optimal
bones are expected to provide hel pful informa- methods of manipulation , healing, and postop-
lion concerning the prevention of such distinctive erative evaluation of small facial tendons are in-
complications. Such studies should consider: pa- dicated. Malunion of the bones and malfunction
tient age, type of fracture , time lapse between of the nasolacrimal system are exceedingly dif-
inju ry and fracture fixation , type of fixation ap- ficult problems to correct at a later time—since
piiance, involvement of teeth within fracture the bones are small , lifting and repositioning
lines , and the locations of such teeth within the them often leaves dead space between the under-
dental arch , infecting organisms , presence , ab- surface of the bones and the deeply healed soft
sence, and persistence or duration of associated tissues. Dead space surrounding free bone grafts
hematomas, use and timing of antibiotic therapy, adds significantl y to the problem of healing.
involvement of the sinuses , dietary status of the Damage to the contents of the superior orbital
patient , and presence or absence of significant fissure can result although secondary complica-
associated injuries. tions are infrequent. Fractures of the zygomatic-

maxillary complex may produce injury within the
Severe Trauma with Secondary Sequelae bounds of the superior orbital fissure and may

Significant secondary sequelae to severe trauma damage the oculomotor , trochlear , and abducent
of the maxillofacial area frequently result from nerves. Damage may be caused by actual disrup-
malunion of bony parts in an abnormal position. lion of the bony margins of the fissure or by the
The mandible and maxilla are large enough to formation of a hematoma or aneurysm within its
be repositioned for correct alignment and permit boundaries. Clinically, damage to the 3rd , 4th ,
the retainment of sufficient soft tissue pedicles and 6th cranial nerves may produce ophthal-
for adequate vascular perfusion. The zygoma can moplegia , ptosis , proptosis , or a fixed dilated
be united , particularly if it has healed in a down- pup il. The latter is thought to be due to pam-
ward or inward position. Freeing of the zygoma sympathetic block. In addition , fractures of the
by cutting it from its healed attachment to ad- zygomaticomaxillary comp lex may produce sen-
jacent bony parts can be accomp lished , at which sory disturbance to the ophthalmic division of
time a gap of variable size occurs in the floor of the trigeminal nerve. Such disturbance may pro-
the lateral wall of the orbit or along the infraor- duce retro-orbital pain and neuralgia. The prog-
bital margin. Bone grafts may be required to span nosis for complete resolution is poor if the nerves
the gap and are used to hold or fix the reposi- have been severed or severely damaged. The in-

— tioned zygoma. Dense scarring of the temporal cidence and nature of this injury need to be better
side of the zygoma , i .e., between the bone and elucidated and less empiric treatment regimens
temporal fascia or temporalis muscle , may pre- devised. Incorporating neurophysiologic studies
d ude the necessary repositioning of tissues. Re- in investi gations of wound healing appea r
search on animal models is needed to address promising. 

-~~~~ - - --~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~~~~
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WOUND HEALING

Trauma frequentl y distorts and twists flaps of ceased. Studies are needed to exp lain the obser-
soft tissue. Such tissues should immediately be vation that healing of dehisced and resutured
unraveled and tacked with sutures so that the wounds gains strength more rap idly than that of
patient can be transported to a health care facility primary wounds during the first few days. The
for definitive treatment. Improved knowledge rate of collagen synthesis and deposition appar-
about initial tissue management. debridement , entl y is not changed by dehiscence and resuture.
and infection contro l , and methods to reduce Collagen synthesized during primary healing
complications is urgentl y needed. does not contribute to the burst strength of

Prompt coordination of treatment depends on resutured wounds. Thus , the rap id gain in tensile
early recognition of the extent of the injuries, strength during secondary wound healing is ap-
Specialized care in such areas as neurosurgery , parentl y not the result of cross-linking or reutil-
ophthalmology , oral surgery , plastic surgery, and ization of collagen synthesized during the pri-
otolaryngology is frequentl y necessary. mary healing process.

It is not known wh y large quantities of new
COLLAGEN METABOLISM collagen are synthesized and deposited during

normal healing of skin grafts without excessive
- 

- Collagen plays a crucial role in the healing scarring. More studies need to be directed toward
process. Identification of the precise role of col- elucidating the processes in biosynthesis and deg-

- 

I lagen in wound healing requires information radation of wound collagen. The enzyme which
concerning the rate at which collagen is synthe- hydroxylates proline to hydroxproline increases
sized , deposited, and resorbed. The mechanism in wounds of both man and experimental ani-
of healing of cutaneous wounds is similar Fe- mals. Similarl y , coliagenase , an enzyme which
gardless of the eliologic agent. may be essential for degradation of wound col-

As a result of advances that have clarified the lagen , increases in wound edges of human and -
role of collagen metabolism in wound healing, experimental subjects.
it is now known that wounds may continue to Studies of wound healing have been of contin-
gain tensile strength for at least 1 year. However, uing interest to the clinician and the experimen-
wound-collagen content and tensile strength do tal biologist. In such studies they have soug ht to
not show a correlation after early stages of heal- devise ways of accelerating wound healing, but
ing. Prolonged remodeling of wounds occurs have met with little success. The increasing pool
with continuing synthesis , deposition , and Fe- of detailed knowledge on the role of collagen in
sorption of scar collagen. A correlation does exist wound healing may give rise either to new tech-
between wound strength and the rate of collagen niques to accelerate wound healing or to the rec-
turnover and deposition for extended periods ognition that nature alread y accomplishes the
af ter  net accumulation of wound collagen has process with maximum efficiency (Smith , 1975).

MICROBIOLOGY OF TRAUM A

Be ause trauma deranges host defense mech- organisms that may serve as a nidus for infection.
anisms and provides an opportunity for infection Infection is five times as frequent in contami-
to begin , understanding the microbiology of nated wounds as in clean wounds. Whether or
trauma require s a review of opportunistic mi- not infection develops in a contaminated wound
c roorganisms. Normal anatomic barriers , such depends on the following factors: the numbe r
as skin and mucosoal membranes , serve as ob- and pathogenicit~ of the contaminating orga-
stacks to invasion by microorganisms. Disruption nisms; the amount of devitalized tissue in the
of them by trauma provides an entry for micro- wound; the presence of f’oreign material: the

_ _ _ _ _  ~~~~~~~
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nature , location , and duration of the wound; the volved . Primary contamination and infection are
status of the body’s defense mechanisms; the frequentl y due to mixtures of microorganisms
type of treatment administered; and the general of either endogenous or exogenous ori gin. Many
condition and nutrition of the patient . Beyond new causes of postiraumatic infection are being
the primary microbial contamination , an injured recognized with obvious imp lications for needed
patient who is taken to a hospital is subject to research in their management and control
contamination and infection from an enormous (Washington , 1975). The use of hyperbaric ox-
variety and number of sources. Control of ygen as a treatment modality has received recent
hospital-acquired infection represents an ex- attention as an investi gative tool and preliminary
ceeding ly comp lex problem. reports are encoura ging. Further clinical and lab-

Except for rabies, the primary microbiology of oratory studies are needed in this direction to
trauma is bacterial and fungal. An almost infinite enhance management of chronic infection.
number of species of bacteria and fungi are in-

ENDOCRINE ASPECTS OF TRAUMA

Trauma has generalized effects on the whole to the new demands of trauma. The nervous sys-
patient , in addition to direct effects on specific tem is an integral part of many of these hormonal
tissues. The nervous and endocrine systems co- responses as a sensor , integrator , and neuroen-
ordinate and integra te the organism ’s responses docrine mediator , particularly in the h ypotha-
to these generalized effects. The responses rep- lamic and sympathetic system. Vasopressin , cor-
resent an effort to give the patient protection , lisol, aldosterone , and catecholamines are of
stabilization , and adaptation to environm ental primary importance in responses geared to main
change. cardiovascular circulatory adequacy, particularly

The nervous and endocrine systems have many for vital organs. These are closely related to con-
similarities, but the primary difference is that the servation of fluid and electrolytes by antidiuresis ,
nervous system transfers its signal by a network sodium retention , and modification of the in-
of neurons with synaptic linkage. The end organ flammatory reaction. ACTH , glucocorticoids ,
must be intact with this neuron linkage for a growth hormone , and glucagon all may play a
response. The endocrine systems elaborate a hor- role in cellular metabolism to facilitate the con-
mone that is transported by the systemic blood servation of energy sources and activation of al-
circulatory system to distant target sites. The hor- ternate metabolic pathways for energy. The basic
mone receptor sites may be common to all cells site of action of hormones is on the cellular level.
of the organism or may involve only specific cells Other complex effects of hormones may be o ’
with specific receptor sites for a specific hor- selective benefit in the adaptive response to —

— mone. The nervous system response is immediate trauma, and these aspects need investigation
and the hormone system response is slower and (Jacobson, 1975).
more sustained. Specific aspects of the role that
the endocrine system plays in trauma will be di- PROSTAGLANDINS
vided into primary and secondary and interre-
lated aspects. Prostaglandins are currentl y receiving the at-

The major primary endocrine responses to tention of research scientists. These derivatives
trauma include such areas as 1) hypothalamic- of fatty acids are ubiquitous in the human bod y
pituitary system , 2) ACTH and vasopressin , 3) and act as loca l hormones which mediate events -sympathetic adrenal medulla system , and 4) that are important in inflammation, trauma,
renin-ang iotensin-aldosterone system. The hor- and a variety of clinical disorders . Prostaglandins
mone system facilitates the patient ’s adaptation modulate local arterial blood flow and cap illary

_______________________ _ _ _ _
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permeability in trauma and are thought to play a response to inflammation and trauma by control-
role in the pathophysiology of shock. Because the ling the synthesis of these fatt~ acids (Fletcher, -

:
synthesis can be blocked by available drugs , pos- 1973).
sibilitie s exist of positively controlling the local

PSYCHOSOCIAL IMPACT

Facial disfi gurement is among the most hand- should anything like this happen to me?” If the
icapping human afflictions. Facial disfi gurement l~iult is the victim ’s, his hatred turns  to himself.
is not considered by some to be a physical disa- If the f~ ult lies elsewhere, the victim will focus
bility since some normal activities ma still be the blame on another person , object , or institu-
realized. Yet facial disfigurement represents a lion. Finall y , even when the injury is rap idl y re-
constellation of disabilities with broad ramifica - solved with satisfactory recovery, the traumatic
tions in nearly all social interactions (Converse , emotional experience may continue (Mattson ,
1974). Psychosocial research in acquired facial 1975). These reactions and others reveal the ex-
disfi gurement has received little attention. This tensive psychosocial problems associated with the
neglect may be related to the comp lexity of the injury (Ablon , 1973; Andreason , Norris , an d
problem and to the difficulty of approaching the Hartford , 1971; Ross, 1966; O’Connor , 1970).
subject in terms of rigorous scientific method- Several factors have been suggested as having
ology . There is a great need to frame critical clinical significance in understanding the psy-
questions and to initiate the investigative process. chosocial reaction to injury (Mattson , 1975).

The major questions might center on three
basic issues: • Characteristics of the injury, its nature , location ,

1. The descriptive aspects of inquiry severit y, extent , and reversibilit y.
a. What kinds of psychologic processes fol- • Characteristics of the impact agent , human or

low facial trauma? inanimate , instantaneous or prolonged , and pre-
- I b. What systemic interactions are in- ventable or un preventable.

volved? What psychologic mechanisms • Nature and adequacy of immediate care and
are activated , when , wh y, and to what treatment.
extent? • Rate and extent of recovery.

c. What is the usual course of events?
- . Previous health and health care experiences.2. The predictive aspect of the inquiry

a. What types of psychologic processes • General persona lity characteristics and past , life
lead to what kinds of immediate , short- ex periences , especiall y in dealing with previous
term , and long-term outcomes? emergencies.

3. The suggestive aspect of the inquiry
a. What should or should not be done psy- RESEARCH NEEDS

chologicall y in the course of the events . . -(Mattson , 1975). Care of an injured person involves an effort
The most noteworth y princi ple is the corn- to restore or repair his self-image , self-identity ,

monsense observation that victims of facial injury and self-integrity. The individual tries to rees-
undergo extreme psychologic suffering. The vic- tablish his psycholog ic balance and normal
tim of facial injury is initiall y fri ghtened and hel p- activities. 

-

less. The distress is typ ically followed by emo- • Most studies of psychosocial injury have been
retrospective in nature. It is now timel y to pro-tional numbness, profound depression , and the spectivel y stud y the psychosocial course of events

feeling that “This is a terrible situation.” following facial disfi gurement using scientific
The immediate danger is followed by a feeling protocol.

of enormous relief, gratitude , joy, and a feeling • Information on the psychologic consequences of
of being fortunate to be alive. This relief soon trauma should be developed on a broad scale, as
gives way to feelings of angry frustration: “Wh y compared to the case-report type of information
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w hich is presentl y available , relating the degrees of success of the treatment
- - with the psychological state.

• Long-ter m effects of trauma should be studied ,
since many psychoses and neuroses have been • Increased knowled ge shou ld lead to the incor-
tr aced to ph ysical injury. Long-term and multi- poration of psychologic aid into the earl y and
stage procedures can be very demora lizing to the total care procedures of trauma teams (Mattson ,
patient. 1975).

• Future investigations should include studies cor-

COMMUNICATION SCIENCE

RATIONALE AND ASSUMPTIONS figurement and associated speech disabi lity, c)
the rationale for or the effects of remedial speech

Current information about the effects of ac- programs for patients with various types of de-
quire d craniofacial defects on speech is largely fects , or d) the costs of acquired impairments.
limited to small sample case reports and clinical There probabl y is a marked discrepancy be-
observation. Probabl y there is onl y a small nurn- tween the tota l number of patients with acquired
ber of practicing speech pathologists who devote defects and the number of such patients who are
a sizable percentage of their clinical service time referred for diagnostic and therapeutic services
to the m~~— .~gement of patients with acquired by speech pathologists. Identification of the fac-
head and i’eck defects. An even smaller number tors that give rise to this discrepancy merits s~s-
of communication scientists engage in either tematic stud y. Finall y , research in this area will
basic or applied research in this important area. be rewarding because of its app lied or clinical
Little is known about a) the effects of specific relevance and its basic or theoretical challenge
types of acquired craniofacial defects on speech , to current models of speech p roduction and
b) the prevalence or number of patients with dis- perception.

SELECTED TYPES OF ACQUIRED
CRANIOFACIAL DEFE CTS

ACQUIRED LARYNGEAL DEFECTS By contrast , a number  of speech pathologists
have devoted a sizable portion of their clinical

The larynx , together with the respiratory sys- and research efforts to the voice and speech prob-
tern , provides the voicing source of oral corn- lems of laryngectomized patients. The most Ire-
munication. Various injuries may affect laryngeal quentl y used method of speech after larvngec-
function and produce vocal disturbance . Lar- tomy is called esophageal speech. Although much
yngeal destruction resulting fro m injuries to the is known about the physical , perceptual , and
neck in automobile accidents has been reported physiologic correlates of esophageal speech , a
to be on the increase (National Institutes of sizable numberof laryngectomy patients (20—40%) -
Health , 1969) . Unfortunately, little is known fail to develop functionally usefu l esophageal
about a) the effects of such destruction on phon- speech (Diedrich and Youngstrom , 1966; Sni-
atory function , b) the effects of surg ical laryngeal decor , 1974). The factors which account for this
reconstruction on phonatory function or voice substantial rate of failure among la ry ngecto-
disturbance , or c) the feasibility, rationale , and mized patients learning esophageal speech war-
effects of voice therapy for patients with such rant stud y. The rate of persons developing func-
acquired defects. tionall y serviceable esop hageal speech has not
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appreciabl y increased but apparentl y has re- traumatic and/or surg ically induced craniofacial
mained constant during the last two decades. defects on speech have not been reported.

Patients with acquired laryngeal defects also
rely upon various prosthetic devices to provide RESEARCH NEEDS
a voicing source for speech. Although a number
of electronic or pneumatic devices or artificial Although a larger number of persons become
larynxes are available (Lebrun , 1974), most of victims of craniofacial disfi gurement and im-
them produce speech quality that is characterized pairment each year (Ki pfmueller and Lang,
as abnormal , monotonous, or mechanical (Ben- 1972), there is a marked discrepancy between the
nett and Weinberg, 1974). Thus , a primary re- total number of such patients and the number
search need in this area is the continued devel- who have diagnostic or therapeutic services pro-
opment  of more normal-sounding voice vided by speech pathology and audiology. Two
prosthesis. broad areas of research are suggested.

Recently severa l alternative surg ical-prosthetic 1. Prevalence-Oriented Research . It is necessary
approaches to speech restoration for laryngeal- to determine the prevalence of patients with ac-
deficient patients have been developed , and re- quired defects who have speech and voice dis-
search in this area deserves support and expan- orders and to specif y , in as much detail as p05-
sion (Komorn , 1974; Miller , 1967; Shedd , Bak- sible , the nature and types of speech disturbance
amjian , Sako, Mann , Barba , and Schaaf , 1972; in this group of patients. Systematic information
Taub , 1974; Taub and Bergner , 1973; Taub and is needed on the number of patients with ac-
Sprio , 1972). There is a critical need to obtain quired craniofacial defect s who are receiving di-
information about the ultimate speech profi- agnostic and therapeutic speech pathology/au-
ciency levels achieved by users of these newl y diology services , on the nature of services
developed techniques. delivered , and on the efficacy of such services.

Speech pathologists do not routinely see pa- 2. Management-Related Research - As noted ear-
tients who have sustained partial loss of the lar- h e r , speech studies represent a powerfu l ap-
ynx. Research is needed to answer such questions proach to evaluate important functional changes
as: What is the prevalence of patients with partial associated with acquire d deformity and subse-
laryngeal defects? Do these patients require quent reconstruction of the craniofacial comp lex.
speech rehabilitation? Is speech rehabilitation Hence , a primary research need must be the eval-
effective? ualion of currently used medical-dental recon-

structive approaches by speech specialists.
ACQUIRED NONLARYNGEAL DEFECTS If it is assumed that a sizable number of pa-

tients have acquire d defects of the craniofacial
Information on how acquired disfigurement comp lex that include speech disturbances , there

and impairment of nonlaryngeal craniofacial is a critical need to evaluate the objectives of cur-
structures and systems affect speech is even more rent speech and hearing diagnostic and therapy
limited. Little clinical or research effort has been programs and to assess their efficacy. In view of

- - given to the speech and voice problems of pa- the limited involvement that speech pathology
tients with such problems. Although disturbance has had with such patients , it is likel y that in-
in voice and speech represents one of the primary novative clinical research or demonstration proj-
problems following ablative surgery for craniofa- ects need to be initiated to develop new ap-
cial neoplasms, little is known about the speech proaches to speech rehabilitation for specific
characteristics of persons who have undergone types of patients.
such treatment. Clinical and research experience Finally, there are the factors of manpower and
with patients who have undergone total excision qualifications. In view of the limited involvement
of the tongue has been extensivel y reviewed that speech pathology has had in this area of stud y
(Moore , 1974). Reports are available regarding and clinical service , specialized training oppor- 

-

one area of speech following prosthetic obtura- tunities %s’ill probabl y need to be developed so that
lion of surgically acquired maxillary defects speech and hearing specialists can learn skills
(Skelly, 1973; Stoicheff , 1975). However , broad- which will enable them to provide appropriate
scale, systematic observations on the effects of clinical service and conduct specialized research.
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PROSTHETIC REHABILITATION

Prosthetic procedures used in the rehabilita- deglutition.
tion of patients with acquired craniofacial defects Tissues which surround the facial defects may
are varied and often complicated. This is because have altered blood supply and thus increased
most craniofacial defects are visuall y obvious , and susceptibility to infection and trauma. Addition-
such disfi gurements may disrupt such functions ally, these distorted structures have modified
as speech, vision , hearing, mastication , and de- function. These factors indicate the necessity for
glutition. Rehabilitation in this hi ghl y functional paying special attention to the types of materials
complex is made difficult because such defects used , the types of retention for prostheses, and
frequentl y involve bony, cartilaginous, and soft the amount of additional trauma to which these
tissue, tissues are subjected in supporting the prostheses.

Surgical treatment of diseased tissue may result
in profound defects coupled with scarring and RESEARCH NEEDS
fibrosis in the operative site. Accidental trauma
of craniofacial tissues is generally managed by Research that is needed to advance the pros-
surgery or by a combined surgica l and prosthetic thetic contribution to the rehabilitation of pa-
approach. Therapeutic radiation renders sur- tients with acquired craniofacial defects includes
rounding hard and soft tissues permanently vul- development of the following:
nerable to breakdown from the additional stress 1. Techniques for the use of presentl y avail-
of a prosthesis. able materials.

An overall treatment plan should guide all 2. New implant materials for replacement
phases of rehabilitation. This planning should be of both hard and soft tissues.
a part of early management since prevention is 3. New materials for use in facial or ex-
often the best form of rehabilitation. In addition traoral prostheses.
to correctly performed surgery, earl y manage- 4. Improved artificial saliva for use follow-
ment may involve the use of such treatment pros- ing destruction of salivary glands.
thesis as surgical and radiation stents and splints 5. Guidelines for use of protective prostheses
for facial bone fractures or defects , immediate for life activity when there is risk of
obturators for closing palatal defects at the time injury.
ofsurge ry .and tongueand buccal mucosa guards 6. Studies on biomaterials and tissue
to aid in wound healing and to prevent undue tolerance.
irritation to the remaining soft tissues.

- - More definitive prosthetic procedures are im- . .
- Development of Biomatenals for Maxillofacial

ii plemented in later stages of management. Theser I . . . - Prosthesesprocedures include replacing facial parts with
allop lastic materials when the defects are not suit- The fabrication of extraoral maxillofacial
able for surg ical repair , using removal or fixed prostheses poses various problems. First, there
prostheses to correct defects and restore function is the difficulty in obtaining impressions and con-
in the oral cavity , and fabricating imp lant structing molds for the complex shapes encoun-
prostheses to correct skeletal defects and rees- tered. In addition , the heterogeneity of tones and
tablish function in the temporomandibular joint. shades , the illusion of depth , and the vary ing
Prosthetic care must address both the esthetic degrees of translucency present in the human
and functional needs of the patient. Artificial skin require the prosthodontist to develop special
replacement may be needed for soft tissue loss techniques in tinting and coloring. Further . the
of the external ear or nose , contents of the orbits , degree of permanence (resistance to aging and
and portions of the cheeks and li ps. Skeletal re- irreversible staining) required in the materials
placement is most frequentl y needed for the and the necessity for providing flexible materials,
mandible , midface and zygoma , and cranium and which can be fabricated to produce tear-resistant
scalp. Prosthetic restoration of function may in- feather edges, present a most difficult challenge
volve vision , hearing, speech , mastication , and to the materials scientist. 
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Fab rication. For the fabrication of maxillofacial blend into surrounding tissues.
prosthesis , the materials developed must be in For use in maxillofacial prosthetics , flexible
liquid form suitable for di p-casting, casting in a translucent material is required that is latex dis-
female mold , or slush casting so that cheap plas- persed , di p castable or castable in a female mold ,
ter of paris, stone , or plastic molds may be used. and is of hi gh strength and tear-resistant. In ad-
This is necessary because of the variety , com- dilion , the materials should have outstanding
plexity, and long-term instability of the shapes resistance to oxidative and h ydro lytic degrada-
required. Thus , nondispersed polymeric mate- tion and be resistant to irreversible staining by
rials requiring expensive permanent tooling to water-soluble and oil-soluble stainants .
be utilized for injection or compression molding No material embody ing all these qualities is
are contraindicated. Materials for maxillofacial available. To bring about improvements in the
prostheses have been used as solutions of poly- materials required for maxillofacial prostheses,
mers in a solvent , emulsions, organosols , and organic , inorganic , and physical chemists need
plastisols. to work in close association with the mechanical

Solutions of polymers in solvents are generally engineers and clinicians.
used in di p-casting procedures. Polymer emul-
sions have decided advantages over solutions of . .Bioengineenng and Healing Tissuespolymers. Organosols and plastisols have been
tried as materials for preparing maxillofacial and Our understanding of the physical-mechanical
other body cosmetic prostheses. The main dis- components of healing tissue lags far behind our
advantage to the organosols and plastisols is the understanding of the chemical components.
presence of plasticizers , which are used to dis- Bioengineering anal ysis of healing tissues has
perse polymers and modif y their ph ysical brought to light several important problems.
properties. I . Different components of the mechanical

Coloring Constraints . In the design of a maxil- properties of healing tissues return to
lofacial prosthesis the material must accept a normal at different rates.
proper tint. Initial color and translucency are 2. The result obtained by engineering tests
onl y one aspect of the problem; unless the ma- varies with the rate of the stress or strain
terial retains its proper color when exposed to app lied.

H a reasonable period of wear , it does not merit 3. The healing rate is different in different
serious consideration, animal species. It varies in different tis-

Stability : Several factors related to the chemica l sues and at different sites in the same
and physical nature of organic polymers con- tissue.
tribute to the rate of their degradation under the 4. Eiig ineering tests give reliable results
influence of these conditions. only when carried out under strictl y con-

I. The chemical nature of polymers’ stabil- trolled conditions.
ity is affected by the presence and fre- Therefore , extrapolation from data from ex-
quency of chemical bonds which may cised rat skin to a healing wound in a patient
react with attacking reagents. after trauma or operation is risk y. T’ie healing

2. The supramolecular character of the poi- of wounds is a prolonged process. The conditions
ymer is of importance in relation to the which allow this process to proceed at an optimal
rate of polymer degradation. rate are not adequatel y defined , nor can we ac-

Stain Resistance. Maxillofacial prostheses are curatel y describe the optimal activities during the
susceptible to staining from ordinary day-to-day healing period (Zingg, 1975).
stainants such as grease, nicotine , and ink. From Stretching lncrea4es Range of Motion. Connective
the viewpoint of stain resistance, an improved tissue has a very hi gh resistance to tension of 

-

I - material for maxillofacial prostheses should pos- short duration. Mechanica l devices have been
sess an optimum h ydrop hilicity . developed to stretch burned oral structures in

Mechanical Prop erties. Because the material the treatment of microstomia and thus restoi-e
should be as flexible as the surrounding living function of the mouth to near normal.
skin , soft and flexible elastomeric type materials A combination of heat at the therapeutic level
are indicated, particularl y to achieve a cosmetic in conjunction with prolonged stretch is more 
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effective than stretch at room temperature. Nu- should be ascertained , since his expectations may
merous exercise techniques have been advocated be quite diffe rent from what the clinician as-
to rebuild weakened muscles in various regions sumes. It is particularl y important during the
of the body. Investi gations are indicated to de- long and often arduous course of multi ple pro-
termine the most appropriate method of restor- cedures to consistentl y allow the patient to cx-
ing the muscles of the orofacial tissues. press himself freely (Ozel and Kottke , 1975).

The following recommendations app ly, in a
general sense, to the overall challenge of im-General Summary proving the care of the patients with craniofacial

Rehabilitation of the disfigured person must injuries:
begin when tF, - patient enters the hospital. The 

• The fibrosis and contracture of scar tissue whichbiomedical team is indeed interdisci plinary and result from injury pose a major problem which
includes many dental , medical , communicative , should be examined on a molecula r basis. Basic
behavioral , and vocational specialists. The goal collagen research has advanced rap idl y and this
is to return the patient to his famil y, job , and knowled e must now be directed toward the d in-
society as rap idl y and completely as possible. The ical prob ’ems of healing soft tissue.
treatment regimen includes primary and fre- • Osseous research , particularl y as it involves the
quentl y secondary procedures which may extend role of the periosteum in growth and healing,

should prove of great benetit to the convalescingfor months or years. patient. Increased knowled ge of the biochemistryPro blems of Rehabilitation. The professional spe- of bone induct ion should lead to practical ap-
cialists’ definitions and interpretations of “suc- plication in the healin of fractures and osseous
cess” and “failure” may differ from those of the grafts (Terashima an PUrist , 1974; Urist , Iwata ,
injured. Function must be restored , enabling him Boyd , and Ceccoti , 1974).
to eat , or to speak , and cosmetic results must • Princi ples of biomechanics and bioengineering
restore his self-image and provide him with the have been receiving some attention in the trau-

matic injur y field. Additional studies on animalanonymity he craves if “success” from the pa- models will promote the scientific basis of surg icaltient ’s frame of reference is to be achieved. To rehabilitation.the degree that he evokes negative reactions from
• A real need ex ists to develop im uroved bioma-others he remains stigmatized. The path to re- terials to be used in cranio faciaf rehabilitationhabilitation is often comp licated. Results are still prostheses. The currentl y used polymeric ma-difficult to predict , which illustrates the need of terials do not meet the requirements for a cos-

refining our knowledge of diagnostic methods, metic , durable , and easily fabricated appliance.
— treatment planning, and wound healing. Research in this area requires an intimate rela-

After each phase of the overall plan of recon- tions hi p between scientists of diverse disci plines.
struction , time is required for healing before • It is necessary to train a new type of researcher
progress can be evaluated and further steps to address all these problems. Clinical investi-
planned. During these waiting periods, which can gators must be trained in interdisci plinary ori-

entation includin g psychology and basic science,last for weeks or months , the patient alternates
between hope and despair. • Informat ion is needed on the reasons wh y some

The interaction between doctor and patient is patients respond negativel y to therapy when they
are otherwise improving. Are the fantasies ofimportant because the patient who is given a thor- death derived from real or fancied guilt for theough exp lanation throughout the stages of his accident? Of secondary im portance to psycho-

treatment not only tends to partici pate more ef- logic therapy for the trauma patient is the need
fectivel y in the rehabilitation but is also more to invest igate any emotional problems that may

have contributed to the accident (Schnaper ,likel y to accept the plans and goals for treatment. 1975).The patient ’s concept of a successful outcome

1-
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SPECIAL RESEARCH
RECOMMENDATIONS

Although it is widely recognized that trauma is WOUND HEALING
one of the most common causes of disfi gurement
in the United States, additional data are needed Mechanism of soft and hard tissue healing
to improve our understanding of the magnitude must be explored in greater depth in the future .
of long-term craniofacial disabilities caused by The role of oxygen tension needs to be further
such injuries, clarified and the efficacy of hyperbaric therapy

delineated in order to create the most favorable
GROWTH AND DEVELOP MENT condition for wound healing. Recent advances

in microvascular surgery may be beneficial in
A primary need for research relates to our creating a more favorable environment for the -

present lack of understanding of the direct and healing of wounded tissues.
indirect influences of trauma on growth. An un-
derstanding of the role of surrounding soft tis- COMMUNICATION SCIENCES
sues on growth of the facial skeleton should be
explored in the management of acquired disfig- It is necessary to determine the prevalence of
urement. Animal model systems which are used patients with acquired defects who have speech
in growth studies could be adapted to simulate and voice disorders and to specify the nature and
tissue loss associated with acquired disfi gure - types of speech disturbance. Speech studies rep-
ment. More precise documentation of subjects resent a powerful approach to evaluate impor-
with acquired disfi gurement should provide a tant functional changes associated with surgery
promising field of clinical research. For examp le, and subsequent reconstruction of the craniofacial
the placement of metallic implants into the jaws comp lex. Hence , a primary research need must -

of children with fractures would provide a be the evaluation of currentl y used medical-den-
method of assessing growth patterns subsequent tal reconstructive approaches by speech special-
to injury. When nerve injury and loss of muscle ists. In view of the limited involvement that
tissue are suspected , evaluation of sensory in- speech pathology has had with such pat ients , it
nervation , nerve conduction , and blood flow , is likel y that innovative clinical research or dem-
coupled with electromyography and studies of onstration projects need to be initiated to develop
muscle function , could also be considered, new approaches to speech rehabilitation for spe-

cific types of patients. Specialized training op-
PSYCHOSOCIAL portunities will probabl y need to be developed

so that speech and hear ing specialists can learn
Most studies of psychosocial injury have been skills which will enable them to conduct clinical

retrospective in nature . It is timely to prospec- service and specialized research.
lively stud y the psychosocial course of events fol-
lowing facial disfi gurement using scientific pro- BIOMATERIALS AND PROSTHETICS
tocol. Information on the psycholog ic
consequences of trauma should be developed on For use in maxillofacial pro~sthetics flexible
a broad scale , as compared to the case-report type translucent material is required. In addition , the
of information which is presently available. Long- materials should have outstanding resistance to

- - term effects of t rauma should be studied , as many degradation and be resistant to irreversible stain-
psychoses and neuroses have been traced to phys- ing. No material embod y ing all these qualities is
ical injury. Long-term treatment can be very, de- available. To bring about improvements in the
moralizing to the patient. Future investi gations materials required for maxillofacial prostheses ,
should include studies correlating the degrees of organic , inorganic, and physical chemists need
success of the treatment with the psychologic to work in close association with  the mechanical

— state. engineers and clinicians. New materials are

— I
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needed for use in facial or extra-oral prostheses dilionally, research is necessary to improve pro-
for replacement of both hard and soft tissues. tective prostheses for life activity when there is
Artificial saliva needs. to be fully developed for risk of inju ry.
use following destruction of salivary glands. Ad-

COST OF CRANIOFACIAL
IMPAIRMENT AND
DISFIGUREMENT

The cost of craniofacial disfigurement and im- periods and numerous factors interacting in a
pairment represents both tangible and intang ible comp lex manner must be considered. Such re-
realities about which little is known. Certain types search is likel y to be both demanding and cx-
of acquired craniofacial defects might be ex- pensive. Even with care , evaluation based on
pected to bring about a diminution in inter- and comparisons of patients will be difficult , and a
intrapersonal experiences. Although such costs large subjective factor is inevitable in such
may not be measured in dollars , the price in terms research.
of these elements of human behavior is real and Nevertheless, such research is necessary if we
merits systematic stud y. On the tangible side, in- are to progress beyond a gross clinical impres-
formation is needed concerning the costs of de- sion. There is now a trend toward the establish-

— 
formity and impairment in terms of reduced ment of rehabilitation facilities at health science
earning power of those afflicted. There is also centers which specialize in various types of prob-
the need to determine the costs of direct cx- lems. A center focusing on craniofacial deformity
penditures for matters such as therapy services , would have sufficient patient flow with acquire d
preparing specialists to provide such services, etc. disfi gurement problems to make such research

The problems inherent in research to improve feasible. It would be appropriate to consider sup-
management and t reatment procedures are dif- port for such a center in the near future.
ficult. Treatment must be evaluated over long

BIBLIOGRAPHY

Ablon ,J .: Reactio ns of samoan burn patients and families to severe Converse,J.M.: Kozaapan and Convers, ’s Surg ituil Tr,olmi ’nl of Fa~,a!
burns. S~c Sd Med 7: 167— 178 , 1973. Injuries ,VoI. 1. Baltimore, The Williams and Wilkins Ce.. 1974.

Andreasen. N.J.. Norris , A.S.. and Hartford , C.E.: Incidence of Deaner , R M.. and Fitche it . V H .: Motorcy k tra uma.J Trauma 15:
long-term psychiatric complicatio ns in severe ly burned adults . 678—68 1 , 19 75.
Ann Surg 174: 785—793. 197! . Diedrich , W.. and Youngstrom . K.: A1ar~ngeaI Speedi. Spring field .

Bennett , S., a nd Weinberg, B.: Acceptability ratings of normal ill.. Charles C Thomas, 1966.
esophageal and alary n geal larynx speech. J Sp Hear Res Findla y. l.A.: Ank ylosis of the  coronoid to the cygomatic bone. Br
16:608—615. 1974. 

. J Ora l Surg 10:30—34 . 1972.
Bjork . A., and Skielle r , V.: Facial development and tooth eruption , .

an imp lant stud y at tt’e age of puberty . Am J Orthod 62:539— Fletc her .J .R.: Prostaglan dins. Presented at Medical Grand Rounds.
383, 1972 National Naval Medica l Center , Bethesda , Januar s 1973.

C ohen . M M,: Cogenital . genetic and endocrinologic i nfluences on Gregg, G.S., and Elmer , E.: Infan i  injuries: Accident or absise~
dental occlusion. Dent Clin North Am 19:499—5 14 , 1975. Pediatrics 44:434—439 , 1969.

Congressional Record—Proceedings and Debates of the 93rd Con- Hard away, III , R. M.: The problem of acute severe trauma and
gress. First Session (Senate), United States of America. shock. In Trauma , Clinira l avd Bioiogwa1Asp~’cts (D ay . S.B.. ed.) .
119(59):S4444. Washington , D.C., 1973, pp 1—9. New York. Plenum Medical Book Co., 1975 , pp 85—lOS. 

- -~~~~ - - - —~~~~~~~~~~~~~ .- ~~~~~~~~
-
~~~~~~~~

- -
~~~~~~~~~~~

- - - -
~~~~~~~

---



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~~
--.-

~~~
—-

~
- .---

~
- - —

~~~~~
--

~~~~~~~
-
~~~~~~

,.- —- .---- ..—— —-,—- ~~~~ 

262 Management of War Injuries to the Jaws and Related Structures

Jacobso n . Ml’ ..: Endo crine aspects of trauma In Trauma , Cli meal Skell y .  M . : Clossectomee Speech Rehabilitation. Spring field . I l l . , Charles
and Bwlogsral Asp ects (Day. S.B.. ed). New York , Ple num Med- C Thoma s. 1973.
ical Book Co., 1975 . pp 107—1 22 . Smith . M .D. . Burri ngton .J .D . , and Woolf . A D . :  Inj uries inchi ldr en

Kipfmuelier . L.J ., and Lang. B.R.: Pr esur gical maxillary prosthesis: susta ined in free falls: An anal ysis of 66 cases. J Trauma
An anal ysis of speech intelligibi lity. J Prosthet Dent 28:620—624 , 15 :987—991 , 1975.
1972. Smith , Q.T. : Collagen meta bolism in wound healing. in Tra uma , 

--Komorn , R.M.: Vocal re habilitation in the lar s-ngectomized pat ient Clinical and Biologica l Asp ects (Day, S B., ed.). New York ,
with a tracheo t-sophageal shunt. Ann  Owl 83:445—452 , 1974. Plenum Medical Book Co., 1975 , pp 3 1—45.

Lebrun . Y.: The Artif icial La iynx. Amsterdam , Swets and Zeit linge r , Sisj decor . J .C.: Sp eech Rehabilitation of the Laiynge ctomized. Spring-
1974. field . If I . .  Charles C Thomas . 197 4.

Masson . C E.., and J amines . H.: Dent o-maxillo-f~ cial deformities Solomon , T. : Histor y and demograp hy of child abuse. Pediatrics
resultin g from scar contractures of the neck developing after 5 1:773—776 , 1973
burns sustained in childhood . Ann Clin Plast 17:254—259 , Stoicheff , M.L . :  Voice followin g radiotherapy. La rvi igoscope
1 972. 104:408—618 , 1 975.

Mattson , E l . : Psycholog ical aspects of severe physical injury and laub . S.: Voice prostheses f~~r speech restoration in lars -ngecto-
its treatment. J Trauma 15:217—234 , 1975. mecs. Tr ans AAO() 78:280—287 , 1 974.

Mille r . A.: Firs t experiences with the Asai techni que for vocal i-c- Taub , S.. and Rergner . L.H. : Air by-pass voice prosthesis for vocal
habi litation. Ann Otol Phonol Laryngol 76:829—837 , 1 967. and rehabilitation of Iaryngectomees. AmJ Surg 125:7 48—754 .

Moore , G.P.: Voice problems following limited sur g ical excision. 1973. 
-

La ry ngoscope 104:619—625 , 1974. Taub . S., and Sprio . R I -I . : Vocal rehabilitation oflarvn gectornee s. -

Mullen , J .T. : Tr eatmet~t of trauma. US Med 12:3 and 2 1 , 1976. Am J Sur g 124 :87—92 . 1 972.
Na rasimhan. M.J ., and Day, S,B. : Biologica l perspe ctives of some Ten Bensel . R.W. : Ph ysical maltreatment of chi ldr en. in Tra uma ,

trauma injuries. in Trauma, Clinical andBwlogica l Asp ects (Day, Clinicial and Bwlogical Aspects (Day. S B.. ed ). New York.
SB . ,  ed.). New York , Plenum Medical Book Co., 1975 , pp 1—23. Plenum Medical Book Co., 1975 , pp 1—23.

National Institutes of Health: Huma n Communication and its Diso r- Terashima . Y.. and U rist , M .R. : Bro modt -oxyuridine-inhibit ion of
ders—An Ovendeu ’. Bethesda , Mar vl .ind . U S Dept H ealth . Ed- subst ratum-controlled chondro gent-sis. Proc Soc Exp Biol Med
uca t i on . and Welfare . 1969. 

- 146:855—858 , 1974 .
NATO Handbook. Emerg-no War Surgety (First US Revision). Wash- Tou loukian, R .J ., and Krizek , Tj.: Diagnosis and Earl s Management

ingto n . D.C. , US Gov Print Off , 1975. of Trauma Emergencies. Spring fi eld , I l l . .  Charles C Thomas,
O’Connor, G.: Psychiatric chan ges in the acutel y injured. Post grad 197 4. 

- .  - - -
Med 48:2 10—2 14 . 1970. Wait e. D.E.: Pediatric fracture of jaw and facial bones. Pedia incs

Ozel , A.T., and Kot t ke . F. J .: Problems in rehabilitation followin g 51:551—559. 1973.
tra uma , in Trauma, Clinical and Biological Aspects (Day. SB . ,  Washin gton ,J .A. :  Microbiolo gy of trauma, in Trauma , Clinical and
ed ). New York . Ple num Medical Book Co.. 1975 , pp 329—359. Biological Asp ects (Day.  S.B., ed ). New York. Plenum Medical -

Ross, W.D.: Neuroses following trau ma and their relation to corn- Book Co., 1975 , pp 123—1 69.
pensation. in American Ha ndbook of Psychiatry, Vol. 11 1 (Arieti . Watkins . G.M.. M etcal f , G.N ., and Audett e . IC . :  Emergent -s med’
s., ed.). New York , Basic Books , 1966 . Pp 13 1—147. ical technician trainin g in a medical school ensironmen t . J

- - 
Rowe , N.L.: Fracture ofjawsofchi ldren. J Oral Sur g 27:497 , 1969. Trauma 15:772—778 . 1 975.
Sarna t . B.G., and Wexler , M R.: The snout after resection of nasal Wri ght , L.. and Fulwiler , R.: Long range emotional sequelae of

septum in adult rabbits. Arch Oto lar yng 86:463—6 , 1967. bones: Effects on children and their mothers. Pedia t r Res
Schna per . N.:  The psychological imp lications of severe trauma: 8:93 1 —934 , 197 4.

Emotional sequa lae to unconsciousness. J Trauma 15:94—98 . Ur ist , M R., iwata . H.. Boyd , S.D., and Ceccoti , P.1 . : Observations
1 975. imp licatin g an extrace llolar enzy matic mechanis m of control

Schultz , R.C.: Facial inju ries. Chica go . Yea rbook Medical Publishers . of bone mor p hogenesis. J Histochem Cstochem 22:88 —1 03 .
1 970. 1974.

Shedd . D.. Ba kamjian . V., Sako . K.. Mann , M. , Barba , S., and Zingg . W.: Bioengineering anal ysis of healing tissues. In Trauma ,
Schaaf . N.: Reed fistula methods of speech rehabilitation after Clinscial and Biological Asp ects (Day. S B.. ed.). New York.
lar yngectomy. Am J Sur g 124: 510—514 . 1972. Plenum Medical Book Co., 1975, pp 47—48. 

~~~~~~~~~, —~~~- - - - -- -~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - — -~~~~~~~~~~ 
-



F - -

Subj ect Index

A Ank y losis. temporomandibular see Tern-
poromandibular ank ylosis

Abrasion , corneal , 86 Antibiotic therapy
Abscess, limited effect of systemic antibiotics , 71 availability of antiinfect ive agents in World
Acidosis. 52 War II , 11
Aerobacter aerogenes, contami nation of wounds caution in use of. 101

by. 70, 72 earl y use of antiinfective agents . I
Airway selection , in wound treatment , 97 , 98

artificial assistance , types of in early care , 44, in wound preparat ion . 70
47 , 48 Antimicrobial agents

assessment and management during late care , dail y doses an d routes of administration , 75
106 suggested choices of , 72. 73

buccal , 106 Appendix . 245
care of , in patients with altered conciousness, Asph yxia , deat h from in World War II , 11

47 Avulsion
complications of, noted at intermediate of anterior portion of mandible , 187

facilities, 97 of hard and soft tissue , 166
cricoth yreotomy, for obstruction of , 47 of mandibular symphy sis. 162, 179
effect of facial fractures on , 48 of mandibular teeth and alveolus , 231
emergency airway splint . World War I , 3 partial , of mandible. 201
management of in earl y care , 44—49 of right mandibular ramus. 155
monitoring of . after surgery. 87 from missiles , 44
presurgical evaluation and care of , 56 of soft tissue of li p, 158
respiratory diagnosis , 47 , 48 of teeth , 158
suprag lottic. 91

Ali gnment and stabilization , of osseous frag-
ments, 109, 110 B

Alloplastic implants see Imp lants
Alveolar rid ge, reconstruction of , 231 , 241 Bacteria
Ambulation , beneficial for maxillofacial patients, assessment of , in biopsied tissue . 83

lOS, 104 isolated from culture . 98
Amebiasis , 103 wounds contaminated by, 70
9-Aminoacridine , for irrigating ora l wounds , Ballistics see also Gunshot wounds, Case reports

— 101 durin g World War I . 2
Anatomy, of oral and maxillofacial area , 23—3 1 types of , 35—44
Anemia of trauma , 115 Bet.adine®, use as ant iseptic. 68, 70. 101. 102
Anesthesia Biochemica l changes . with onset of shock, 52

Korean war , 12 Biomedical scientific progress. phnses of during
management of , Vietnam war , 68, 69 war , I
World War I , 5, 6 Bone
World War 11, 8 conservation of, 74, 108
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fragments , ali gnment and stabilization of , 109, local pedicle. 116
110 mandibular pedicle , 6

loss of , in World War I patients , 3 osteoperiosteal , 6. 116
melhods of immobilizing fragments , 100 ramus sliding, 116
surgical evaluation of , 103 Bone grafts (cont.)
t ypes of mandibular injury. 42 unsuccessfu l , 144

Bone grafts see also Case reports rib , as donor site , 116
anal ysis of’ MFCS cases, 118— 121 latera l approach method s, 136
augmentation for continuity , 119 , 120, 123 tibia . as donor site , 116
augmentation procedures, 148—15 1 Buccal circatrix see Scar bands
auto genous grafts , 116
cancellous chi ps , 116, 117 , 134
complications , 140— 144
dental prosthetic app liances following, 144 , C

145
dentures required following, 120, 124 Caldwell-Luc procedure . 155
fixation app liances for , 13 1—133 Canaliculus , destruction , 87
ilium, as donor site , 11 , 116 , 117 , 133—136 , Cancellous bone chi ps, removal for bone grafts.

140 , 155, 163, 169 , 195 , 207, 2 15, 22 1, 237 134
infection Cancellous chi p grafts , introduction of , in World

in patients requiring, 124, 12€ War II , 11
postoperative, 141 Case reports , 155—244

Bone grafts (cont.) Cerebrospinal fluid
inlay grafts, 134, 135 rhinorrhea , 61 , 91
for reconstruction of mandible Cheeks

anato mic location , 122 deformities of
criteria of success, 117 closure of defects , 195
illustration of method , 7 stellate laceration by rocket fragment , 237
incidence of type, 122 mucosa graft from , 227
long-term results , 119 repair
mean length of follow-up. 119 afte r soft tissue loss, 179
restoration of continuity , 6 exit wound , 207
success, by anatomic site , 123 lacerations from gunshot . 173
technical management , 12 1—133 mouth opening restriction , after scarring.
in World War 1, 6, 7 113
in World Wars I and II , 116 , 117 zygomaticomaxillary inj uries , 60

for reconstruction of maxillofacial injuries . 11 Chin, repair , after fragment wounds , 207
metallic cribs , use and techniques of app lica- Clinical evaluation

tion , 138, 139 at earl y facilities , 49
methods and basic princi ples of, in World War at intermediate facilities , 97—99

1, 6 at late facilities , 105— 1 10
met hods of graft recovery preope rative , of patients receiving bone grafts.

chi p gra fts . 134 123 , 124
iliac crest grafts , 133, 134 Combat surgeon , desirable characteristics of , 33.
PCM grafts , 136, 140 34
rib grafts , 136 Communication

onlay grafts interdisci plinary
for restoration of mandible , 134, 135 need for evident in Korean war , 13
for restoration of morp hology, 116 need for recognized in World War II . I I

preoperative inflammatory conditions, 143 Conjuntiva . treatment of lacerations, 86
procedures for reconstruction-rehabilitation , Contamination

117 . I 18 effective princi ples for control of , 71
soft-tissue procedures , 130—133 fecal , 70, 98
i~~p es  of  Cornea , abrasion , 86

I,lodt , 6. II , 1 34—136 Coronoid process
I l ls  t h u p. I I  fractures, 112

i v  ~ .nn ‘ll ‘us. I I  section to permit reali gnment of rarnus , 131
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Cranial nerves. 99
neuropath y of by rocket fragment , 237

Cranium, surg ical exploration , 73, 80 Ears , management of inju rie s. 114
Craniotomy, 111 Electrol yte needs, after surgery. 88
Cricothyrotomy. for airway obstruction , 47 Emesis
Cr imean War , debride ment of wounds , 2 release of Fixation devices , 92

stran gulation from , in Wor ld War 1, 6
Emotion al needs , of patients after surgery. 88

D Empyema , effect on maxillofacial wound , 114
Endodontic therapy

Debridement after fragment wound, 183
during earl y care. 48 after missile injury. 221 , 24 1
early practices , 1 , 2 before bone grafting, 126
hydrodynamic, 69, 70 Endotracheal tubes, see Intubation
improvements in during World War I , 3 Escher ich ia coli. 70, 98
in Korean war, 11 Estlander operation . for repair of lower li p. 159
tooth and root fragments . 103, 108 Etiology, of injury, for MFCS patients. 42
in World War II , 9 Evacuation procedures

Defects aeromedi(-al, 89
avulsive aeromedical routes. 91

of mandible, 7 coordination during earl y phase. 34
one-piece sp lints for , 132 effects on casualties , 90
in patients requiring bone grafts, 124 hospital admission and medical evacuation , 19.
of symphysis. 163 20

discontinuity improved survival by helicopter . 34
mandibular ramus-ang le. 155 improvements during World War 1, 2
rib grafts for reconstruction , 122 , 136, 138 improvements during World War Il . 8

inlay-onlay grafts for , 134, 135 at intermediate facilities. 95
soft tissue , 169 in Korean war, I I , 13

Deformities see also Specific sites lass- regarding transport by shi p. 6
of canthal area, 60 medications. evacuation tag used for . 90

— dentoalveolar , 231 selection, preparation. Liming, and in-fli ght
Dentures, artificial management of evacuees, 90

increasing masticatory efficiency of , 201 in World War 11. J O . I I
mandibular , 159 Evacuation time see also Case reports
maxillary partial and mandibular full , 169 from each facility, 90
required after bone grafting. 145 mean time to, of transfer. 18
surg ical preparation for , 163, 173, 179. 187 . F.yelids 

-

r 191 . 207. 231 - 
examination and surg ical repair. 60

Dextran, allerg ic reactions and clotting defects 1.~es 
, ,  -

produced , 53 conj untiva. treatment of lacerations . 86
Diarrheal diseases, in U.S. troops , 103 cornea , abrasion of epithelium . 86
Diplop ia. management of , 60 examinat ion of, befin-e surgery. 60
Disease(s) management of injuries, 86. 87. 114

and concomitant injur ies . 11 4—116
in army personnel in Vietnam , 103

Drains, removal and care , after surgery. 88, 89 F
Drugs, for maxillofacial evacuees. 92
Ducts Face

parotid . anatomy. 29

fistulizat ion in after injury. 113 , 114 deformities of. 1 . 4

repair. 85, 86. 113—11 5 repair of fragmentati on wounds. 163. 183 .
severence of , 237 191, 207 

-

salivary. 99 repair of missile wounds. 169. 179 . 22 1 . 227 .
technique for reconstruction , 114 23~

repair of orofacial wounds. 183
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Facial nerves , decompression of, for motor func- rnonoarch fixation , 179
tio n, 221 plaster or strap headcap. 9

Fever , management of , 102— 104 Roger Anderson external skeletal-p in. 10
Fistula stabilization

arteriovenus , 98 of mandibular grafts , 6
extraoral, after salivary gland injury, 113, 114 of skeletal fractures , 80, 82
pleura l cutaneous, in neck , 195 vulcanite spli nC, 9
salivary-cutaneous, prevention of , 86 Flaps see Skin flaps

Fixation Fluid
acry lic sp lints. 9 blood
app liances for bone grafting, 131— 133 replacement after hypovolemic shock , 53
arch bars , 129 transfusions, 5
bandages blood and crystalloid solutions, for

Barton type, 4 h ypovolemic shock , 53
four-tailed. 4 colloid solutions, use in hypovolemic shock, 53

biphasic external skeletal-p in . 12 crystalloid solutions
British metal cap splints , 9 limited use in World War I , 5
continuous loop wiring with elastic traction , replacement , during presurgical period. 57

129 treatment of hypovolemic shock, 53
Crawford metal head app liance , 9, 10 replacement , 53, 88
custom cast cribs, use in bone grafting. 138 Foreign bodies
direct osseous wiring, 12 fibrosis and/orbony consolidation accentuated
Gunning sp lint. 9 by, 112
Gunning open-bite sp li nt . 4 procedures followed in late care . 108
Hullihen capped sp lint , 4 removal before bone grafting. 124
improvements, in World War II .  11 retention of , 101
interdental sp lints , 4, 5, 9 Fractures
internal suspension wiring, 9, 10 alignment and stabilization of bony fragments.
intermaxillary. period for bone grafting, 131 109
intermaxillary fixation , 80, 82, 155, 195, 207 , analysis of reduction in MFCS patients, 82

231, 237 comminuted
with custom sp lints , 227 arch bar fixation . 100, 110

Ki ngsley sp lint secured to head cap, 9, 10 external skeletal-p in fixation , 100
mandibular operative treatment of , 101

analysis of in Federal facilities . 66 period of intermaxillary fixation after earls
and body regions, 179 care , 110
arch bars and biphasic external skeletal fixa- splints. 100, 110

tion , 231 wire fixation , 100
arch bars and intermaxillary fixation , compound . closed reduction , 101

with circumzygomatic suspension wiring, compound . wmminuted , avulsive. 179
221 cond y lar , from indirect source, I l l

arch bars and intermaxillary elastic fixation , endentulous. external skeletal-p in fixation . 82,
191 ,2 0 7 133

arch bars and intermaxillary fi xation , 159, mandibular
173 , 179 , 187, 215 clinica l examination of , 61 , 62

arch bars and intermaxillary wire fixation. comminuted . surgical managementof. 74 , 78, 79
183 compound , comminuted, 163, 173, 187 , 20 1.

bandages , 4 207, 21 1
four-tailed , 5 compound , comminuted, 163 , 173. 187 , 20 1 ,

biphase external skeletal-p in fixation, 163, 207 , 211
195 compound , comminuted , avulsive, 159, 187 ,

cast metal lingual app liances. 110 191 , 193, 195, 215 , 227 , 231
cast splint fixation , 207 incidence of mandibular fixation, 82
circumdental intermaxillar y wire fixation , incidence of type of reduction , 82

169 reduction of
meta l crib, use in bone grafting, 136, 138 , 139 at intermediate facilities, 100
metallic crib , 227 at late care facilities, 110
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tem p ran itnznobi lization of, 48, 67 salivary. 99
maxillary earl y care , 85. 86

analysis of in Federal facilities,66 fistula afte r injury to. 113
gunshot wounds and , 2, 155 submaxillary . 86
Le Forte I. II . 111 , 67—7 8. 215 Grafts see Bone grafts and Skin grafts
teeth. 24 1 Gunshot wounds see also Ballistics and Wounds

midfacial to face and neck , 173
clinical examination of , 60 to mid and lower face and extremities , 155
craniofacial head frame fixation , 82, 101 World War 1. 2
interna l suspension wiring, 9, 10, 82
Kingsley sp lint fixation , secured to head cap,

9, 10 H
in MFCS stud y group. 66
reduction of 1-lard tissue

at intermediate facilit y, 100 avulsive wounds fro m fragments . 215
at late care facilities , 109, 110 earl y care of , 73—82

naso-orbital princi ples guiding surgical care , 73. 74
clinical examinat ion of , 60 Head , management of  injuries to . 114
in association with Le Forte 1, 11. and II I .  61 Helicopter

orbital evacuat ion , in Korean war , 11 , 12
clinical examination of , 60 injury from rotor blades of , 159
surgical management of , 78 Hematoma, formation. 141
t reatment, 78 Hemorrhage . control of before surgery. 57

orbital floor Hepat itis . 103, 169
anal ysis of , in Federal facilities , 66 Hernia, afte r graft removal , 147
surgical management of , 78. 79 History
treatment, 80 evolution of mandibular bone grafting, 116 .

stabi lization of. 80, 82 11 7
sternoclavicular joint. com pound , 195 of management of oral and maxillo facial in-

- - thyroid cartilage j uries during war. 1—15
compound. 195 medical, of casualties before surgery, 58
tracheal stent, 195 Hospitalization time

teeth reduced overseas, in Korean war , 13
and hard palate. 221 of Vietnam casualties. 19—2 1
ifl ( identv in MFCS patients . 67 H yp herna
retention of. 101 ophthalmologic evaluation of before surgery .

tvpesof .in MFCS patients. incidence of reduc- 60
tion. 82 H ypovolemic shock

zygomata c classification of, 52
anatom y. 24 clinical manifestations of , 52, 53
anal ysis of , in Federal facilities . 66 management of. 53
clinica l examination. 60 mechanis ms and physiologic mani festations.
restriction from . 112 52
surgical management of , 78 H ypoxernia . during aeromedical evacuation, 91
treatment. 78

I

lleus. postoperative , development of, 140
G Il ium , donor site for bone grafts. 11 . 116 . 117 .

133—136. 140. 155 , 163, 1 69. 195. 207.
Genitourinar y tract , fever in conjunction with. 215, 237

103 Im plants
Genia l m uscle , 159 allop lastic
Gin giva, lacerations , 78 for mandibular repair , 77 , 80, 187 . 201
Glands as source of infection , 124

parotid , repair . 85, 86 for space or reduction of fragments, 101
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for orbital floor , 80 restrictive func t ion  of. 110—11 3
silastic , for mandibular repair , 163 Joints, sternoclavicular, compound f racture of.
Titanium , for bone grafting. 138, 139 195
Vitallium ®, for bone grafting. 138, 139

Infection
after allop lastic imp lants , 101 . 187 , 201 K
antibiotic treatment of, 155
bacterial, 70 Korean war see also Anesthesia , Dehridemt-nt .
cause of restrictive lesions , 11 2 Fixation. Management
chemotherapy for , in World War II . 9 case report of patient injured by mortar frag-
chronic , at iliac crest donor site , 169 ment . 24 1
control of before bone grafting. 124—126 logistics. I I . 12
fibrosis and/or bony consolidation accentuated surgical research efforts during. I

by. 112 wound management. 12 , 13
from foreign bodies , 70. 141
of iliac crest block grafts. - 136
from inadequate seating of biphasic pins. 133 L
fro m ora l mucosa and wound dehiscence in

bone grafting. 14 1—143 Laboratory examination
late, from teeth , 126 , 141 at intermediate facilities. 99
rarely from missile fragments , 124 presurgkal. at earl y facilities. 57. 58
of’ urinary tract. 103 Larynx
in wounded patients , 69. 107, 124 , 195 . 207 , injury  of . 59

211 , 222 mortar fragment wounds in.  195
Inflammation, after bone grafting, 143 Lingual mucosa, closure of lacera t ions, 78
Infra glottic obstruction , com promise of respira- Lip.

tion. 48 commisure . scar revision of ,  130 , 23 1
Injuries see Specific anatomical site laceration of. 173
Inlay gra fts. skin, for bone grafting. 134, 135 re pair of
Intravenous catheters, rep lacement of before after fragmentation wounds. 62. 63

evacuation . 91 exit wound. 187
Intravenous infusion , during presurgical period, soft tissue avulsion of. 159

57 soft tissue loss, 130. 179
Intubation vermilion border used

endotracheal. 50. 68 for rep ositioning. 63. 68
establishment of , in World War II . 8 Logistics
for airway obstruction during earls care, 47 consideration of.  17—2 1
removal of before evacuation, 91 in Korean war. I I . 12

nasogastric . to evacuate stomach contents, 87 in World War I . 6
nasotracheal . 68, 106 Lung

develo pment of. in World War II . 8 complications in, as Cause of kser, 102
use of, in Korean war , 12 progressive pulmonary insufficiency (shoc k

Irrigation, with various solutions, 101 lung).  88
pu lmon ars atelectasis after early surgerY . 89
pulmonary pathologs- . as respir ators- obstrut -

tio n . 48
J

Jaw deformities, evolution of surg ical therapy M
fo r, I

Jaw exercisers. I l l — I  13 Malaria
Jaws see also Fractures P lasmodium fa kiparum, 103

anatomic locations of restriction , I I I , 112 Plasmodium vivax, 103
prevention of asp iration after immobilization Management see also Team Management

during evacuation , 92 of anesthetics, 8, 12, 68
procedures for release of supp orting devices clinical goals of , 19

during evacuation , 92 of mass casualties, 56
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patient Maxillofacial Casualty Stud y Patients ( MFCS) .
initial overall , 56—69 basis for anal ysis of Vietnam experience . 18,
in Korean war , 12, 13 19, 23, 42 , 59, 65—69, 73, 82, 100 , 103 , 110 .
at treatme nt facilities of Vietnam war 119 , 124 , 149, 150

early care Methicil lin , effective against Staphylococcus au-
fra gment wounds , 183, 191 , 195, 207, reus, 98

215. 237 Mouth
gunshot wounds , 155, 173 anatomy, 27 , 28
helicopter wounds , 159 floor of
h y povolemic shock , 53_55 closure of  lacerations, 78
missile wounds , 169, 179, 207 , 221 , mortar fragment wounds, 195

227 , 231 , 241 presurgical examination , 63
postsurgical , 87 release of adhesions in, 227
review of. 33—94 restriction of opening. 110 . 113
smal l arms fire , 183 Muscles
surg ical , 69—84 buccinator , 114
in tria ge area, 50, 51 genial, 159

intermediate care masseter , 113, 114
fragment wounds . 183. 191 , 195, 2 15 mastication , I l l
guns hot wounds , 155, 173 orbicularis. 62
helicopter wounds . 159 pterygomasseteric . 112
of fever. 10 1 temporal . I I I . 112
of fluid therapy. 102
missile wounds , 169. 22 1. 227 , 231 ,

24 1
protocol. 97 N
rationale of ,  96
revi(’ss of.  95—104 Narcotics , for pain in hvpovolemic shock pa-

late care tients . 54
fragment ssounds , 183, 191. 195 , 207. Nasal cavit y . presurg ic al examina t ion  of.  63

2 15. 237 ‘ Nasa l packs. remov al of after surgery . 89
gunshot wounds . 1 55 . 1 73 Nasolabial fold area, missile wound in. 221
helicopter wounds , 159 Naso lacrimal apparatus. severance of caisalicu li.
missile wounds. 169. 179 . 22 1 . 227. 87

231 . 24 1 Naso-orbita l-ethmoidal comp lex. treatment of

prepr osthetu surgery. 1 44— 15 1 injurie s to . 80
review of. 105—1 53 Neck
somal I anu s fire . 183 exp loration for repair of missile damage . 73
(( ‘(h ifli  al, 12 1— 133 management of injuries to . 114

in ‘s%ork l War I , IN wounds in fro m
in World War I I. advaiut ’s of.  8— I I fragments. 163

Mandible see aLso Fractures gunshot. 155 . 173
anatomy . 24 missiles. 169 . 227
prosthetics re(-onsiructio n. 6. 7. 113. 1 16, 147 . Nerve(s)  see also Names of

148 facial, procedures for treatment of , 86
roent genograp hic examination , 65, 82. 123 management of injuries to . 114

Mastication , maintenance of ability. 20 Nose
Mastication muscles. I l l  depression over brid ge of, 60
Maxi lla see aLso Fractures management of injuries to, 114

anatom y. 26 Nutrition , after surgery. 88
Le Forte I . I I .  I I I . descri ption of , 61
Le Forte type. 78
mana gement of in World War Ii , 9—l i
prosthetics , 148 0
rentgenographic examination , 65, 82, 123

Maxillary tuberosity, and extra-articular restric- Obicularis muscle . 62
tions , 112 Odontoma, removal of after missile injury . 221
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Ophthalmologic examination , facial injuries infection , 100
and , 60, 80 isolation , from wounds , 98

Oral-antral opening, closure by soft tissue buccal Psychologic aspects of war injuries . 19
flap procedure , 241

Oral hygiene R
problem during evacuation , 92
regimen for wound cleanliness , 107 Radiograp hic evaluation

Orofacial lacerations, closure of , 68 at inter mediate facilities . 99
Oxygen support. for h ypovolemic shock pa. limits of in World War I , 5

tients. 54 preoperative evaluation , 64. 65Orbit see also Fractures preoperative , of teeth and suppo rt ing bone ,
injuries to, 78, 80, 86 123

Orbital floor see also Fractures of presurgical patients . 59
exa mination of. 80 Reconstructive surgery see also Case reports

Osteolysis. around fixation pins. 10 challenges of , 5, 20
criteria for , I I  7
at late care facility, 20, 21

P mandibular bone grafting, 6, 7, 116—144
methods in ‘World War I , 5—7

Palate methods and improvements in World War II ,
hard, fracture of. 22 1 11
presurg ical examination of .  63 procedural format for , 117 , 118

Parotid duct , 85. 86. 113—1 15 , 237 repair of parotid duct , 114
Parotid gland, 85 . 86 Reduction
Particulate cancellous marrow (PCM) closed

for bone graftiuig , 136—140 of comminuted fracture . 237
long-spa n . 139, 140 of mandibular fracture , 183, 207. 237
techniques of app lication . 139 delayed, in facial fracture , 68

Pat hology. peridontal and periapical. 108 of fractures in MFCS patients. 82
Penicillin, I , 70 of fracture s, incidence at intermediate care ,
Peridontal disease , 241 100
Pharynx of fragments. 76

an atoms .  26—28 of midfacial fracture . 109 , 110
closure of wounds iii , 78 open
presurgical examination of . 63 direct , 77

Ph lebitis, 102 . 103 of compound fractures , theories on, S
Ph ysical examination,  of batt le casualties , 58 of fracture s in Korean war , 12
Ph ysical therap s of mandibul ar fracture , 23 1

conservative use by patients. I i i , 11 2 of maxillar y fracture, 215
for extensive fibrosis . 113 extra- and intra-ora l , 10 1

Pneumothorax , in rib resection, 140 Rehabilitation
Postsurgica l considerations, in earl y care , 87—92 at late care facility. 2 1
Preprosthetic surgery, 144—1 5 1 of patients at intermediate facilities . 103 . 104

mandibular , 113, 147 , 221 procedural format for after reconstruction.
maxillar y. 148 11 7
recent reemphasis of. 117 prosthetic. cooperative therapy necessa ry . 146
rationale for , 146 Respiration

Pressure dressings , removal after surgery , 88 dia gnosis, 47, 48
Presurgical examination , documentation of , 65 monitoring of . after surgery, 87
Prosthesis Resusitation

cantilever-like , 201 criteria for success of , 54, 55
fixed-bar , 207 development of methods , 8
for missile injury, 241 improvements in methods, 2

Pro teus , contaminat ion of wounds by, 70 Restriction
Pseudomona.s aeruginosa anatomic locations of , 1 11—113

— 
antibiotic therapy for , 237 of mandibular function from scarring. Ill ,
contaminat ion of wounds by, 70 112

- --
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Rib grafts, latera l approach methods, 136 management at intermediate facilities , 101 ,

princi ples of primary and secondary closure ,
82, 83

procedures. in World War 1, 6, 7
s for repair of lower li p. 159

to improve facial appearance. 179
presurgical examination of, 62, 63

Salivar y duct, 98 Solutions , see also Fluids: Crystalloid solutions —

Salivary gland use in World War I for severel y injured, 5
earl y care, 85, 86 Spine , cervica l. radio grap hic surve y of , 65
fistula after injury to , 113 Staphy lococcus aureus , isolation from wounds . 98

Salmonella, 103 Staphy lococcus epidermis, contamination of wounds
Scar by. 70

contraction of, 3, 85 Streptomycin . therapy against organisms. 70. 71
excision , 113 Stud y casts, before bone grafting, 124
prevention , by scrubbing, 70 Sulfonamide , I
revision. 159. 163 , 169, 179, 215 , 231 Surgical therapy

Scar bands, Buccal circatrix advances in, for maxillofacial war injuries. 13 .
mana gement of. 113 14 

-

prevention of , 131 evolution of, I . 2
Z-p last y for , 113 Sutures

Scar tissue removal after surgerY . 88

malalignment consideration before bone soft tissue, 83

grafting, 130 , 131
softenin g of . 113 T

Sepsis
control , before bone graft . 6, 124—1 26 I earn cooperationin World War I casualties, 3 . - -

- evident need for in Korean war . I S
• 1 Shigella. 103 

, in lalt ’ sare . 21
Shock see Hypovolemic shock Team management,  in handling sev re aiid mul-
Sinus cavit y. presurg ical exam ination of. 63 ti pl y traumatized patients. 55. 56
Skin, scrubbin g of , before surgery. 70 Teeth
Skin fla p(s) avulsion of, 1 79, 23 1

designs. introductio n of. 7 fractures . 159 . 163 . 183 , 24 1
distal. 169 preoperative evaluation . 123
Estlander, for lower li p repair. 159 removal of. 163. 169 , 1 73. 195 . 207, 2 15 . 231
local, 83, 169 retention of, after fracture . 101
repositioning of , for information on closure , root fragments

63 care of, 74 , 103
rotation. 221 removal of, 179
tube pedicle . 169 selection of. before bone grafting. 126, 130

Skin grafts source of late infection. 126
Esser epithelial inlay Temporal muscle. 111 , 112

for relieving scar bands, 113 Temporomandibularank ylosis . unlike l y asca use
for rep lacing lost mucous membr ane, 7 of jaw rest riction , Ill

to floor of mouth , 21 5 Throat, management of injuries to, 114
and mandibular vestibuloplasty. 231 Thromboph lebitis. development of. after
scar excision by Thiersch type . 113 phlebitis , 102 , lOS
split-thickness , 83, 163, 173, 241 Tongue
with vestibulop lasty, 241 adhesions of , 227

Soft tissue avulsion of , 221
avulsive injury of . from fragments. 215 types of injury. 63
conservation of , 74 Tracheostomy
ear ly care of , 82—85 evaluation of , at late care , 106
evaluation of , before bone grafting , 130— 133 mana gement of, at intermediate facilities. 97
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in MFCS patients. 68, 69 V
use of dur ing

earl y care . 47 Vestibulop lasty
evacuation, 90 after bone graft augmentatio n . 150 , 151
World War 1 . 5 procedures for , 146—148
~%or ld War II , 8 - Vietnam war

Transient cavitation space . 36 case reports on casualties , 155
Transmastoid, extratem pora l exp loration . 22 1 combat troop strength. 17
rrauispOrtation see Evacuation procedures treatment

Trauma goals. 18—2 1
anemia of, 115 at early facilities, 33—94
cause of restrictive lesion, 11 2 at intermediate facilities , 95—104
effect of mandibular function , 11 2 at late facilities . 105—1 53

Treatme nt Vision, 60, 61
at base hospitals during Wor ld War 1, 3 Vital lium ® crib , for graft system , 173
at earl y facilities. 33—94 Vocal cord , laceratio ns. 195
ear ly . intermediate , and late care of casualties

~s-ith
fragmenta t ion wounds, 183, 191 , 193, 195 w
guns hot wounds , 155 , 173
helicopter blade wounds, 159 Waters radiograph. 65. 99
missi le wounds. 169, 179 . 221 , 227 , 24 1 Wounding agents. ballistics . 35, 36early and late care of casualties with Wounds see also Ballistics . Case reports. Gunshot
fragmentat ion wounds . 207 . 237 wounds , and Specific sites
missile wounds, 201 avu lsive. from missiles or missile fragments.sma ll arms fire . 187 44.,.47
priority of. 51 classification of, 38—4 4

echelon of patient care, 19 clinical evaluation and treatment . 105— 110at intermediate facilities , 20, 95, 104 closure . 9. 12. 83—85
at late facilities , 20, 105— 153 dehiscence , in bone graftin g, 143goals . 18— 21 evaluation , at inter mediate facilities. 97—99factors in fluencing. 33 extraora l . 107

of h y povolemic shock , 53 infection . 70. 107
surg ical intraoral . 107

advance for maxillofacial war injuries . 13, 14 management of
evolution of, I , 2 in Korean war, 12. 13

Treatment facilities in Vietnam objectives of in late care, 106
fixed complete (hospital). ~~ pr inci ples for
minimal (tem porary and mobile), 34 inside out-bottom-up. 71
mobi le comp lete (hosp ital shi p). 35 nec k exp loration. 73
mobile limited (surface vessel). 34. 35 recovery of fore ign mate rial. 7 1. 73

~ 

- Triage , procedures followed and evaluation of and special problems in late care. 105—11 3
patients . 49, 50 maxillofacia l

Trismus . I l l  com plications
during World War 1. 3
effect of concomitant injuries on. 114

U treatment of. in World War II . 9
penetratin g, from missiles, 38—42

Urinary catheter perf orating . from missiles. 42—44
for patients with major injuries. 54 ph ysiologic status of resuscitated casualties be-
after sur gery. 87 fore surgery. 54, 55

Urinary tract infection , 103 prel iminary care . 66—6-8
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presurg ical 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

Zygomatkomaxillary area wounds , 78—80
Zygomaticomaxillary cheek injuries . 60
Z.plasty. for scar bands , 113
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