J. Prein (Editor)

Manual of Internal Fixation
in the Cranio-Facial
Skeleton

Chapter Authors

L. A. Assael
D. W. Klotch
P. N. Manson
J. Prein

B. A. Rahn
W. Schilli




Manual of Internal Fixation
in the Cranio-Facial Skeleton

Techniques Recommended by the AO/ASIF Maxillofacial Group

Editor: Joachim Prein

Chapter Authors:
Leon A. Assael - Douglas W. Klotch - Paul N. Manson
Joachim Prein - Berton A. Rahn - Wilfried Schilli

With 190 Figures in 565 Separate Illustrations

@;% Springer



Joachim Prein, M.D., D.M.D.

Professor of Maxillofacial Surgery

Chairman of Clinic for Reconstructive Surgery
Unit for Maxillofacial Surgery

University Clinics of Basel, Kantonsspital

4031 Basel, Switzerland

ISBN 3-540-61810-4

Springer-Verlag Berlin Heidelberg New York

Library of Congress Cataloging-in-Publication Data

Manual of internal fixation in the cranio-facial skeleton: tech-
niques recommended by the AO/ASTFE-Maxillofacial Group /
I Prein ... [etal.]. p. em. Includes bibliographical refer-
ences. ISBN 3-540-61810-4 (alk. paper) 1. Facial bones — Sur-
gery — Handbooks., manuals, ete. 2. Cranium — Surgery
Handbooks, manuals, ete. 3, Internal fixation in fractures
Handbooks, manuals, ete. 4. Surgery. Plastic — Handbeoks,
manuals, etc. L Prein, 1. (Joachim), 1938- . I Arbeitsge-
meinschaft fiir Osteosynthesefragen.  [DNLM; 1, Skull — sur-
gery. 2. Fracture Fixation, Internal — methods. 3. Facial Bones
- surgery. 4. Surgery, Plastic — methods. WE 705 M294 1998]
RD763.M336 1998 617.52059 - dc2l DNLM/DLC for
Library of Congress 97-35559 CIP

This work is subject to copyright. All rights are reserved.
whether the whole or part of the material is concerned, specif-
ically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilm or in any
other way, and storage in data banks. Duplication of this pub-
lication or parts thereof is permitted only under the provisions
of the German Copyright Law of September 9, 1965, in its cur-
rent version, and permission for use must always be obtained
from Springer-Verlag. Violations are liable for prosecution
under the German Copyright Law.

Springer-Verlag Berlin Heidelberg New York a member of
BertelsmannSpringer Science+Business Media GmbH

© Springer-Verlag Berlin Heidelberg 1998

Printed in Germany

The use of general descriptive names, registered names, trade-
marks, etc. in this publication does not imply, even in the
absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore
free for general use,

Produet liability: The publisher cannot guarantee the accu-
racy of any information about dosage and application con-
tained in this book. In every individual case the user must
check such information by consulting the relevant literature.
Drawings: Kaspar Hiltbrand. Basel

Cover design: design & production. Heidelberg

Typesetting: Data conversion by B. Wieland, Heidelberg
Printing and bookbinding: Konrad Triltsch. Print und digitale
Medien GmbH, 97199 Ochsenfurt-Hohestadt, Germany

SPIN: 10879710 24/3111 =543
Printed on acid-free paper



- Chapter Authors and Contributors

Leon A. Assael, D.M.D.

Professor of Oral and Maxillofacial Surgery
Chairman of Department Oral

and Maxillofacial Surgery

The School of Medicine of the

University of Connecticut Health Center
Farmington, CT 06030, USA

Wolfgang Biihr, M.D., D.M.D,

Ass. Professor of Maxillofacial Surgery
University Clinic for Maxillofacial Surgery
79106 Freiburg i. B., Germany

Benjamin Carson, Professor
Department of Neurosurgery
Johns Hopkins University
Baltimore, MD 21205, USA

Christopher R. Forrest, M.D., M.5c., ER.C.S.(C)
Ass. Professor, Craniofacial Program

Division of Plastic Surgery

The Hospital for Sick Children

Toronto, Ontario M5G 1X8, Canada

Beat Hammer, M.D., D.M.D.

Ass. Professor of Maxillofacial Surgery
Clinic for Reconstructive Surgery

Unit for Maxillofacial Surgery

University Clinics of Basel, Kantonsspital
4031 Basel, Switzerland

Douglas W, Klotch, M.D., EA.C.S.

Associate Professor of Surgery

Director of Division of Otolaryngology
Department of Surgery, College of Medicine
University of South Florida

Tampa, FLA 33606, USA

Chairman of Maxillofacial Technical Commission

Christian Lindgvist, M., D.D.S., Ph.D.

Professor of Oral and Maxillofacial Surgery

Head of Department of Oral and Maxillofacial Surgery
University of Helsinki

00130 Helsinki, Finland

Nicolas J. Liischer, M.D.

Professor of Plastic Surgery

Head of Plastic Surgery Unit

Clinic for Reconstructive Surgery
University Clinics of Basel, Kantonsspital
4031 Basel, Switzerland

Paul N. Manson, M.D.

Professor of Plastic Surgery

Chief of Division of Plastic, Reconstructive
and Maxillofacial Surgery

Johns Hopkins University

Baltimore, MD 21287-0981, USA

Bernard L. Markowitz, M.D., FA.C.S.
Ass. Professor of Plastic Surgery
Division of Plastic Surgery
University of California

Los Angeles, CA 90095, USA

Stephan M. Perren, M.D,, Dr. sc. (h.c.)
Professor of Surgery

AO Development

7270 Davos, Switzerland

Chairman of AO/ASIF Technical Commission

john H. Phillips, M.D., ER.C.S. (C)
Professor of Plastic Surgery

Medical Director, Craniofacial Program
Division of Plastic Surgery

The Hospital for Sick Children
Toronto, Ontario M5G 1X8, Canada



VI

Chapter Authors and Contributors

Carolyn Plappert

Product Manager Maxillofacial
STRATEC Medical

4437 Oberdorf, Switzerland

Joachim Prein, M.D., D.M.D.

Professor of Maxillofacial Surgery

Chairman of Clinic for Reconstructive Surgery
Unit for Maxillofacial Surgery

University Clinics of Basel, Kantonsspital

4031 Basel, Switzerland

Chairman of European Maxillofacial
Educational Committee

Berton A. Rahn, M.D., D.M.D.
Professor of Maxillofacial Surgery
AQ Research Institute

7270 Davos, Switzerland

Wilfried Schilli, M.D., D.M.D.

Professor emeritus of Maxillofacial Surgery
Director emeritus of University Clinic

for Maxillofacial Surgery

79106 Freiburg i.B., Germany

Mark A. Schusterman, M.D.

Ass. Professor of Plastic Surgery

Chairman of Department of Plastic Surgery
University of Texas

M.D. Anderson Cancer Center

Houston, TX 77030, USA

Peter Stoll, M.D., D.M.D.

Ass. Professor of Maxillofacial Surgery
University Clinic for Maxillofacial Surgery
79106 Freiburg i.B., Germany

Patrick K.Sullivan, M.D.

Associate Professor of Plastic Surgery
Brown University

Providence, R.I1. 02905, USA

Craig A. Vander Kolk, M.D.

Associate Professor

Director of Cleft and Craniofacial Center
The Johns Hopkins Outpatient Center
8152D, Baltimore, MD 21287-0981, USA



Foreword

Clinical research continues to confirm that no truth is
“more transitory than that in the sphere of scientific
‘knowledge. Developments in the field of traumatology at
the end of this century provide a striking example of
this. As early as 1890 Lambotte carried out osteosynthe-
‘ses with plates and screws. These remained a mere epi-
ode, however, until Danis renewed the idea of internal
fixation 50 years later. Danis combined internal fixation
with the new technique of interfragmentary compres-
sion, which led to primary bone healing that allowed full
function at the same time. Reacting to disconcerting sta-
tistics about the results of conservative fracture treat-
ment, Mueller then applied interfragmentary compres-
‘sion to 80 patients in Switzerland and confirmed its use-
Mueller, recognizing the need for further develop-
ments in clinical application, and scientific analysis,
“assembled a group of friends consisting of general and
._u'thopcdlc surgeons in 1958 with the aim of creating the
necessary armamentarium for internal fixation and to
form astudy group for clinical trials. This group came to
be known as the Arbeitsgemeinschaft fiir Osteosynthese-
fragen (AO), and later in English-speaking countries as
the “Association for the Study of Internal Fixation”
(ASIF). Building on the conviction that the objectivity of
nature is not merely an illusion, the initiators of
y AO ASIF Miiller, Allgdwer, Willenegger, Schneider,and
Bandi - transformed the pragmatically oriented concept
’__ to a scientific method of applied physics, mathemat-
ﬁu,'nnd biology. In combination with systematic teach-
g of specialists in AO/ASIF courses, subjectivity was
ﬁm excluded as much as possible from the choice of
‘means. The goals and principles of AO/ASIF are built on
this basis and are summarized in the AO/ASIF philoso-
Convinced of its benefit by this approach, the maxil-
lofacial unit of the Department of Surgery at the Univer-
sity of Basel adopted the AO/ASIF philosophy in 1966.
The consistent application of the two principles of ana-
fomical reduction of fracture fragments and stable
internal fixation guaranteed the immediate, active, and
pain-free opening and closing of the lower jaw. The
© results were also considerably improved by the early

total care of the severely traumatized patient in the first
hours following the accident.

The further development of the AO/ASIF concept led
to today’s comprehensive craniofacial surgery in the
fields of traumatology, orthognatics, tumor, and recon-
structive surgery.

AO/ASIF courses contributed fundamentally to the
development of these fields. In the course of its world-
wide response, the AO/ASIF philosophy has been able to
attract distinguished authors to join the faculty of
AO/ASIF courses. By sharing their clinical, experimen-
tal, and theoretical experience, they take part in shaping
a special internal fixation technique in the craniofacial
skeleton. The philosophical aspect of AO/ASIF courses
in theory and practice assures high standards of quality.
After all, the enormous progress in metal implantology
should not hide the fact that lack of knowledge and
experience, on the one hand, and false compromises, on
the other, can cause much greater damage than with
conservative methods.

Thus this interdisciplinary manual provides stan-
dards for the application of the AO/ASIF principles. The
scientific and technelogical background is based on the
laws of nature. Resulting from the interaction between
pure research and clinical practice, it comprises in the
widest sense the fields of organization, biomechanics,
anatomy, and osteology as well as metallurgy and the
application of tools.

The accumulated knowledge is integrated in topo-
graphically defined surgery of the skull (splanchnocra-
nium), including the walls of the upper respiratory and
digestive tracts,

The bottom line of this surgery is internal fixation.
The differences in its application are dictated by the
variety of craniofacial bones with respect to their func-
tion and structure. On the one hand, we are dealing with
a motional apparatus in the area of the mandible; on the
other, the maxilla represents a supportive frame of
lamellas,among others for nose and eyes,and the cranial
vault a supportive frame of diploé for the brain. Corre-
spondingly, two qualities of stability are being distin-
guished in practice: functionally stable and locally stable
fixation.
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Foreword

In the past 10 years there has been a rapid increase in
the degree of perfection in treating most complicated
fractures, disturbances of growth in the regio mastica-
toria and facialis, and malformations in the areas of the
nose, eyes, and skull. These operations are further
improved by preoperative planning with spiral 3 DCT,
3D laser stereolithography, and virtual-reality pros-
thetic design. These techniques still depend highly on
international cooperation. Initial experiences have
shown how complex craniofacial injuries, including the
loss of functionally and anatomically important bone
parts, can be simulated ad hoc and immediately treated
with adequate autologous bone, if necessary in combi-
nation with hydroxyapatites.

Looking back to the beginnings in the 1970s and
1980s, one can observe with great satisfaction that this
progress has been the work of distinguished representa-
tives of the disciplines involved. | am most thankful for
the honor of their personal friendship and acquain-
tance.

This manual will be a safe standard for teaching and
applying internal fixation in AO/ASIF courses as well as
in the operating room.

Great acknowledgement is due to the editor and the
authors,

Prof, Dr. Dr. Bernd Spiessl



Preface

This Manual of Internal Fixation in the Craniofacial
Skeleton is the result of fascinating developments in
internal fixation techniques for the facial skeleton over
the past 30-40 years. These techniques are based on the
AQ/ASIF philosophy for fracture care in the general
skeleton - ensuring early pain-free movement, precise
anatomical reduction, and adequate fixation according
1o the various functional forces. The principles and tech-
niques described here have grown out of continuous
international cooperation involying a great number of
specialists working in the craniofacial area. It also con-
tinues the ideas originally developed by pioneers in the
field who carried out important clinical and experimen-
tal research. In this context we should mention particu-
larly Champy, Michelet, Luhr, Spiessl, and Tessier.

In its early days in the 1950s and 1960s this approach
10 internal fixation of facial bones found application
principally in the treatment of trauma patients. The
favorable experiences gathered in the meantime, how-
ever, have led to many of the advantages of internal fix-
ation being extended to the reconstruction of tumor
defects and the stabilization of major osteotomies in
orthognathics and craniofacial surgery.

Today we also appreciate the important role that
facial trauma plays in the early definitive treatment of
polytraumatized patients, particularly in reducing adult
respiratory distress syndrome and multiple organ fail-
ure. Close cooperation among all those working in the
various related disciplines and specialties for the cranio-
maxillofacial area is essential to ensure optimal results
for patients. This is especially so regarding the partici-
pation of the neurosurgeon in cases of traumatology
and craniofacial surgery. The concept of early definitive
treatment sometimes means many hours of surgery, and
therefore another crucial participant in the treatment
team is the anesthesist, and important progress has also
been made in this area over recent years.

Four major advances underlie the great progress in
craniofacial surgery in recent decades: (a) the technique
of approach, (b) the technique of internal fixation with
plates and screws, (¢) the development of optimal mate-
rials such as titanium, and (d) modern imaging tech-
niques like CT and MRI,

This first AO/ASIF Manual on Internal Fixation Tech-
niques in the Craniofacial Skeleton is the product of col-
laborative work on the part of many cranio-maxillofa-
cial specialists worldwide. Since the first maxillofacial
course in Davos in 1974 and the first AO/ASIF course in
the United States in 1984, 20 courses have been con-
ducted in Davos and 109 worldwide, with several thou-
sand persons participating. In addition to these courses,
numerous international workshops have been orga-
nized to deal with specialized topics. The principles pre-
sented in this Manual have developed out of both the
good and the disappointing experiences during this
experimental, educational, and practical work. An
important feature of all the courses on internal fixation
in cranio-maxillofacial surgery is that they were orga-
nized by and for eral and maxillofacial surgeons, plastic
surgeons, and ENT surgeons, In this Manual we try to
demonstrate the results of this close international coop-
eration, including the substantial clinical experience
and research carried out principally in the AO/ASIF
Research Institute in Davos.

The fact that this Manual deals only with techniques
for open internal fixation does not reflect an opinion on
our part that every fracture should be operated on, How-
ever, it is our opinion that internal fixation - employing
the appropriate technique for the correct indication -
entails substantial safety and diminishes morbidity for
patients. One could even maintain that adequate and
safe internal fixation provides the best protection
against infection and is of even greater importance than
antibiotics. Internal fixation, especially in traumatology,
can also have a very considerable socioeconomic impact
when one considers the various factors that affect treat-
ment costs - including the duration of surgery, cost of
materials, training of the surgeon,as well as the patients’
absence from work,

This Manual is divided into seven chapters, with a
single author responsible for each; only the first chapter
on research and instruments has two authors. Interna-
tional contributors, who are mentioned before each
respective chapter,have put in their knowledge and have
made significant contributions.

The material presented here reflects our present
knowledge of the subject, and its correct application can
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surely mean comfort and benefits to our patients. On the
other hand, however, it represents only the latest mile-
stone on the way to further progress. We hope that this
Manual proves an important help both during courses
and during surgery.

In the name of all the coauthors and contributors
who have invested a tremendous amount of time,
knowledge, and work, I wish to thank especially Mrs.
Helga Reichel-Kessler, whose continuous and never-
ending encouragement was essential in finalizing the
manuscript and thus in completing the whole project.

1 want to thank especially Mr. Kaspar Hiltbrant for his
very clear and precise drawings, which are a particular
feature of this Manual. | am also grateful to Mrs. Ruth
Rahn, who provided very important prestudies for these
drawings.

Finally, I thank the staff of Springer-Verlag for their
excellent help in preparing this Manual for publication.

Prof. Dr. Joachim Prein
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1.1 Introduction
1.1.1 The AD/ASIF Foundation

The Association for the Study of Tnternal Fixation
CASIE) was founded in 1958 in Switzerland under its
original German name “Arbeitsgemeinschaft fir Osteo-
synthesefragen (AQ)" & working group 1o deal with
questions on internal fixation of fractures. This group in
(e meantime has become an international erganization
dedicated 1o improving the care of patients with muscu-
loskeletal injuries and their sequelae through rescarch
and education in the principles, practice, and quality
control of the results of treatment, In 1984 this study
group was trapsformed tnte a nonprofit foundation pro-
viding an umbrella structure for its activities in the
fields of research, development, education, and docu-
mentation. New technalogies and products developing

from ideas and from research and development activ-
ities are licensed 1o the three Synihes producers, Mathys
AG Bettlach, Stratec Medical Oberdorf, hoth in Switzer
land, and Synthes USA, Paoli. The rovalties which they
pay finance the activities of the AQ/ASIF Foundation,

The uctivities of the Foundation are supervised by an
international Board of Trustees, comprising 90 leading,
surgeons in various specialities in orthopedics and
trauma, including crano-maxillo-facial surgery. The
Academic Council establishes the basic medical and sci-
entific poals of the foundation, taking specific regional
needs and sociocconomic aspects into account, It pro-
vides inpul fo research and development and suggests
new therapeutic recommendations and teaching meth-
ods to be associated with them, The Academic Council
15 ru::.p:mﬁil:a]u, o belalf of the Board of Trustees, for the
strategic and middle-range planning, and a Board ol
Directors ensures thal the goals of the Academic Coun
cil can be implemented.

Fig. 1.
The AW ASIT Center. This imstitution serves asan international

service conter, coordinating the various worldwide activities of
the foundation and providing support in research, develop-

ment, educition, and documentation relevant ta trauma care:
It fs located in an attractive Alpine environment in hvos, Swil-
aerland
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Products before they are adopted by the AO/ASIF are
submitted to a Technical Commission, with representa-
tives from both the medical and the manufacturing
sides. Speciality Technical Commissions exist for vari-
ous fields of surgery, including a Maxillofacial Technical
Commission. Although it is not possible to incorporate
into this commission every single speciality group per-
forming surgery in the cranio-maxillo-facial region, this
Technical Commission tries to cover, across the special-
ity borders, the medical needs in a most comprehensive
way. In the Maxillofacial Technical Commission, as
within all Technical Commissions, the medical side out-
weighs the manufacturing side by a five to three major-
ity. This principle ensures that professional decisions
regarding medical concepts and ideas are not domi-
nated by commercial issues. On the other hand, this
structure allows for direct input from the medical mar-
ket place reflecting the needs of the surgeons in the field,

The AO/ASIF Center (Fig. 1.1),located in Davos, Swit-
zerland, is conceived as an international service center,
providing worldwide support in research, development,
education, and documentation.

1.1.2 Research

To promote the AO/ASIF Foundation as a clinical and
scientific research organization several mechanisms
have been set up to encourage research relevant to
trauma care, The AO/ASIF Research Institute (ARI) in
Davos is a nonprofit institution dedicated to basic and
applied research in the treatment of trauma of the
skeletal system and in related topics. Its scientific inde-
pendence is maintained by an international scientific
Board of Trustees. A multidisciplinary team of some 60
coworkers includes specialists in surgery, dentistry, biol-
ogy, materials science, biomechanics, and biomedical
engineering. The Research Institute works with clinical
and basic scientists and with manufacturers in address-
ing topics relevant to the understanding and treatment
of musculoskeletal injuries and their sequelae. A num-
ber of other institutions are included in the worldwide
network of common interests and receive support from
the foundation. The AO/ASIF Research Commission
provides grants to support research projects dealing
with trauma, surgery of the skeletal system, and related
basic and clinical topics. Its aim is to provide “seed
money” intended especially to fund work on novel con-
cepts and work by young researchers.

1.1.3 Development

The goal of development activities at the AO/ASIF is to
support the AO/ASIF Foundation in attaining its medi-
cal objectives by providing new techniques and safe
equipment for treating injuries to the skeletal and loco-
motor system. Such development should be as universal
as possible and of high quality and safety standards. In
combination with the appropriate theoretical and prac-
tical teaching these methods should be simple enough
for general use.

AO/ASIF development comprises the Development
Coordination Group, the AO/ASIF Development Insti-
tute (ADI), the development groups of each of the three
manufacturers, and the AO/ASIF Technical Commis-
sion, the only organization authorized to approve a
device. The ADI involves 30 collaborators, mainly tech-
nically and application oriented. It functions in close
collaboration between clinicians, research, and the three
manufacturers and is guided and supervised by its own
Steering Committee, consisting of three medical per-
sons and one representative from each of the three man-
ufacturers. Documentation and decisions in all phases
conform to ISO 9001, EN 46001, MDD 93/42 EEC, FDA,
and Japanese Standards.

1.1.4 Education

AO International (AOI) is the educational link, within
the foundation, between national and regional AO/ASIF
sections, surgeons, operating room staff, hospitals, and
working groups involved in trauma and orthopedic
surgery throughout the world. This body coordinates
courses worldwide, selects from an extensive faculty
pool to assign speciality-specific and region-specific
course faculty, and supports these teaching efforts with
appropriate educational material. In these courses the
scientific background is presented, the principles devel-
oped from this basic knowledge, and the way in which
these principles are to be applied in a practical situation.
Bone models presenting the most important fracture
patterns are used for practical training, and videotapes
show the appropriate procedures in a step-by-step
approach.

Fellowships and scholarships are available in many
countries in approved AO/ASIF teaching clinics for sur-
geons and for operating room personnel. Membership
in the AQ/ASIF Alumni Association is open to AO/ASIF
faculty members, former scholarship fellows, and par-
ticipants of advanced AO/ASIF courses. This Association
promotes communication between surgeons and the
AO/ASIF bodies and supports symposia and meetings
to alumni up to date on current trends and activities in
the fields of research, development, education, and doc-
umentation.
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1.1.5 Documentation and Clinical Investigations

In ies garly days the AGWASIF Documentation Center

-sought to collect information on all cases treated wilhin
the group. This offered an enarmous help duaring the
piancering phase in assessing the efficiency and the
risks of approaches which at the time often seemeil very
agpressive methods of treatment. Toduy the emphasis is
muore on prospective studies. & decentralized documen-
tation system has been developed, This system uses a
uniform desipn that permits local documentation but
the possibility of pooling data between different centers.
The documentation department provides puidelines
and assistange in coordinating such multicenter shudies,
fram the planning phase to the final evaluation,
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1.1.6 Fracture Classification

A comprehensive classilicalion has been developed by
the ADYASTF group that includes the site of the fraciure,
its degree of severity, and the approach to treatmen.
This classification (Fig. 1.2) is based on the differentin-
tion ol bone segment fractures into three types, their
turther division into three groups and their subgroups,
and the arrangement of these in an ascending order of
severily nccording to the morphological ecomplexitivs of
the fracture, the difficulties in their treatment, and their
prognesis. In graphic representations the colors green,
orange, and red and darkened arvows indicale the
mceeasing severity, Al indicates the simplest fractore
with the best prognosis, and €3 the mest ditficul frac
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The anatomic location in the AO/ASIF classification. In devel-
oping this comprehensive classification system the authors
focused primarily on long bones.

An adaptation to the specific needs of cranio-maxillo-facial
surgery has not yet been performed, but it appears feasible to
subdivide this area into mandible, facial, and cranial regions.
The mandible could then further be subdivided into collum,
ramus, and corpus; the facial area into lateral, central caudal,
and central cranial; and the cranial area into a frontal region,
cranial vault, and skull base. (From Miiller et al. 1991)

ture with the worst prognosis. Classifying a fracture
thus establishes its severity and provides a guide to its
treatment.

The AO/ASIF classification system was developed
based particularly on fractures of long bones (Fig. 1.3).

00
{

In this classification the cranio-maxillo-facial area is not
considered as a single entity; only the mandible is
included, listed among varia together with the patella,
clavicle, and scapula. The anatomical relationships and
patterns are more complex in cranio-maxillo-facial
fractures than in long bones, and typical fracture planes
frequently involve more than one bone. Therefore a
comprehensive fracture classification, although offering
certain interesting features, would require major mod-
ifications to become suitable for cranio-maxillo-facial
surgery.

Classifications of cranio-maxillo-facial fractures
began with the classical Le Fort types, an approach
which is simple and practicable but not sufficient for
fractures of a higher degree of complexity. In the case of
the mandible the early descriptive types of fracture clas-
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sification were gradually replaced or supplemented by
anapproach concentrating on the number of fragments,
the site, displacement and occlusion, soft tissue involve-
ment,and accompanying fractures in the upper jaw (see
Spiessl 1986).
. Classifications in the cranio-maxillo-facial region
~ hitherto were limited to specific functional areas, such
as the mandible or the midface, and attempts were made
| to differentiate and to regionally expand the classifica-
tions taking into account the increasing complexity and
severity of fracture patterns caused by the increasing
influences of high-velocity injury. These efforts led to a
subdivision into comminuted fractures of the upper
midface, lower midface, with or without concomitant
mandibular fractures, central midface, and craniofacial
and panfacial fractures. It is now accepted that only
imaging in three dimensions can identify and encom-
pass the complex fracture patterns observed in the cra-
" hio-maxillo-facial area, and it is this three-dimensional
approach that will provide the basis for any future com-
prehensive classification system.
~ Developing a comprehensive approach for a cranio-
illo-facial fracture classification comparable to that
scribed for long bones requires that the specific needs
this specific region are addressed. When the entire
io-maxillo-facial area is to be classified at the same
rchical level as a single long bone, a further subdi-
on of the anatomical site is absolutely necessary.
cribing the anatomic location with sufficient preci-
gion requires subdivisons at least to segment and sub-
‘segment levels. If the principle of tripartition as
‘described in the original AO/ASIF classification is to be
“maintained, an adaptation for the cranio-maxillo-facial
region could consist of a subdivision into mandible,
facial region, and cranial regions. The mandible could
- then further be subdivided into collum, ramus, and cor-
pus; the facial area into lateral, central caudal, and cen-
tral cranial region; and the cranial area into frontal area,
- cranial vault, and skull base. The original idea of further
classification according to complexity and severity
could then follow the suggested pattern depicted in
Fig. 1.2, using the types A, B, C, the groups A1,A2,A3, B,
B2, etc., and then further subgroups.

1.2 Bone as a Material
- 1.2.1 Structure

In the gross aspect, cancellous bone is distinguished
from compact and from cortical bone. These terms
describe the arrangement of the bony substance but
provide no information on its origin or composition. In
cancellous bone a contiguous system of trabeculae is
visible, whose dimensions, volume density, and arrange-
ment vary with site, loading conditions, and age. Grad-

ual transitions may occur between cortical and cancel-
lous structures. By eroding new cavities inside the com-
pact structure osteoclasts carve cancellous bone out of
the cortical bone, or osteoblasts fill the spaces in the can-
cellous network to transform it into compact bone. Dur-
ing growth-related remodeling processes no net bone
loss should occur; under pathological conditions, such
as osteoporosis, the balance between osteoblastic and
osteoclastic activities is disturbed, resulting in a weak-
ening of skeletal structures.

On a microscopic level the arrangement of the
organic fibers is used to discriminate between different
forms of organization. Woven bone contains bundles of
collagen fibers arranged as in connective tissue and con-
nected to the neighboring connective tissue, for
instance, the periosteum. This type of tissue can be
interpreted as connective tissue stiffened by the incor-
poration of mineral to become bone. In the embryonic
skeleton woven bone is almost ubiquitous. In adults
ossified collagen bundles are still found at the insertion
sites of tendons and ligaments, The mechanism of
woven bone formation is encountered in situations
requiring rapid bone repair processes since this mecha-
nism allows ossification of relatively large areas in a
short period of time. Usually the quality of such rapidly
formed woven bone structures is inferior to a slowly
developing compact bone, and after its rapid formation
it frequently undergoes further remodeling to resultin a
structure adapted to the local requirements.

In the adult the major portion of both cortical and
cancellous bone consists of lamellar bone. Lamellar
bone appears to be on a more specific level of differenti-
ation. The arrangement of its collagen fiber bundles
seems to follow certain functional criteria. Comparable
to technical composite structures, such as steel-rein-
forced concrete or fiber-glass, the orientation of these
collagen bundles presents a relationship to the mechan-
ical function of the corresponding bone site. The forma-
tion of these highly differentiated lamellar bone struc-
tures, deposited layer after layer, proceeds much more
slowly than the formation of woven bone. Osteoblasts
usually are able to form approximately 1-2 pm lamellar
bone per day. These layers are deposited superficially on
the surfaces of compact bone or on cancellous bone tra-
beculae. Remodeling processes, a concerted action
between resorption and formation, take place on both
the outer surface and in the interior of compact bone.
During internal remodeling osteoclasts drill tunnels
into the compact bone; osteoblasts follow and deposit
new bone concentrically on the walls of the tunnel until
the lumen is narrowed to the dimension of the central
capillary. Such newly formed structures are called sec-
ondary osteons or Haversian systems. The result of this
remodeling is a gradual internal renovation of an exist-
ing structure while it permanently continues to fulfill its
function. This internal remodeling mechanism allows
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adaptation of the bony structure to a changing environ-
ment.

The blood supply to the bone in the cranio-maxillo-
facial region is abundant, with many collaterals found at
most sites. Inside the bony structures the nutritional
pathways follow the Haversian systems, and these canals
are cross-connected by the Volkmann canals. Each
system usually contains a single vessel of the capillary
type. There is evidence that inside these intracortical
low-pressure systems the flow direction alternates
depending on the current conditions, Peripheral to these
capillaries the perfusion pathways follow the canalicular
system related to the osteocytes. These canaliculi allow
perfusion over a distance of a few tenths of a millimeter
beyond the capillaries.

The blood supply of compact bone, especially in a
thick cortex, requires correspondingly long low-pres-
sure connections inside the bone and makes the com-
pact structure more susceptible to disturbing influ-
ences. Once the intracortical circulation is interrupted,a
long remodeling process is required to reattach the
intracortical vessels to circulation. In cancellous struc-
tures the vascular supply reaches the bone surfaces
directly, and there are only few and short intraosseous
vessels. All the biological reactions - resorption, remod-
eling, healing - may thus take place more rapidly and
more intensely. In the mandible the structure conforms
more to the type found in long bones; in the craniofacial
region the bones often consist of thin sheets, which
although compact in their design still have the nutri-
tional characteristics of cancellous bone, a high surface
to volume ratio, and thus probably are less prone to dis-
turbance of circulation. As a result the susceptibility to
infection is low, and the healing times are short.

1.2.2 Chemical Composition

Bone matrix is a composite of organic and inorganic
constituents. The inorganic portion comprises approxi-
mately 65% and consists principally of hydroxyapatite
[Ca,(PO,),(OH),], in addition to magnesium, potas-
sium, chlorine, iron, and carbonate in significant
amounts. Of the organic constituents 90% are collagen,
predominantly of type I, and the remaining 10% are
noncollagen proteins, including approximately 23%
osteonectin, 15% osteocalcin, 9% sialoproteins, 9%
phosphoproteins, 5% «2-HS glycoproteins, 3% albu-
min, and further proteins in smaller amounts.

1.2.3 Mechanical Properties

The material “bone” is a composite consisting of mineral
components, which are primarily responsible for its
compressive characteristics, and organic components,

primarily the collagen structures, which determine the
tensile behavior. This composite structure is compar-
able to structures designed for technical applications,
such as steel-reinforced concrete or fiber-glass. Compact
bone is a highly anisotropic material, i.e., its mechanical
properties differ along different axes. The orientation of
its internal components is believed to be related to the
functional requirements and the loading history of the
corresponding region. The inhomogeneous appearance
that bone sometimes presents on a microscopic level
may be due to its modeling and remodeling history.
Anisotropy does not seem to play a major role in inter-
nal fixation.

Even during normal daily activities bone must resist
large forces. The ultimate strength of bone is approxi-
mately 1 MPa, about one-tenth that of steel. The dimen-
sions of bony structures are oversized in relation to the
requirements of normal use, and the strength of a bone
therefore retains reserves for the requirements of heavy
physical activity. Compression applied to bone can be
maintained due to the springlike compressibility of the
material. Young’s modulus of axial stiffness of cortical
bone is about 20 GPa. By way of illustration, a human
tibia loaded axially with 1000 N would undergo a short-
ening by 10 pm. The reserves of this spring effect are
thus limited, and minimal bone resorption, for example,
at an implant-bone interface or between fragment ends,
would immediately lead to a loss of preload. The com-
parably small loss (10%-20%) observed without
resorption is explained by the time-dependent deforma-
tion under load (“creep,” or, vice versa, “stress relaxa-
tion”). A special characteristic of bone is its brittleness.
When deformed, for example, in elongation, it tolerates
a deformation of only 2% before it breaks, resulting in
characteristics which are closer to the behavior of glass
than of rubber.

Bone is found in a compact form in the skeleton, and
in a more or less loose arrangement, as cancellous bone.
The strength of cancellous bone varies but is typically
less than 10% of cortical bone. The mechanical proper-
ties of cancellous bone depend on the amount of “bone”
material that it contains, the design, orientation, and
connections of trabeculae in relation to the direction of
load, and the microstructure inside the trabeculae.

1.2.4 Mechanical Glossary

A force (expressed in newtons, N) acting upon a mate-
rial results in a state of internal stress. A force acting
with a lever arm is called a moment; this is expressed in
newton meters (Nm). The unit of stress (o), force/area,
is N/m*. Force deforms a material. The deformation
ratio, strain (¢ = 8L/L),1s unitless and is reported as per-
centage change of the original dimension. The relation-
ship between the acting force and the resulting deforma-
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tionis called stiffness: the less the stiffness the larger the
deformation. The term rigidity is often used synony-
y with stiffness in the medical literature. All three
elements - force, stress, strain - may be split into static
{constant) and dynamic (changing over time) compo-
nents,

Aload may consist of up to three components of force
and three components of moment. Load acts upon a
material or device. It may or may not change with time.
‘Aload which does not change with time is called static,
while a pertodlcally or intermittently changing load is
dynamic in nature. The compression exerted by an
Aimplant applied under tension is static, the forces gener-
ated by the function (e.g., mastication) are dynamic or
functional forces.

No component under consideration neither the static
force generated by the implant, the dynamic force result-
ing from function, nor the amount of surface area upon
which the forces act - is distributed evenly over a frac-
ture area. Therefore at different sites different mechani-
cal conditions may exist at different times.

1.3 Fractures in the Cranio-Maxillo-Facial Skeleton
1.3.1 Origin of Skull Bones

Two different mechanisms of bone formation are
observed during embryogenesis: membranous and
endochondral bone formation. In membranous bone
formation the ossification process takes place by direct
mineral deposition into the organic matrix of mesen-
chymal or connective tissue. In the skull this is the major
mechanism observed. The frontal, parietal, and nasal
bone, the maxilla, zygoma, and the mandible are all of
membranous origin.

In endochondral bone formation primarily a carti-
laginous template is formed. This cartilage is gradually
transformed; it becomes mineralized and is then
replaced by bone. While this mechanism is the main pro-
cess of formation for long bones, in the skull the carti-
laginous origin is restricted to the nasal septum and to
internal bony components of the nose, occipital bone,
and cranial base. Appositional growth in all bones,
whether of membranous or endochondral origin, pro-
ceeds via membranous bone formation. Due to the
ongoing modeling and remodeling processes scarcely
any original bony material is left in the skull after
growth is completed, and no remainders of calcified car-
tilage are detected. It is often discussed whether the ori-
gin of the bone plays a significant role in later repair pro-
cesses. This question has not yet been addressed in a
comprehensive manner, but there is no evidence that
possible differences in repair processes observed in long
bones are actually due to the embryological origin

rather than to local or regional boundary conditions,
such as dimensions of the bony structures, blood supply,
and loading history.

1.3.2 Load-Bearing Structures
in the Cranio-Maxillo-Facial Skeleton

The anatomy of the cranio-maxillo-facial skeleton is
designed to provide protection for soft structures of
vital importance and to permit mastication. Important
protective functions include encasement of the central
nervous system, eyes, and respiratory pathways. The
shell of the cranial vault consists of a composite struc-
ture, including an outer and inner compact layer con-
nected by a cancellous intermediate. The hemispherical
design, together with the layered structure, makes it spe-
cially suited to protect against direct impact, In the mid-
face the cellular structure, reenforced by the orbito-
zygomatic frame, is able to act as a shock-absorbing
structure.

During mastication the mandible moves relative to
the rest of the skull. Forces act at the attachment sites of
the masticatory musculature and in the occlusal plane.
These forces are transmitted from the teeth to the alveo-
lar bone, and from there to the bony structures of man-
dible and maxilla. The maxilla is connected by four main
trajectories to the orbito-zygomatic frame, which is then
connected to the neurocranium.

These structures are of paramount importance in the
repair of facial fractures, and they are addressed specif-
ically in the respective chapters. The mandible has a
shape which is closer to the shape of a tubular bone. The
major muscle forces meet the mandible in the area of the
angle and in the ascending ramus. Reactive forces in the
occlusal plane are generated during mastication. This
tends to bend the anterior portion of the mandible cau-
dally. Thus an important tensile component is created in
the alveolar portion of the mandible. In the case of an
interrupted mechanical integrity of the mandible the
repair must concentrate primarily on these tension
zones, and the correct placement of the implants is
determined by the location and type of fracture and its
relationship to the tension zones. However, it cannot be
assumed that placement of an implant on the presum-
able tension side immobilizes a fracture under all pos-
sible physiological loading conditions. The correspond-
ing chapter on the treatment of mandibular fractures
expands on these aspects and indicates the preferred
sites of implant placement for the specific types of frac-
tures.

Loading of the occlusal plane may reach quite high
values. Maximum bite forces in an average population
are found in an order of magnitude of 200-300 N in the
incisor area, 300-500 N in the premolar region, and
500-700 N in the molar area. Electromyographic inves-
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tigations have shown that the masticatory musculature
is activated in a more or less symmetric fashion, even
when the load in the occlusal plane acts asymmetrically.
The values found during normal mastication are usually
much smaller; amounting to only a fraction of the max-
imum biting force.

In the case of a fracture in the angle of the mandible,
70 mm distant to the incisors, and a biting force in the
incisor area of 300 N, a moment (force times lever arm)
of approximately 20 Nm would result. The higher loads
in the premolar or molar region, combined with the cor-
respondingly shorter lever arms, result in similar values
for the moment, Additional torsional components must
be considered the greater the load deviates from the
midline.

Assuming the mandibular body to have a height of
30 mm, and muscle forces to act symmetrically, a unilat-
eral fracture must still bear 10 Nm of this moment. This
means that under maximum loading conditions, and
provided that the fragment ends are in contact, an
implant placed at the cranial border of the mandible and
its anchoring devices must still be able to resist a load of
more than 300 N.

1.3.3 The Fracture

The skeleton provides a rigid frame for physical activity
and for the protection of soft organs. The basic require-
ment for optimal function is adequate anatomic shape
and stiffness (i.e., resistance to deformation under load).
Fractures are the result of mechanical overload. Within
a fraction of a millisecond the structural integrity and
thus the stiffness of the bone can be interrupted. The
shape of the fracture depends mainly upon the type of
load exerted and upon the energy released. Torque
results in spiral fractures, avulsion in transverse frac-
tures, bending in short oblique fractures, and compres-
sion in impaction and in higher comminution, The lat-
ter mechanisms are encountered principally in cancel-
lous areas and in shell-like structures as they are found
in the cranio-facial area, where the honeycomb design
acts as a shock absorber.

The degree of fragmentation depends upon the
energy stored prior to the process of fracturing; thus
wedge fractures and multifragmentary fractures are
associated with high energy release. In this context the
rate of loading plays a role.

A special phenomenon is the implosion which occurs
immediately after disruption. Such an implosion is fol-
lowed by marked soft tissue damage due to cavitation,
comparable to the damaging mechanism in a gunshot
wound. Thus in addition to the disruption of the intra-
cortical blood vessels, the vascular damage is extended
into the neighboring soft tissue regions. This damage is
then superimposed to the direct action of the trauma,

including vascular and nerve damage, soft tissue contu-
sion, and other injuries.

Concomitant injuries may include nerve damage
(mandibular, infraorbital, optical, facial nerves), and
vessels. Due to a rich network of collaterals, however, the
latter does not pose severe problems to the blood supply
of the region. Even lethal complications may result from
dramatic blood loss through an injured maxillary
artery. Penetration of the skin or the mucosa, in contrast
to the situation in long bones, is unproblematic in the
cranio-maxillo-facial area.

The vascular situation in the mandible is to some
extent comparable to the situation in a long bone. The
cortex reaches a certain thickness, and if the intracorti-
cal circulation is interrupted, a corresponding delay
must be expected until the blood supply has been rees-
tablished. In contrast to long bones, however, closed
muscle compartments do not pose a problem in the
skull, In the midfacial and cranial region the bony walls
are thin; they frequently remain attached to the sur-
rounding soft tissues. Experience in cranio-facial sur-
gery reveals that even if the soft tissues are stripped, the
connection to circulation recovers rapidly. Thus the sus-
ceptibility to infection is minimal, and the tendency for
healing is good.

In summary, the fracture event leaves us with an
interrupted force transmission in the involved skeletal
parts, with an interrupted blood supply inside the bone,
and with a more or less disturbed circulatory situation
in the environment of the injured bone, whereby the
nutritional problem is by far not as severe as in a long
bone,

1.3.4 Biological Reaction and Healing of Bone

Healing is defined as restoration of original integrity.
Clinically this goal is reached when the bony structures
can resume their full function, even if on a microscopic
level the structure of the bone has not yet reached the
appearance of an unaltered bone. For successful healing
minimal requirements of both a mechanical and a bio-
logical nature must be met. Biologically the healing pro-
cess depends on the presence and appropriate function-
ing of cells that are able to participate in the various
phases of the healing process. These cells must reach the
site of repair, and their activities must be supported by
adequate nutritional supply. A sufficient blood supply is
therefore a primary prerequisite. Biological events in
fracture healing at any time are strongly affected by the
mechanical boundary conditions. Biological reactions
in turn may affect the mechanical environment.

The situation at the onset of fracture healing is char-
acterized by the intracortical blood supply to the frag-
ment ends being interrupted by the fracture trauma, by
an injured soft tissue bed, and possibly by damage to
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jor afferent or efferent vessels. Depending on the
situation and the fracture pattern, intracortical
fusion of the fragment ends is interrupted over a dis-
of several millimeters. Surgery then may produce
trauma.

As a reaction to disturbed blood supply, a process of
and surface remodeling of the affected bone
the first traces of resorptive activity may become
2-3 weeks after injury. During this remodeling
s nonperfused bone is replaced by new vital bone.
allel, beginning as early as the end of the first
,new bone formation is observed predominantly in
subperiosteal region. The further course of the entire
process is then determined by an interrelation-
between mechanics and biology.

Sim plistically, only the healing patterns under the
mechanical extremes are described, namely abso-
e immobilization of the fracture and full range of
agmentary motion, ignoring that the situation
be different at different sites and may change with

.
gaiona

Under interfragmentary motion the tissues are con-
ously torn and squeezed. The tolerance of various
of tissues to deformation differs, being high (up to
)%) for connective tissue, much lower for cartilage
0-15%),and lower still for bone (2%). Tissue can be
sumed not to form under circumstances that would
allow its existence. If minimal deformation exists
the start, the conditions are met for the formation
e, These are the conditions which allow the osteo-
as a cutter head, to drill their canal across the
obilized contact zone, and the newly formed oste-
link the two fragments together. This process is
direct or primary bone union. Smaller gap areas,
en immobilized by neighboring contact zones, still
ermit direct lamellar ossification inside the gap. In
er but still immaobilized gaps woven bone formation
first step subdivides the space; the smaller compart-
ents produced by this subdivision are filled by lamel-
‘bone in a second step.

In the case of high interfragmentary motion, the
in the fracture gap exceeds the level tolerated by
ne, and ossification is not possible. Here one observes
a tissue differentiation cascade {rom granulation tissue
connective tissue, fibrocartilage, mineralized cartil-
woven, and finally compact bone. Along this diffe-
itiation cascade there is a gradual increase in strength
d in stiffness of these tissues, while at the same time
olerance for strain is reduced. This brings about a
dual reduction of motion and thus a reduction of
agmentary strain. This differentiation cascade
nits a consecutive tissue always to be formed under
the protection of its precursor.

There are clearly various degrees of immobilization
fracture. Even in the same fracture plane a certain
may present the pattern of direct healing which is

characteristic for minimal strain, or the healing via a
cascade of tissue differentiation which is observed
under interfragmentary motion. This can be attributed
to the fact that the degree of immobilization changes
with time, and that even in the same fracture different
strain conditions may be present (Fig. 1.4). At one site
the conditions for direct remodeling across the fracture
plane could be met primarily, produced by full immobil-
ization of the fracture by the implant, or secondarily
when callus has bridged at other sites which would then
provide the conditions for remodeling across the frac-
ture only at a later stage. The simultaneous occurrence
of both patterns is also possible when the mechanical
conditions within the same fracture vary. Then at one
site immobilization is sufficient for direct union while at
other sites interfragmentary motion determines a heal-
ing pattern with resorption of the fragment ends and a
union via a differentiation cascade.

After complete immobilization of the fracture plane
the radiological aspect of a healing fracture differs from
the conventional appearance in which the progress of
healing can be judged by the amount of callus formed.
The fracture is barely visible after a perfect alignment.
After internal remodeling has begun, there is a gradual
reduction of radiological density in the fracture area
which is due to the internal remodeling activities. With
time the fracture site appears increasingly diffuse in the
radiogram and gradually disappears, It is difficult to
determine from the radiological appearance when func-
tion can be allowed again. Experience shows that the
remodeling of a mandible to full load bearing and plate
removal requires 4-6 months, a shorter period than in
long bones, with a recommended period to implant
removal of 1.5 years in the tibia and 2 years in the femur.
In the midfacial and cranial regions the healing process
is even faster. Here bony fixation of fragments may be
observed even after 1 month. This is due to the excellent
circulatory conditions in this region of the body and to
the thin dimensions and the cancellous character of
bone, allowing a more rapid recovery of interrupted
blood supply. The healing of grafted bone follows the
same rules, with accessibility to circulation of the bony
structures of the graft and the mechanical relationship
at the graft-host interface playing an important role.

The current preference is to reduce the iatrogenic dis-
turbance of blood supply to bone by designing implants
that interfere less with blood supply and by introducing
more biology-friendly fixation techniques, These so-
called “bio-logical” plating techniques offer advantages
especially in comminuted fractures, where additional
exposure would result in the production of dead bone,
and in condylar fractures. For this type of treatment it is
hoped that a certain compromise on the mechanical side
is compensated by the clear gain on the biological side
by preserving vascular connection to the bony frag-
ments.
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1.3 - Fractures in the Cranio-Maxillo-Facial Skeleton

ms of fracture healing. The appearance of a healing frac-

is determined by the geometry of the fracture zone, the

of immobilization at various sites, and their changes

ng over time.

absolutely perfect alignment of the entire fracture is not

direct contact between the fragment ends is restricted

‘small portions. The remainder consists of a gap of var-

1g width. Complete absence of interfragmentary motion is

only in contact areas and in gap zones in their close

If this zone is completely immobilized, whether from

inning or as a sequel to bony bridging at other sites,

ect intracortical remodeling across the fracture plane may
¢ place at contact sites (a). In a first step small immobilized
are filled directly with lamellar bone (b). Then secondary
ing (¢) in the axis of the bone gradually leads to recon-
n of the original integrity. This phenomenon of frac-
e healing without intermediate steps of tissue differentia-

on is called direct, or primary, bone healing. Pure direct heal-
g, an extreme healing pattern on the one side of the scale,
be relatively rare.

e further away from the contact areas, the higher is the
eof interfragmentary motion of various degrees, and the
susually wider. The healing pattern in these zones is char-
by resorption of the fragment ends, callus formation,
agmentary ossification via a cascade of tissue diffe-
n. This leads to a gradual immobilization during the
process. This pattern, found on the other extreme of
¢, 18 frequent, Intermediate stages, for instance, the sub-
of a wide gap by the formation of woven bone (d), may
d between the two extremes,

Ata specific phase during the healing process it may happen
ome sites of the same fracture are under relative motion
e others become immobilized. Thus in a single fracture it
sible to observe a broad spectrum of different healing
terns. As a routine, however, only a narrow band from the
range of healing patterns reflects the situation of that spe-
fracture.

Over the past decade distraction osteogenesis has
very popular for lengthening procedures in long
lnd in bone segment transfer, and it is now gain-
easing importance in the cranio-maxillo-facial
During distraction woven bone forms in the dis-
n gap. The speed of distraction must be high
to prevent bony bridging, and slow enough to
nit the differentiation to bone. A total amount of
m per day, in one to four steps, has been found to be
ate. Under continuous distraction the daily dis-
lion distance can be approximately doubled, which
that the overall treatment time can be corre-
dingly reduced.

s at pharmacological enhancement of healing
emic or regionally applied substances, osteody-
agents, cytokines, hyperbaric oxygen, or physical
ation, for example, by electric, magnetic, or ultra-
effects have shown varying degrees of success in
imental settings. These methods have not yet
d to a stage at which they can be considered for
clinical application.
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Fracture healing: recovery of mechanical function. Initially a
healing fracture presents low strength and low stiffness. Dur-
ing approximately the fourth to sixth weeks a dramatic change
in mechanical properties occurs towards the properties of nor-
mal bone. In an undisturbed situation mineralization across
the fracture plane takes place at this time. If the loading of the
mineralizing fracture does not exceed certain limits, healing
proceeds normally. Undue loading of such a uniting fracture at
a critical moment may disturb the mineralization process and
lead 1o a delay in bony union, or, if compensatory healing
mechanisms fail, to a nonunion.

Potential complications in fracture healing include
infection, refracture, delayed healing, nonunion,implant
failure, and implant loosening. Some of these complica-
tions are related to the use of implants, and some are
more general phenomena in fracture healing.

Due to the rapid healing in the cranio-maxillo-facial
region the bone regains sufficient strength very early. In
contrast to the situation in long bones, in the cranio-
maxillo-facial area a refracture does not occur without
adequate trauma.

The flora in infection may include both aerobic and
anaerobic germs, and Aspergillus and Actinomyces.
Infection generally begins when the soft tissues are
severely damaged, and perfusion to the bone and its sur-
rounding tissues is interrupted. An open wound alone,
in the skin or in the oral cavity, with implant exposure,
does not necessarily mean that a deep infection will
ensue.

Nerve injury may be due to the original trauma, for
instance, in mandibular fractures. Since it cannot be
excluded that surgical procedures further compromise
nerves, it is very important that the neurological situa-
tion be described prior to surgery in order to avoid non-
justified claims.

Healing is considered to be delayed when the union
takes clearly longer than the expected duration, for the
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midface more than 4-6 weeks (Fig. 1.5). With the man-
dible, if little occurs within 12 weeks, one can expect
there to be a problem and must take some action. Dis-
covering a delayed union in conventional radiograms is
difficult, and not reproducible. Standardized, soft radio-
grams repeated at intervals can sometimes be investi-
gated for changes. Once a nonunion or pseudarthrosis
has developed, it does not require resection since the tis-
sue in a nonunion represents only an early stage of tis-
sue differentiation,and the only problem is too excessive
a strain to permit mineralization of the moving fracture
gap. The use of a stiffer and stronger implant, for exam-
ple, a reconstruction plate of any type, would allow the
further progress of the differentiation process.

Screw loosening, with subsequent loss of stability,
may be a source of complications. Monocortical screws
lacking angular stability in the plate are especially prone
to such complications. Other possible causes include
insufficient numbers of screws, their inappropriate
placement, and undue functional loading. Inadvertent
stripping of screws during insertion, perhaps hidden
behind a higher moment with self-tapping screws, may
be problematic in a thick cortex; direct mechanical bone
damage can be induced by the insertion of non-self-tap-
ping screws into a pilot hole that is too narrow.

1.4 Indications for Operative Treatment of Fractures

Modern bone surgery aims at rapid recovery of form
and function. This must be the goal of every surgeon
treating craniofacial fractures and tumors with consec-
utive bone defects or performing osteotomies for the
correction of craniofacial deformities. The degree of
stability required in each situation depends on the frac-
ture pattern. Optimal, not maximal, stability is required.
Under these conditions undisturbed healing takes place,
and the fixation is optimal or adequate. Absolute and rel-
ative indications can be defined for internal fixation in
patients with facial fractures. The decision for conserva-
tive or surgical treatment depends on the type and con-
dition of fracture and on the patient’s condition and sit-
uation. It is an absolute precondition for surgeons using
internal fixation for fractures to understand conserva-
tive treatment first.

Closed and simple fractures can well be treated with
conservative methods, the simplest method being inter-
maxillary fixation for several weeks.

Functionally stable internal fixation is indicated for:

» Multiple or comminuted fractures of mandible and
maxilla

e Panfacial fractures

s Defect fractures

* Wide open fractures

= Dislocated midface fractures

» Fractures of the atrophic mandible in geriatric
patients
s Infected fractures of the mandible.

Another absolute indication for internal fixation which
affects even the type of fixation is the patient’s inability
or unwillingness to cooperate. This is sometimes the
case with elderly, mentally retarded patients, alcoholics,
and drug addicts. The first and most important reason
for adequate internal fixation must be the immediate
restoration of form and function, the relief of pain, and
the avoidance of late sequelae. Socioeconomic factors
such as short hospitalization time and early return to
work are of secondary concern but do play a role
depending on the economic situation, which may vary in
different parts of the world.

Especially in polytrauma patients there is an absolute
and principal indication for early definitive care. In
these patients surgery should be performed for all frac-
tures simultaneously. Swelling is not a reason for delayed
treatment of facial fractures,

Sufficient (adequate) stability is the safest protection
against infection and is more important than antibio-
tics. Furthermore, stability prevents the collapse of the
reconstruction in traumatology and tumor surgery. In
orthognathic surgery internal surgery together with
precise planning helps to predict the result, but it cannot
prohibit relapse if the planning is not well coordinated
with pre- and postoperative orthognathic treatment.

1.5 Operative Reduction and Internal Fixation
1.5.1 Reestablishing Stability

Fracture treatment in general strives for complete and
early recovery of skeletal function. Therefore solid, com-
plication-free union in appropriate anatomical shape is
the basic goal. The appropriate anatomical shape varies
depending on site and character of the fracture. In an
intra-articular fracture precise reconstruction of the
articular surfaces is a goal in its own right. Any incon-
gruity of the articulating surfaces gives rise to areas of
high stress and thus promotes posttraumatic arthrosis.
Fractures through the dentate regions require a precise
realignment, as occlusion may otherwise be endan-
gered, and fractures involving the orbit demand perfect
reconstruction to avoid problems with vision. In addi-
tion, the esthetic appearance of the face, which is deter-
mined largely by its underlying skeletal parts, deserves
special attention. Early reconstruction of the normal
anatomy generally offers the best prospects for optimal
recovery of function and esthetics and is preferred to
“tolerable malalignment” which requires corrective sur-
gery at a later stage.
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The general goals of operative treatment include the
early anatomical reduction of fracture fragments, main-
laining their position after reduction, and guaranteeing
union in the desired position. Completely immobilizing
the fracture requires that the means of fixation act
directly at the fracture site. These fixation devices must
neutralize the loads occurring under everyday func-
tional requirements in a specific situation. To obtain
appropriate stability one must therefore consider the
personality of the patient, type and site of the fracture,
soft tissue conditions, and many other boundary condi-
tions which can affect the outcome. In selecting an
appropriate implant it is necessary to estimate the
expected magnitude and duration of load for each spe-
cific case. A special danger is underestimation of loading
conditions, for instance, in collum fractures and frac-
tures in an atrophic mandible. While miniplates in the
horizontal ramus of the mandible can perform perfectly
when they are loaded in tension, their stabilizing func-
tion may be insufficient when they are placed at a site
subjected to varying types of load. In addition, the
requirements for a fixation device change over time.
During a normal healing process bone takes over grad-
ually,and the implant is unloaded. If the healing process
is delayed, the implant must take care of additional load,
and it may then undergo fatigue failure.

After a fracture the transmission of compressive
forces can still take place across a fracture plane. The
bone remains able to take over the compressive tasks,
and the implant must substitute for the lost tensile prop-
erties. This load sharing between the bone and the
implant allows implant dimensions to be used that are
much smaller than those necessary for the full loading
spectrum. In the case of a bony defect and in commin-
uted zones a plate is loaded in bending. Sooner or later
even a strong plate will fail in fatigue, since plates are not
designed to cover a prosthesis function permanently.
Under such conditions the bone regeneration must be
monitored carefully, and active intervention is required
if the healing process does not proceed in the expected
way.

1.5.2 Implant Materials

Animplant material for fracture fixation must be strong
and ductile, adaptable to fit the bone surface, and bio-
compatible. Today one uses principally metals such as
stainless steel, chromium-molybdenum alloys, or com-
mercially pure titanium. Except for a short period in the
early 1970s when soft titanium was used, the metal of
choice of cranio-maxillo-facial surgery was stainless
steel until approximately 1986. For the maxillo-facial
field, however, titanium is now almost exclusively the
material of choice,

1.5.2.1 Stainless Steel

Stainless steel consists mainly of iron (62.5%), chro-
mium (17.6%), nickel (14.5%), and molybdenum
(2.8%) and further components in minor amounts. The
implant quality of 3161 stainless steel meets the metal-
lurgical requirements established by the American Soci-
ety of Testing and Materials (ASTM) and the Interna-
tional Organization for Standardization (I1SO). Two
grades of carbon contents and four grades of cold work
are defined from annealed to extra hard. For AO/ASIF
maxillo-facial implants steel was the metal of choice
until 1986. Corrosion resistance and compatibility are
fair. Implant metals are protected from corroding by a
passive layer consisting of nonsoluble corrosion prod-
ucts. Corrosion is observed principally when one metal
component frets against another metal component
(fretting corrosion, Steinemann 1977).

Surgeons in many countries prefer not to remove
implant material. One of the reasons may be that the
removal of up to 10 plates and 50-60 screws used in fix-
ing facial fractures often means an additional major sur-
gical intervention. For this reason the Maxillofacial
Technical Commission has decided to ask for implants
made of commercially pure titanium. Although tita-
nium is more expensive than steel, it may be more cast
effective in the long run because of its favourable char-
acteristics (no known allergies, no second intervention).

1.5.2.2 Titanium

Commercially pure titanium consists of titanium and
oxygen. It is extremely insoluble and consequently is
inert and biocompatible. Today it is available in grades
[-1V, combining high strength and ductility, The basic
differences in grades lie in their oxygen content. All cra-
nio-maxillo-facial implants are available in titanium.
Only the 2.7 line (screws and implants) is still available
in steel,

Severe trauma of the facial skeleton may require a
great number of screws and plates, and titanium
implants are therefore preferable because they can be
left in place. According to Steinemann (1988) the body is
saturated with titanium, and no additional soluble tita-
nium can thus become active. In contrast to steel and its
components, pure titanium is physiologically inert, and
its unmatched tissue tolerance has been scientifically
and clinically proven. Titanium has a high corrosion
resistance due to the spontaneously forming thin oxyde
layers on the surface which guarantees that the material
behaves passively.

The golden color of AO/ASIF titanium implants is
due to the anodizing process. A variety of colors can be
produced, depending on the thickness of the oxyde film.
No accompanying corrosion is observed even in cases of
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unstable internal fixation with tissue stained dark by
pure titanium abrasion particles (O. Pohler, personal
communication, 1988). Pure titanium and its wear prod-
ucts behave passively and provoke neither toxic nor
allergic reactions. AO choose not to add alloys to pure
titanium in order to preserve its excellent biocompat-
ibility. Implants of titanium alloys are available only for
special high-strength indications outside the maxillo-
facial area.

1.5.2.3 Biodegradable Polymeric Materials

Since it is generally desirable for no foreign body mate-
rial to remain, efforts are being made to develop biode-
gradable materials. However, biodegradable polymeric
materials are not yet available for use with conventional
techniques of internal fixation which dissolve after a
certain period in the body, and which combine adequate
strength, ductility, maintenance of compression and
degradability, and lack of tissue reaction. A search has
been going on for biodegradables and ceramic material
especially for surgery of the facial bones. A decade ago
we expected to be using mainly biodegradable material
by now. For many reasons, however, including stiffness
of the material, bending characteristics, and especially
the unfavorable characteristics of late resorption this
has not come true. While adequate biodegradable
implants are not yet available for fracture fixation in
highly loaded areas or defect reconstruction, it seems
that for the fixation and reconstruction of midfacial
walls (especially orbital walls) resorbable implants will
be available in the near future. Resorbable implants are
especially desirable for bone surgery in children because
of the danger of implants being displaced through the
growth and bone apposition of the growing facial skele-
ton. On the other hand, one must be sure that the pro-
cess of resorption does not disturb the growth process.

1.5.3 Implant Removal

In treating fractures the function of the implant extends
only so long as is required for the affected bone to
acquire enough strength to resist the corresponding
functional loads. Thereafter, in the case of nonresorb-
able materials, the options exist of removing the
implants or leaving them without function. No general
recommendations can be given for implant removal,and
the pro’s and con’s must be balanced in each individual
case.

An argument against removal is that this would mean
an additional surgical intervention, with additional
costs, a risk of damaging important structures (e.g.,
nerves) during the procedure, an additional, but minor,
risk of infection, and the hazards of anesthesia. These

criteria are less important at sites of easy access in out-
patients in whom the procedure can be performed
under local anesthesia.

There are a whole series of criteria which favor
implant removal, related to both the patient’s concerns
and medical considerations. Patients may request that
the implant be removed for cosmetic reasons when it is
shining through thin skin. A general feeling of distur-
bance may be caused by subacute complications includ-
ing chronic infection, compatibility problems, and aller-
gic reactions. If the implant is at a prominent location,
such as the eyebrow region, it may lead to mechanical
problems, for instance, in impact sports, and in cold cli-
mates an implant immediately underneath the skin can
increase sensitivity to coldness. Problems with dentures
in the upper and lower jaws may also encourage implant
removal,

Complications such as screw loosening, implant fail-
ure, and infection very often require surgery. If screws
loosen before the fracture unites, restabilization is
needed. An argument for removing loose screws is the
chance of their migration to undesired sites. Infection in
the presence of an implant is not necessarily a reason for
removing the implant. If the fixation is considered to be
stable, an implant can be left until the fracture is com-
pletely united since controlling an infection is easier
under conditions of stability; the implant can be
removed later when the bone has united. Wound con-
tamination is not a contraindication for the placement
of an implant since stability helps in fighting infection.
If an infected internal fixation is unstable, implant
removal and restabilization are mandatory.

The materials used in implants for fracture fixation
have proven their biocompatibility. Stainless steel, how-
ever, contains components that may be problematic if
released from the alloy. This can happen when implants
fret against each other, which leads to destruction of the
oxide layer on the surface of the implants. In this context
allergic reactions deserve special attention, It has been
shown that up to 20% of certain populations are sensi-
tive to nickel, a major constituent of stainless steel. The
occurrence of severe allergic reactions is an indication
for replacing the steel implants with their titanium
equivalents.

In children implant removal is advocated not primar-
ily for growth disturbance but rather for their possible
translation by drift phenomena. As long as major
growth must take place, there is a chance that these
growth mechanisms can lead to an intracranial dis-
placement of the implants. Plate removal remains an
issue in pediatrics in view of the long life expectancy of
very young patients, and the lack of knowledge about
the very long term outcome.

The major function of an implant during the healing
process is the mechanical protection of the fracture site,
A frequently mentioned indication for implant removal
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s their adverse stress protection effect. Experience with
heavily loaded long bones of the lower extremity shows
that this aspect is of only minor concern unless extreme
‘amounts of hardware are used. It cannot be denied that
afractured bone treated by implants placed directly on
the bone surface undergoes a remodeling in the vicinity
of the implants, and that a first step in this remodeling
process consists of temporary porosis. This process
takes place during the first few postoperative months,
and it is located in the zone where blood supply to the
bone was disturbed. A remodeling of bone underneath
the plates and around the screws soon leads to an adap-
tation of the bone structure to the new loading condi-
tions. This porosis is completely absent when intracorti-
cal circulation is preserved by using circulation-friendly
“implants and implantation techniques.

. 1.5.4 Principles of Stabilization
1.5.4.1 Splinting

Splinting consists of connecting a more or less stiff
device to the fractured bone. This device reduces the
~mobility of the fracture in proportion to the stiffness of
the splint-bone composite but does not aim at com-
pletely abolishing fracture mobility.

External splinting seeks to reduce the fracture frag-
ments without surgical intervention, Such external
splints may be fixed to the teeth or applied to mucosal or
skin covered surfaces. Under these conditions there is

“always a soft intermediate structure, either periodon-

tium or soft tissues, and forces are not directly transmit-

ted from the splint to the bone, As a consequence a cer-

ain mobility at the fracture site remains. Under most
circumstances this mobility does not interfere with the
healing process, but it cannot be guaranteed that the
initial alignment of the fragments will be maintained to
its full extent until the bone has united.

In internal splinting the stabilizing devices are fixed

(directly to the fracture fragments, with the bone-
implant complex still allowing for some interfragmen-
tary motion. Internal splints usually lead to more reduc-
tion in interfragmentary motion than external splints.
Wire sutures or flexible plates are among the devices
that are considered to act as internal splints, External
fixators, having internal and external components,
belong to the same category of fixation devices in terms
of their functional effect.

1.5.4.2 Compression
The use of compression is an elegant method to exclude

interfragmentary motion. Compression fixation con-
sists in pressing together two surfaces, either bone to

bone or implant to bone. The effect of compression is
twofold: it produces preload in the fracture plane,and it
acts by increasing interfragmentary friction. Thus the
fracture remains immobilized as long as the axial pre-
load is higher than the tensile loads produced by func-
tion, and as long as the interfragmentary friction pre-
vents displacement by shear forces. In bone the com-
pression may be maintained over a period of several
weeks to several months, usually long enough to allow
for a bony connection between the fragment ends.

Compression is no absolute precondition for undis-
turbed healing, but in specific applications it means
more safety and includes a biological and mechanical
advantage. Biologically compression means undis-
turbed healing because it guarantees absolute stability
even under the condition of function. Mechanically it
allows load sharing between bone and implant. Under
these conditions the implants for the osteosynthesis can
be smaller than in load-bearing osteosynthesis where
larger and thicker plates are necessary. Compression
provides a maximum strength with a minimum of fixa-
tion material. In the facial skeleton compression for frac-
ture fixation is applicable only in noncomminuted, sim-
ple fractures of the mandible; occasionally it may be use-
ful at other locations.

When resorption at the fragment end has taken place
(late surgery, infection) compression cannot be used.

In the maxillary area, because of the thin bones, com-
pression can rarely be applied. On the other hand,
because of the different type of functional load (static)
there is almost no need for compression in the midface
area.

In some areas, such as the zygomatico-frontal suture,
the root of the zygomatic arch, and sagittal fractures of
the palate, compression with lag screws may guarantee
the repositioned position of the fracture with small and
few implants only. Compression osteosynthesis can be
performed either with compression plates or with lag
SCrews,

Compression with a Plate. The special geometry of the
plate hole (Fig. 1.6a-c) together with eccentric place-
ment of the screw (Fig. 1.6d) allows interfragmentary
compression in an axial direction when the screw is
driven fully into the screw hole (Fig. 1.6¢,f). The screw
hole is a section of an inclined and horizontal cylinder
that permits the downward and horizontal movement of
a sphere, the screwhead (Fig. 1.6¢). As soon as the screw
head arrives at the outer rim of the plate hole, it meets
the intersection of the inclined and horizontal cylinder.
The screw head then makes the spherical contact in the
plate hole and glides horizontally towards the opposite
(inner aspect) of the plate hole. Since the screws also
engage the bone, they move the bone inwards towards
the fracture line. Only one screw on each side of the frac-
ture line should be placed eccentrically (Fig. 1.7a-c).
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a The serew Head moves i the oval-shaped plate hole lilke o
Fiall v o angled cvlinder.

b The serew hale ds o section Trom of an melined and o bori-
soertal cylinder, )

o Moverment of the serew head with its spherical undersurface
iy the D1C Bale of the plate,

d Theeceentrically placed screw arrives ot the rim of thi plates
fule,

e Awthe sorew i drveen i plhides within e plieeliole e s
frnl positian (1),

Fig.17a-c

Cornpression with a plate,

a The two nnermos! serews should be placed eccentrically e
within the T3 lales.

b As these strews are driven in, they approximare the frag-
RITTIES

€ WiLh fnal tightening of the serews compression 14 achievid,
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I the fracture was preloaded before the first two
screws were placed, Hghtening ol the serews causes axial
compression, The other holes of a plate should then be
loaded with screws in a centric (neutral} position. It
shoubd always be Jept fn mind thit @ plate acts ecceniri-
calty, and complete closure of a fracture resulls only
immediately underneath the plate while an the oppasite
side & gap may reselt, Chvercoming this tendency may
require o plate or sphint to be used as o tension bard,
ar slight overbending of the plate, as indicated In
Fig L a-cor combining the plate with an additional lag
serew nctoss he ractoee pline,

Compression with a Lag Screw. Any screw from the mix-
ll-facial sed con be vsed as a lag screw. In mos
instances 2.4 or 2.0 screws are tsed as layg screws, The lag
serewy technigue s used dither for lracture ixation or [or
the fixation of bone grafta, Ideally a lag screw should
cross the fracture plane at o perpendicular angle, Use of
the lagy screw technigue in the mandible &5 idea after o
saglttal split osteatomy, in oblique fractures of the body

Flg.1.8a-¢

1o plate o correctly overbent (al, the mner serevws should be
placed first {b), 1T the auter screws are placed fiest, the frocture
in the cortey near tothe plate nisy be opened hecause fhen 1he
phite tmay be oo kg i relation to the Bone spanped between
the valer-screw holes, Prepending on the sirenpth needed, the
additional serews are placed mono- ar kearticalby,

of the mandible {Fig. 1.4} in chin fractures (see also
Fig, 3 bhoand in more complicated apphications such
s the mandibular angle (see Fig.3.20a),

Since all screws of the maxillo-tacial set are fully
threaded, u so-called “gliding hole” must be drlled into
e st (near) cortex and a hreaded Bole int the sec-
ond (far) cortex, The first hole is overdrilled so that the
hele in the cortex has at least the size of the outer diam-
eter of the screw thread. A special deill guide is placed
into the first hole to locate the second hale centrally in
the far cortes, Therealter the hole in the lar cortes is
drilled to the dimmeter of the pilot hole, s size is deler-
mineil by the size of the core of the screw, I used with-
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e

Fig.1.9a, b

a Ubligue Tractures cun be fxed very elficiently with lag
surews. W ogliding holeé (same size 08 (he digmeter ol the
thread ) must be deilled into the outer cortex, A hread hisle
iomade in the far cortes, As the Scriw s tiglitened (lower
serew] the fricture s closed and compressed.

b I e gliding hasle s placed, wnd both loles are thresded, Ui
Fricture van be neither closed nor be compressed,

Fig. 1.10a, b

Comipression with o bag screw and plate,

a [halag secew in combination with a Do plate i sed fie fix
ation, the lag serew should be placed first. Thereafter the
remaiting sereves must be pliaced ino newtral position,

bE o lag serew s nsed above an ahligoe frocture lie, the
plute must be fixed first o the tragment which firms an
alituseangle with the fracture; then asthe screw in the Gpp
sie fragmen) is activated Cright) the spilee of the Pyl
frapment is driven agdinst 1he plate,
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“out @ plate, a countersink for the screw head is cut into
“the bone before placement of the screw. Self-cutting
screws can then be placed immediately; for non-self-
cutting screws a thread corresponding exactly to the
thread of the screw is cut into the far cortex with a tap.
The use of self-cutting screws as lag screws may be haz-
ardous, however, since the holding capacity of their tip
s diminished due to the flutes,

Ifthe gliding hole is in one fragment and the threaded

hole in the other as the screw is tightened, the fragments
are squeezed together,and interfragmental compression
is generated (Fig. 1.9a). The type of compression gener-
ated by a lag screw is referred to as static interfragmen-
tal compression. It is static because it does not change
significantly with load. A lag screw is the most efficient
‘way of achieving interfragmental compression and
therefore stability, but it does not provide a great deal of
strength, Therefore rarely only a single lag screw is
applied. At least three lag screws are generally placed in
fractures of the mandible or sagittal split osteotomies, or
a lag screw is used in combination with a plate. When-
ever a lag screw is used through a plate hole in the case
of a dynamic compression (DC) plate (Fig. 1.10a),all the
other screws must be placed in a neutral position, or the
fragments may shift.

To achieve maximal interfragmentary compression
the lag screw must be inserted into the middle of the
fragment equidistant from the fracture edges and
directed at a right angle to the fracture line. If the screw
is not inserted perpendicularly to the fracture plane, a
shearing force is introduced as it is tightened, and the
fragments may dislocate. Similarly, insertion of a screw
it an acute angle to the fracture plane introduces a
shearing moment as it is tightened, and the fragment
tend to displace. These fundamental errors in screw
insertion are often responsible for a loss in reduction.
With loss in reduction, decreased structural continuity
and stability are inevitable. If the oblique plane is too
short or the opposite cortex has been damaged so that a
lag screw cannot be applied, the plate must be fixed first
to the fragment which forms an obtuse angle with the
fracture (Fig. 1.10b).

1.6 Design and Function of Implants and Instruments

AO/ASIF implants and instruments are highly standard-
ized and meet with special technical specifications of
material and dimension. Their continuous evaluation by
the Technical Commission guarantees a high standard
of quality and technical development and especially the
maintenance of tolerances within the system. Combin-
ing instruments and implants from different manufac-
turers may lead to complications such as broken drills
and taps, broken screws, and damaged implants.

Although a clinical study conducted by Riedi (1975)
showed no negative clinical effect, mixing of implants
and screws made of different materials (titanium and
steel) should be avoided. A mixed metal system
increases the risks inherent in product liability, a major
concern of clinical complications.

Systems of different dimensions designated by num-
bers are used at various areas of the facial skull. The
smallest system is the 1.0 system. The designation of the
system indicates the screw size (diameter of the thread).

1.6.1 Screws
1.6.1.1 Function of Screws

Screws are the basic element for the fixation of plates or
similar devices onto bone or as lag screws to hold frag-
ments together. The correct selection and placement of
screws are the key to successful stabilization of fractures
or osteotomies. The best plate is useless if it is not fixed
correctly with screws. Screws are designated according
to the outer diameter of their thread (Fig. 1.11).

1.6.1.2 Types of Screws

In cranio-maxillo-facial surgery all screws are fully
threaded and have an asymmetrical buttress thread pro-
file (Fig. 1.11) This type of a thread is a cortical thread.
Only the 1.0 standard and the 1.2 emergency screws have
a metric thread due to their size.

Screws used in cranio-maxillo-facial surgery are
between 1.0 and 2.7 mm in size. Only for the special
reconstruction plates (UniLOCK and titanium hollow
reconstruction plate, THORP) special screws are used.
For each screw there is an emergency screw which is
slightly larger in size and must be used in case the regu-
lar screw strips.

All screw heads to date have a cruciform recess except
the 2.7 screw and its emergency screw, 3.2 mm, which
have a hexagonal recess (Fig. 1.11), Another exception is
the 4.0 mm THORP screw head which due to its locking
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Screw

Head diamoler —s——————

Thread pitch

Thread diameter

Corediameter

Inset

Fig, 111

Cramo-maxilo-facial sorews are Tully theeaded, Except for 1.0
and 1. 2emergencyscrews, they have an asymmetrical buttress
thread profile, Screw tips are cither blunt or Auted. Nonfluted
screws are thred mrming and have a higher torgue wlereas
Huted serewsare thread cutting and theretore seli-tapping.

sl In thin bone ome must ensare that at least two threads
engape within the bone, Screws should have w small pitch in
these instances,

device, which uses an additional locking screw, has «
speciil recess. In the future o star drive may gain increas-
ing importance,

Screws are also differentiated by the manner in which
they are inserted in the bone (pretapped or self-tap-
pingh, their function, and their size, according 1o the
thickness of bane lor which they are intended,

While: pretapped or non-seli-apping screws lave
blunt tips, mast selt-tapping screws have two or three

Drive

Cruciform recess

Hexanonal socket

Screw tip

Fluted
(thread cutting)

Mon fluted
ithread forming)

flutes at the tip to facilitate penetrating the pilat holeand
cutting their thread simultancously (Fig, 1.11), While
Huted screws-are thread cutting, nonfuted screws are
thread forming, In thick and solid bone it is advisable o
place o thread with a tap before inserting the screw
because otherwise the torque during insertion may
become too high,and the serew may break. Onthe other
land, 2.7 screws and the 4.0 screw for the THORE system
are blunt sevews that require a pretapped hole, All the
other serews from 1.0 1o 3.0 can be used in a self-tapping
manner, and most have Autes.

Another major difference between screws s the man-
ner in which they couple with the screwdriver. Two bypes
ol screwdrivers are available, those with a screw-holding
device (holding sleeve) and those which are self-retain-
ing. These screws couple securely with the serewdriver,
which completely obviales any screw-holding device on
the serewdriver {see Fig. L1801},
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Craniofacial Screws
Screw Thread Core Pitch ‘Head Drive.
1B in mm) 1@ in mmj @ n mm) (@ in mm)

Standard screw 10 07 025 16

1.6.1.3 List of Screws  Fgaz
List of cranio-facial screws.
Craniofacial Screws 1.0-2.0 (Fig. 1,12). The size of screws
generally used in the cranial and midfacial areas is
between 1.0 and 2.0 mm. Fram January 1998 on all these
screws will have Hated tips, The pitch insmall screws is
smaller than in farger screws, All serew heads havea cru-
wiform recess.
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Mandible Screws
Scraw Thread Core
16 107 rre) & i

E f

Standard screw n 1.4

Emesgency screw. 24 17

Standard scraw 24 1.7

Emergency scew 27 19

UniLOCK scrisw 2.4 2 1.7

UnilOCK scrisw 3.0 3.0 4

Emergenicy sctew Not existing

Standard screw o) 18

Emergency screw 17 21
Ty e

™ " TRAEAEREETR]

THORP serew 40 if

Emergency screw Not existing.

Mandible Screws 2.0-4.0 (Fig, |12}, Screw sizes for the
mandible vary between 20 and L0 mow The pitch of the
Lihscrew for the mandible i5 1.0 mm, in contrast o the
20 serew tor midface application with a pitch of 4.6 mm,
The 280 and 2.0 scretvs have i cruciform deive, while the
27 werew has a hesaponal drive, and the THORP sorew
hus @ spectal configuration for the application of (e
locking screw.

Pitch
2 mm)

10
10

1.0

10

125

1.25

Fig.1.13.

Lise o mandible seiewi

Head
HERTRaaTat]

35

44
40

4.5
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1.6.1.4 Technique of Screw insertion

Correctand precise placement of the sceew (5 one of the
mast important steps inoplate hxation and; as a-conse

quence; lracture-and osteatomy fixation [ must be well
understood that the stability of the fxation depends on
the rigidity of the plate bul; most importantly, on the
holding capacity of the serews, Incorrect handling of the
screw hole in the hone either when drilling orat the e
of the placement of the screw may cause failure due
warly mechinical overlowd of the syatem.

s very imporkand o use the various nstroments for
placement of the screws in the correct sequence. The
eerreet drill bit should corvespond to the core diameter
of the serew, Conling of (he deill during deilling is very
tmportant fo prevent overheating the bone, The length

Fechmigue ol serew imsertion,

a Drillng af the pils fule wieh a vl corresponding 1o the
corialiameter of the scraw,

b The length of the hole i the bone s measured witl u depth
giage either thengh the plale iele or adter countersinking.
Mote: Mesdure before tapping 1 lapping s necessary.

€ lapping through o tssoe profector

d Phecement of the gerew theretfier,

of the screw hole depends on whether selt-tapping or
pretapped screws are used. Thread tapping with the tap
is followed by placement of the screw {Flg, 114
Sell-tapping screws with Hutes al their tips are
designed ina way that onee d pilot hale is drilled, and the
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length el the screw is measured, they can be inserted by
sunply screwing them in, The pilot hole is somewhat
luyrger than the core of the screw. Because the screw must
cul ils avn thresd when it Is inserted, It may encounler
considerable resistance, particularly in thick cortieal
bone. In these instances, even it a self-cutling screw is
tsed, it s better to use a tap before the lorque resistance
becomes greater than the strength of the screw, which
then causes o fracture of the screw, [n addition, resis-
tance to serew insetlion may interfere with the accuracy
of insertion, particularly when the surgeon s trving 1o
msert the sceew abliquely into hone o lag fragments
together, It may be problematic to go in and ol with
sell-tapping sevews several times, At reinsertion it may
happen thata second thread is curaccidentally on top of
the first thread n the bone, This new path which
destroys the earlior cut thread is disadvantageous und
may considerably lower the holding eapacity ol the
serew or tead to stripping of the screw.

The Hutes in the tip areas of the screw reduce 1he
hedding capacity of the serew in this area. This is espe-
cially disadvantageous when the serew is used in oo lag
manner. Lag sorews should either be blunt or their tip
Lt longer than thedepth pauge indicaties

Studivs show that o extremely thin cortical hone,
such a8 midfacial bones, sell-tapping screws hold better
than nen-self-tapping screws of corresponding size.
Nowi-sell-tapping screws are clearly superior in cancel-
tous bome and in flal bones such as those of the man-
dible, skeleton, and pelvis.

Non-selfdapping scresws with o blunt Lip eequire pre-
deilled pilot heles and then a careful culting ol their
thread into the bone with 4 lap that corresponds exactly
to the profile of the screw thregd. Becanse the thread is
cut with @ tap, the size of the pilot hole carresponds
almost (o that of the core of the serew, and the screw
thread has o much deeper bite into the pdjacent bone,
Much less heat s generated when the screw is inserfed
because there is less resistance, The tap is desipned in
such a way that it is not only much sharper than the
Lhread of the screw, but it also has a more eficlen) mech-
anisri 0 Clearing the bone debris which therefore does
nobaccumulateand clog ies threads w obstroct ins inser -
Lo This allows the surgean woowerl with much greater
precision, particularly o thick cortical bone: The scerews
can ensily be removed and reinserted without the fear of
inadvertantly cutting a new channel os the screw alone
is not able (o cuta channel in cortical bone. The screws
are spun, and therefore their core i5 pertectly straigh
and their surface is polished. Thus at the time of removal
tully threaded screws are easily removed. Depending on
the pitch of the serew, in very thin bone only few theeads
can gain a hald in the bone (see insel o Fig, L1110 s
therelore mportant that these delicate thin bones are
not partially destroyed shen inserting screws,

1.6.1.5 Instruments for Screw Insertion

The mstruments for serew insertion include drill bits
(Figs, L15, L16), dreill sleeves (Fig. 1.070,b), depth
gavges  [Fig,  LI7d), taps  (whenever pecessary:
Fig, L17e, B} and serowdrivers (Fig, 117 =i, 1,18),

Drill Bits (Fig, 1.15). Various deill bits areavailable tor the
different types ol screws o different lengths, with and
without stopyand with various couplings (correspond-
ing to different power tools ), Drill bils correspond o the
core diameter of each screw (or which they shouold be
used toplace the pilothole: They have either fwo or three

Dl kit a Coupling
Coupling —— - s —
Clulek cenapling
”
Miniquick coupling
Ly ————————
Stryker (J-Latch) coupling
=
& e
{ e
<
2y Liniwersal coupling
=
b Drill bit point
!
[Iril eramatear
Bailling depth
with stop without stop
Fig Lisab

Larall bt comsisting out of shaft with coupling, drilling length,
aned dell diwmeter, which correspeoads to the core of the screw
and cuts the pilor hele

a The various conplings for the deall Bits,

B The tips on the drills may be either with or withoot stapy,
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Drill bit

g

?

Tap

-

Thread @inmm  Threaded hole @ n mm Gliding hale @ inmm @inmm
14 076

13 1.0 - -

1.5 11 1.5 Opsticnal
0 1.5 20 Dptional
14 1.4 24 Dptional
7 20 27 Stancard
4.4 3.0 - Stancard

Ligt oof sorews with corresponding drill bits for either direkeded

hotes or gliding holes, Mipa are eicher not necessary, optional,
or indicated v for 27 o0 serdws,

flutes, They should be used with drill guides of corre-
sponding size.

Care must be taken oot to damage deill bits by con-
et with metal or to use unnecessary bending forces
during drilling. Irrigation is mandatory during drilling
lo prevent heat damage 1o the bone.

Drill Sleeves (Fig. 1.17a). Dirill sleeves are available in
short and long dimensions for the various drill bits,
There are special drill guides {Fig. 1. 17h, ¢} for centric or
eccenlric placement of the screw hole for plates with B
holes,

Drill guides for transhuceal usage areshown with the
transhuccal instrumentation (see Fig, 1.33).

Depth Gauges (Fig, 1.17d). The purpase is the placemim
of correct screw length which guaranices good screw
hold in opposite cortex. The screw tip should exit
shightly the cortex to guarantee optimal holding capac-
ity. T'he gradation of screws and depth gauges is gener
ally every 2 mm, If the measurement indicates place:
ment hetween the calibration points, the longer serew
showld be chisen,

Lepth measurement {5 nol necessary when using a
drill with stop, Depth must be measured belore tapping
when using pretapped screws,

Taps (Fig. |.17¢,[). Although most of the screws are self

tapping and lave Quled tps, taps are available for all of
them (except 1.0 and 13 screws ), When screws are psed
in hard cancellous bone with a considerable thickness
L8 o), it s recommended (o ose a tap in order not to
bireale the seraw,
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Instruments for Screw Insertion H“ 'lﬁ?ﬂ

a [hill slevves for precise placement of serew holes and oy
prrotectiza wf satl Hisues, Donhle sleeves for varions screw
stzes affer the appropriste diameiees (pilal hole and gliding
hoslee ) fosr thie el bats,

b Doubde deill guide for centric or eocenteic placement ol

serew holes or plates with dyngmic compreeasion holes,

Eecentri placement of the Airst twio sgrzivs.

Pepth gangs measures the ledgth af the bole in the bong apd

Al correct selection of the serew length,

Fagr lise 24 sevew with quicl coupling,

Tapr o 2 U serew with mineguick coupling.

Haocllewerth mrmi-goick conpling,

Sheet humible with quicl couplivg,

Luspgy hanelle witle quick coupling,

(=

=S =

e
@ oI T T
f S L T R T T L LR R - o=
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Instruments for Screw Insertion

The thread diameter marked on the tp corresponds
o the screwy sive, Taps lor L5 and 2.0 screws are used
with handle with mini-guick coupling whereas for 2.4,
3, and A0 serews they match with these with quick
cruplings,

Screwdrivers (Fig. [ I8). Screwdrivers with halding
sleeves and with selforetmmmimg lps ure available. For
tranzbuccal application they are used withoul 4 lyaeleling
Wleeve (see Fig, L340) Serewdrivers {or 10-24) screws
e prowided with minl-quick couplings: [or 2.4 amd 2.7
wcrews thivy have quick couplings,

e

‘Flg, 1.18a~g

Serewdriver with crouciform bpowith helding sheeve anil
n-guick conplhing,

seresdiivier with crusifoem tp for 24 sorewswith haliting
aleeve dnd gidk coupling

sere dtacirment b Hp abserewdover with halding sleeve

Forewdriver with self |||'||J.|i||'r1 B crnciform and wini ik
contpling.

Screwdrivedy wirh well retaming p L||“_._L '-"“I'-!'“:-'.'

fg Screw antached totip of serewdriver vin selEbaliding 1,
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Craniofacial Plates

Adaption plate 1.0/1.3/1.5/2.0

g
oo

L-Plate left L-Plate right

1.0/1.3/1.5/2.0

x> X OO

X-Plate
1.0/1.3/1.5/2.0

Y-Plate 1.0/1.3/1.5/2.0

Double Y-Plate
1.0/1.3

Box or Frame Plate 1.3

1.6.2 Plates
1.6.2.1 Craniofacial Plates (Figs. 1.19, 1.20)

The shape of plates for midfacial and cranial applica-
tions corresponds generally to adaption plates. They
have the form of X, Y, double-Y, H, T, L (left- and right-
curved for orbital rim), and straight plates. Their thick-
ness varies in between 0.5 mm (for the 1.0 system) and
0.9 mm (for the 2.0 system).

For special indications orbital floor plates, burr hole
covers or screen as a cover for cranial or other bone
defects are available,

Another special plate for the 2.0 system is the DC
plate which can be used at the lateral orbital rim area
and occasionally for pediatric mandibular fractures, as
a tension band plate for mandibular fractures, and for
fixing subcondylar fractures.

b OOOOOOOOVOVNOOOOOVVO000

[y

T-Plate 1.0/1.3 H-Plate 1.0/1.3/2.0

T 0y

Orbital Rim Plate 1.0/1.3/1.5

Fig.119b

a Magnified view of round plate holes for cranio-facial plates.

b Cranio-facial plates are designed for the various screw sizes
in between 1.0 and 2.0. These are used mainly for the mid-
face and cranial areas. Their thickness varies in between
0.5 and 0.9 mm.
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Boo””

Orbital flaar plate univarsal Cirbital wall plate right Drbsital wall plate left
1.01.5 104135 1.0/13/1.5

Buirr hole cover
104131520

Screen 1.0/1.3 Sygomatic DCPT 2.0

spectal plate configueations forbnal foor plates, burer hole cow
by, soroeh, sygematic DO plate).

Irset: Application of burr bole covers for ization of cranmal
bome after oslectomics of fractures,
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Craniofacial Plates

- OOO0K

b OOOOOOOOVOVOVDDDDOOVOD

Adaption plate 1.0/1.3/1 5720

L-Plate lett L-Plate right ¥-Plate 1.0/1:31.5720
1.041,3/1,5/2.0

* X 00

*-Plate Double Y-Plate  Boxor Frame Plate 1.3
41315720 1.941.3

1.6.2 Plates
1.6.2.1 Craniofacial Plates (Figs. 1,19, 1.20]

The shape of plates for midfacial and cranial applica:
tioms corresponds generally to adaption plates, They
have the form of X, Y, double-¥, T8, T, L {left- and right-
curved [ororbital rim), and straight places. Their thicl-
ness vares in between 0.5 mam (for the 1,0 svstem) and
(1.9 mm {for the 2.0 system).

For special indications orbital Roor plates, bure hole
COwers or scresn as o cover for cranial or other bone
defects are available,

Another special plate for the 20 system is the DC
plate which can be used at the lateral orbital rim area
and oecasiomally for pediatric mandibular fractures, as
a tension band plate tor mandibular fractures, and {or
lixing subcondylar fractures

T-Plate 1013 H-Plate 1.0/1.3£2.0

770,

Crhital Rim Plate 1.041.3/1 5

a Magnified view of round plate holes for cranio-facial plates.

b Cramo-facml plodes are desipned for the virious serew sines
in between 1O amd 20, These are used mainly @r the mid-
face wnd crandal areas, Their thickness varies in benseen
(.5 wnd U4 mm.
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Orthognathic Plate for Sagittal Split Osteotomy

| Fig123ab

This special orthognattic plice {SphiFia Plate or Adinstable  a Preliminary fisation belore sdvancement of mandible,
Sapittal Split Pl facditates cemporary amd permanent ki b Situation alter advancement, Detmete Gxation can oow le
ficn ol the bone segmenty atfer o sapittal split asteotomy. 1) peclormed, with twee addivional screws o the distal frag-
Wllews fntranperative carrection af the joint-bearing {ragment il

without removal of the plite, The plate is ased especially far

mandibular advirie ment proceditres:

Universal Fracture Plates 2.4

- Fig 1240

Uitverrsnl fractire phates Tor 2ebserews: et design s sinilar

o recensiruction prlates, i they pre wedleer, They should be

vaed iy i Lol -shibrang situations, They muost be protecied

by bone, They canabso e sedd oe the lixation of microvson

las grafis, Phate thickness: L0 i,

o Strwipht uneversal fracinee plidtes:

b Peehent ampulated univessal frachore plate for e B ide,

€ Matefscrew profide ol 24 screw with Universil Fractore
Plate.

i A [ P |
iy IIII||'I
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Reconstruction Plates 2.4

&
L
-

g g e g T =
& gl e S A

Fig 12509

Recotstroctiog plates 14 are much stronger than universal
(ricture phates, Phate Uickness 2.5 mm These aee used for tem-
poriry lond bearing situalions.

Nate: Plates cannol be nsad s peemanent load-bearing

nrplents,

o supplied with thresded holes, they can b used elther in

the regudar manner with the regubar 20 seeew or a2 locking
aystemn fogether with the speciad Jocking 2403 0 screws.

i
b
C

-1

Crynl shaped plage holes with thread.

Straight plate,

Pretent angulated recomstruetion plate doe e pight or left
micde (Lett side shown),

L& ME cortival sorew for reconstruction plates,

U0 CK serew with adiditienal (hread for plate bole and
thrended el for plate hole prolection during bendiog.
Plutedsorew profile of reconstruction plate withont thread
and regalar 2.4 5crew,

Platedserew prafile of LnilQCIK - system, Hedaiistrueon
plate with threaded hole and special 24 Jocking srew,
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Reconstruction Plates 2.7

Fig. 1260
Recomatencrion plites for 2.7 screws are slightly stronger than
A reconstruction plates, Plite thickoess 3,1 min, These are the
only implants avallable in staialess stoel as well as titaniom,
i Siraight recomstrocton plate.
b Angulated reconstruction plate left side,
€ Angulated reconstruction plate with condylar head Loftside
Avadluble m three different sives.
Moy Mot vt 1998 approved by che United States Food nod
[ Acknainisteation.,
A Londylar bmplint left side, avattable in three differen) sies,

& Reconstruction plate Tor replacement of alimost complete

mnncdible,

L]
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THORP Reconstruction Plates 4.0

ﬁ|

L3

1

2

mr P

- Fig.1.27a-d THORE
Titwnnum hollow reconstriction plate CTHUORPY. Plae thick-
nesa Sl o Screws with special hewds can be Tocked in plage,
holewith special locking screws:
a Straight plate.
boAangulated place Teft =il
€ Hallow and solid 4.0 screws with ad ditional lockdng serew,
d Platefscrew peole of THORP system, Plate with special 4.0
surew wilh Joching sorewe moplace:
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Riscapitulution of plotefscres proliles:

@ L werew with nniversal fracture plate

b Beconstruction plate without threided holes and regular 2.4
BLTEW,

€ LmlOCK systen, Reconstrue ton plate with threaded holes
and specinl 204 Tocking screw,

d THORE spstom, Plale with special 4.0 screw with low feing
HETEW,

Fracture

25
T
Hecon
1 2
i
LIniLOC K
! L 1.2
mir mim

THORP

%
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Single Vector Percutaneous Distraction Device

Q.12

%- |

O

r.

rﬂ | Ft‘— Activator

Flg.1.292-d

a Single vector percationeans distreciion device for manidibu-

lar ramus distrwction; svailable with o lefy or ight foon w
facilitate anterior or posterior position of screwyoon the
mandible. Figation to the mandible with 2 screws. strac-
Lo it b b el whach can beseparated by activation of the
fseacl of the internal shaft ab s end and lengthengs up o
A mm,

Actiwation screwdrver with internal hexagonal drive, One
full taen cownterchockwise equals 0.5 mns advancement, The
mrrhing o the sceewdriver indicates rotaienil direction
for lenpthening

gd Schematic drawing ol applied distractn device which

functions transhuceilly,

-




Plate Cutting Instruments

1/6.3 Instruments (Figs. 1.30- 1.3}

SLI{L[.L' fist rerments (o correct and precive .3'.".[;'|.i|l1'||
of the plates onto the suriace of the bone are necessary.
These include bending und cotting devices, which difter
i iize for the various Systems

Difficult contouring of plates should be carried ow
with the aid of separate malleable templates which can
be bent mupnually to the shape of the bone and are avail
ilsle for all mandibular plates and the Lo and 1.5 cra-

niodacial sysiem

¢ Dhenign and Punction of Implants amd lnstcuments

Fig. 130a.h
a Plate cuting forceps for ] plate
b Plate curter Toe LA plotes and THAHE
{Shorscot™ LA THORPY, Thes cevice must b diseid Loy gk

Lm0 ded 20

sEanstruction phales
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Bending Instruments for 1.0-2.0 Plates

Fig. 1.3 a-c

a Padr o benading plices, pauted, for 10000 20 platis,

b Pair of Deniding plices with spocal imser for the plaze lole,
thus preyenting the deformation of the plate hole durong
hunding,

e Lt cleseup ol mouth ol bending pliers shisen o a
it it ! Beniding phiery sl in b




Bending Instruments for .4, 2.7 and THORP-Plates

Ll

T —

b g |

W 1" a

1 Tresipr angd Faneton of Teplants and Instroments

-

Fig, 1.32a-d

Heneiog iremns Lol 20 plites,

B meons for 20 plistes wath lockimg mechommsm, avil-
bl wriily Lo Mkt e ricn

Rending plicsrswhich can be adpested v e thivknessol the

priantes ekt e g rp ol 1he AT b 1r ning e leesols ol
e enel Gf e Iinatle, Plistes shonld:be Bent Getwe Hie
hetes amd i small steps te avosd Sl wdentations, Espe

chnlly tor oconatractin plates Dol tenipbales are afien
fest nvedaled o e Do wc Ui s s a model silien vim-
Fewapingg Fhe plaie

it o brevreliing, pliers with dosets o the plage Bobe ro pre
venl delarmi ki ol the plhive bale
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Transbuccal Instruments

Fig. 1330, b

Transhuccal st ramene i techinid e see B 13 a-d

a 5S¢l ol dnstriments for teaosbuceal placement of 20 o
semtudler sestems, As cheel rélractor a eing or i Blade teoavall-
able Sleeves are Hxed 1o the Bamdle vid g thiread.

Boser el instraments (or frapsbuceal placement ol 24 spstom
Aachel retractor i 1 g e n blacde i ovailahle
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Techmigue of screw insertion with trapsbuceal instruments,

8 Trunsbuccal placement of dleeve, The cheek retractar i
cirfly can bear ving or blade, Drreilling of pilot boele

b Length of screw holeds measured with depth ganpe through
sl e aleevi,

¢ Placement of self-curting 2.0 sevew through transboceal
sleeve,
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Power Tools

o

Lol

Fig.1.35a-h

Mecro rive plis aie dreill tor facial, band, and foor applica-
o Forward amed reverse, Speed; B 15000 | i,

Drril] attachment, steaight, Magimum speed 2000 1 imin
Preillantachiment S0 Maxommam apeed: ¥5000 1fmin,
Uhseillating deill atlackment 45" Cueillaging maotion around
X,

Recipeocating saw, Mstan atroke 3 mne Maximem speed
G cscillatioms Himin,

Sscillating saw. Siwbbade deyintion 157, Maximum (e
puerey G008 pscillations 1 fmin,

Sy Blade e reciprocating s,

o Plaeles e adifferent widths wind fengths e ascillaning
il

1.6.4 Power Tools { Figs. 145, 1.38)



Power Tosls

foec Design and Function of Implants wnd nstromienty

a COMPACT™ AR DRIV E L Ade-droven power taed, toryarad
il peverse withaut work interruption, Fower aud speed can

be regulated by a soft button placed at the ir inlet Tl

allsws a good contrel and precise working. Speed 500 1 mn.
Cannulation diameter 2.2 mm,

b-g Virious attachments fod Compact i drive;

b Chuck with guick coupling: can be coupled with COM
PACT™ AR DRIVE, accepty ALVASIF (nstruments with
quick canpling geomerry.

o il atachiment (or instroments with dental coupling
(e gudek conpling)

d Jucobs chock: with kevy acceprs: rooks with roud staf
Pd=ncll o, with - toangalar sban |0-65 mom, Schans
AL

€ Koy for [ohobe chock,
sodlade drives Adr-deiven pawer Lool, Forwared and reverse
withonl work it ruption, Deill speed is cantealled with the
lower reigger operated by the muddle fnger The upper g
pier alloses reyersing (e deill amd s sperated with the imides
frnger Quicl Conpling forinsertion af AUASIF instrments
with quicl couplng geametry, Speecd &0 1Fmin

g Dl attachment for istruments with dental conphing
[mini-quick coupling)

h |acebschuclk

i Koy for facobs chiek,
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1.7 Set Configurations

1.7.1 Set Configuration Exept North America (Figs. 1.37,
1.38)

1.7.2 North American Set Configuration (Fig. 1.39)

a Compact MF™. The craniofacial system includes implant

modules in the dimensions 1.0,1.3,1.5,2.0 mmand a 2.0 mm
mandible system. The whole system can be stored in a large
Vario Case™.

b Modules and instrument tray are shown open. The modules

contain plates, screws, and the dimension-specific instru-
ments, such as drill bits and screw driver

¢ Standard instrument tray contains only the most necessary

instruments for the operation like the bending and cutting
devices, screwdriver handles, plate holding forceps, and
transbuccal instruments, All the implant modules in four
different dimensions can be used with the same instrument
tray.

d Additional instrument tray contains instruments such as
drill sleeves, reduction forceps, depth gauge.
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Set Configuration (excepl North Americal
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Set Configuration (sxcep Moty America)

A Cormpact LA™, & mandible system comfaining o tecon s nc-
Flen meglude anid @ cramma modinle, The svatem csn be stared
i arall Vario Case'™,
b Modules sndaomstroment ey slown apen,
The tecanstruction madule (whave left) containg figid recei
struction plates 24, and the dimension-specihc insiriuments
Celri] Iits, serewdrivers)
Phe veauni module | Botton: prahty contulis Universal Frac
rure plates 2.4, LU-DC plates 24, drill bits, and screwdriver,
The lnstroment trey containg e most necessar LR ILARTE
ments such ay curting and I""—"“-ji"-l:'. Hewioe, sereswdriver hin-
dlesy deill sleeve, depth gange, veduction forceps, and it
holding ferceps:



Set Configuration |MNorth Amierica)

CFg139

g The Cranictacial Modular Frzation Svstém available an the
Morth American market centains one mstrument aned four
itiplant madules with the dimenstons L0y 135 15 and 2.0,
The secean b used forall fractuees and orthegnathic oper-
ations in the midfoce and cranium,

b The instrnment teay for the cranialiciil madulir hxation

R:r!!: it comeeibrateson the most ]'H."'L:I‘.'H-!i.ll':r' n l'n'\'.'T:"-II] ||'|¥T (4]

mignts for the application of the screwsand plates in the dit-

feremt sizes,

"

1.7 Set Configuratinns

The Mandibular Modular Fixation Svstem available on the
Morth American markel conlains o mstroments trives and
by implant modules forall rgid internal Axation applica-
fions e the mandible: tranma, reconstouetion, and arthog
nathics

The instrument trays tor the mundibalor modular hxation
sstem containg all universal instroments such as hending
and cutting instruments; transboccal mstromenty needed
for the traonma and the recorstrection module
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External Fixation Devices

a bxtermal HALUCE Framme Fiwator ps i was predin the 19E0y %o
meare aysilabile.

b External Pin Figation Deviee, develiped 1985, a1 e mo
e nl ot aviilalile becavse ol lacl of dndications.
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CHAPTER 2

Anatomic Approaches

Chapter Author: Joachim Prein
Contributor: Nicolas ], Liischer

Good exposure to the fracture site is the key to anatomic
reposition and stable osteosynthesis. Nerve or vascular
damage by surgical approaches to the bone must be
strictly avoided. A careful neurological evaluation of
sensory (supraorbital, infraorbital, or mental nerve) and
motor nerves (facial or occulomotorius nerve) is there-
fore mandatory before operating on the patient. The
most often damaged nerve is the marginal branch of the
facial nerve during osteosynthesis of the horizontal
branch of the mandible. The open fracture treatment
with osteosynthesis must include the careful planning of
the skin incisions for optimal cosmetic and functional
results.

For good planning of the skin incision it is important
to have a wide exposure of the complete face during the
operation. The nasal intubation tube is fixed over the
nose and the frontal midline in mandibular fractures. In
simple midface fractures the intraoral tube goes down-
wards to the chest wall. In panfacial fractures different
routes for intubation may be necessary, such as nasal,
oral submental, and, exceptionally, tracheotomy,
depending on the local and individual situation. We
perfer to cover the gastric and the intubation tube with
a translucent, sterile sheet (e.g., Op-Site).

After the operation the wounds are usually drained
with Redon suction drains in a closed system using a
small skin incision in the skinlines for better scarring of
the drainage holes. The wound is always closed in layers,
and the muscles are carefully adapted with resorbable
suture material. For skin closure we use separate
stitches, 3.0 or 4.0 for the coronary approach (or sta-
ples), 5.0 for the face and mandible, and 6.0 for the eye-
lids with monofil nonresorbable suture material.

Caretul taping reduces the tension on the skin and
edema, All patients are taught to massage their skin inci-
sions starting 4 weeks after the operation, to apply pres-
sure,and to avoid ultraviolet light as long as the scars are
hyperemic and red.

Never forget that every patient considers the scars as
the surgeon's signature,

Explanation of Abbreviations

BPI
Cl
EBI
FA
FB
FLI
FN
FSO
Gl
10N
LBI
LCL
LD
LE1
LG
MA
MB

MCL

MCS
MN
NLS
OF
SCI
S1

SL
SM
SON
TGl
UBL

Blepharoplasty incision
Coronary incision
Eyebrow incision
Facial artery

Frontal branch of the facial nerve
Face lift incision

Facial nerve

Foramen supraorbitale
Glabellar incision

Inferior orbital nerve

Lower blepharoplasty incision
Lateral canthal ligament
Lacrimal duct

Low eyelid incision

Lacrimal gland

Malar arch

Marginal branch of facial nerve
Medial canthal ligament
Monocortically placed screws
Mental nerve

Nasal lacrimal sack

Orbital fat

Subciliar incision

Stab incision

Skin lacerations

Submental skin fold
Supraorbital nerve
Transconjuctival incision
Upper blepharoplasty incision
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Fig. 2.1
Lateval approaches o the Gsciol skeleton,
Menedibile Vhe lobule of the sar, angle of the mandilile, snd
mouth must abways be visible during the aperstian 1o allow
pertect origntion for correct skinline inctsions,

The modified face iy incision e the appraach oo the man-
diliibar foinl terns aronnd the Jobole and can be extended
dowiwnrds o the horizontal-skin (olls of the nech wealliw
expusare al the angle of the mandibula (FLI The main stem
al the facial nerve may be damaged (FN) during the psteosyn-
thests of condylisr neck fractwres and should beowhenevir pes-
sibile, expased, Caredul nse of the Langenbeck hook 15 manda-
rory o avoid nerve damage,

Fxpasure of the horizontal bruch of the mandille (o]
the skin lines, which may cross the margin of the mandible of
net The marginal branch (MO may overlap the margin of the
mandible by 1 omy Therefore after incising the skin the pla-
tysma and fasclacalli meust be metsed | cm helow the shin -

siem to avoid proxiomity 1o the nerve, I the facial artery (843 i

dizsec ted the pline o the miarginal branch fsalwas above the
vessel,

Skin lacerations (see Fig. 1.3, &1 miy e wsed for the

approach 1o fractures and canbe extended (ot the direction of
skn lines or combined with separite incigiony,
Gririt and Zegowa; Uhe subeiliae incismn (SC7) 15 the mist
common exposure [or the malar bune, inferior sebital dim, and
orbital loor The orhicalars moscle is separated in ity Shers
5 below to the skin dncision,

Lower blepharoplesty tncivion (LN 15 less advisable
Because of the dinger of pustopesitive ectraplon, especially in
elderly patients. Too much teaction pn the skin margins during
dellling miust be avoided,

Theskin extension ofatransconunctival incision 7O dis
nserts the lateral canthial poncarasisand ghas o very direct
dpproach ta the hone.

The evebrow incistan (#£R1) for the exposire Gf the fateral
irbatal rim i aicely hidden in the i, bt we prefer the upper
Blepharoplasty incision (LR tora direct and veey atranmatic
approach to the lateral and superior arbital v,
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 Fig22

Intruoral approaches to the facial skeleton.

Al muensal incisionsare placed 2 mim above or belinw the
attached  pingiea, To give good éxposure, transmucosal
appraaches must be very long. In the mandible care must be
taken toavaid dumage 1o the mental nerve (N, which perta:
rtets the bane between and bedaw the rooth roors 4 aned 5 Prox-
imal o the mental foramen the pervecanal goes down 2-3 mm

ta raise up again pesteriorly in the mandible, Therelore m the
horizental area the screws must be placed very Tow ta avoid
nerve daiige,

lntermuxillary fxation cun either e via dental splints, with
the help of unicartically placed short sceews [MES] or with
minipiates fixed with screws in the alveolar ridge of the max-
M aned pnapndilde.
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Fga3d

Submental approach,

e ol Hie submentad shan fild (581 T he skin s separated feon
Hie sk b give way fo e bone with mininial bleeding. Skin
lncerulions (51 can be Included [ the skin loe incisions or
used as psccond and separale approoch,
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[ Fg2a
The canthal lgaments and the laceimal system.
| The medind conthal lpament (QMCLY s 0o well delned anamnme
entity with 4 very strong attachnient G the bone Tle bany
insertion point CEE ol the medal lgament mns) be placed e
cortect position during astoosynthesis,

Fhetacrimal duct (0] aned the nasal lacelmapl sach {8081 are
deep to the liggment and can most aften e preserved, The L
eril canthil Hgament (L1 s nota lgamentbut o broad agpon
curalic steuctiee, For exposuro of the arbital caviey and oo
(e lnerimad whoed (053 and the orbital fan (08 are mabihaed
vis the subpertosteal plane.

L} |
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n";”

Anterior approaches to the facial sheletan.

L all comiples tractures of the midface the coronary incision
[0y i mpndatory The W incision of the skin margins respeoty
the hairline and con easily be sutored back a1 the end of the
aperation, The pliune of dizsectivn is subigaleal and subperios.
feals about 2 cinn obove the orbital i The sapracelital perve
PSONT st be fdentihed and accasionally bureied our of &
sl foromen (F0),

Literal dissection s deep on the lemporal lnseia 10 avaid
dumage to the frantal branch [FR ol the Teisl nepve, exposing
eanily the malar arch (MA], '

The plabelar incision {67 either vertical or horizontal
eaposes the ool of the aose ind can be ysed 1 ploce a nasal
bnme gradt with screw lxation.

Four incisions are passihle ro-approdct the fower margin of

M orbit. We preler either the subeiliar incision (SC0m the firs
evelicd fold 4-5 mm below the tim Bt may bevgtended Lot
allyupto 2 em [cave Froatul Braach of the fuclal neeve { P81 | or
the tramsconjuctival incision (FO0 that may be extended
cutting the lateral canthos,

<l

Gl

ERl
LIE
LB
51
LEI

A,
Sl

Lowrer hlepharoplasty incision (L8 muy lead 1o postopera
tive ectropion, The low eyelid incisman (050 gives o good and
adirect view to 1he orbia] rim, it e scar muy be visible and
prodiuce an evelid edema,

Mot of the malar fraciores include the miraarbil faremen,
therelore the miraarbital nerve (0N most always be shown
e decomprossion, Avold nerve compression By an ostensyn
thesis place,

The Trantal hranch (£8) of the focin) nerve ligs i the degp
subcutaneous laver aved goes up o the rontal muoscle about
1.5 cm pasterior tathe latern) canghs,

Tocapproach the upper arbital rim we perform o lateral
upper Mepharoplasty incisien (L0, which leads ditecty 1o
the sypormaticolrontal sulure. The evebrow Inclsion (EB]) s an
altermative. Locerutions can he included i e skinfing
appraich Lo e orbil

Staly ineisions (50 wre oot i the skinlines o closed rodic
tiom with the hook fn malare fractores ar for wound deaios
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Mandibular Fractures
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3.1 Introduction

The aim of adequate internal fixation of facial fractures
including mandibular restoration of form and function
with plates and screws is to provide for undisturbed
healing under the condition of function and without any
period of intermaxillary fixation (IMF). It is therefore
necessary to carry out an adequate fixation for each
individual fracture type. The question of how to per-
form adequate fixation depends on the different fracture
types, the general health and compliance of the patient,
and the timing of the operation. While one fracture can
adequately be fixed with one miniplate only, another
fracture may have to be stabilized with a reconstruction
plate in order to be adequately fixed. In addition to these
factors, the choice of fixation depends on the experience
and judgement of the surgeon. When in doubt, it is
always safer to select a stronger plate and screw or go for
a double plate fixation instead of a single plate fixation.
Failures are almost always due to a misjudgement of the
surgeon and not to the hardware. It is of utmost impor-
tance to recognize and understand failures in order to
provide for a safe and quick repair.

An absolute prerequisite is the ability of the surgeon
to identify and secure the correct occlusion prior to
stable fixation of facial fractures with plates and screws.
During surgery intermaxillary fixation is a must.

3.2 Treatment Planning

Not only the type of fracture but also the patient’s per-
sonality, age, sex, and general condition is of great
importance for treatment planning,

Personality of Patient. Highly educated and intelligent
patients show better compliance with therapeutic meas-
ures and advice while those with a low social standard
may be negligent in their postoperative behaviour.
These patients require more supervision. It is our expe-
rience that persons with a low social standard often do
not present for implant removal, Therefore it is neces-

sary to use inert osteosynthesis material, for example,
titanium, which makes implant removal unnecessary.

Age and Sex of Patient. Postoperative healing is gener-
ally better when the patient is young. This is also the case
with bone healing. On the other hand, elderly patients
frequently exhibit diminished osseous density due to
osteoporosis. The biting strength of young men is gen-
erally greater than that of women. The consequence is
that a more stable fixation device should be preferred in
young men.

General Remarks. Medically compromised patients with
metabolic diseases such as diabetes, allergies, and hem-
orrhage and patients addicted to drugs must be treated
with particular caution. Metabolic diseases may affect
otherwise uneventful postoperative wound healing,
Allergic reactions to titanium are not known.

[n addition, patients with cardiac or pulmonary dis-
eases may exhibit problems with general anesthesia.
These patients should be treated under particular anes-
thesiological care either in general or local anesthesia.

Psychiatric and neurological diseases (e.g., epilepsia)
do not allow IMF and require open reduction of the frac-
ture.

3.3 Cost Effectiveness

Number of Plates and Screws. The number of plates and
screws used for fracture treatment should be limited to
achieve adequate stability. Overtreatment (oversize!)
should be avoided.

Return to Work. The overall aim of fracture treatment is
safe restoration of form and function. By utilizing open
reduction and adequate internal fixation IMF for sev-
eral weeks can be avoided. In economic terms this may
be cheaper in numerous cases because the patient is
allowed to return to work earlier.
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3.4 Adequate Stability

The definition of this parameter is difficult. While one
fracture may be adequately fixed with only one mini-
plate, the other may have to be fixed with a strong recon-
struction plate. The choice depends on the experience
and judgement of the surgeon, the condition of the
patient, and the specific fracture type.

Reasons for failure are almost always due to the sur-
geon, rather than to the hardware used. It is very impor-
tant to reanalyze failures in order to recognize and
understand the reason for the complication. The aim is
to carry out a safe and quick repair.

Compression is only an additional tool for stabiliza-
tion, not the prerequisite. Compression supports — at
least in the initial phase of fracture healing - sharing of
functional load between hardware and bone. Neverthe-
less exact and meticulous reduction of the fragments is
compulsory.

In all cases mentioned it is not antibiotic treatment
but stability of the fragments which is the prerequisite
for uneventful bone healing. It must be stressed that
antibiotic cover is only a supporting factor.

Whenever possible the third molar should not be
removed prior to open reduction and fixation of the
fracture, as it facilitates to some extent exact reposition-
ing of the fracture surfaces, Osteotomies to remove a
third molar should be avoided if possible in order not to
loose bony support of the fragments.

3.5 Mistakes in Application and Technique

Insufficient Reduction of the Fracture With Incongruency
of the Fracture Surfaces and Interposition of Soft Tissue.
Good visibility of the fractured area during open reduc-
tion is important. For example, in subcondylar fractures
it is inappropriate to use an intraoral approach under all
circumstances with poor visibility and loss of the ability
to control reduction. If there is any doubt, it is better to
prefer an extraoral approach.

Poor Positioning of Screw (— Nerve Damage, Root Dam-
age). To avoid nerve and root damage the plate must be
placed adequately, for example, not at the level of the
mandibular nerve channel or the tooth roots. If this is
not possible, the direction of the screw holes must be in
such a way that the screw bypasses these structures, or it
musl be placed in a monocortical manner.

Choice of Inadequate Hardware {Too Weak, Too Small),
Especially When in Combination With Subcondylar Frac-
tures. Young men generally require stronger hardware,
The functional forces in elderly patients with edentulous
and atrophic mandibles should not be underestimated,

however. Here a load-bearing osteosynthesis with a
stronger fixation device must be performed (see
Sect. 3.15). Defect or comminuted fractures require
bridging osteosynthesis via reconstruction plates. In
this context it must be stressed that even the strongest
plate may fracture with time (due to fatigue) when the
bony continuity is not restored.

Compression in Comminuted Areas. Comminution
means a lack of bony support. Compression in commin-
uted areas is impossible and leads to dislocation of the
fragments. It is therefore necessary at first to simplify the
fracture via reduction of the small bone pieces and fixa-
tion with small plates and screws and to bridge the
whole area thereafter with a reconstruction plate. The
screws of the reconstruction plate should not engage the
small bone pieces in the comminuted area (“bridging
osteosynthesis™).

Insufficient Fixation of the Plate (Too Few Screws). If
compression of the fragments is not achievable, it is bet-
ter to use more screws for fixation of the plate. In cases
of a defective or comminuted fracture at least three
screws on each sides of the defect or the comminution
are mandatory. Thin and weak bone generally requires
the use of more screws than thick and hard bone.

Screw in the Fracture Gap. Good visibility helps to avoid
the positioning of a screw in a fracture gap. Nevertheless
in oblique fractures the postoperative X-ray may reveal
poor position of a screw, i.e., in the fracture gap, which
was not realized during the operative procedure. There-
fore it is necessary to supervise also the lingual aspect of
the fracture before drilling the screw holes.

Stripping of the Screw Holes. Drill bit, tap (if necessary),
and screw should be used in the same direction.
Repeated insertion and removal of screws is to be
avoided. In weak and demineralized bone, tapping may
not be advisable.

Plate Bending Error (— Gapping, Torsion, Increased
Intercondylar Distance). Bending errors can be produced
especially by using stronger plates. It is therefore impor-
tant to supervise not only the buccal aspect of the frac-
ture after fixation of the plate but also the lingual. A gap
on the lingual side can be avoided by overbending the
plate. Lingual gaps especially in the chin area may result
in a cross-bite situation and increased intercondylar dis-
tance.

Torsion of the plate may produce occlusal interfer-
ence, for example, tilting of the smaller fragment or an
open bite. Therefore final intraoperative supervision of
occlusion is compulsory.
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3.6 Failures
Nonunion/Pseudarthrosis

Infection/Osteomyelitis. The above situations require
surgical revision. Nonunion and pseudarthrosis must be
stabilized by using a reconstruction plate. If there is
bone loss, the fibrous tissues within the gap may be
removed and replaced by corticocancellous bone grafts.

Infection and osteomyelitis must be treated as soon
a5 possible. It is not advisable to manage local infection
with fistulation by using antibiotics. Antibiotics play
only a supporting role. The reason of infection/osteomy-
elitis in the majority of the cases is instability of the frac-
ture and loose hardware. Therefore the only effective
measure Lo manage the situation is reoperation, clean-
ing of the infected area and application of a reconstruc-
tion plate. It is important to use at least three screws on
each side of the fracture. The screws must not be placed
in the infected area.

Broadening of the Face (Increased Intercondylar Dis-
tance), Especially in Combination With Condylar and Sub-
condylar Fractures. Broadening of the face is esthetically
and functionally unacceptable, Therefore this complica-
tion also requires reosteosynthesis by using a strong
plate, Overbending is compulsory.

Malocclusion, Malocclusion may be seen postoperatively
as the result of an insufficient intermaxillary fixation
during surgery. While slight occlusal interferences after
open reduction and internal fixation of mandibular
fractures may eventually be corrected by grinding the
occlusal surfaces of the teeth, serious malocclusion
requires reosteosynthesis in the correct position of the
fragments.

Hardware Fracture (Plate/Screw). Hardware fractures
require removal and in the case of instability reosteo-
synthesis,

3.7 Indications for Osteosynthesis

Fractures Requiring Open Reduction
and Adequate Fixation

» Severely dislocated fractures

* Open fractures

¢ Complicated/comminuted fractures

¢ Infected fractures

* Mandibular fractures in combination with condylar
or subcondylar fractures

* Panfacial fractures

¢ Fractures in patients with edentulous jaws

Fractures in uncooperative patients
Fractures in medically compromised patients
Patients in which IMF is not advocated

On patient’s request

3.8 Indications for Perioperative Antibiotic Cover

= Medically compromised patients

¢ Severely comminuted fractures

* Heavily contaminated fractures

o Severely lacerated soft tissues

e Difficult fractures with predictably long operation
time

¢ Delayed fracture treatment (more than 24 h)

The intravenous administration starts prior to surgery
and lasts not longer than 24 h. This antibiotic prophy-
laxis is not sufficient as therapy for a preoperatively
infected fracture. It cannot replace insufficient mechan-
ical stability. Mechanical stability remains the best pro-
tection against infection.

3.9 General Remarks

¢ The first step in reduction is restoration of occlusion.
The reduction must be secured with IMF either by
splints or other fixation devices.

* Selection of access depends mainly on the localiza-
tion and type of fracture and the possibility of frac-
ture reduction and supervision.

* In dentate patients supervision of occlusion is man-
datory. In edentulous patients it is very advisable to
use the prosthesis as a guideline for the correct inter-
maxillary relation.

* General anesthesia, mostly via nasal or submental
intubation, is therefore necessary.

* Tension band plates are fixed whenever possible with
bicortical screws. In situations in which tooth roots
or the mandibular nerve can be lacerated, these
screws are placed in a monocortical manner. Com-
pression and reconstruction plates used at the infe-
rior margin of the mandible are fixed with bicortical
SCrews,

3.10 Localization and Types of Fracture

The localization and type of fracture define the treat-
menl strategy and the surgical access and are described
in the following sections. The various options for fixa-
tion according to the severity of the fractures are
described for each localization.
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3.11 Fractures of the Symphysis
and the Parasymphyseal Area

Definition. Fractures of the symphysis and parasymphy
seal aren are those located 0 the anterior part of the
mandible between the canine teeth, They include the
area of the chinund the insertion of the interior mus-
cles of the foar of the mouth. Since these fractures dre
often not dislocated, they can cause diagnostic prob-
lema, Clinically o sublingral hematoma iy be the only
symptom. Furthermore, especially in connection with
these fractures condylar or subcondylar fractures must
Fre excluded.

Radisgraphically the fractune can be hidden by the
overprojection of the vertical spine, Clinseally in dentate
patients this type ol fracture is considered an open fric
ture since the fracture line runs throogh the alveolus.

Special Conditions Influencing Adeguate Internal Fiza-
tion. The intraoral approach allows sutficient superyvi-
sian ol the reduction. All types of gsteosynthesiscan he

applied via this approach. The creation of @ gap on the

lingual aspect of the fracture must be avorded, The dan-
per of widening of the mandibular arch and thus hrosd-
ening af the face is especially present in symphyseal
fractures in combination with subcondylar fractures
faee Fig 47 al I the ohinm area jow Tunction produces
tortiomil as well as compressive and tensile forces, The
largest tensile loads are located ag the area of the alyveo-
lur crest and af the inferior border (Rudderman 1992),

Procedure. Generally the mtraorml appriach is used via
an ineisiom ol the mucosa in the vestibulum. The extry
oral approach may be ased in cases with skin laceration,

~ Fig.3.0
Transverie Tracture of the syaphyiend area withoul dishocs-
Him,

Simple fractures may be carried oul under locol anes-
thesia,

3.11.71 Transverse Fracture Line Without Dislocation
(Fip. 3.1

Al least three types of fracture fixation are possible:

o Adental splint inchading at least three eeth on either
side ol the Tracture m combinatien with a four-hole
miniplate (240 or a four-lole LE-DE plate, placed fust
underneath the apices-ol the touth roots [Fig, 320

= Two four-hole miniplates (2,00, fxed with monocor-
tically applied sceews for the superior plate and
bicortical screws for the interior plare: The superior
plate nevtralizes the tensile lorces {Fig. 350

Fig.32a.b

a Cpen eeduction apnd dnternal Bration with o tour Diole ini-
plate (2200 combination with @ dental splint

b Open reduction aod internal fxiion with a foo-hole 24
a1 plate b combinasion with a denral sphing



* lwo or three long lag screws that cross the fractuee
[ trea horiontal divection, These screws must |
eratly be longer than 20 mm, For an optinl place-
ment of thescrew head the countersink must be uaed
(Fig. 340, Both screws are placed in the bone below
the toolh roots,

« Stronger plates such as reconstroction plates (Lni-
LOCK or THEORP T may be necessary when these frac
tires occur in combination with subcondylor frac-
Fures o with pantacial tractures,

Aath e Fractures of the Symrphesis and the farssymphyseal Areo

Fig.3.3a,b

a Open reduction and mteral fxation by nging two four bl

mipdplates (0] The superior plate must be fieed wlih
isonocar Heally placed screws-{as indicated i insed)

A 1Rovear-okl woman, Postoperative radiograph shwing
Pwea miarpdates (200 ina symphvseal racture, o this it

P e surpeom chose topply ashors tvosbaole plite saper

ptly and therefore o lomger sig-hole mumplale micoorly, The
right subcandylir Teactire was stibilized with a fve-holi
mripliate G20, whereas the condylar Tractore an the leh
cortilid pan e |11IL'rr|.1||j.' fAxed, Thorefore |MF for 10 dovs with
elastics was sl
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Fig. 3.4,

A Uhpen reductan and interal fxalion by psing gt least o
herrizontal 2.4 lag scress: The superior screw must be pluced
within the exteriil cortex inommoorder not 1o dan e the
Postly poaeils Caee difaet )

B Postoperstive sadiograph showing lwo horfzontal  lag
soress, The splind was installed for intraoperative fizatlon of
the seclusiop and postaperative lunctianal reatment of the
salicondylir tractire on the Jen yide,
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s

Trinaverse fraciure of the sympbyseal aren with disloeation,

3.11.2 Transverse Fracture Line With Dislocation
(I':}:I_ 5]

This type of fracture requires wider surgical access to
supervise reduction, Pisation of the reduced fracture
with either a dental sphing ora 2.0 plate in thearea of the
akeealpr crest (tensile area), together with temporary
IME Fixation of the (racture at the inferior border with
vither o L4 LC-DC plate (Fig, 3.6) ora Universal Fracture
plate is necessary, When the LC-THC plate is preferred,
the compréssion device 15 used vip the excentric drill
fuide {see Fig. 117 [y b Sl IH-'L'rl':r.'luli|:y, 15 ECEsSaATY.,
In physically strong andfor uncooperative patients the
2A DT plate vy b too weak tclose the lingual gap. In
anch cases the alightly stronger 24 Universal Fracture
plate 15 advisable (Fig. 3.7), A reconstruction plate with
it least six holes may be mare appropriate in the pres:
#nce otacongomitantuni- or bilateral subcondylar frac

lure,

Hi*:m;-h.‘t

a Coen reduction and mlernal Gxatian with a foue-bole min
plate (2Akand @ four-hole 28 1000 plate, The superior
plate s tred with monecorHeally placed serews,

b Postaperative raclivgraph shawimg o lowr-lole r i
drh andd asie-hede 1000 plice,
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Fig. 3.7, b
& Upen reduction and interpal fixation by using @ four-holke
miniplate (2. and o four-hale 2.4 Universal Fraclure plate,

b Fracture of the symplvseal area stabitized witl miaiphite
LEA) el eght loale 3.4 Universal FriscLise plate, The two
tner holes have been left empty becaise of surme bone com
Mkt in his ared, The stronger plate was especiilly nic
vy beentbe of this commmition and the loess of the Lef

Lo r ingisor,
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— Fig. 3.8a-¢

3.11.3 Fracture Line With Basal Triangle & Fractore of the symphyseal e with basal tiangle, Cpen
reduction and ngernal fination by using o Lo huele ma
plate (200 and a len-hole 24 Universa] Fracture plate.

b Madippraphic apgpesrance ol o semphyseal fracture wirh

In thissituation & 2.4 Universal Fracture plate at 1he base

i r Ul R I e Nl & ¢ ) i A . 1 -

is used. The main fractare ends should al lease be lixed Iyl trignple in a partially edentilous mandible,

with three serews, The trinngular piece of the base can ¢ Fixatioo swith asix-hale mindplate (20) for adaptation and o
Purther bie fixed with 24 serews o the plate or with 2.0 24 Ungversal Fracture plate an the base forsubilizaivn, The

gores holes 1o the ares of commsinution are beft eniptv Sote

of 24 screws deting as lag screws inoa vertical direction,
three screws on cach side,

In the tensde aren o miniplae (2.0) 15 nsed (Bg. 3081
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Fig.3.82-c

i Lomminited fractiore of the syimphyseal wrea,

b Open reductivnand inkeenal Hxationwith a dentil splingand
i ten-bole 24 reconstrudlion plate,

¢ Lommnuted semplhyseal Trac e atter open rednction wd
tnternal hxation with ao eight-hole adapiation plate io com-
Binatio with aten-hole 20 reconstroction plate. Pute holes
phowve the comminured fracruee sre are lell empte Load
btaring oskeody nthesis)

3.11.4 Comminuted Fracture | Fig. 344

The fragments are reduced hy using a dental splint and
[MF Bridging of the fracture area s with o 24 recon
steuction plate, Thstortion of the main fracture ends
must be avoided by wsing the plate holes in a0 neutral
manner, This 45 of greal importancy, especially in
patients with teeth, Care must be taken not Lo ise serews
ler wlose toa fracture line, The thicker bany pleces iy
b Lxed with serews to the plate (I'ig, -'i-..':.lll,,l__:l. Stripping,
b the Simgual periostewm is not advised inorder i aveid
distirbinde of the Blood sopply of the small bone
pitces.

Special atfention must Be given o the condylar ared
since ost of these comminuted chin fractures are
vhserved in combination wilh condylar or subcondyla
fractures, Especially when hilueral or in combination
sl pantacial feactores; these fractures should be inter
rully scablized, A anbtomically possible,

3.12 Fractures of the Horizontal Ramus

Definition, Fracnires of the horizoental ramus are those
lacated between the conines and the last meolar, Particu-
lar attention muost be given to themental necve, Both A
projeciion and orthopantomegeam are mandatory since
the type ol fraclure directs the surgical pproach, In
dlentate patlents this Pype ol fracture isalwavs an open
[taciire since the fracture Hine rons through the alveo
lues,

Special Conditions Influencing Adequate Internal Fixa-
tion. "The wtraoral approach alliws sufficien! supervi
storin the anterior part ol the horleontal fams, In the
posterior parta gap of hoth the inderior and the Hngual
aspects of the fracture cannon alwiys be supervised vl
the intracral approach, An extraoral approach may then
be more appropriate, This s alse o question of the expe-
rremce of the surgeon wnd 15 therdlore his decision,
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Procedure. An intraoral approach is generally chasen, In
the molur area addilional stab incisions may be neces-
iy for the transhucesl placement of the screws, Lo
heavily comminuted fractiures an extraoral approach is
seldom avaidable. OF course, cases wilh overlying skin
lncerations are approached through the wound (focca
sionnl upproech”),

Bpecial attention must be given 1o the mental nerve
when using the intravrnl approach and 1o the marginal
hranch of the faclal nerve when using the extraoral
approach. For this reason o transbuccal approach is
piten chosen (see Fig, 1.34).

Generally all these fractures are operaled on under
general anesthesia.

3.12.1 Transverse Fracture Line Without Dislocation
iFig. 3.100a)

Two tour-hole miniplates (2.0), monocortically applicd
screws tor the rension-band plate, nd bicortical serews
for the plate at the inferior mandibulay border are used

a Fraciure of the horizontal semus without distocarion,

b Stabilization with 1w four-hole meniplates {10,

¢ Bepair 6f o hosizontal camuos fsctore with mae tour-bale
mniplalés (200, The subcondylioe fracture on the npposite
gide hs boen soabilieed with s fonr-hisle min B platie (2.0

fFip 3 0be). In strong male puticnts and Hrconpe) -
ative patients it may be necessary to use o 2.4 plate with
bicortical screws at the inlerior border. As tension band
adental splint may also be used {see Fig, 3.2),

3.12.2 Transverse Fracture Line With Dislocation
(ST A

This type of fracture requires wider surgical access (0
supervise reduction. Reduction 18 secured with & 2.0
miniplate in thealveslar crest (tensile aread ora tension
band-splint. Fixation af the fracture in the inferior bor
der with a L4 LE-DWC plate (Fig, W11 boe), Erverhending
it this area is leas important thun in the anterior part of



fik Coparren - Mandibular Fraciures

the mandible, In stronger made patients the 2.4 LC-Di Fig.3,11a-¢
plate may be too weak to withstand the functional lorees @ Fractore of honzontal ramus with dislecatian,

b Bepur ol a frnctoee of the horsgontal voms with o foons-hale
miniplate (200 aa tension bund and o fone-hale 24 00D
it

¢ lepair of o loteral fracture with o foue-haole I|||I|i|\|||||:.' |
as venaion band-ancd a four-bole LO=0G plote,

anil e close the ingual gap. In such cases a stronger 2.4
Lintversal Fracture plate is advisable (Fig, 3120

A Veesperntively e same sibuation s in Fig. 30 Lo the riglt B
sdide, but i cotnbination with am anpubar frecioee an e lef;
ptcle, Elxation with o mbmdplate (2,00 as tenshon band in com
Bibiation with o 2.4 Universal Fraciure plate

b, ¢ Hadiographic appearance pre- and postoperatively, Twi
distocated Trctures in o young dentate man, Pizotion with a
mnEpliee (200 with monocartically placed screws mul 024
Lidversal Fractiure ploce with bicortically placed serews,
Angular fracture see in Fig. L1 9h,

e fuee gt i)
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- Flg.3tzde

doe Freoand posteperanve §-rays ol horizontal somgs factare
i ecentulons wrei A a gt eong man. Fikation witl o miniplare
{200 iy combinative with o 24 Universsl Fractore plate,
it il Hhe sevews are bicartically placed,

3.12.3 Obligue Fracture Line With/Without Dislocation

Fractures with an oblique eacture line have a wide syt
face and can therefore be fixed either only with lag
serews o @ lag serew i combination with plates, 1 sta-
bilization with serews only 15 perlormed, three serews

shonld be placed (Fig 3,033 The area underneath the

serewhend should be Hattened, and therefore the coun-
tersink Is used. If only two lag serews can be placud, o
cambination of these Lag screws with a 24 LU D9 plate
of a Liniversal Prictore plate is necessiry, tigether with
asplinttor rension-banding (Fig. 3,143,

- Fig3aze-e

@ Obligue fracture of the borkeontd rames, Repair with three p
liggr srews,

bt Pree and postoperative Xovy of a severely dishocated
altlicpue fractore of the hovizantal s After open redue
hon adeguaste fxaticn with' hree 200 bag seriws wais
achiewed

d Clinical example of an oblique Tracture of the horizantal
v i the premolar area, Typically, the fracture s furcly
visible o the OPT,

e Addeal stabibization in this cose with Towr L7 lag sorews,
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A

Fepair ofan ebbgoe fractore with ome g serew i combina:
thon with a 2.8 [£-D0C plate at the lower berler-and o denal
splint as fensien bupd. Mot placoment of lag scrow in (nser,
The lag serew must e placed firse and thersafter the remain

ng serews are plicest g el pasition,

a8 Fracture of the Torksontal romos with busal triamgle, L

b Open reduction and gileguate fixation with o foor-hole mini-
plate CLI a8 tension band wod on eight-hals Universu) Frac
eure plile.

¢ Stabilization of o disfocared aciure witl bosal ria ngle
welthe o mindplate {2:00 as eosion band in combination with
i 7 hele 24 Universal Fractore plate, Bepty hale above (he
fracture line i between tefanple and carpus,

3.12.4 Fracture Line With Basal Triangle | Fig, 3.15a)

Ostensynthesis is pertormed with a 24 LC-DC plate ora
2 Universal Fracture plate an the base of the mand|ble.
[ appropriate situations the triangle can be fixed either
tor the plate with a 2.0 or 24 lag screw or 1o adjacent bone
with o separate lag serew. In the tensile area a 2.0 mini-
plate with monocortically placed screws or a tension
Bl sphing is used (Fige 3,1 5b,c),

3.12.5 Comminuted Fractures {Fipg. 3.164)

The fragments are reduced and approximated by using
L5 or 20 miniplatesor lag screws, T'he fraciure aren then
15 bridged with o 24 or 2.7 reconstruction plate. O
course, thee screws must be placed in a neutral position
since compression in the presence of o comminued
fracture is inapproprinte and may lead 1o distortinn and
consequently to malocclusion (Fig. 3.16h, ¢),
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Fig.3.16a-¢

A Corrroted et of the horteental ramos,

b Urpen redietion and rigd fratiom with twe o pates (AN
tor fractre acdapiatiomn and o 2.4 recomseeuc oo plave, Miste
thres screws on esc o side of the monfractured deei dre man-
datiry

€ Stabilwation of o comoinuted Tractiure of the Borisonil
s wth b Lomg g ackipanion plates for prinsary (x-
aton af the various fragments, Briduimg ol the comminuted
aria with o 12-hole recanstraction l,ll..l,l,l; oo Lhree screws
on cither st

3.13 Fractures of the Mandibular Angle

Definition, Fractures of the mandibulior angle are those
located posterior to the second molar and comprising
the friangle between horizontal and ascending ramus
Frequently the fracture line runs through the area of an
impacted third molar Since the orthopantomogram
alone often does not show the depree of dislocation,
additicnal AP projections dre mandatory,

The type of the fracture, the degree of dislocation,
anel the experience of the surgeon determing the surgi
cal approach. I o third melar is partly impacted or in
contact with the second molarn, the fractore must be

regarded s an open fracture.

Special Conditions Influencing Adequate Internal Fixa-
tion, Control of the imferior fraclure aspect 1s Hmited
when using the intraoral approach. The peed for intra
aperative mtermaxillory fixation may be an gdditional
abstacke in redoction of 1he fragments,

Procedure. The intraoral approach can be used 0 cases
wilh no or only slight dislocation. While some of {he
screws for the plate fiation bn the tension-band area can
be placed via this approach, it is aften necessary to use
an wlditional stab inciston for correct transbuccal place
ment of the screws at the base of the mandible.

Fractures with o high degree of dislocation or com
minuted fractures need an extraoral approach for cor
rect reduction and supervision of the placement of the
plate, The correct application of longer and steonger
plates is extremely difficult via an imtraoral approach,

When using the extracral approach, speciil aitention
mest be piven oo the mandibular branch af the facial
nervy [see Fig. 110

I some instances local anesthesin may be suficien
for the treatment of @ simple and nondislocated fracture
when using a one-plate lsdiion in the area of the lineq
abibicpuas Al othier cases, however, dre usuallv corrled out
under peneral wnesthesia,

It s not compadsary to remwowe o third molar which is
loveatend in the racture line (especially not with an oste
otomy ] singe this procedure might hnder the correc)
réduction and lessen stability of the fxation. This iy
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mcin weakening of the tension zone In cases in which
removal of the wisdom tooth 15 advisable it should e
perlormed atter fixation of the fracture with plates,

W T

a Transyerse angle teactoee waithout dislocaton with tally
resiled wisdoi teoth,

b Fracture repair with o sinple six:hole miniplane (2.0,

od Pree pnd postaperative Xoray of fractuse situation in a
vy worman, as shown dnagl The fully setained wisdam
(oo B veas et Temonved,
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3.13.1 Transverse Fracture Line Without Dislecation
{Pig.3.174)

One-plate fixation is possible using a 2.0 myiiplae (o
or §i% holess two or three screws on each side) with
nrnocortically applied scrows, shen necessary (aren ol
tiserth roatsd at thearea ol the hnea abligua, bt s kind
of fixation canoot neutralize all the forces (hat may
pocut during function {Fig. 3,17 b-d),

Especially In men this fracture i better manoged
dsing two 20 mindplates; one in the area of the linea obl
auat e The secend at the inferior border (Fig. 3,18).
Again, the plate should be ficed with bicortically placed
serews whenever possible, In stronger men it might be
necessary o use a L4 LE-D0 plate with bicortlcal serew
frcal fon gl the inerior boerder in combination with the
A mruplate in the tension-band area | Py, 3,09),

Fization of the fracture is also possible using a sinple
big screw moanteroposterion sblique direction (Fig. X200y
i the bone 35 strong and nol osteoporatic, This tech-
Aigle however, reguites considerable experience on the
part of the surgeon sinee there is danger of damaging
the inferior alvealar nerve during drilling and tapping,

- Fig3.08ah

a Trusverse anglo fracture. Bepaic with o s hole anniplate
t20d the superiar border and o foue hiole miniplee (2.0)
af the nferior border,

b Postoperative X-vav, Flxarion of the vondislocated angl
fravture whtly pwa miniplotes (2000, & six-hole l||.j{|: for the
tensinn band a1 the superior border ond o loue-bole plate 2
the dnferior horder Mote: the wisdom tosth  was ool
remiyed,



Jia

Mandibulor Practures

CHAPTER A

Fig:3.19a,b

a Transverse angle fracture: Repair with a four-haole mipipiate
(2:00 ns ensioin band and o four-hale 2.4 LC-13C plate ot the
inferior bonder,

b Postoperariee Koy showing the fixation of a transverse
anghe fracture, as indicaled inoa Sieong male palient!

Fig. 3.20a,b

a Repadir of a nondistocated trarvisverse preangular fracture
with onesingle lag screw, The lag screw crosses the fracture
lime (nan mterior buceal w posteriar lingual divecrion.

b Clhinical situation s showe in a

3.13.2 Transverse Fracture Line With Dislocation
(Fig. 3.21a}

This type of fracture shows dansage of the periosteal and
the prervpoid/masseter “bandape” Interpasition of
muscle fibers: makes the reduction more difficalt 1
[hese cases a one-plate fixation s A JJI|n|u1phﬂu
might not be sufficent. An sdditional 20 {5ee
Fig. 3.184a,h} ar 24 LO-1C plate (See Fig. 0190,b) 15
placed af the inferior border af the mandibular angle,
stronger palients require a 2.4 Universal Fracture plaje
[Fig. 3.2 b ).
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| He.321a-d

o Angle Tracture with dislocation. The musele sliog of s
seler url prevypoidens polls the prosomal remenn crang
illy,

b Distocated angular fretiee oo the lelt side. Angerion SHprer
tnrlislocitivn ol the proximal lragoment becanse of te frac-
Fiaes ol the mosele sling i well visilsle

€ Lrpen peduction wod adecuane hxarion of slslocad anile
(emctinse withoa four-hole matadplite (200 us renslon baod ared
a adx-hode 200 Uiiversal Fractuee plare

d Vastoperallve Xoruy Bepair of o dlinlocared srrglerrsctige by
s ol a fear-hale pvindplote (200 es tension Baid ond
sk hale 24 Uindversal Frociuse plate: Soto the wisdom foath
b b Teftan place
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‘Fig.3.22a-c

a Anple fracture with basal triangle,

b Open reduction and adequate ixation with a lour-hole mini-
plate 200 b the superior Border amd ancight-hale anpu-
lated 24 Uniiversal Practure plate,

€ Postoperative X-ray of an angle fracture with hasal triangle.
fepair with o six=hole minipleee (2 00a0d in this case a ten-
hale 2.7 recnnatruction plage,

3.13.3 Angular Fractures With Basal Triangle
(Fig, 3.22a)

Anangulated 2.4 Universal Fracture plate or o 2.4 Recon-
struction Plate with six to eight holes is used at the base
of the mandible, The iriangle can either be fixed w the
plate or with lag screws (2.0 or 247 1o the main frag-
ments, In the tensile areq a 2.0 miniplate is generally
used (Fig, 3,225, ¢}, As always, care must be taken not 1o
place the screws oo close to thie fracture line. I in doubi,
it 15 always sater to use a longer plate and leave the hole
close o the fracture line empty.



3.13.4 Comminuted Angular Fractures | Fig. 5.25a)

Comminuted fractures of the angular area are often
ohserved in combuation with other mandibobar frac
tures and maxillary fractures, Afier temporary mfer-
mixitlory ligation all mandibular fractures most be
exposed before the rediction and fxation of the frag
ments 15 done. This can be performed either with lag
ferews {Fig, 323b) or with 1.5 o 2.0 miniplates (seu
Fig. 3.25) Sunpler ractures should be fived firse. licom-
minuled areas, such as i Fig 3224 dright angle) and
Fig, %25, a1 st adapration is performed with mini-
plates, and thereatter the fractared area is completely
Bridged with the stronger L4 reconstruction plate. See-
ondary distortions of the fracture area are probilied by
using the plate heles in o nenekmpressive manner
(Figs 3.23-3.25), The Axdtion of caexisting subcondylar
fraciures in these instimees Bs very important,

e

a Lomminuted fracture in the lelt mondibalar angle. The frae-
fuee is both teansverse wind lonpifadinal,

boe [nternal aation ol @ comminuted fracture, in thi feft man
il apgle with a lag screw for the longitudinal fractire
ard an eight-hale recanstruction plate C17), bridging the
comminated ares. Since it was o wide epen fracture gnd the
mianeibular nerve well visible, fixation could easily be per-
formed with the anterior serews placed helow the perve and
ihig posterior sorews placed aboye the nepve,
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Fig. $.24a,b

Pastoperstive S-ray alter stabilivation of o panfacil fractore,
he comminuted brasciire of e righe mandibolar anghe was
slabilizod with mlniplates (200 (ogether with o prebent angu
Inted Uinwversal Fraclure plage, Sote: stabilization of both subi-
condylar fractures with TR mindplatis. Comblaticn of minl-
plate Hxation together with recanstiuction plae lur the chin
It



3.13.5 Comminuted Fractures
of the Ascending Mandibular Ramus

This type of fracture may require o combined subman-
dibular und preauricalur approach. The fracture is sim-
plified by using 1.0 miniplates and subsequent bridging
aned the whole fracture stabilized bya 24 Universal Frac-
ture plate or 24 reconstruction plate (Figs 3.25).

Fig. 3259

a Commtinuted fractnre of the aacemding mandibolir ramos

b Open reduction and adapration of the lragments with differ-
ent miniphates 4 201,

€ subaequent bridging of the comminured area with a 2.4 Uni-
viersal Fravture plite,

t-g (it page B2

4oty Fractures of the Mandibular Angle

L1}
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Fig.3.25d-9

d Frooperativie Xoeay show ing ecamminnted rcture af the
ascening imandibidar racnus, as shown ina

& Uhpen peductzon and simpliticaion of the Fractime with ses
el onlad aclagiation places {200

Fodtridging ot the commmieiited aren withoa 24 Universad Frig
ure e

g Fostoperative K-cay exhibating the dilferenst fragments in
Phetr regnlar position
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3.14 Condylar and Subcondylar Fractures

Definition. As shown in Fig. 3.26, condylar and subcon-
dylar fractures are classified according to the level of the
fracture line (Kohler 1951).

In the case of condylar fractures the fracture line runs
inside the capsule of the temporomandibular joint.
These fractures cannot be fixed with plates or screws.

Subcondylar fractures are situated below the capsule.
They are classified into high and low condylar fractures
as well as fractures of the basis of the condylar process.

Fractures on the basis of the condylar process are at
the level of the bottom of the sigmoid knotch (incisura
semilunaris),

Various patterns of dislocation and luxation of the
proximal fragment are possible.

For treatment planning both AP prejections and an
orthopantomogram are mandatory. Generally these
fractures are closed fractures,

Special Conditions Influencing Internal Fixation. As a
rule condylar fractures are treated conservatively, one of
the reasons being the danger of necrosis of the proximal
fragment (condylar head). This is due to interruption of
the vascular supply by denudation during an open-
reduction procedure.

The decision about the kind of treatment for subcon-
dylar or fractures at the base of the condylar neck
depends on several factors, These are:

Status of dentition

Degree of dislocation

Condition of the patient

Concomitant fractures of the mandible, such as cor-
pus fractures and bilateral subcondylar fractures

¢ Bimaxillary fractures or panfacial fractures. (For
more precise information about indications for inter-
nal fixation of subcondylar fractures, see “References
and Suggested Reading”).

- s

Condylar fracture
High subcondylar fracture
Low subcondylar fracture

—— Fracture at condylar basis

IR
Fracture classification according to Kihler.

In general, especially nondislocated fractures are treated
conservatively, as this shows excellent long-term results.

In the case of a high-grade dislocation or luxation of
the small fragment, conservative treatment with at least
2 weeks of intermaxillary fixation or direct or indirect
extension is possible. However, a reduction of fragments
is almost never achieved, Therefore in some special
instances open reduction and internal fixation are desir-
able.

Either an intra- or an extraoral approach to the sub-
condylar area is possible. Using an intraoral approach,
however, makes the reduction of the fragments and
especially the application of plates and screws extremely
difficult. In addition, it does not allow sufficient supervi-
sion of the reduction. The extraoral approach is per-
formed via a submandibular (Risdon) or preauricular
incision;  sometimes the combination of both
approaches is necessary (see Fig, 2.1), When using the
preauricular access alone, the necessary extension of the
fracture exposure for a better reduction and fixation
may not be possible. Care must be taken not to lacerate
the frontal branch of the facial nerve when using the pre-
auricular approach, and the marginal branch of the
facial nerve when using the submandibular approach.
All procedures are performed under general anesthesia.

3.14.1 Transverse Fracture Line With Dislocation

After exposing the fracture from either approach, pull-
ing the mandibular angle in a caudal direction may facil-
itate reduction of the dislocated or luxated small frag-
ments. It necessary, reduction is secured using one or
two reduction forceps. Fixation of the fracture at the
posterior border of the ascending mandibular ramus
and the condylar process with a four-hole mini-DC plate
and bicortical screws. In general, one plate is sufficient.
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e st be taleen not o wse a plale that s oo thin, oy
this may lead to ]}lule fracture (Hammer 1997, Regulas
mitniplates that are ordinarily used for midface fractores
are ton thans 1t ks alao important that there is room for
two bicortical screws on each side of the lracture
(Fig, 3.27).

T fully dlentured patients wih fractures of the bise
of the condylar process, which mayalso be considered as
the ascending ramus, Universal Fracture plutes for sta
bilization may be advisable (Fig, 3.28).

A Inernal Faxatbon of bilareeal Jow sulicosdylar frectarey with
D mindplates (203,

b Postoperative Xoeay aller adequote fixation of biluseral low
sttbscomdylar M tores with D mibsplates (200 0o panti
cidl et dllaatin,
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- Fig 3280

a Adequate ixation of bilsteral fractnres of the base of 1he
'-'-;‘ﬂ'\-l:r'rl-lf freowess dascenchng rams) oo bally deivred
streng man with six-hole 290 Universal Frocoure plakes,

boe Pres wnd postoperstive K:ravs o belateral ractyres of the
Base ol the comgdylae preocess Fisativn with 24 Universal

Teaictore plates, Mote the malocclusion visillo on the predp
prative K-ray, These strong plates for that sitnation were
indicated hecivae fractare repair had 0 be periormed
Fwweks alter theaccident. Under these circumstances (he
carsiderable sear contracture must be taken ine acepant.

&5
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Fig.3.293-d

a Mlacated frpcture ol the horizontal cammus of an extromely
atraphiic mandible

b Adecuate lixation of the fracture with 8 20 Universal Frag
fute plile, Soteracrew placement toviginity of the Lactune

vi vod porsgible, Therelose the sorew mngt be placed io ang
amiil ehin are,

ed Tre and piastoparative Xovay ol o dislocared fractuee of
the hortzamtal ramis in awestremely atrophic mandile
Przofign with o leog 24 Unversal Fracture plate, Nate:

the Beight of the mandifle In the very alrphic ares
lwwier thin the wacth af the plate,

i, ¥
|r.'
| T



3.17 - Defect Fractures

3.15 Fractures of the Atrophic Mandible (Fig.3.294)

Definition. An atrophic mandible shows resorption of
thealveolar process. Atrophic edentulous mandibles can
be extremely thin. The muscular forces acting upon the
bone are incomparable to forces acting upon dentate
mandibles, In fractures of the atrophic and edentulous
mandible functional load must be transmitted by using
astable fixation device. In contrast to dentate mandibles,
tension — neutral - and compression zones are situated
closely together due to the reduced height of the bone.
Therefore only one plate can be applied, which should
counteract the masticatory forces and take over the
functional load.

In addition to its reduced dimension the quality of
the edentulous and atrophic mandibular bone must also
be taken into consideration. Osseous density is fre-
quently diminished due to osteoporosis. The bone is
weak and fragile; screws can fail due to stripping of the
bone threads. In very weak bone it is advisable to use the
screws without pretapping.

Since atrophy occurs mainly in the area of the alveo-
lar process and here especially in the lateral horizontal
branch, fracture management differs from that de-
scribed earlier in this chapter. In some instances screws
can be placed only in the angular and chin areas. There-
fore long plates must often be used.

Procedure. If available, the prosthesis should also be
used in edentulous patients for correct establishment of
the intermaxillary relation. The prosthesis can be fixed
temporarily with wires or screws to the jaw.

Since the plates must carry a full functional load, it is
recommended to use 2.4 Universal Fracture plates or
Reconstruction plates. Anterior fractures without com-
minution can be approached by an intraoral access,
whereas posterior fractures of the horizontal ramus and
comminuted fractures are subject to an extraoral
approach. The plate must be long enough so that the
screws do not need to be placed to very low or thin areas
of the mandible (Fig. 3.29). The rule is: The weaker the
bone, the stronger the plate must be.

Even if these elderly patients do not wear dentures,
one should not underestimate the functional load.
Fatigue fractures of miniplates are often observed and
are therefore not considered for fracture stabilization in
these instances.

3.16 Infected Fractures (Fig. 3.30a)

Definition. Open fractures can generally be regarded as
contaminated. Since fractures in the dentate area have
communication with the oral cavity, they are also
regarded as open fractures.

Infections with clinical relevance show swelling, pain,
hyperthermia, reddening and secretion of pus, In the
case of acute infection radiographic signs can be miss-
ing. Chronic cases exhibit the typical signs of osteomye-
litis.

Special Conditions Influencing Adequate Internal Fixa-
tion, Instability produces and maintains the infectuous
process. In the case of inappropriate osteosynthesis and
screw loosening the hardware acts as a foreign body and
must be removed. An osteosynthesis can be inappropri-
ate because of the wrong plate selection (too short, too
weak) or loosening of screws.

Osteosynthesis of an acutely infected fracture or
pseudarthrosis must be a safe procedure. Under these
conditions absolute immobility is mandatory. Therefore
the 2.4 reconstruction system is recommended
(Fig. 3.30). It is important not to place any screws into
infected bone. This area must be spared from insertion
of screws. The reconstruction plate acts as a bridging
device. Large areas of infected or necrotic bone require
curettage and immediate cancellous bone grafting.

Antibiotic therapy alone does not eliminate the infec-
tion as long as the fracture is unstable.
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Fig.3.30a-d

a Acutely infecred tracture of e mandibolar angle, & weeks
after removal of an inlected wisdom toath,

b Bridging of the infected arcawith a 20 recomstruction plate,
Mirte screws must not be placed inta infected bone, A1 least
fhree screws must be used putside the fractured area.

¢ Adegoate fixation ol scutely infected lracire of the mandib
ular anple, as shown i b simullunesusly a bone grift was
placed Inte e empty infecied socket,

d O special request of the patient, the plite wis removed 4
montht atfer Axotion. Note: complete reossihcation.

3.17 Defect Fractures (Fig.3.314a)

Definition

Prefvet Fractures exhibit loss of bone in the fractured
arga. A Tjigsiw puzele” veduction and simplification by
2.0 plates is oot possible, The only orientation for the
correct distance of the remaining bone stumps is given
by IVF in the case of a nonfractured and dentate miax-
illa.

Evenwith soft-1issue defects and whena plate cannm
be covered with soft tssoe primarily, the bone frag
ments must be stabilized by bridging osteosynthesis
with & reconstruction (UnilOCK or THORP} plate
[Tigs 351 b=dand Fig. 2320 It isadvisable toperiorm the
feation with ot least three, or if possible four, screwson
each side. Primary bone grafting 15 performed only
when the defect areacan be closed well with soft tissues,




Fig.3.31a-4d

d Dretedt ractare of the mandible in the aves of chin ane lebr
borizental remus, The chin segmentwith the inciaor leeth s
exkremely dinlocated, The premaliors are lissg

b X-ray o ahovie sitnation,
¢ Postoperative X-rapshowing bridgimg osteosy nthesis far (b
defict aren with a 21-holo reconstruc i |=-|.|||: T Sepree
of the alventar vicdge in e chin aréa was stabilized with ope

||IF serw, Becanse of unfavorable soft-tyssae canditions pri

ey bone gratting wis not performid
d Rty atter bone g albing, ot Teft mandibali vorpud, in well
i vl Lol exeractioms, bridgo woek, gnd plate remiaval
Mowaclays il oot especially requested, (hese plides are ni

rertigved,

w17 - Delect Fructures

Ill../ ’ II. /l _. ;.;;
f oy I
' Tl
ISR
i S0 _f.-‘; /
i /

Hig



(V7R

0

i

[

Mandibular Froctures

(5 FURER I B E

‘Fig.3.32a-c

Bridping asteasynthesis with 24-hole reconstroction phate
frovm angle to angle after o wide apen defect Tracture of the
III..|r'|-.|'|'I|1 .1|I:-¢.' Ty f:l-||'.|||-| I ral i,

Thee Bridging plate way used tor stabibization ol hoth hors-
aontn] ranus and chin dees, Althaagh due fo the sofi-tHessue
Juss the plate could ol be covered primanly, there was no
prablem with inlec Hom

Barne and sof-tissue reconstros thon wis pectermed liler.

Fig. 333 a-e
Diagrim showiny hitaleral msandibolar Frociores ina 7 vear. @
cilad clald

[tapram showimag stabilization of Blageral msndibalas (rag
re in i Tt alid child weith 24 il|.|ln::. i 0w,

AT showing fixation of bilatecal mandibular fractores with
L7 svstenn, Todsy the 24 svdlem, as shown i b would he
dppropriale. There i barely room o place these places amnd

serews-al thal waung @
AT showrng the sgme patient ms in e S vears Liter, The plutes
were remioved | year after aateosy ithissgs, Thie 3= vy show
ne fotl cmage due to pliate and serés placement, bt due
1o ehe fracture

Postopesitive X-ray tnoo §eyear-ald child Torermal oo of
it paramedion fractore with o 10 mipipl

(2.0] because ol

SO ITL 1.
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CHAPTER 3 - Mandibular Fraclures

3.18 Mandibular Fractures in Children

Definition. Fractures in mandibles of children occur in
either deciduous dentition, early mixed dentition, or late
mixed dentition. All types of fractures can occur,

Special Conditions Influencing Internal Fixation. In early
childhood the anatomic conditions for internal fixation
are generally unfavorable due to small dimensions, bone
weakness, localization of the tooth buds, and inferior
alveolar nerve. Therefore as a rule mandibular fractures
in deciduous dentition and early mixed dentition are
with few exceptions (2.0 miniplates) treated conserva-
tively. Only in late mixed dentition is the space for appli-
cation of plates and screws sufficient. Here 2.0 or 2.4
plates can be used (Fig. 3.33).

Indications for internal fixation in decidous dentition
and early mixed dentition are severely dislocated and
comminuted fractures with or without soft-tissue lacer-
ation. Another indication for internal fixation is in men-
tally retarded children in whom intermaxillary fixation
is not feasible. Screws are applied monocortically if
tooth buds or the mental nerve are endangered, and
there is enough bony substance for the placement of a
screw. Generally, however, titanium screws and plates
must not necessarily be taken out; removal of osteosyn-
thesis material in children seems advisable. Research
results have shown, however, that titanium implants
most probably do not interfere with the growth of the
membranous skeletal bones. Due to the appositional
growth, plates may finally be completely incorporated.
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4.1 Organization of Treatment in Panfacial Fractures

Contributor: Paul N. Manson

4.1.1 Introduction

In the case of multiple facial fractures an order of treat-
ment should be developed. In the past “inside out,”“top
to bottom,” or “bottom to top” philosophies have pre-
vailed, each with its own vigorous proponents [1].
Recently an “outside to inside” management scheme for
the midface has been proposed emphasizing the zygo-
matic arch |2]. The exact order of treatment is not as
important as the development of a plan which permits
accuracy of anatomic positioning of the various facial
segments. Exposure, identification, and fixation of the
facial buttresses (Fig, 4.1.1a), guarantees best correct
alignment and stabilization of facial fractures. Because
of the face's complexity and multiple parts it is impor-
tant that an order of facial fracture treatment be devel-
oped to address Le Fort (midface) and accompanying
fractures. Such midface “extended” fractures (combin-
ing two or more areas) are referred to as“panfacial” frac-
tures,

The approach described provides a uniform format
for recreating facial dimensions, and proceeds from
intact cranial vault and cranial base landmarks through
the entire anterior portion of the face. The treatment of
all Le Fort and any associated fractures may be inte-
grated into this plan, which provides for both simple and
panfacial injuries of all degrees of complexity. The treat-
ment plan minimizes extraneous prepping and brings
order to operative intervention by efficient, sequential
manipulation.

4.1.2 Surgical Sequencing of Le Fort Fracture Treatment

The face is divided into upper and lower halves at the Le
Fort I level (Fig. 4.1.1b). Each facial half is divided into
two facial units. In the lower face are the occlusal and
mandibular units. The occlusal unit consists of the teeth,

palate, dentition, and alveolar processes of the maxilla
and the mandible. The mandibular unit consists of hor-
izontal and vertical sections. The vertical section
includes the condyle, ramus, and angle. The horizontal
section is the body and symphysis and parasymphysis
areas.

In the upper face are the frontal and upper midfacial
units. The frontal unit consists of the most superior
frontal and temporal bones, the supraorbital rims, the
orbital roofs, and the frontal sinus. The upper midfacial
unit is composed of the zygomas laterally, the nasoeth-
moid area centrally, and the internal portion of the
orbits bilaterally (Fig. 4.1.1¢c). The upper and lower mid-
face meet at the Le Fort | level. Each unit is therefore
divided into sections based on central, lateral and hori-
zontal and vertical divisions.

Midface fracture treatment is predicated on an accu-
rate physical examination and on evaluation with a
thorough computed tomography (CT) scan, Although it
may seem obvious, patients must have other significant
injuries evaluated prior to undertaking facial surgery.
The airway is protected by intubation or tracheostomy.
The endotracheal tube should either be placed through
the nose, through a gap in the dentition, behind the
molar teeth, submentally, or a tracheostomy (possibly
endoscopically) may be employed.

4.1.3 Occlusion

Attention is directed first to the dentition. Arch bars are
applied to the teeth of the maxilla and the mandible. If
fractured, the hard palate must be reduced and stabi-
lized with stable fixation before intermaxillary fixation
(Fig. 4.1.2; see also Figs. 4.2.6,4.2,10). One or two mini-
plates (2.0} are applied in the roof of the mouth and at
the piriform aperture. Two-dimensional palate stabil-
ization of the maxillary dental arch is therefore com-
pleted. This step sets a template for the correct width of
the whole lower face by providing an anatomically
reduced maxillary arch as a template for mandibular
reconstruction. Similarly, alveolar fractures of the man-
dible may be reduced with small 2.0 or 1.5 plates, or per-
haps the 1.3 or microsystem (Fig. 4.1.3). This step stabi-
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@ Horizantal and wertical buttresses of the facial skeletoy
ANTTOWS)

b View of face with division line for upper and lower facial
batlves at the Le Pre | Level,

€ View of facer identification of the toar facial wilts: frontal
ipprer mid e, occlusal, i sindibular units,

Crechusal unit: components are the teeth, the palate, the hveo-

lar processes of the maxilla and the mandibile,

Linits of the mandible: vertical, horizontal: vertical consisty
af condyle, mmun and anglé; horizantal consists of body, sym-
phiysts; amd parasymphysis,

The upper face consists of the (oot sinus ared medially
wnd o fatesid freamtil-tempuorat-sapracchital segments,

The upper midface unit consises of the sygomas laterally, ind
thie naseethmaidareay centrally, and the imtereal porticn of the
arbits Belatervally,
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Sagittal Tractures of the odlle shouded be stabilized by
ety throbgh e oot of Hhe motb The maxillaey alvea.

I b stabilized at the pyrilorm apertare. e of bas plates of

e LI svstem ore used,

Avenlar tractires ol the oundible should be redaced with
small inonocartivally pluced sorews of the midtave systen,

liges duntition, Algitale impressions of the dentilion are
abtined and aid 1w the preparation of models or splints
that key any remaining lractures fin an pecorate redie.
Hon, The patient is then placed in intermaxillary hxa-
Hon, The occlosal relationship obtained & (hen com-
paced to the ideal as determined from an analysis of
dental models, In patients whie are cdentulous or par-
lially edentulous it s necessary to use the original den
tures for intermaxillary fivation {see Fig. 4.1.8), Special
attention should be paid to the presence of subcondvlar
Iractures, I present, they may lead oertors in e trans:
verse ur vertical dimension,

Premjury photographs can be helpiul in establishing
the facial dimensions (o be achieved, They also docu-
menl preexisting facial asyometry.

4.1.4 Upper Face: The Cranial Unit

Fromtal bone fracture frapgments, a5 removed, are
marked in sequence after exposure is provided by 4 cor-
oral incision (see Fig, 2.5) After nearosurgical explora-
tion any remaining muocosa of the fraciure invelved
frontal and ethmeid sinuses is removed. The frontal
sinus i obliterated or cramalized depending on the
presence ur absence of a relatively intact posterior wall
{seesect L lak Oblilerativesinus and cranial base bone
grafting must be complete to eliminate the sinus cavity
and isulate the nose from the intracramal cavity, The
frontal bar is reconstructed and the anterior sinus wall
reassembled, The Jower section of the supraorbital rim
and lower snterior frontal sinus lorm the “lronral bar
(Fig, 4 ba), and this provides the infertor stable laod-
mirk in frontal bone reconstruction. Temporal bone
alignment must be cortect in narrowness (Ticial width)
andd Tength through the amerior cramial fossa 1o ensure
proper projection of the frontal bar (Fig. 4,14 b1

Using the frontal bar and intact superior cranial vaull
as guides, the remainder of the frontal bone segments
are assembled and checked for symmelry. The frontal
vaull segments may need expansion for praper contour,
assessed for symmetry with both sides, Bone fragments,
imitially Inked with wires or small plates and screws, are
theen stabilized v adiacent intact bone, The initial fron-
tal bone assembly may be perfarmed on i back table
while neurosurgery s in progress,

Urbital rool reconstruction i then completed by
cilher replacement or bone grafts as required, and roaf
reconsiruction stabitized o the [rental bar (Fig 4.1.4¢)
and placed in o largely extraorbital positien, Care must
be taken to stabilize the orbital poof fragments in ana-
temie position and not to “overprait” the superiorly
arching orbital roof too far inferior by atilizing fat o
imteacbitally placed bone which produces a dowmward
and lorwind deformity of plobe position {see Sect, 4.3).

4.1.5 Upper Midfacizl Unit

Initially all fragments of the orbital rims including the
supetion, lateral, inferion, and medial segments are
linked with interfragment wires. In the upper midfacial
init the nasoethroidal area is reduced st as i1 s
imporiant o secure 4 narrew intercanthal distance by
tightening the transnasal wire (Fig 4.1.5) This slep is
the most important procedure in nasoethmoidal frac
ture reduction, ss the wire links one medial orbital rim
v the other, The nasoethmoidal ares, reduced with
inteefragment and transnasal wires, is then Hoked
superiorly o the Trantal bar reconstraction and nferi-
arly to the naaxillary alveolus with stable fixation, a tech-
tique called "junctional” rigid fxation {see Fig, 4,1.5),
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& The frontal bar shonld e stabilized as the key lower lund-
muirle i froetad bone recanstroction,

b Temporal bone alignement st be correct i nnemmg ness
Hetal wadthand lengeh through the orbital raofs wensure
praps progection of the fronfal bar,

€ Trier 1o frontal bone replicement, the sebita] rond secon
struction is completed by replacement with bone grifis
which should be stabillzed 1o the fromtal bar (see also
Fig 45401, '
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This step stabilizes projection of the aisoethmioidal
complexs Le Fort | evel and grbital vim Gxation stabilize
the lower projection, Plates extending along the medial
arbital rim anterior to the canthal ligament produce an
unnatued] thickness and should beavoided,

Stable fixation of the zygoma begins by exposing all
articufalions of the sypoma with adjucent bongs (see
Fige 4411 These are the svgomaticofrontal suture, the
inferior orbital rim, the rpgomaticomaxillary buttress,
the zvgomatic wreh and the lateral gnd inferior fnlermal
arbil Macing wires in the sygonmaticofrantal suture g
the inferior orbital rim provides initial positioning of
the zygoma (Fig, 4.1.6), The gygomaticomaxillary but
Iress is visualized to conlitmapproximate position, Nex|
the arch is reduced beginning with the intuct segment
posteriorly holding the anterior arch segments ina flat
reduction which emphasizes the anterior prajection of
the sygoma. If the most posterior fracture in the zypo-

matic arch s oriented sagittally, o lag or tandem screw

technique should be useds or perhaps the superior
aspect of the glenoid fossa plated {see Fig, 4.4.6, insers 4
and 31, A 3.0 midlace plate is placed over the FeITELTEg

arch segments. Before arch reduction is begun, the:

Fig.4.1.5

The nasoethmoidil arca should be reduced frse by & trunssn-
sal reduction ol the medisl orbital vims performed superior
and posterior to the lacrimal fossa | ritaally all bone fragments
i the nesoethmoadad wres can be limked with wires, unctional
stableslixatiom then stabilizes: (he assemblid maseethmoidal
urnit te the frontal bone superiorly, fo the inferior orbital rim
[midface plates recommended ) and (be pyriform i[reelurn
infennrly,

Fig. 4, 1.6a,b

# Initial atignment of the gypoma s achieved by positioning
its Sive peripheral urticalutions, Positioning wires are placed
et the mypomsaticedrontub suture, the inleror-arbital rim, and
eventually the svpomatic arcl.

b The arch is then reduced, hildisg the malar eminence for
wanil, compressing the arch imward; which sabilizes midfa-
ciisl width amd emphasizes angesior prajection of the malae
SIS ACe,

sygoma at the inferior orbital rim and i the Jateral
orbit, must be checked lor alignment, especially in the
riaso-onrbital-ethmaoidal segment (sed Sects. 4.3, 4.5)
The wypoma s then stabilized with a midlace or 1.3
plate it \he inferior orbital rim i panfacial fraciures as
the wse of a microplate in this region i not sufficient for
cases in which nasoethmoid support i lost (see
Fig. 4.1.5), When multiple segments of the inferior arbi-
tal rim are present, the segments are initially linked with
interfragment wires'or with smaller microplates with
ane loose serew in each segment, They should then be
held superiorly and anteriorly as stable fixation is com-
pleted. The zypomaticotrontal sulure is then reduced
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with & midface plate alter the inferior orbital rim s
related anteriorly. Proper sypomatic reduction can be
confirmed only by sinultaneously visualizing multiple
areas of alignment with adjacent bones. After stabiliza-
ton of the orhital vim is complete, the inferiar okl
st be reconstructed with split cranial, rib, or ihac
crest pradls, Stable posterior bone "ledoes” are adentitiod
medially, laterally, and inferiorly. Bone grafls should
fhen be strotled between the reconstrocted vimand the
stable posterior ledpes,completing the reduction of the
internal orbii and, in so dong, the vpper midface. 1f
desired, the bone grafts may be stabilized behind the
arbital fim wilh miniplales or sceews.

4.1.6 Lower Face

Al hiest intermaxillary fation in the patient's regular
viclusion is pertormed (see Chap, 3), Fraclores in the
berrivomtal pertion of the mandible are exposed theough

intragral or extraoral incisions (see Figs. 2.0 - 2.3 and, it

pecessary fur primary and temporiry dpprokinalion,
linked with intecfrapment wires, Conmminuted fractures
can ilse b simplitied with milniplates. Intermal lxation
is performed allowing of least three screws for each frap-
ment, The occlusion is checked before and after both 1he
wireand plate reduction, Aftes the initial wire reduction,
adjustments in bone position are made, and stable plate
hixation s compléted in the horizontal mandibular sep-
menl. Simple angle fracoures may be reduced through

intraotal incisions, Complicated angle (ractures are

mowe easily ceduced with extraoral approaches. The
width of the mandible is supervised by using the ana-
tormically reduced maxillary arch and dentak inclination
as guides to prevent rotation and excessive width at the
angles, The lingual cortex of the mandible s et rou-
tinely visnalized o tracture reduction; the fracture
tends foegap il complete approcomation of the entire
thickness of the mandible traclure surfaces is nao
achivved, There is a tendency (in parasymphysis frac
tures in combination with bilateral subcondylar frac
tures) for the bicondylar width to be toowide and 1o
have an excessive width and flaring at the mandibular
angles, The lateral mandibular dentition tends to rotate
Hoguaily and 1o "Aare” al the angle increasing fhe lower
fac il width (Fig. 40,7 ).

Open reduction of the vertical (ramus and condylar)
segrmenil of the mandible is vequired iF signiicant mal
ahignment or overlapping of ramus o subcondylar frac-
tures exists, Condylar head dislocation produces o loss
ol rarmus height which may change facial dimensions,
complicating the  treatment ol mulbtiply  fraciumed
patients. Condylar dislocation in the presence of 4 fonse
L Forl fracture-is an indication for open reduction o
stabalize the height ot the ramos and the forwird projec
i of the mandilile, Depending on the localion of the

Fig.4.1.7a,b

A the proper widil ol the mandible iz achieved, fracoures in

the anterior symiphysisiparasrmphysis area lend 1o "gap” on

their buceal surface,

a I insntheient carrection of mandibolar widih s obtained,
e Fractire g ippear 16 be inveduction onthe ol sue-
face anteriorly, ot schually there isan edcessive width al the
uigles allowing the lateral mapdibulir segments o rotate
bingually, fipping the dentition, ceating an open ite by
bringing the fingual wnd palatal cusps oot of alignment.

b Situation as inabotwith cocrect Axation of the chin fractuce
by means el o coerdctly bent reconssrnction plate,

fracture of the ramus, exposure s performed via either
d preauricular o o Rlsdon nciston. In questionakhle
cases the facial nerve 15 best identificd and protected.
Phe temporamindibuilar joint 1s examined af the lime of
upert teductisn thraugh o preauricular incksion, and
meniscus infury is assessed and corrected. The use of 4
terporoparietal Hap is indicated if the meniscus is
destroved. Reconstruction of the ramus precedes the
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horizontal mandible and stabilizes it in proper position
in relation to the cranial base (projection). Open reduc-
tion assists in supervising facial width at mandibular
angles.

4.1.7 Linking the Upper and Lower Face

The lower and the upper facial units are then united at
the Le Fort T level by plating the four anterior maxillary
buttresses (see Fig. 4.1.5). Midface height and facial
length are set by using an intact or an anatomically
reconstructed buttress as a guide. One or more but-
tresses can almost always be reconstructed anatomically
by piecing together existing fragments. In the absence of
areconstructed buttress, lip-tooth position provides the
best clue to facial height. Old photographs may suggest
the correct lip-tooth relationship.

The Le Fort [ level fixation of the nasomaxillary but-
tress is the third area in which nasoethmoidal projection
is stabilized. The other two areas are the frontal bar and
inferior orbital rim.

Buttress bone gaps exceeding 5 mm are grafted for
both functional and esthetic reasons. It is currently our
recommendation to bone graft defects in the anterior
sinus wall (see Fig.4.1.5) as this prevents prolapse of soft
tissue into the sinuses. Nasal bone grafting to improve
the height in the nose or to smooth the dorsal nasal con-
tour completes the facial reconstruction (see Figs. 4.1.5,
4.2.5b,d). Nasal bone grafting is performed most accu-
rately after the nasomaxillary buttress reconstruction
and anterior nasal spine stabilization of the septum have
been completed. If the medial canthal ligaments have
been detached, they should be reattached following
bone grafting of the medial orbit and nose to a separate
set of transnasal wires placed before the nasoethmoidal
reduction is completed. These are passed transnasally
posterior and superior to the lacrimal fossa and pulled
tight just prior to closure of incisions (see Sect. 4.3;
Figs. 4.1.5,4.3.3b,4.3.4b).

4.1.8 Edentulous Fractures

In edentulous maxillary fracture treatment there is a
tendency to avoid intermaxillary fixation and merely
align the four anterior maxillary buttresses. This tech-
nique may overlook posterior displacement of the max-
illa despite what appears to be satisfactory alignment of
the anterior maxillary buttresses as the maxilla is not
related in anteroposterior dimensions to a properly
positioned mandible. If available, the original dentures
of the patient provide correct intermaxillary fixation
(Fig. 4.1.8). If broken, these dentures may be repaired
first. Plate and screw fixation in an edentulous maxilla
may require the use of alveolar bone as a stable lower fix-

ation point, and the plates may then need to be removed
before a denture can be tolerated. Proper maxillary pro-
jection is confirmed only by relating the maxillary and
mandibular alveolar ridges with temporary splints and
dentures. Maxillary buttress reconstruction is therefore
a guide for maxillary height, but not projection.

4.1.9 Soft Tissue

Current facial fracture reduction schemes emphasize
complete degloving of all bones by detaching soft tissue
and incising fascial layers. It is important when closing
incisions to close or reposition attachments to the reas-
sembled craniofacial skeleton. Generally this is the best
performed by first closing the periosteum. The areas for
periosteal closure are the zygomaticofrontal suture,
inferior orbital rim, medial and lateral canthus areas,
periosteum over the frontal process of the zygoma, mus-
cular layers of the gingival buccal sulcus and mandibu-
lar incisions, and incision in the temporal fascia for
zygomatic arch exposure. Marking the edges of the per-
iosteal incisions with sutures allows precise identifica-
tion at the end of the case for periosteal closure. These
areas are illustrated in Fig, 4.1.9,

This approach emphasizes multiple areas of align-
ment for each fractured bone with the possibility of
initial wire and final stable fixation. The important
dimension is facial width. Control of facial width
involves dissection to established cranial base land-
marks; supervision of facial width in fact reciprocally
emphasizes facial projection. Control of facial width is
the most important first step in injury restoration and is
possible only with extended approaches.

4.1.10 Soft-Tissue Injury

The fundamental challenge in facial fracture treatment
is restoring the preinjury facial appearance and not sim-
ply linking together edges of bone at fractures. Defor-
mity following facial fractures results from both soft-tis-
sue changes and from bone malalignment. Deformity of
both bone and soft-tissue significantly increases in the
presence of highly comminuted fractures, especially
when they involve the upper midfacial and orbital areas.
The contribution of blunt soft-tissue injury and soft-tis-
sue contracture to residual facial deformity has not been
emphasized in the literature on facial fracture. Contused
soft tissue heals with a network of internal scaring
whose configuration is dictated by the position of the
underlying bone fragments. When soft tissue heals over
malreduced fractures, shrinkage and contracture of the
soft-tissue envelope occur. Scarring and internal rigid-
ity occur in the pattern of the unreduced bone segments.
The internal scaring thickens soft tissue, opposing res-
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U edentatlous maxillary fractare treatment there iy o tendency
tee aveddd mtermnasilaey fcation and metely o align the four
wnterioe maxillory buttresses, This technlgue tends (o resull in
posterion displocernent of the maxilla despite apparent alipn-
ment ol the anteriar makillary uttresses is the magillary den-
tlarch is st brought inte proper anteriarposteclor relution-
ibdp by pasitiening it tw o properly positioned nuandible,

—

a Midlace fracture of an edentulous patient with dislocaed
midlsce in posteriorcaodal directing,

b Same fractuse ssin @ alter correct reduction with carrect
mandibulomaxillasy fxatian with the patient's prosthesis
and Fxratioon with nnniplates (20 and 1,3],

o Fixation of a Le Fort 1 fracture with miiplate s bone
gty using the patients dentures for correct alignment,
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toration of the preinjury appearance; even il the under-
lving bone is finally replaced into its proper anatomic
position, kxamples of soft-tissue rigidity accompanying
malreduced fractuees include the conditions of enoph-
thalmaos, medial canthal ligament malposition, short
palpebral fissure, rounded canthus, and inferiorly dis-

placed mmalar solt Aissue pad. Secondary management of

any ene of these conditions is mere challenging and less
eflective: than s primary reconsiruction. & unigue
opporiunity thus exists in immediate fractore manage.
ment to maintain expansion and position of the sofl-fis-
sue envelope and determine the geometry of soft-tssue
brosis by providing an anatomically aligned facial
skeleton as support. Excellent restoration of appeirinee
resulls from primary soft-tissue positioning,

‘Flg,4.1.9

Bostiming aned refixation of soft tissues to the skeleton shoold
weenr for each [ncision. The arens ol clostire are diagrammed
and nclude the temporal tascia, the frontal moscnlatuee, the
eysomaticolrontal suture, [the periostienm aver the trontal pro-
cesn 0f the wygoniu], thenferior arbital cimand the musculr
layers of the miraneal inclsions, Befisation ol the medsal and
lateral cunthal pamentscompletes the reconsiroction,
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4.1.11 The“Double Insult” to Soft Tissue

Delayed reconstruction of facial fractures at 7-14 days
post injury results in a second soft-tissue injury by dis-
section and incisions in healing areas of contusion and
hemorrhage. Two injuries are created: the initial injury
and the surgical manipulation. Delayed treatment
creates a “double insult” to the already contused and
damaged soft tissue. This is especially harmful, causing
subcutaneous fibrosis. The skin, following delayed facial
fracture repairs, is more thickened, rigid, lusterless, red-
dened, hyperpigmented, and fibrotic than skin from
early injury repairs where the initial contusions, frac-
tures, incisions, and dissection are all part of a single
soft-tissue injury and recovery.

Accurate skeletal reconstruction requires anatomic
assembly and stabilization of the basic configuration of
the bone buttresses. Missing or unstable bone fragments
should be replaced with bone grafts and the existing
skeletal framework expanded with bone grafts, where
required. The thorough reconnection of all buttress
fragments must proceed from intact bone to intact bone
and must be complete and accuralte in three dimensions
throughout the entire area of injury. Conceptualizing
each unit of the facial skeleton in three dimensions and
emphasizing supervision of width, restoration of projec-
tion and correction of the facial height in each unit
allows assembly of the whole skeleton based on a con-
ceptually precise framework for bone reconstruction.
Performing the bone reconstruction early in compli-
cated facial injuries allows the most natural restoration
of the preinjury appearance to be determined by the
combined relationship of bone and soft tissue.
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4.2 Le Fort I-11l Fractures

Contributors: Lower Midface (Le Fort I)
Christopher R.Forrest
John H. Phillips
Upper Midface (Le Fort I1+11I)
Joachim Prein

4.2.1 Lower Midface (Le Fort I)
4.2.1.1 Anatomy

The midface consists of the paired maxillae, palatine
bones, and medial and lateral pterygoid processes of the
sphenoid bone. It acts as a link between the cranial base
and the occlusal plane and provides protection in an
anterior-posterior plane for the face, protection for the
skull base, and a site for muscle and ligament attach-
ments.

Anatomic support for the midface is provided
through a series of buttresses or struts that are used to
distribute masticatory forces from the teeth to the skull
base (Sicher and DeBrul 1970; Manson et al. 1980; Gruss
and Mackinnon 1986}. Bultresses exist in the horizontal
and coronal planes (Gentry et al. 1983; see Fig. 4.1.1a),
but the vertical struts of the midface are clinically most
important with respect to the management of midface
fractures. Although these vertical buttresses are quite
strong in the sense of vertically directed stresses, they
are unable to withstand equivalent forces directed in a
transverse plane,

The three principle vertical buttresses of the maxilla
consist of (Fig.4.2.1):

o The nasomaxillary (medial) buttress which extends
from the cuspid and anterior portion of the maxillary
alveolus along the pyriform aperture, the medial side
of the orbit through the anterior lacrimal crest, and
the nasal process of the maxilla to the superior orbi-
tal rim and nasoethmoid region.

» The zygomaticomaxillary (lateral) buttress extends
from the maxillary alveolus above the anterior molar

to the zygomatic process of the frontal bone and lat-
erally to the zygomatic arch

s The pterygomaxillary (posterior) buttress which
attaches the maxilla posteriorly to the pterygoid
plates of the sphenoid bone.

The posterior support of the maxilla is derived from the
pterygoid plates, while the anterior support comes from
the medial and lateral anterior buttresses. Anatomic
alignment and fixation of the medial and lateral but-
tresses is important in achieving anatomic reduction of
the maxilla in relation to the cranial base and to restore
proper vertical height and horizontal projection
(Fig.4.2.1).

4.2.1.2 Classification

Maxillary fractures have traditionally been classified
according to lines of fracture based on anatomic lines of
weakness as described by René Le Fort in 1901, as fol-
lows:

» Le Fort I fracture (Fig. 4.2.2): low horizontal fracture
with disrupture of the tooth-bearing section of the
maxilla

s Le Fort Il fracture (Fig. 4.2.3a): triangular or pyram-
idal central midface fracture

« Le Fort II1 fracture (Fig. 4.2.4): high horizontal frac-
ture alongside the junction between the cranial and
facial skeleton.

Although this provides a uniform method to describe
the general level of the major fracture line and allows
references regarding the probable points of stability
required in surgical treatment, these classic patterns are
rarely encountered in clinical practice. In addition, this
classification scheme does not incorporate vertical or
segmental alveolar fractures or the issues of comminu-
tion or bone loss. Manson (1986) has elaborated on the
Le Fort classification to take these issues into account;
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Harszotal
= Dentoabvenlar fractures
L Forn | {transverse, Guerin) [raclires
= Le Fort 11 {pyramidal) fractures
= L Fort W (eraniofacial dysiunction) (etares
Vertical (sagitral)
= Medipl palatal spli
= Lateral palatal (maxillary tubirosity) split

Fig.42

Plugtam of maxilkary utteesses slowimg anterioe maxillary
butiress Cmediol; @9, Lateral botress Laypamsaticomullary,;
8|, prerygumaxillary buttress | posterion; @), These represent
reglong af thicker bone designed 1o provide support for the
mixills inthe wertical dimension,
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Le Fort 11 fractire,

@ Typical postero-caudal dislocation with spen bire,

b Correctinternal fisation with 24 L-plates far the lateral-ver-
tical buttresses, 1.3 adaption plate infraarbitally and for the
nasoethmoidal region: {psershowing fixation with one 2.0 Y-
place instend of twa 13 mind plates,
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&

L Fort | fracture.

Le Foro I fracture.

a Typicul postern-caudal dislocation with open bate,

b Correct internal fxation with 20 Loplices for the lneml ver-
tical hurtresses, 13 adaption plae infraorhitally and for the
nasaethmoldul cegio e showmg freation with ane 20 Y-
plate Ersteadd of twa LA mim) plates.




4oz L Fort [-111 Practiees. 1

Le Fort T fractire with postera candl dislocation and ante-
PR et [ite.
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4.2.1.3 Diagnosis

e diagnosis of midface fractures s usially made clin
icitlly, although this may be more difficult it the maxilla

racture is incomplete or Impacted. Clinical signs of

bilateral ecchvmosis, edema inwalving the midface, and
orhits should alert the clinician to examine the patient
for malocelusion, maxillary mobility, and missing teeth.
Digitul examination of the hard palate may reveadl evi

dence of a sagittal o maxillary tuberosity fracture, Res

aluticn of facial swelling may reveal elongation (“equine
facies™h ar Mattening (“dish face see Fig, 4.2.5a,¢)of the
midface due o maxillary displacement, Dorsal and cau

dal pull by the medial pterygoid muscles may produce
ananterior open bite and tendency to class 11 malocclu.
son (Fig, 42,54, ¢), Sagiltal palata] (ractures may result
in lateral rotation and superior tilting of the maxillary
segments, producing incréased transverse width of the
meaxillary arch with cross=bite ( Fig. 4.2.6),




Fig.42.5a-4

A Diagrim showing darsal and caudal pull by the medisl prer

-

o

yEpbd muscles W produce ananterior open bite ond ten
dency terclass 1 malocclusion

Miggram wlter fxation ol radlore situation as shown in
Fip a2 Sa nchiding the reconstroction of the nasal darsam
witla bome gradl,

Lareral cephalogram showing dorsalcavdal disfocanion ol
miicface dn Le Fort T feactuce situation, Nete key drea a
wyganmiatlc arch fracture,

Latgral cephulogram altes repossion amd correct staliliza-
fion ol Le Fort T and T fractures, Sotesstahilstion with
minincaption plate ol gvpamatic arch area and immediate
recrmstruction af nasal ridge with o hone gratt and stalvilizn
P wlth g screwes,

fo2 L Fort 1-111 Fractures
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Lagram shiwing Le Fort | fracture and paramedian sagittal
palatal feacture v the leftssde with fateral rmtatian and super-
ior Ll of masillary segments,

Clinical diagnosis of a maxillary fracture may he con-
fiemed using pluin facial radiographs, and especially the
witer's view. The latler projection gives the best infor-
mation ahout midfacial structures. Howesver, S-mm asial
CT images provide the best means of visualizing the
tracture putterns, degree of comminulion, and hone
e I severe fracture situalions three-dimensional €'
images may provide additional inlormation regarding
displacesnent of the midface In relation 1o the mandible
and arbits but should be used to satisty clinical impres-
sions, With chipped or missing teeth a chest film should
be obtained to rile out aspiration,

4.2.1.4 Le Fort | Fractures

In 1866 Guerin described a pattern of maxillary fracture
which has subsequently hecome more commonly
referred to as the Le Fort | fracture {(see Fig. 4.2.2), The
line of the fracture extends transversely above the tootl
roots through the maxillary sinus and nasal septum,
posteriorly across the pyramidal process of the palatine
bome and prerygoid process of the sphenoid bone,

The primary aims of treatment of Le Fort | moxillary
fractures are the restoration of corvect midincial vertical
height and anterior projection and restoration of ocilu-
ERIRTAN

Treatmant

L Systematic radiographical evaluation of the extent
and pattern of njury, sometimes including CT,
- Restoration of original occlusion using mandibulo-
axillary fization.
3 Direct exposure of all nvelved fractures,
4 Reduction and anatomic realipnment of the moxil-
lary buttresses to reestablish normal maxitlomandib-

ra
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- Fig.427
Diagram showeng weal internal fisaion of Te Fore 1 feacture

with ¥ il Lomidniphites ot antevior anel igedial butlresses,
Neter Temparary IMF o corréct bechmion during surpery,

ular and maxillo-zygomatico-orboal relationships (o
restore normal maxillary height, anterior projection,
transverse width, and occlusion,

5, Internal fxation tnsteosynthesis) using miniplate
il serew hxation (g, 42,75

. Llie ol primary bone gratts to reconstruct and srabv-
lize comminured {absent) maxillary bultresses to
prevent midface collapse or elongation {Figs. 400.5,
4.2.13).

The initial treatment of midface fractures incorporates
the general principles of trauma management and
includes establishient and maintenance of airway,
supervision of hemorrhage, investigation, and manage-
mienl of nsseciated injuries (cervical spine, neurological
injury, ete.). Bleeding Trom the greater palatine or inter-
nal mpxillary arteries may be life threatening and may

require early maxillary reduction and intermaxillicy
txation, including anterior and posterior musal packing.

Surgical treatment of Le Fort | fractures should be
perturmed as soon as possibbe, Geoneral oral hygiene is
administered throughoul the treatment perind. Delav ol
srpical treatment for more (han 7 days may result in
difficuley in reducing the maxilla from s retraded posi
tion due to bony fragment impaction amd solt-lissue
contraction.

Airway Management. Airveay management during sir
swery amay be ideally secured vsing a reinforced nisolea-
cheal tibesewn to the membranous nisal septum. Tlis

allows adequate exposare and facilitates application of

ntermaxillary fixation. However, severe swelling, nasal
mvcosal disruption, associnted basal skoll fracture, et
may prevent placement of & nasorracheal b In cases
of an wsolated maxillary fractire the endotrachenl be
muay be secured to a- molar with 26-gauge wire and pasi-
tiomed belind the third mokar thereby allord g resto
ration of premockad mandibulomaxillary acclusal rela:
Hemships, In cases of combined moxillary and mandib-
bbier Tractures judicious use ol o trachenstomy may be
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necessary. The endoscopic placement ol the tracheos-
tomy s especially atranmatic amd less visible postoper-
atively, Tn addition o this, submental placement of the
enddolracheal tube may be another very helptul way of
anaestherising these patients without interfearing with
the occlusion.

Exposure. Maxillary fractures in the Le Fort | plane may
be cxporsed? throuph an upper gingivobuceal sulcus inci

ston {sec Fig 2.2 Rarely, exposure may be obtained
directly througlh soft-tissue leerations. Both maxillae
may be widely exposed subperiosteally to identify ol
fooue pnterior buttresses: Iy sepmental alveolar fractures
presecvation of vascular supply to teeth-bearing alveo-
lar fragments may be achieved through o sepmental
apper buceal incision, Care must be laken in dissection
to avoid the infracrbital nerve, which ts locuted approx:
imately | ocm below the inlerior orbital rim below the
medigl Fmbus: When comminution of the buttresses
pccurscare g taken o identify and anatomically replace
the fragments to achieve proper midlace height. IF these
frapments are oo sntall o be replaced with adequate fix-
ation, they should be discarded and primary bone grafls
employed lo recomstroct the bullresses. Atempls fo pre-
serve vascular supply to small fragments hinders expo-
sure b the buttresses and may preclude anatemic reduc-
o Siad| fragments should be recrieved from the max-
ey antrum as they may ach as sequestra and resull in
maxillary sinusitis. Torn maxitlary sinus muocesa 15
removed, bul @ tormal dramage of the sinus s seldom
NECEsSaTY,

Reduction. Prior to reduction ol the maxilla arch lars
should e aflized to the maxillary and mandibular den-
fition (o facilitate restoration of the original occlusal
refationship,

[ suegical treatment i delayed, ar the maxilla 15
severely ampacted, reduction from the retrodisplaced
paosition iy be difficult without osteotoms Disimpac-
o forceps or 4 M-gauge wire loop placed through g
dritl hode near the thick bone of the anterior nasal spine
followed by manusal traction may be necessary. 1t 1s
important to overstreich the anterior position of the
midtace relative o the smandible, such that passive repo-
sitioning of the mudface results In anatomic reduction.
ithculeies artse with posterior relapse postaperatively
i force 15 regquired to hold the masilla o position while
applving the internal fixation plates. The external
dinamic lorces of scar lisste conlraction and muscle
pull teay overcome the seatic Torces af miniplate fixation
and consequently result in relapse.

Fallure t appreciate the importance of mandibulo-
riaxillary hxution o the teeatment of all midface frac-
tures ey resull in posteperative malocclusion, com-
muonly i the form of anterar open bite, This occurs in
cases of noncomminuted ractores when the surgeon

a Dagrim showing commiution in Le ot Laresoon the right
sitde wnd caudally dislocated joim, The occlusion s gorrect,
Facial height o the tight side on the commintiled are i oo
long.

b Figatiog of Le Fort T iractore with prematuce contact on
coanminited side and open lire on epposite pencemmin-
uled side. Mundibuolir condyle now ncorrec position.

¢ Disgram showmp fixation of the mildlace fraciuee inogn
edentulius patient with the help of patient’s destures 4o st
the correct vertical hight, Fration of Le Fort T area with
plates and hone gratts becanse of fracture gap of more than
3, The prostheses are fixed to the alvealar process and
fhe palate with L4 screws. Antérior vicw,

Betieves that amtoanie reduction of e medial wnd lat-
eril buttresses will resull i proper placement of the
midface in three dimensions, 1 mandibolomazillary fis-
ation isnol used, the posterior (prerygoid) boltress may
e intruded, or more commonly extruded while appear-
ing o be anatomically reduced at the anterior but-
tresses, This posterior extrusion results o premature
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contact uf the posterior molars, producing an anterior
open bite, is shown on preoperative dingrom { Figs. 4.2.2,
L2 50h Mandibulomaxillary fixation is mandatory in
the treatmenit of all Le Fort fractures so thal the mandib
ular ramus.can be used toset the height of the posterior
(prerygord ) buttress prioe tointernal fixation, If treat-
ment must be delaved, mrermaxillary hzation alone pre-
vents many of The deformities of the unteeated [ractured
miasxilla.

Care must be taken o ensure that no subcondylar
fractures are present prior to fxation, and thot the man.
dibular condyles are seated properly in the glenoid
fossa. A unilateral open bite deformity may occur in
eases in which the buttresses are comminuted on one
slde vl Inadvertent subluxation or dislocation of the
temporomandibular joint inferiorly on the comminuted
shde may vesult in fication of the lateral buttress with an
increased vertical heighl, The opposite buttresses are
reduced and fied anatomically, When mandibulomase.
Hlary fxacion is eeledsed, and the condyle repositions,
premture contact of e comminuted side vecurs,
resulting i open bite on the spposite noncomminiled

L7

side (Fig. .28, b1 A similar situation may develop if 4
Le Forl T lracture occors in conjunclion with o kyzo-
matic fracture, Care ot be taken oot to interoally fis
the zyvgoma in an inderforly displaced pasition, or else
relotive increase in vertical height exists in the maxilly
on Lhut side,

T the edentulous nraxilla 0 may be necessiry o use
the patients dentures or @ Guoning splint 1o sel the cor
rect vertical height of the face (Pig 4.38¢), I neither is
aviilables anatomic butteess alignment may be followed
b denture wdjustment 10 account for miner ocelusal
discrepancies.

I comunetion with ocelusion, anitomic alignment
of the medial and lateral buttresses provides the key
the restaration ol midtace vertical height and horizantal
priqection. Comminution of all lour anterior buttresses
is fortunately rare. It 1s typical that there is a1 least one
buttress in large enough fragments o allow for ana-
tennic asseasment of vertical herpht. This buttress may
be plated first {Fig, 4247 and the bone fragments rigidly
fixed onto the plate using a lag screw technique, The
ather buttress heights are then set accordingly, and pri-
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mary bone gratting may be performed (see Pig, 4.2.13).
It all anterior buttresses are so severely comminuted
that correct mudface height cannot be determined atany
ol the butresses, the surgeon may use the mandible to
assess The appropriate anterior projection, and sulijec-
tive udgement toosel the relative midlace height, Unfor:
tunately, liptooth relation ar rest may oot be a rebable
mdicator depending on the amount of tacial edema,

Occlusion. Kestoraton of ocelusion 13 paramount m the
dppropriate trentment of midface fractures. Failure to
reestablish the original voclusal patterns through the
application ot mandibulomazillary hxation prier 1o
internal fxation and reliannce on amalomic positioning
el the bt resses alone may result in postopeiative mal-
occlusion, s indicated absve,

With an intact maxillary archit is impartant to deter-
mine the patient’s correct eochision wsing informeation
obtained by history, pretravma photographs, dental
records, and wear-facet patterns on the teeth, The use of
werylic wiler dental splints created from dental impres-
sioms ik under anesthesio may assistin determiming
normal veclugion and maintaimng i during surgery,

Le fort | dractsre warh commmmuton ot both medical and v
paaterior hottress on the right, Ko comimution al lefe prte-
rior buttress, which therefore i stabllized firse The height ol
thi remninigg buttresses s sec decording fo this recanstrie
ton, Liptoth position prosides the besr clue i faclal heigh
wlhere no buttress can be reassembled from xistiog fragmenty,
Mt correct temporary [ME

Difficulty can arse when teeth are missing or the
patient {5 edentulous, In these circomstances the
surgeon'’s subjective judgement may be necessary ta
determine the " best fit” Sagittal fractures of the palate or
segmental denfoalvetar lractures add further degrees
of instahility, making assessment and restoralion of pre-
ot hich sechision dithenlt, Careful palpation of the pal
afe reveals unstabde 1ooth-bearing segments to alert the
surgeon of these difficuliies,

Fixation. The use of miniplate fGxation in freating masil-
lary Iactures has eliminated the need for prolonged
mandibulomaxillary fisation, allowing lor improved
aral hvgiene, better mutrition, Better airway, less weigh
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sagiital palind fracture, fuvits, the varmons types of Gxation for

the sagiltal palatal dractures.

Tsed 0 Mindplale lxation anteriorly above incaor teeth and
pitgal Mo e el nose,

friser 2 Lag serew fxaton anteriarly,

Tt 32 Plate fieation snteriorly and palatal ool inlesorally.

loss, and lower inlection rates and mav act tosharten the
duration ol hospitaliation, In addition, internal fxation
keeps reduced fragments in position: there s less
resorplion o bone prafts and earlier return o funclion
iGruas and Phillips 1993 Schilli et al. 1981), Previous
methods of butlress Oxalion psing interosseous wires
were mtrinsically unstable and led to lelescoping of see-
ments and nability to withstand stresses, with bony
refapse.

Compressive clamping ol a miniplate 1o bone by the
tensile force induced in the serew is the basis of ixation
by bone plates. Compression was fiest advocated by
Dhanas [1949) lor stabilization of bone fractures. This has
been shown o be benelitial i treating long bone and

mandibular fractures i which the use of compression
plates promaoles primary bone healing, However, in the
midface campression s ravely emploved due either o
bewy comminution or the thinness ol the bone which
wiriild result in overlap of fragment ends with sobse-

fient shortening, The exception to this i the use of

comjresston with lag screw stabilization of a palatal
split with screw placement anterfordy through the ante-
rior nasal spime region (Fig, 4.2 180 insel 2],

Without compression the stability in the fracture site
depeads upon the inherent rigidity ol the miniplate and
riction between the fragment ends, 10a small gap exials
between the fragment ends, and the dyvnamic exteroal

Forces from messtication are greater than the rigidity of

the implant, movement i the gap can oceur with detri-
mental eftects on bone healing. The presence of move-
el vy lead 1oa high-strain condition, which is ne
conducive (o bone formation. Aga result o fibrous non-
wnion and frogment end rEsnrptinn may ncour, Hiow-
ever, In practice, nonunion of maxillary fractures is rel
atively rare,

Stripping of the bone thread is one of the commonest
problems encountered during the insertion of 4 screw at
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surgery. This is o problem especially whien fixing plates
tothin cortical bone in the midiasce area. Theretore i1 b
Hoportant 1o position the buttress plates as far laterally
and s close 1o the pyriform lossa as possible s these
areas represent the thickest regions of bone in the mid-
fave and provide lor good screw purchase and fxation
taee T4 2070,

The ability of the serew 1o provide halding poser
deprends upon screw design, the changes in bone as the
resull ol serew inserlion, the reaction of (he bone 1o the

tmplant material, the resorption and remodeling of

Pone during fracture Bealing, aml the reaction of hone
to boading as the resalt of musele forces, For proper
serews anchorage one condition that must be met s that
the bone cortex thickness be al least os'thick as the dis-
e separaling twe threads of the serew (pileh angle,
Flgg 2.0 1 inset Diehl ecal 1974) Therefore in very
thin hene, such as found in the maxilla, screws witls
smaller pitch angles may have some theoretical advan-
Fage a5 this results mmore serew threads having contact
with the bone, In addition, it has been demonst rated that
serews with smaller pitch anglis have slightly igher
compressive vilues i 2, 3 and d-mm bone thickness
{Phillips and Rahn 198% Koho eal, 1995),

The holding power of the Auted portion has been
demonstrated to be 17%-30% ess than that of the fully
threaded nonlluted portion |Becheol et al, 19393, This is
seldom a problem in midface as the screw tip and
cutting Hutes con protrude safely into the maoxillary
amtrum and maimeain its holding power,

More terqueds requirted o inserta selfqapping serew
due 1 the cotting of the bone threads, This places
increased stress an the screw which can lead 1o screw
futlures and miceofracturing of the surrounding bone
which can predispose to serew loosening, Whisn a small

Inset

Fig.4201
Basic serew design showing the theead amd core diameter 1
well as the pitch [distance between two threads).
fnses shows thie relution m between prtch mad thickness in
bovee, Ar feast 2 Uhreads should U e i cortical Bome In ordel
T provide sulBeient balding capacity,

bony fragmient or bone graft is being lag-screwed onto n
prlate o bridge a bone defect, the increased torgue asso-
clated with sell-tapping screws may resull in disploce-
ment and difficulties maintaining the position of the
bone segment. Tapping has been shown 1o decreass
insertional torgque by 35.%6-40% (Hughes and Jordan
L9731 IF o sorew must be reimserted into the sanie drill
hode at surgery due to the cutting ability of the Hutes, the
risk of cross-threading s increased with sell-tapping
sorews, leading o ponr sorew purchase, However, Hese
potential disadvantages of the seli-tapping system are
Far ontweighed by its benefits in increased compresaive
forces in thin bone.

Recent i vive studies on the biomechanics of the
facinl skeleton by Buddermun and Mullen have shown
thar treatment of steuctural defeces of midiice should be
directed 10 the reconstruction of normal pretravmatic
Toad paths (Rudderman and Mullen 19921, This is best
perfermed by the reconstructiondreconstitution of aoe-
mal butiresses,

Plates should he applied separately to the medial and
Lateral bultresses, Optimal plicement of the lateral but-
tress plate is fronn Lhe thick bone of the aygomatic body
dbong thelateral aspect of the amerior maxilla where the
boneis thickest. The medial buttress plate is best placed
along the rim ol the pyriform fossa. Placement ol load-
bearing plites aeross the thin bone of the anlerior mix.
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illa should be avoided as screw holding power is signifi-
cantly decreased. Passive contouring of the plate to
ensure a perfect fit to the underlying bone is important
as attempts at in situ plate bending place undue stress on
the bone leading to screw stripping and microfractures
of the bone. Continuous irrigation when creating the
drill hole is important to prevent bone necrosis and ring
sequestra,

Care must also be taken to avoid inadvertent place-
ment of screws into tooth roots. The position of the
canine tooth root should be used to determine the
superior extent of the tooth roots. On occasion a low
lying fracture along the lateral buttress directly adjacent
to the tooth roots prevents application of the plate; oth-
erwise screwplacement between tooth roots. It is best to
span the plate from the zygomatic body to the thick
bone near the anterior nasal spine in these circum-
stances, in addition to the use of primary bone grafts. It
has not been necessary to fix the posterior buttresses
internally, however IMF can substitute for posterior but-
tress support,

Plates become the path for load distribution, and if
placed abnormally, force distribution may place undue
loads on plates and thus lead to high-stress concentra-
tions. This may ultimately lead to screw fatigue and fail-
ure. Placement of multiple screws (at least two) on each
side of fracture leads to a more even distribution of
loading (load sharing between plate and bone). If bio-
mechanics are not considered with regards 1o internal
fixation, the incidence of infection, nonunion and tissue
injury may increase.

In the edentulous maxilla, bone stock may be dimin-
ished, and for adequate fixation plates may be placed low
on the buttress through residual alveolar bone. However,
this may interfere with denture fitting, and the plates
may have to be removed once bone healing is complete.

Bone Grafting. Primary bone grafting (iliac, split rib, or
calvarium) has been advocated to reconstruct defects in
the medial or lateral buttresses where bone has been lost
or comminuted (Gruss and Mackinnon 1986; Gruss and
Phillips 1992; Manson et al. 1985). The use of miniplate
fixation has reduced the need for immediate bone graft-
ing but the ability of plates to bridge bone gaps is loca-
tion dependent (Gruss and Phillips 1992). Masticatory
forces and cyclical loading on the maxilla can result in
implant fatigue and failures if miniplates are used to
span significant bone gaps without restoration of bony
continuity using bone grafts.

Gaps in the maxillary buttresses greater than 5 mm
should be replaced with bone grafts. Bone grafts may be
lag-screwed under a miniplate used to span the bone gap
or may be held in place directly onto the buttress using
lag screws at either end (see Fig.4.1.5,4.2.8¢,and 4.2.13).
Loss of the anterior wall of the maxilla may predispose
to invagination of the overlying soft tissues into the

maxillary antrum, creating overlying contour defects.
Bone grafts may be used to prevent this deformity.

The general principles of internal fixation should be
applied to the use of bone grafts as this has been shown
to prevent resorption and allow maintenance of volume
in the presence of infection (Fialkov et al. 1993).

Although bone grafts may be harvested from several
sites (ilium, rib, calvarium), split calvarial bone is the
material of choice for buttress reconstruction. It is read-
ily available in large quantities, accessible within the
same operative field, tolerates being exposed to the open
maxillary antrum when rigidly fixed, has minimal
donor morbidity, provides for excellent screw purchase
and fixation, and may be rigidly fixed to miniplates or
lag-screwed onto underlying bone due to its high corti-
cal component. In addition, it is strong enough to with-
stand the forces of soft-tissue contraction and mastica-
tion. The main disadvantage of calvarium is brittleness
or the inability to shape and contour the bone due to its
low modulus of elasticity as the bone tends to fragment
when attemps are made to bend it.

Palatal Fractures. Sagittal fractures of the maxilla and
palate are present in 15% of patients with Le Fort frac-
tures (Manson et al. 1983) and are associated with
increased instability due to rotation of dentoalveolar
segments which may not respond to conventional forms
of fixation. Fractures involving the palate commonly
divide the palate longitudinally, adjacent to the midline
as this represents a line of weak thinner bone (medial
palatal split; see Fig. 4.2.6). The fracture usually exits
anteriorly between the incisors or lateral incisor and
canine tooth and results in buccal, anterior, and lateral
displacement of the segment. Alternatively, palatal frac-
tures may occur through the maxillary tuberosity (lat-
eral palatal split), involving a dentoalveolar segment
bearing the molar teeth. This fragment may displace
superiorly, laterally and posteriorly. Both fracture pat-
terns may coexist and are extremely difficult to treat.
Rarely, coronal or transverse fractures of the palate may
oceur,

Conventional fixation techniques involving extensive
plate and screw fixation along the pyriform aperture
and anterior nasal spine have not consistently provided
satisfactory accuracy or stability to correct the increased
transverse maxillary arch dimension or changes in incli-
nation of the dentoalveolar segments that occur with
palatal fractures. Manson et al. have described tech-
niques of transpalatal miniplate fixation through lacer-
ations or incisions in the palatal mucosa supplemented
by arch bar placement and fixation at the pyriform aper-
ture, in addition to the usual fixation along the medial
and lateral maxillary buttresses (Fig.4.2.10,insets; Man-
son et al. 1983, 1990). Reduction and fixation of the pal-
ate is performed initially to restore proper width of the
maxillary arch and is followed by buttress fixation. It is
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recommended to maintain mandibulomaxillary fixa-
tion for 3 weeks postoperatively followed by motion and
soft diet. As bone healing tends to be slower following
palatoalveolar fractures, it is recommended to watch for
occlusal discrepancies and drift up to 4 months after fix-
ation. Due to local symptoms hardware removal in the
roof of the mouth may be required.

Alveolar Ridge. When alveolar ridge fractures occur in
isolation, management consists of reduction of the den-
toalveolar segment and fixation to stable adjacent max-
illary segments using 26-gauge wire loops or arch bars.
This is immobilized for 4 weeks, during which time the
patient maintains a soft diet and regular oral hygiene.

If there are associated maxillary fractures, it becomes
difficult to achieve stability in this fashion. The use of an
acrylic wafer splint may provide some degree of stabil-
ity, but open reduction and plate fixation is usually
required. Mini- or microplate systems may be employed.
An attempt at achieving two points of stabilization pre-
vents rotation and tilting of the dentoalveolar segment,
and care must be taken to avoid placing screws in the
apices of the adjacent teeth. Screws should not be longer
than 4 mm to avoid tooth root injury. Soft-tissue attach-
ments must be maintained to the dentoalveolar seg-
ments. Loss of gingival tissue from these segments due
to trauma or exposure may devascularize the teeth. If a
segment becomes devascularized, stability of the frac-
ture is improved by replacement and fixation. However,
should it remain clearly nonviable, a tooth extraction or
removal of the segment may be necessary,

4.2.2 Upper Midface (Le Fort Il and I11)

The rules described in Sect, 4.2.1 also apply for the
reduction and fixation of fractures of the upper midface.

4.2.2.1 Anatomy

The upper midface includes both zygomatic bones, the
orbits whose superior sections belong to the upper face,
and the central nasoethmoidal region (see Fig.4.1.1¢).

As it has been said before the classic fracture patterns
IT and I1I as described by Le Fort are rarely seen, These
fractures are observed mostly in combination with skull
base or cranial vault fractures as well as with Le Fort |
and mandibular fractures. In these instances they are
part of panfacial fractures.

4.2.2.2 Diagnosis

In addition to the clinical evaluation - which generally
provides only a rough impression since swelling and the
overlying sofl tissues hide the underlying bony struc-
tures — X-ray evaluation via plain facial radiographs and

5 mm axial and, if possible, coronal CT images are the
basis for a precise diagnosis and consequently the ther-
apeutic approach.

4.2.2.3 Treatment

Midfacial fractures should be treated as early as pos-
sible, at least within the first week after the accident. As
soon as the general condition of the patient allows it,
definitive treatment should be undertaken. Fractures of
the upper midface are generally quite extensive and
include damage to the soft tissues. As noted by Manson
(see Sect. 4.1), delayed treatment of midfacial fractures
may mean a second injury to the already contused soft
tissues. Edema should not be a reason to delay treatment
since - on the contrary - we have observed that edema
subsides faster when correct anatomic bone conditions
have been achieved. This is especially true for orbital
edema.

Intubation must not interfere with the ability to use
mandibulomaxillary fixation during surgery. The origi-
nal occlusion is one of the most important landmarks
for correct reduction and fixation of midfacial fractures.
Therefore either nasal, oral (behind the teeth, or if teeth
are lacking), submental intubation, or an endoscopically
placed tracheostoma is necessary.

In addition to the infraorbital approaches and the
transconjunctival and upper blepharoplasty approach
(see Figs. 2.1, and 2.5), the coronal incision is the most
important approach. In recent years we have learned
that extensive facial degloving is feasible, and via this
exposure accurate skeletal reconstruction is possible,
The coranal approach is mandatory especially for the
correct reconstruction of the nasoethmoidal area and
the correct placement of the zygomatic arch area. A
hemicoronal incision should not be used. Eyebrow inci-
sions and other routes via the nasal dorsum should be
exceptions. A gingivobuccal incision is necessary for a
correct fixation of the link between the upper and lower
midface (Le Fort I area).

A very important precondition is a team approach,
Since most of the upper midface fractures appear in
combination with skull base fractures, the neurosurgeon
in most areas is the most important partner. Depending
on the special situation all specialties (oral-maxillofa-
cial, plastic surgery, neurosurgery, ENT, and ophthal-
mology) should be involved at the same time in the
treatment of panfacial fractures.

It is also important to visualize all fractures first
before any fracture is stabilized. In severely comminuted
fracture situations a preliminary approximation may be
performed with wire before definite fixation with plates
and screws is undertaken.

Upper midface fractures are located between the cra-
nial vault and the occlusal unit.
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Although establishment of the correet ovclusion is
absolutely mandatory as o puideling, for correct fedu-
ton of upper midlacial fractares it may be miskeading,
Formerly when we used wire for fization logether with
craniotacial suspension, we often observed a consider
able amount of telescoping in the Le Forl 11 and 1 areas
with facial deformation although the ecclision was cor
rect,

Giruss (1986) siressed the importance of the Correct
recomstroction of the vuter focial frame (Fig 4.2, 12 0) lor
proper reestablishment ol the tacial dimensioms The ix-
abion el botl ey gomas in the carrect position i relation
to the crantal voull praranties corvect tacial width and
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helps 1o find the correct pusition for the nasoethmoidal
complex, Therefore it is also a key area for reestablishing
the correct facial projection and facial length. This is
part ol the presently advocated concept of an “outside to
inside” management, Even in unilateral upper midface
fractures il may be necessary to use a coronal approach
since it may he important to compare the position of the
unfraciured sypomutic arch with the reduced arch
(Fig.4.2,12b,c), Reconstruction of the central part of the
upper midfae - the nasoelhmoidal complex - 15 exten-
sively described in Sect, 4.3,

Reestablishmient of (he correct intercanthal distance
by means of correctly placed transnasal wires is a very
unportant step (see Pigs, 4.1.5,4.3.3b, 4.3.4h). Securing
the littks between central and lateral upper midface in
the area of the inferior orbital tim, as well as fization to
the fromtal bar and along the medial buttress, follows
thereafter (Fig. 4.2.13). After the complete reconstruc-
tion of the orbital frame the orbit itself is reconstructed
{see Sect. 4.5). Thereatter the occlusal unit with correct
mandibulomaxllary fization is fixed with plates and
and screws at the buttress zones (medial and lateral) o
the upper midfage,

Fixation of central midface to the cuter facial frame and 1o the
Lrontal Trar within the nasal ridge with the L3 system, fnser: Fix
atiom at the nassl fdge area with one 2.0 plate o8 4 other
optiot, The vertical bultresses aro stabilized with the 20
system or g hone graft Inlermazillary fation s kept anly dur-
Mg surgery,

In extensive midface fracture situations {panfacial
friactures) the vertical buttresses should be stabilized
with fhe 2.0t system, The links to the cranial vault at the
eygomaticofrontal sutures should also be stabilized with
the 2.0 system in these mstances. If fixation in the nasal
ront area is performed with one plate, it should prefer-
ably be w 2.0 plate (Fig 4.2.1 3, inset), while in the sltua-
Lon of feation with two plates the 1.3 system could be
used (Fig. 4.2.13), The horizontal buttresses in the YR
meatic arch area are fixed preferably with the 2.0 system
{see Figs. 4.2.5b, and 4.2.12¢) while stabilization in the
orbital rim aren is adeguate with 1.3 plates (Figs, 4.2.12,
1.2,13).

Figure 4.2 14 presents a further example ofa typically
dislocated Le Fori 11 fracture with a zygomatic fracture




Fig.4.2.14a,b

8 Diggram of a Le Fori U1 fracture w

the left and typical dislocation

b Diagram showing ixation of fracture shown m a, using the

200 wndd 1Y systen.

on the right and ity stabilization Figure 4.2.15 demon-
strates adequate fisation of a Le Fart 111 fracture on the
left in combination with an orbital fracture on the lel
dand a Le Bort I fracture on the right on o water’s view

rvpomalic fracture on
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X-ray Cwater's view ) after hxation of o Le Fort 1 ractare an the

right, and a severe orbitvrvpomatic {rectiore on the left, The

pratent was edenlulons in che masillary ares
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4.3 Maso-Orbital-Ethmoid Fractures

Contributors: Beat Fammer
Joachim Prein

4.3.1 Definition

The term naso-orbito-ethmoeid (NOR) [ractures s
employed for injuries involving the area of confluence of
thie ose, orbrts, and ethmodds (Gruss 1985: Paskert et al,
L9881 A number of delicale strictures are invelved i
thiese fractures: the nose, medial and lower arbits, fron
Ll sinuts il anterionr skull base; and the pyrifiorm rim.
Managlog all these structures and reconstructing the
comiples three-dimensional architecture of the NOE
aréa are among e mest difficalt problems in lreating
facial travim,

4.3.2 Anatomy

The mabin seroctural buttress o the NOE aren is the fron-
tal process of the makills, which articulotes eranially fo
the internal anpgular process ol the frontal bope. This
buttress contuins the msertion ol the medial canthol lig-
arment (Fig. 450 L and extends superiorly beyvand it The
eanthal bearing dreads alse reterred 1o asa "central frag:
ment" { Markowitz etul. 1991 ), which shows typical frac

ture patterns (see below). The thin and eastly commin-
uted limina papyracen of the ethmonds s locared posre-
riar oo the centeal frageoent, Cramally the imtermal
angular process of the frontl bone s anterior and
superior b the antenior wall of the trontonasal ducr,
Patency of the frontonasal duct may be last in highly
comminnted MOE fractures, and obliteration ol the
frivntal sinus s then necessary (Stanley 19793,

Retwieen the two central fragments the nasal bones
arch 1o form the proximal nasal skeleton. These small
and fragile bones often have multiple fractures. How-
ever, skeletal support and  projection of the nose
depends proximally on the support of the nisal pyramid
and distally on the cartilaginows sepruie The need for

4.3+ Maso-Orbitul-Ethmoid Fractures

The trontal process of the maxillo = the main stroctaral b

tress of thee masa-orbital-ethinodd e, containing the inser-
tiam ol themedinl conehal gament §ise, s refered o as the
“contral fragment.”

dorsal nasal bone grafting s determined by the degree
o comminution 1o these structures:

4.3.3 Fracture Patterns

Three typical fracture patterns can be distingudshed
[ Markewily et alo 1991, which pecur either untlareeally
ar bilaterally. The fracture patterns differ in the degree
of displacement and comminution of the canthal liga-
ment hearing “central” fragment.
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Type 1 (Fig, 4520, In Type | Bractures theee is a single
Barpe fragment bearing the canthal Hgament, This frag-
ment s casily stalulized with miniplates or the |3
system, Tyvpe Linjuries may becither complede or incom
plete (preenstick fractureat the intermal angular process
of the Fromtal bone and may be uni- or bilateral ),

Type l{Fip. 4,5.3). Here there is same depgrée of dommi-
nution ol the central fragment, but the canthal lignment
ls attached tora fragment large enough 1o be stabilized
with wires or the L3 plate and sceew system. The com-
rinution is exlernal 1o the canthal lgament insertion.

Type W (T 340, In Type 111 fraciures comminution
extends beneath the mserton of the canthal ligamient,
Canthal detrchment 15 required 1o achieve the bone
reduction. Direct canthopexy s necessary, with atten
tion to construction ef the canthal insertion point which
should be poesterior and supenor to the lacrimal tossa,

4.3.2h

figd32ah

NOE fracture, type 1 Thiérd i a single large fragment con-
twining the insertion of the medial conthal liganent.
Stabilization of s HOE Tracture, type L Uhe 20 and 1.3 sy
termy ol wsed, Remark: under certain circumstinces, s Labil-
fmation can be corried sul withour the plate st the Frontona-
sal quncture, e, in fractures undislocated o the internal
angular process of tee frontal hoae.

-

Fig.4.3.3a,b

a In NOF fractures ype 11 there is some degies of fragmenta- B
tior of the central fragient. However, the fragment contain.
g the insertion ol the canthal ligament |5 lirge enough o
b stabilized with a plate,

b Stabilization isachiesed swith g combination of 1.3 plites and
u teansnasil wire, The wire is inserted threugh he ligament-
bearing fragment ond shookl prevent outward eotution of
this fragment.

a NOF fracture type 10 There are multiple small fragments, B
The fragment contaiming Lhe tnsertion of the canthal lga-
ment i5 toe sl o be sibilized There may even be avul
afan ol the canthul gament,

Stubilizative oo MOR fracoure type 11 The small bane frig-
mentsare shgned and stabifized with 13 mind-or 1.0 micri-
plates, To recanstonet thie canthal Hgament aertion, o direct
rransnasal canthopexy is necessary, The Insertion point i
created posterior and sapenior to the ferimal fossa; If the
Bone i this arep 4 missing, the (nseriian point g he
created with o bone grafl oc a9 2.0 plue g8 shown o the Ag-
ure The mast common ermoe s to inser| e ligament oo fir
anteriprly:
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Type 1 (Fig, 4.3.2% In Type | tractures there i5 a single
large fragment bearing the canthal ligament. This frag-
menl s edsily stabilized with miniplates or the 1.3
gystem. Type [injuriesmay be gither complete or incom-
plete (greenstick Iracture al the internal angular process
ol The frantal bone and may be uni- or bilateral).

Type Il (Fig. .53 Here there is some degree ol commi-
aation of the central fragment, but the canthal ligament
is attached toa feagment large enough to be stabilized
with wires or the 1.3 plate and screw svstem, The com-
minution is external to the canthal ligament insertion,

Type W {Figs 4340 In Ty pe 1 fraciures comminution
extends beneath the insertion of the canthal Hgament.
Canthal detachment s required lo achieve the bone
reduction, rect canthopexy is necessary, with-atlen-
tiom toconstruction of the canthal insertion point which
should be posterior and superior fo the lacrimal fossa.

Fig.4.3.2a,b

MOE fracture, typi L There 18 a single farge lragment con-
taining the fnsertion af the medial canthal ligament,
srahilization of a WOE Cracture, type L The 20 and 1,3 sys-
temzare nsed. Remack: under certain circomstinces, stobil-
ization can be carried oul without the plate at the fronton-
sal juncture, e, an fractures undislocated af the internnl
gngular process of the frontal bane.

Fig.4.3.3a,h

I MOE fractures type I there is soime degree of frigmenta- B
tion of the central fragment, However, the fragment contain-
ing the insertion ol the cunthad lgament is large enough to
be stabilized with a plate,

Stahilization is achieved with o combination of 1.3 plates and
atransnasal wire, The wire i3 inserled through the ligament-
hearing fragment and should prevent antward rotation of
this fragment,

Fig.4.3.4a,b

MO fracture type 1L There wre multiple small fragments, B
The feagment containing the insertion of the canthal Tiga-
ment is toosll 1o be stabilized, Uhere may even e aval-
giam of the canthal Hgament.

Stabilization ofa NOE fracture type 1L Thesmell bone frig-
mentsare aligned and stabilized with 1.3 mdns- or 0 micro-
Plites, T reconstruct the canthal lgament insertion,a direc
tramsnasal canthopexy is necessary. The inserticn poinl is
created posterior and superior to the lacrimal fossa, 1 the
b ley Lhis wrea 15 missing, the insertion peint may be
crealed with o banegraft ora 2.0 plate as shown in the fig
dre. Phe most comman error isto userl the igament too far
anteriorly,
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4.3.4 Plates Used for Internal Fixation of NOE Fractures

Plates from the midface sets 1.0 {micro) and 1.3/1.5
(miniplates) are used to stabilize NOE fractures. Micro-
plates are especially helpful in putting the very small
fragments of the nasal root together. They also may be
used to link a large central fragment to the frontal bone,
Miniplates are indicated when increased mechanical
stability is required. Because of their relative thickness
they should not be employed anterior to the lacrimal
crest.

NOE fractures are the only type of injury in which
stainless steel wires are still used for transnasal reduc-
tion and fixation. In type [T or 111 injuries transnasal wir-
ing of the central fragment or/and direct transnasal can-
thopexy is used to reduce the intercanthal distance, or
distance between the frontal process of the maxilla.

4.3.5 Exposure

A combination of coronal, lower eyelid, and upper buc-
cal sulcus incisions is usually employed. The coronal flap
is reflected to expose the nose. In most cases dissection
of at least two-thirds of the orbital circumference is nec-
essary. Stripping of the canthal ligament from the bone
is avoided, except in type I injuries where the fractures
extend beneath the canthal insertion.

If there are fractures of the posterior frontal sinus
wall or anterior skull base, cranial base exploration and
dural repair may be required. If the anterior wall of the
frontal sinus is fractured, all fragments are temporarily
removed, which exposes the interior of the sinusand the
nasofrontal duct.

The orbital loor and the infraorbital rim are exposed
through a lower eyelid incision.

Type | fractures undisplaced at the internal angular
process ot the frontal bone do not require exposure with
a coronal incision but only the lower eyelid and gingival
buccal sulcus.

4.3.6 Diagnosis

Clinical Examination. Every injury to the central midface
is suspicious for a NOE fracture. The clinical examina-
tion should include mobility and comminution of the
central fragment and loss of septal support for the nose.
Severe nasal fractures may be misdiagnosed as NOE
injuries, but more frequently NOE fractures are misdi-
agnosed as nasal fractures. An accurate diagnosis can be

made with bimanual examination.Furtheron motion of

the canthal-bearing segment can be detected between
finger and clamp, placing the clamp internally and the
finger externally. Gentle pressure on the nasal dorsum

(Paskert et al. 1988;) allows examination of septal sup-
port for the nose, thereby assessing the need for dorsal
bone grafting.

Computed Tomography. While the NOE injury itself is
evaluated clinically, CT scans are indispensable in the
diagnosis of associated injuries (orbits, frontal sinus,
skull base) and to confirm the pattern of the NOE frac-
ture. Details for the other fractures are given in the sec-
tions dealing with these injuries.

The NOE fracture diagnosis requires (at a minimum)
fractures surrounding the “central fragment”; these
include fractures of the nose, orbit, medial orbital wall,
and inferior orbital rim. Fractures of the internal orbit
(floor and medial orbital wall) are routine.

4.3.7 Operative Treatment

Operative treatment should be undertaken as early as
possible. This consists of graded exposures with ana-
tomic reduction and rigid fixation of bone fragments.
Special attention must be paid to the medial canthal
ligament. The fracture usually extends into the naso-
maxillary or zygomaticomaxillary buttress, and there-
fore a bucceal sulcus incision is necessary.

4.3.7.1 Management of the Central Fragment

Type | Injuries (see Fig, 4.3.2). A large canthal ligament
bearing fragment may be reduced and stabilized with
plates alone. In this case plates at the infraorbital rim
and pyriform aperture stabilize the fragment. Before
placing the plate at the infraorbital rim the articulation
of the fragment with the nasal process of the frontal
bone must be ensured to avoid malrotation. This frac-
ture is stabilized by a 1.3-mm plate at the inferior orbi-
tal rim and a 2.0-mm plate at the pyriform aperture.
Microplates are not sufficient to stabilize the fragment
against rotation,

Type Il Injuries (see Fig. 4.3.3). The ligament bearing
fragment is isolated without stripping the ligamentous
insertion. Temporary alignment of the bone fragments
with wires may facilitate reduction. Two 0.3-mm (28-
gauge) transnasal wires are passed through drill holes in
the central fragment. The wires must be placed posterior
and superior to the lacrimal fossa. The task of this wire
is to secure the correct rotational position of the central
fragment and maintain the correct intercanthal dis-
tance. Miniplates, 1.3, or microplates are employed to
stabilize the multiple small fragments of the nose
(Fig. 4.3.5b), or, interfragmental wires can be used.
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Type lll Injuries (Figs. 4.3.4). In Type IIl injuries the cen-
tral fragment is too small to be used for canthopexy, or
fractures extend beneath the canthal insertion. There
may also be even avulsion of the medial canthal liga-

ment, although this is a rare event. Reconstruction of

these fractures requires a direct transnasal canthopexy
after bone reconstruction. Initially the canthal ligament
is completely detached. If a bone fragment is left
attached to the canthal ligament, it may interfere with
direct canthopexy. Small bone fragments may be aligned
and fixed with 1.3 or microplates.

4.3,7.2 Transnasal Canthopexy

There are two important steps in canthopexy: First the
ligament is identified and transfixed with a suture. This
is done through a small transverse external incision
medial to the palpebral fissure (Stanley 1979). This
suture is passed directly to the internal aspect of the cor-
onal incision and to a separate set of transnasal wires.
The second step involves choosing the insertion point
for the transnasal wire. It should be chosen posterior
and superior to the lacrimal fossa. In some cases, the
fragile bone of this area is comminuted. The insertion
point of the transnasal wire must then be constructed.
This can be done with a bone graft fixed with a miniplate
placed along the medial orbital wall. The wire is then
passed through the bone graft, or one of the holes of the
miniplate (see Fig. 4.3.4b) (Hammer 1995), The bone
graft must be positioned with a miniplate to be stable.

4.3.7.3 Nasal Reconstruction

The nasal bones are reduced and stabilized with mini-,
microplates or wires, and the glabella and frontal sinus
are reconstructed by bone reassembly. If there is lack of
septal support, dorsal nasal bone grafting is necessary to
reestablish the height and anterior projection of the
nose. Cranial bone grafts or rib are the choices. To allow
precise placement of a rib graft and provide columella
support an open rhinoplasty approach is preferred
(Fig. 4.3.5a). Placement of the dorsal nasal bone graft
and fixation to the nasal root with a miniplate are shown
in Fig. 4.3.5b,c and see Fig. 4.2.5b,d. Nonabsorbable
sutures suspend the cartilaginous septum to the dorsal
graft. The tip of the graft is placed underneath and
between the domes of the alar cartilages. In this way a
naturally appearing, smooth nasal tip can be obtained.

4.3.8 NOE Fracture-Related Problems
4.3.8.1 Lacrimal Duct Injuries

Lacrimal duct injuries resulting in obstruction are
present in less than 10% of fractures involving this area.
Primary exploration of the lacrimal apparatus is gener-
ally not recommended unless an open laceration has
divided the lacrimal system.

4.3.8.2 Frontal Sinus

The management of frontal sinus injuries is discussed in
Sect. 4.6.

4.3.8.3 Skull Base Injuries

Associated skull base injuries may be repaired transcra-
nially. For skull base injuries localized to the anterior
cranial fossa, “subcranial” management (a minicraniot-
omy) is often another option providing limited expo-
sure,

4.3.8.4 Orbital Reconstruction

Section 4.5 deals with the management of internal orbi-
tal fractures.
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Fig. 4.4

4.4 Iygomatic Complex Fractures The five articulativns of the sygoma with the craniofacial skele-
ten are visualized, Any of the multiple zygomatic fraciore sites
Contributors: Bernard L, Markowitz :;;:‘.:J'JH‘ exposed either te conlirm alignment ar to provide fix-

Paul N. Manson The best-areas fo determing reduction are the internal sir-

face 4f the orbit @, and the sygomaticomaxillary buitress @,
ey = inferiar orbital fim @, and the eypomiatic arch @ {the multiple
4.4.1 Definition articulations of the zygomal,
tset The placement of bone hook undernesth malar emi-
nence allawing reduction of the fractute in un anterolateral
direction,

fygomatic fractures include any injury which disrupts
the five articulations of the zygoma with the adjacent
craniofacial skeleton (Fig, 4.4.13: the zygomaticofrontal
suture, infraorhital rim, zygomaticomaxillary buttress, —
eypomatic arch, and zygomaticosphenoid suture. The R
degree to which the sutures are involved depends on the e
direction and magnitude of the fracturing force. [Hs-

=3
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placement s parallel o the direction and force of the
injury and the action aof the masseter muscle, Regional,
muoncarticular fractures (soldted wygomatic arch, ele.)
are also seen.

4,4, Treatment

Msplaced oe unstable zygomatic fractures beneht Trom
open reduction. The extent of apen reduction is deter

mined by displacement and comminution of the five
articulations Thereare two reasons o explore anv ol the
multiple zygomalic Iracture sites: o conlivm alipnment
and to provide fixaton, Operalive exposure may be used
for one or both purposes. In many evgomatic fractures
the degree of stability and the minimal displacement do
not justity open reduction: The majorily of displaced
gymomatic fractures {type I Fig. 4.4.2) may be managed
with inferior exposures and stabilization. Fractures
which exhibit lateral displacement of the zypomaticarch
ttype [1) (Figs.4.4.3) require superior exposires in addi

tiom to inferior approaches (see Figs. 2.1, 250

4.4.3 Exposure
For details see Chag, 2

» Inlerior orbital exposare
- Subeiliary
- Futended subciliary
Iransconjunctival
= Luteral canthotomy
= Inferior maxillary exposure
Gingival buccal sulcus incision
s Superior orbital exposure
- Brow
Lateral limb of upper blepharoplisty
Canthal detachment with lower evelid incision
— Coronal

4.4.4 Reduction

Reduction of ygomatic fraciures is performed through
a combinution el incisions as explained in Chap.
Fxposure of the fracture site provides an opportunity to
confirm alignment and provide hxalion, As o general
principle; alipnment of the zvgoma must be confirmed
in at least three areas and hxation o at least two, An
anteralateral and soperior reduction lorce, directid
from underneath the medial aspect of the malar emi-
nenee, is wsually necessary o reposition the displaced
LY P,

Chne way o achieve this is via a bone hook, which is
mtroduced underneath the malar eminence theough a

Fig.4.4.2
Lusw energy aygomn fraciure. Mo lateral displupcement of the
el Jo this case anteriorapproach

Fig. 4.4.3a,b

High-ereriy: eypoma racture, Considerable laeral displace
et ol the sygomatic arch anid dasplacement of body, Corenal
appraach regquared,
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sl 3 praen incision Jo the skin of the cheek (Fig, 41,
iser), Fuether aceess s achieved through either (he
mouth, (e upper sulcus incision, or the external inci-
stons by dividing the deep temporal fascéia above (he
svgomatic arch, near the sygomaticofeonial suture,
expasing the temporalis musele, and then placing o
bluntelevator (such as Dingman) behind the malar gmi-
nence. A lorce opposing that ol the injure s generated,
ane the Iractore is reduced

For dpracral ceduction the sysomaticonsaxillary
buttress is followed superiorly -t its junction with the
milar eminence. At times Abers ol the masseter nesd 1o
be elevated. A blunt elevator is positioned beneath the
eminense or within the lateral aspect of the maxillary
sinus and an appropriate reduction force produced by
l.'||.‘|1'|.'l‘ri|‘|L:1I'I'I'i.'l."|l.l the malar eminence, Movementof the
cisplaced bone into anatomic alipnment is sometimes
appreciated by o “click” and conhirmed by inspecting
each buttress articulation. Minor adjustments in pessi
line are perlormed with Brown forceps prioe (o figation,

Theavgomaticosphenond suture isa commonly over
looked  determinant  of  angtommic ;1lignmen|
Fig a0 Considerable experience is required o g ppre-
clate the ase of this area as an fsolated Fracture align-
ment site The wvgomaticomaxitloey buttress s wn excel-
lent determinant, the infraorhiial viom s a good deterimi-
nant, and the svgomaticofmntal sulure s g posr
determinant of proper reduction. Zygomatic arch redu -
tons sets midfacial widih and, reciprocally, malar ermi-
pence projeciion {Table 4.1,

[ wep

4.4.5 Stabilization

Thie “stability™ of the reduction (determined by the
degree ol commination within the eygonatic comples
and at 1ts articulations ) determines the tepe and num.
beral hxation devices to he wsed, Frequently 1.3 snd
miniplating systems ¢ 1.5 and 2.0) are used in combina-
tian, Loseprofile Lmm plates are less conspicuons n
areas where devices may hevisible and palpable finfra-
arbital rimy, but they may not be sufficient to ensure
rigidity at the sypomaticolrontal sature: The stronger
but larger 2.0 miniplites are best reserved forareas cov
ered by adequate soft Hssue fvpomalicomagillary but
tress, gypomatic arch, and in some coases srgomatico.
frontal suture; Flgs 4 4—h4,m; see also Table .1,

Fhe zygomaticolrontal sutuee contnins the strongest
bire lor stabilization; the segomaticamaxilliey uttress
i5 @ good location loesvabilization. The inferlor oebital
rim and wvpomatic arch are fair arcas lor stabilization
(Figs. d.did-4.4.6),

Type | Fractures. Numerous plating sclemes are success-
Fully employed lor the stabilization of zygomatic frac-
tures, Fracture stabilivg mus be considered carefully

Table 40 Friawnure sites s points ol algamen) and steength
af finarion s sulure Biles

atter the initial veduction maneuver, and appropriate
plates chosen for hxation, Fractures that “snap” back
inio ploce and are stable have ditferent ixation require
ments { Fig 4o ) than maries hataee commimuted and
reipuire positioning placement, auch as femporary imter-
aEseons wires, or constant reduction force to maintain
the position prior to rgd fxation (Figse 445, 4.0
Pearl 1940,

For mos| type | zygoma fractures stabilization of the
inferior orlatal rim, svgematicomaxillary butiress, and
aymomaticolrontal suture are roulinely advised |see
Fig. 4a1.5])0 Stable injuries may have two plate fixations
faee Fig L) The initial Gxation is provided by al least
a miniplate at the sygomaticofromal satuee ar e
aypomaticomaxillary butiress while the remainder of
the fracture sates may then be managed with 3 plates,
When the buttress s comminuted, ar the fractuee pat-
term i ot conducive toomicroplatiog, napiplates should
be placed w1 the sygomaticotrontal suture and dygoma-
ticomixillary buntress: Macroplates ar L3 system plates
are placed at the inferior orbital Fin.

The 90% ar 1107 Loor Y nriniplate is best suited for the
wvgomaticomaxillory butiress (see Fig, 4450 T'he Jow
proile muimi- DO plate ow the 2000 L300 1,3 systeme s used
at the sygomaticotrantal suture [Fig, 4.4.6, inseis 1-3).
Serew holes st b directsd away from tooth reots near
the maocllary alveolus A single 1.3 plate usually sulfices
ai the inferior i,

Type Il Fractures. For type B feactures (Fig 4430, in
addition o the described anterior points of fization, the
rvpomatic arch s exposed, reduced, and stabalieed.
dypomatic arch fuearion is theaniral step in the stabil-
vealion of type | fraciures after eventual placement of
positioning wires al the #-F suture and the intraorbital
rim. I'he anterlor articulations are then stalsibized as
described above.

The key to cotrect gygomatic arch reduction and sta
bilization is the appreciation ol is normal anatomy, The
avpomatic arch is nol g troe grch but s steaight in s
middle portion. 1t s best stabilized with an adaption
miniplate of the 2.0 system, fishioned by “vertlatien-
g the central ong and then securing the reduction
with L4 serews (See Fig,danl A imes an oblique sag
ittal frocturg ot the pusterior aspect of the arch may be

135
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g as
A Two-plae fiation of the'syunma, Miniplate [1.33 fixation af the
inferiar orhital rim and miniplate (2.0) lixation at the zyganal-
iwa-frantal sutire, The three drsets show the various oplions in
between 13 and L0 adaption plates ar the fateral arbital rim,

A Miniplate fixation ina comminuted fracture al theee anterior
fracture sites, Miniplite fixation at the sygomaticofrontal
sulure and zpgomaticomaxillary buttress and 1,3 mm plate fix-
ativn at the orbital rim.'The limbs of the LaorY miniplate in the
eygomaticomaxillary buttress must be benl sround tooth
oS,

Aldonger Lor ¥ miniplate is best suited lor the comminuted
sygomaticomaxillacy buttress. The separate buttress fragment
i lag-screwed 1o the plate,

Fig.4.4.6

Mimiplate lization in o comminuted fracture of the Jateral
upper midface. In-addition o the Axation Pypein Pig 4.4.5 fix-
ation ol the sygomaticarch is performed with @ 2.0 miniadap:
tation plate. frser 4, [ap screw lation for a sagittal Irscture ar
the posterior aspeet of the arch, fnser 5, plate fixation for the
root ol the plenoid fossa, sees |-3 show the varions options
for lixation at the ey gomatico-frontal suture.

managed with a lag screw (1.5 or 2.0 mm; see Fig. 4.4.6,
inset 23, Screws should be diverted aveay froom the tem-
poremandibular joinl, Plating the rool of the glennid
lossa may be required prior te arch plating (see
Fig.4.4.6,inset 31 A lag screw may be placed through one
af the posterior holes of the plate. '

4.4.6 Internal Orbit

Uinice the external orbital rim is stabilized, the intermil
orbit is evaluated and its continuity assessed. If a defect
exceeding % mm is present, it must he entirely exposed
and stable ledges identified lor grafl stabilization. Orbi-
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tal wall defects larger than 1-2 cm are grafted with split
(outer table) calvarial bone grafts or alloplast (Medpor
1.5 mm or polyvynil sheets). Titanium plates alone are
used for small or large defects (see Fig.4.5.6). Skull outer
table or split rib grafts are used for larger defects, Grafts
must be placed accurately to restore orbital volume.
Globe position, because of edema, is frequently an
imprecise guide to adequate restoration of orbital vol-
ume. Once grafts are placed, globe motility (forced duc-
tion) examinations are assessed and compared to pre-
and postdissection ductions. The grafts are then
anchored with lag or tandem screws. If complex (three
or four wall fractures) are present, internal mesh or
stable fixation should be used to provide a platform for
orbital volume correction (see Secl. 4.5).

4.4.7 Soft-Tissue Closure

Strict attention must be given to layered closure which
includes resuspension of the soft tissue. Lateral canthal
reattachment is performed if the canthus has been
detached (see Fig. 4.1.9). The lateral canthus is isolated
and a 3-0 nonabsorbable suture is passed through the
canthus and hooked through a plate hole at the zygom-
aticofrontal suture. When an extended transconjuncti-
val incision is used, the divided canthus is carefully reap-
proximated. The malar fat pad is resuspended to an orbi-
tal rim plate with a 4-0 Prolene prior to closing the
periosteal incisions in the lateral orbit and inferior orbi-
tal rim. The lower eyelid incision is closed with a Vicryl
muscle suture. The skin is closed with interrupted 6-0
plain gut sutures.

The coronal incision is closed in two layers, the galea
with 2-0 Vicryl and the scalp with staples. The superfi-
cial layer of the deep temporal fascia is repaired with 2-0
Vicryl as is the periosteum over the zygomaticofrontal
suture.

Avoiding Complications. Problems associated with zygo-
matic fracture treatment can often be avoided by precise
diagnosis, careful dissection for exposure, anatomic
reduction by direct observation, stable fixation, the
appropriate use of bone grafts, and soft-tissue closure.
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4.5 Orbital Fractures

Coptributor: Poal K. Manson

4.5.1 Definition

Fractures involving the orbil are comman injuries hat
fvolve multiple surgical specialties, The magnitude of
(ractures within the orbit varies considerably. Simple
{ractisres may invelve only @ portion of the internal bone
ared of the orbi, the common “blow-out™ fracture: More
cormmonly, multiple portions of the arbit are fractured
with the orbital rim and several internal orbital walls
therefore injured sumultancously. Most fractures of the
orhit theretore require stabilization of hoth the tim and
the internol portions of the orbit (Fige 4500 The
regionasl approaches for siabilizing fractares of the rim
are discussed in the Sect. £4 and Chap. 2 but are
reviewed agnin here in the contest of o broad recon-
structive perapective for fractures ol the pebit

Asa general principle the orbital rim is reconstructid
by aligning i1 fractured parts with adiacent stabilized or
itaet structores. Simulaneously visualbsing muliple
areas of alignment increases the accuracy ol the reduc-
tion. Initially, interfragment wiring or loase “two screw”
fixation in a plate provides temporary but adjustuble
positioning of rim segoents, Stable fixation then stabi-
lizes the pusition while final adjustiment is provided by
mianual positinning,

The bony orbit may bie concepualized in anterior,
miiddle, and posterior sections (see Fig, 4.5.1) The ante-
rior third of the ocbit is the thick bony orbital rim. The
middle section of the arbit is thin and often breaks
biefire the rin, absorbing racture Torees. The posterior
section of the arbit is thick and is thus protected from
fracture by the dislocation of the anterior and middle
orbital segments.

The wrhital pio s divided imo three segments soper-
iorly, the supraorbital section; medially, the nasoeth-
moidal section; laterally and inferiordy, the eygomatic
section. The supraorbital region consists of the frontal
Bone lnterally and the frontal sinus medially; the section

1\

The orkrit comsiurs of the pim and the internal aebil The miee-
nal bt s comcepruahized in anterior, middle, and posterion
sectioas, The anterior thind of the orhil consiin of the thick
bty orbital rim which s divided lato thee sections. The rin
hi three components, supraorbital dection. sasoethimaldal
aren, and rygomatic sectin. The middle section of the orbit i
thin, siten breaking belore the rim and oansists of B e
tions, The posterior partion of fhe orbit i thick and comainm
the anparior and fifiestor orbital fasares and the optic fra

TR

-
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bepins medially at the frontomaxillary suture {the june-
tion f the internal angular process of the frontal bone
with the frontal process of the maxilla). The supraorhi-
tal area extends laterally 1o the zygomaticolrontal suture
and the external anpular process of the frontal bone. The
lateral and inferior portions of the orbital rim are
tormed by the gypomatic bone, The lower two-thirds of
the medial orbital rim represents the nasoethmeidal
area; the important characteristic here is the attachment
of the medial canthus with the medial horn of the leva-
tor palpebrae superioris, and the medial attachment of
Lockwood’s ligament around the superior aspect of (he
lacrimal fossa.

Whitnall's tuliercle is located on the inner aspect of
the lateral orbital rim, 10 mm below the zvgomalico-
froneal suture and 2-4 mim posterior to the anterior
margin of the lateral orbital rim, This provides attach
ment to the lateral canthal complex, consistingof the lat-
eral canthal tendon, the lateral extension of the levaror
tendon, and Lockwood's suspensory ligament. Three
foramina perforate the supecior and inferior orbital
rims. These are the supraorbital foramen (either a fora-

Fig.4.5.2
The rool is bowed anteroposteriorly and mediolaterally, The
foor inclines al a M" angle from antenior o posterior. The
foer of the orbit contains a posthulbar constriction, The optic
faramen: is located posterior and superior to the usially intact
section of the orbital fooe 25238 mm behind the rim.

men or notch) located in the supraorbital rim at the lim-
hus of the corneq in straight forward gaze,and the infra-
orbital foramen, located B-10 mm below the infeérior
orbital riny, parallel to the limbus of the cornea when the
eye isin straight lorward gaze, The third foramen is the
rypomaticofacial foramen located in the lateral section
of the malar eminence. Because these openings weaken
the bune, fractures commonly occur in these areas and
biruisze the nerves and produce symptoms of anésthesia
or by pesthesia in the nerve distribution,

The middle third of the orbit is thin and is composed
ol four seclions: the roof, medial wall, Hoor, and lateral
wall. The roolis a portion of the fromal bone and separ-
ates the anterior cranial fossa from the orbital cavity. T
isa thin extension of the supraorhital rimnand {s arched
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Fig. 4,53

The medial wall deparstes the arbit from the ethmoid sinnses
and nasal cwvity, There isa posthalhar constriction of the arbil
behand the globe in the medial wall and Aoor The sedial wall
i directly in line with the aptic foramen posteriory, ARF, antes
ror ethimoudel foromen, PEF, posterior ethimoidal Toramen,
The lntecal orbitds formed by the greater wing of the sphenod,
The anterior lip of the sphenoid is woally fractured i high-
etergy orhital fractures. Alignment of the lateral orbit s
ope of the most accurate gubdes (o volime restomtion,

superiorly, anterapesteriorty, and medinlaterally, 11 is
important to reconstruct the contour of the ool and
floor (Fig, 4.5.2) i accordance to its curving structures,
extending backward [rom the supraorbital rim, permit-
ting aspace for the globe inits proper position, The roof,
from anterior to posterior, first inclines upward, then
posteriorly, then finally inferiorly near the arhit apex.
The medial wall of the orbil consistsof the thin orbi-
tal plate of the ethmoid bone which separates the arbit
from the ethmoid sinuses and nasal cavity (Fig, 4.5.3).
The medial wall of the orbit is formed by the thin orbi-
tal plate of the ethmoid bone but gains strength from

multiple partitions through the ethmoid sinoses. Ante

tarly the lacrimal bone and i1s crost arciculate with the
lromtal process of the maxilla. The amterior and poste-
tior ethmeidal foramuima in the medial wall of the arhit
areat the sime vertical level as the aptic canal, The eth

moid toraming are located 24 and 35 mm, respectively,
from the anterior lacrimal crest and serve as guides o
the aptic neeve located 40-45 mm fram {his bony land-
mark and 5-8 i posterion o the posterior ¢thmoid
foramen.

The floor of the arbit separates the arbit from the
maxillary sinus, The orbital Hoore has an initia) shallow
cianvex secticn behind the rim, then inclines upsari
behind the globe, and inclines (o meet the medial wall,
creating o distinct bulge behind the globe (see Fig.4.5.2),
These convex curves of the medial wall and floor create
a “pasthulbar constriction” of the nrbital cavity (see
Figs. 4.5.2 and 4.5,3), which st be reconstrocted when
the orbit is rebuilt fllowing fractures, Generally floor
Fractures first involve the floor medial to the infraarbina

nerve groove or canal and then extend 1o the lower half

of the medial wall of the arhitl,
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Fhe lateral portion of the orbil (see Flgs, 45,0, 4.5.3)
is lormed by the greater wing of the sphenoid, which
articulates with the orbital process of the sypoma ' e
aypormiand the amterior hall ol the greater wing of the
sphenoid  dre commmonly  fractored  Simulianeously,
Avhieving alignmenl of the entire lateral orbil s one of
the moar critical compoanents ol orbital volume restora
ligen

The posterior Third af the orbit is constructed ol
thicker bone and incorparates the superior and inferior
orbital fissuresand the aptic foramen [see Pig, 43,11,
The superior orbital hesure is surrounded by the greates
aned lesserwings al the sphenoid bone. Important siruc
tures passing throogh this fissare nclude the thind,
tourth, and sixth cranial nervesand the ophthalmic divi
swmn ol the eigenunal nerve. The inderior orbital fissare
separates the orlital oer from the lateral orbetal wall,
The intraoebital division of the maxillary partional the
Ietgeminal nerve, the aygomaticofacial nerve, and the
infraocbital artecy all pass throogh this hasure poster
orlv. Anteriorly the inferior orhital fssore contains hga-
mentous structures, tal, and veins, The aplic leramen is
cortaimed within the roots of the lesser wing of the sphe-
nuid boneand feansmits the optic nerve and ophthalmic
artery, s located 40-43 mm from the inlerior arbital
rirm i 15 distinetly higher than the gebitad Aoor, which
sibves o protect it in dissection.,

4.5.2 Diagnosis
Fractures of the orbit nre disgnesed both by physicad

caamimation  and  compuled €7 -
Fig. 4340 ) 40T seans are Gblained in the axial and coro-

tarnography

il plaries with batly hone and sofi-tissue windows Tor
ehch orentation. A& thorough physical and radiographic
examinalion is vequisile to o salisiactory plan for recon
struction. This should consise ol o visual inspection, pal
pation, ussessment of visual acuity, visual Gelds, Tindos-
copy, and assessmént ol intraocular pressure. Duction
evalualions are indicated when there is diplopia. The
mrost conumon physical signs ol an orbital fracture are
perincbital ecchymosis and sobconjuctival hematonms
Three-dimensional O scans, while sometimes pnwid.
ing additioral perspective, are non reguired,

4.5.3 Treatment

finternal) orbital fractures
tsmall Fractures of the internal portion of the orbit) are
best treated by bone gralting{ Fig. 4,54 b, ) or the use of
an alloplastic implant, as desired, Autogenons tssues are
penerally  preferred, The bone gratt or alloplastic
mmplant should be anchored bebind the imlernal orbital
rirm with the “lag” or “tandem™ sorew technigue nr g

lsolated  mdille section

plate. This prevents displacement or migration of the
irplant; further, thevae ol stable foation nproves bope
suriial, Ductions are assessed bétore dissection, after
dissection, and after insertion of the implant o grall o
access freedom of the muscular apparalus;

Tt s important in dissecting a fractore defect inside

the orhit roodentify intact bone onall sides of the frac
ture. The posterior portion of intact bone formsa guide
to internal orbital reconstruction and represents the
tntact hone “ledpe” Fosteniory this intact “ledpe” is
nften reterred to as the "posterior ledge” and 15 usually
located some 3538 mm behind the orbital rim. The new
arbital floor shoold be positioned to dncline from just
hehid the reach  this
“ledge” Recent studies emphasize the importance of

reconstrucied tim 1o intact
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@ 4 weany coronid yvies, Fracture of medial orbital will el
arbital Hooe with considerable enlargement of the ozl
b Sl fractures of the floor oemedial portion of Ui arbitare
best treated by oo lay hone grafting or alloplastic nilerial,
The Do grafes ar alloplustic material may be anchroresd
either with a microplate of with o leg screw, Stalsization of
larger superior and inferior arbit gratts requines sseble
Lon 5 e i,
Irisersy Orbival roof recopstric o efther with extracsmtil
or intracranisl plating and bone geatts performed prior o
Fraital bone replacement,

¢ Reconstruction ol eelvitl Hoor and nvedial sebital wall sith
anbogenows bone gratis securing the correct orbital volime,

ansgtomic recomstruction of the boe defect rather Uy
globe position at surgery as the best guide to volume res-
toralion. tuction fests should be performed following
the placement of either bone or alloplastic material.
These are compared to duction examinations per-
lormed before the surgical dissection and after the sur-
givil dissection. In this manner stiff duction examina-
tiong frem muscle contusion or edema can be distin
guished from jmpingement ol the musculofibrous

ligament system by the bone graft malerial. Reconsteac:
ton af oo and roof defects trom a lateral perspective
is seen b the insels of Fig, 4.54 |,

4.5.4 Reconstruction of Ethmoid Defects

Ethmeid or medial arbital wall fractures are commonly
a4 portion of o muoltiple wall arbital injury, Symmetric
cinpression of the sthmond air cells is frequently seen.
Restoration ol bony orbital volume requires bone geali-
ing to reduce effective orbital volume. Several layers of
hone graft should be placed at the ethenoid area 1o pro
vide a thickness equal to that of the norma) ¢thmuid
reghon {Fig, .55 When simultancous defeces af (e
Hoor and the medial orbital wall are present, a strat of
stable fixation material may be required to provide posi-
tioning suppert for wther grafts {Fig. 4.5.6). A universal
arbital leor plate (see Fig, 124 and Fig 4500 should
b cut 1o the mintmum size required. The use of d tem-
plate may be appropriate for contouring,

It should be emphusized that all interna arbital
plales require contouring, trimming of redundant
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Fig.45.5

Enlirgeruent of medial orbital wall 15 seen b comparison of

the widlth of the ethmaid cells in d CT sean Seveeal lavers of

bumie prafts are placed fn e medial orbit orea through a coro-
nid incison o provide thickness cqual 1o that of the wormal
elbumeid region contralaterally,

wings, and anchering tabs: A1 he wings cinmot be let)
intact; most of the anchoring tabs should be trinmed
except the exact mintmum fxaton points desired: The
use of titanum implants or plastic sheets i large orbi
tal defeces exposed to the maxillary and ethmeotd sinuses
permits the possibility ol a late infection. With titanium
plates the first infections were observed maore than
I year atter implantation, Therefore the use ol auloge-
nous hone alone is preferred where possible as late
infection s rire, Metallic implants cannot be considered
i routine substitute for the use of wulogenous material
wiless no uther solution is possible,

There ane bwo varieties of internal arbital plages, Ore
16 wsed for medind wall defects (see Fig, 120, 4.5.64) and
nne for inferior wall defects (see Fig. 1,20, 4.5.6h),

When extensive defects of both the oot and nusdial arbiol B
witll exist-simultaneously, a steat of stable xaton masteral
anichas an orbital wall plate (a) or an arlaal doar plate (b) gy
he required [or stable positionmg of the grafts. Alternately, o
grall can be linked o the eebital tim with o small plate which
dllows supervision of positian aof the rematoder of the grafls

.

4.5.5 Zygomatic (Lateral and Inferior Wall} Injuries

Zypomatic Tractures involve njuries to the lateral aod
mlerier portion of the orbital rim. The zygoma must be
stabilized aceurately by aligning it with all of its neigh
boring bones. A small increase in the size i the orbital
rim diameter produces s dramatic 1ncrease in orbifal
velume; stabilizing the dimensions of the orbital rim
controls erbital volume. Therelore 1t 15 important to
achieve un exact gygpomatic reduction which stabilizes
the arbiral vilume,
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Generally the lower and lateral portions of the orbit
are exposed with a lower lid incision. Either a skin-mus-
cle flap, or a transconjunctival incision with a lateral
canthotomy are preferred to incisions lower in the lid.
Both the lower and lateral orbit can be explored through
this incision,

The superior and upper medial portion of the orbit
must be approached with a coronal incision. Anterior
approaches alone may suffice for noncomminuted and
medially displaced zygomatic fractures (a subciliary
skin-muscle flap and a gingivobuccal sulcus incison).
The lateral canthus may be detached to allow inspection
of the lateral orbit for a comparison of alignment of the
orbital process of the zygoma with the greater wing of
the sphenoid. Conceptually, for grossly displaced and
comminuted fractures, four articulations are visualized
for a zygomatic open reduction: the zygomaticofrontal
suture, inferior orbital rim, lateral wall of the orbit, and
maxillary buttress (through a gingival buccal sulcus
incision). The lateral canthus should be reattached at the
close of the procedure. The exploration of the lateral and
inferior portions of the internal orbit is a component of
every zygomatic fracture reduction.

If a coronal incision is not used, the zygomatic arch
may require a separate temporal (Gillies') reduction
maneuver if medially displaced. No direct open reduc-
tion is required for medially displaced arch fractures.
When the zygomatic arch is laterally displaced, a coro-
nal incision (see Fig. 2.5) is required. The coronal inci-
sion allows exposure for stable fixation of the zygomatic
arch. Placing a bone hook (see Fig. 4.4.1, inset) beneath
the malar eminence permils strong anterior traction on
the zygomatic body to achieve reduction. The arch, if
opened, should be reduced as flat as possible, Indeed, it
is not an arch, as it is flat in its middle portion. Achiev-
ing the proper straight reduction of the zygomatic arch
reduces midface width and improves the anterior pro-
jection of the zygoma.

4.5.6 Naso-Orbital-Ethmoid Fractures

The complex anatomy of nasoethmoidal orbital fracture
reduction makes this one of the most difficult of facial
fractures to manage (see also Sect. 4.3). The simplest
nasoethmoid injury is fracture of the medial orbital rim.
The frontal process of the maxilla is therefore dislo-
cated. The simplest fractures show dislocation only at
the inferior orbital rim and pyriform aperture. In these
injuries the junction of the frontal process of the maxilla
with the internal angular process of the frontal bone is
undisplaced; therefore the areas requiring open reduc-
tion are visualized by subciliary and gingival buccal sul-
cus incisions.

If the medial orbital rim is dislocated at all its articu-
lations, reduction is achieved by coronal and inferior

approaches (see Fig, 2.5). Nasoethmoid fractures may be
either unilateral or bilateral. The injury is managed by
first dislocating the canthal bearing fragment laterally
and anteriorly (the attached canthal ligament should not
be stripped in the reduction). Holes are drilled to link
this area loosely by interfragment wires to adjacent
bone. The most important maneuver is to place two
wires posterior and superior to the lacrimal fossa for use
as a transnasal reduction. This is the most important
step in stabilizing a nasoethmoidal orbital fracture, as
the transnasal reduction of the medial orbital rims sta-
bilizes the intercanthal distance (see Fig. 4.3.3b). Once
all the nasal and medial orbital bones are linked to one
another and linked transnasally, the wires are tightened,
and the entire assembled segment of fractures is then
stabilized to adjacent bones with “junctional” rigid fixa-
tion. Practically, it is impossible to overcorrect bony
intercanthal distance.

4.5.7 Superior Orbital Rim and Roof Fractures

Fractures in the area of the frontal bone and orbital roof
are less common than zygomatic and nasoethmoidal
fractures. They are frequently seen in children. They
may involve the frontal sinus or portions of the frontal
bone. Neurosurgical exploration requires bone removal.
Bone segments should be marked in sequence as they
are removed as a guide to their reassembly. Frontal bone
segments can be harvested for bone graft by section of
the internal table. These procedures can be performed
on a back table while neurosurgery is in progress. Once
the neurosurgeons have completed dural repair, the seg-
ments, reassembled on a back table and stabilized either
with wires or plates and screws, are placed into the
defect, Remnants of frontal sinus mucosa are removed
and intra sinus bone grafts placed to reconstitute the
anterior cranial floor. The frontal bone fragments are
replaced following orbital roof reconstruction, The roof
is stabilized by rigidly fixing a bone graft to the frontal
bar, The orbital roof should not be reconstructed by
placing bone graft within the orbit, but by placing bone
graft targent to the normal position of the roof. The pre-
cise reconstruction of each internal orbital wall is
related directly to proper globe position.
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4.6 Cranial Vault

Contributors: Patrick Sullivan
Paul N. Manson

4.6.1 Frontal Sinus and Frontal Bone

The frontal sinus is a respiratory epithelial-lined cavity
situated superior to the bony orbits and anterior to the
frontal lobes (Fig.4.6.1a). It is irregular in shape, asym-
metric, and is divided in the midline and often laterally
by irregular sinus septae. The sinus has been postulated
to serve a protective role for the ocular globes and the
frontal lobes. The location of the sinus adjacent to the
cranial cavity makes inadequately treated injury to the
frontal sinus have grave consequences (Newman and
Travis 1973).

Frontal sinus fractures can be classified by the ana-
tomic involvement of the anterior table, posterior table,
and nasofrontal duct. Fractures are either displaced or
nondisplaced for each location (Fig. 4.6.1b). These inju-
ries occur as isolated entities or in any combination with
other fractures. Clinical signs and pattern of injuries to
the anterior and posterior tables and nasofrontal duct,
visualized in radiological studies, are used to determine
appropriate treatment, operative or nonoperative (Stan-
ley and Becker 1987), and type of operation.

4.6.2 Special Conditions Influencing Open Reduction
and Internal Fixation

There have been multiple attempts to establish a corre-
lation of radiological findings with intraoperative find-
ings and the degree of injury in order to develop (Stan-
ley 1989) protocols for the various types of frontal sinus
fractures. Classification systems usually divide frontal
sinus fractures into the following categories:

» Anterior table, displaced or nondisplaced

» Posterior table, displaced or nondisplaced

» Anterior and posterior table, displaced or nondis-
placed

 Fig.4613,b

a Anterior view of frontal sinus. The two sides are asymmet- p

ric, and the sinus may be also divided by lateral septae. The
nasal frontal duct orifice usually empties into the nose by a
short, funnel-shaped channel.

b Classification of frontal sinus fractures is by involvement of
the anterior table (Insef 1), posterior table (Inset 2) and nasal
frontal duct (Inset 3), Fractures are either nondisplaced or
displaced for each location.

Any of these fractures may have nasofrontal duct injury
(Hoffman and Krause 1991), and if so, operative inter-
vention is preferred as sinus function following duct
injury is not predictable,

4.6.3 Sinus Function and Operative Treatment

There is general agreement that isolated nondisplaced
anterior table fractures can be managed nonoperatively
without significant sequelae. Displaced anterior table
fractures are usually explored and the displaced frag-
ments elevated with minimal manipulation of mucosa,
Sinus function may be preserved in these injuries in the
absence of nasofrontal duct injury. Injury to nasofrontal
duct or orifice is determined by radiographic character-
istics of the fractures, by the presence of fluid in the
sinus (which implies absence of ductual function), and
by visual inspection of the duct at surgery, Dye, saline, or
contrast studies may be used intraoperatively to assess
duct patency. None of these criteria are absolute as far as
predictability of duct function. The correlation of these
tests with clinical function has yet to be established.

4.6.4 Types of Fixation

Fragmentation of the anterior table is reconstructed
either with 1.0 microplates or the 1.3 system (Fig. 4.6.2),
depending on the strength required, to provide the best
cosmetic result. If the anterior wall is excessively frag-
mented, the bone pieces may be discarded and replaced
with a bone graft (Fig. 4.6.3).

There is significant disagreement on management
strategy in the presence of posterior table fractures. The
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degree of posterior wall displacement is evaluated on
prevpetative radialogical studies,and the need for sinus
vxplocation is determined by experience and the prob-
ability of damage t the duraand the possibility of sinus
ahsiroction.

The thickness of the posterior table las been used as
the limit of acceptable posterior wall displacement in
which nonoperative management may be considered
(Robeich and Hollice 1992), Seme authors, however,
believe thal the presence of posterior table (raciures,
regardless of amount of displacement, requires an
exploration of the sinus 1o rule out associated injiry o
the nasefrontal duct and dura which are difficult 1o
dppreciate on radiographic studiey {Fig. 4.6.4; Donald
LaEG L Simas infection or obstruction ey lead 1o men-
ngitis o inlracerehral ahscess and may resull in serious
murbidity it a nasotrental duct injury is not appreciated
and managed. These considerations are cited as rensons
tor operative mspection of any postedior table feonial
sinus tracture,

A CSE leale ina disploced feacture isa clear indication

A2
The contour of the fronml bene may be templated on the aon.
fractured side) bone fragments wee stabilized with platy and
screw fixaticn, Better contour and projection are established by
slable fixatian thim by wires because he hone rgments Ty
e cxpanded and elevited o ensure proper contonr. Recon
stroction af Trootal sinus (vaciores with |3 plates. The plates
shauld be bent to n‘:]’_}rl,n;lu;;u the conves comour,

tor operative exploration. The dural war is direcily
closed, When the dural dosure is weak, the closure is
huttressed by a fascialgraft and ibrin glue (TLevine et al.
19861, In frontal sinos ractures with associated cranio-
lacial Injuries the approach has been to manage the
sinus simultancously with other craniofacial injuries,
The technigue of crunialization is preferred. The resis.
tunce of 1he frontal sinus o fracture 15 several {imes
grealer thuo in midfacial arcas of the craniofacial skele-
ten but less than that of the surrounding frontal bone;
This drmplivs that there s a significant chance of asso
ciuted infuries when njury o the fronial sinas is identi-
fiered,
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When the amerior sable s excessively comminued, the
enthetic result s improved by wse of o bone gruft to reconstruc
the entive wnterior simus wall, s stabilized with either the 1.
or micTesyslem,

4.6.5 Esthetics

The normal forehead und cranial vault shapes are easity

teconstructed with plate and screw fization, especially

when compared |o wires, Better contours and e -
tions ure established (see Fig. 4.6.2); bone gaps may be
established when expanding the bone vault 1o its proper
contour, Bone grafts may be used to replace commin
uted bone sepments,

(e can bend |3 plates to recreate the shape of the
Hormal forehead (see Fig. 4.4.2), Microplates are lews vis-
ible beneath the soft-tissue cover of the forehead, The
thicker mindplates are oceusionally necessary tor stalil-

ily in combined extensive fractures of the midface ol
frontal cranium B A 3111 the bone s comminmled,
bone grafrs are used 1o (ll in the defeces and are stabi-
lized with screw Nxation to 1he plates { Fig. 4.6.5), Final
contouring is then perlormed with a shaping burr,

4.6.6 Osteolomy

Fractures which are very significantly impacted, ar
which have aleeady begun 1o heal may be freed and
mesbilized by craniotome followin B Hccess Incisons with
Bt hiles,

Bone Haps are often reguired to provide esposire for
dural intracranial injury management, Plate and screw
fixation proves helpiul in stabilizing these bone flaps to
promote ripid healing und provide optimal esthetic
results,
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ir‘ o E:I:pullll‘!

The coronal incision (see Fig. 2.3) gives excellent expo-
sure and 15 optimal lor access to the nasofrontal duet,
posterior table,and (ntracranial region. Exploration of
the frontal sinus may also be performed via several
other approaches. In very limited fraciures the sinus can
he accessed through o laceration or a loeal Incision.
Local appronches permit only limited visualization
{sometimes of an ipsilateral sinus) and may not allow
Biluteral assessment of nasofrontal duct injury, Dye
stiiekies can be daed o determine doct patency by he
appearance of the contrast material in the nose. In cases
of bilsteral frontal sinus fractures and in all severe inju-
ties the preferred approach employsa coronal inclsion
with remeval of b Jeast the anteelor table,

Sinws obliteration is indicaled when nasofrontal duct
injury or wall displacement implics sinus nonfunction,
o when anterior and posterior tuble sious fraciures pre-

Technigue af stnus oblierathon s demanstrated on {nses.

Tt a2 Thee sinies mucons i remeoved.

fruset b Thee inira sinus bone cortex s removed with a high
speed bure. The posterton Lible is inspected lor fracture ani
dural integrity confirmed. Rigid fixation muy atubilize pos
terior wall or bone grafl segmenty.

freet = The nasal frontal duct s occhuded with & bone graft,

Troset ofs Thie simns cavity i flled with particalate bore, taken
from the calvariom with o nearosnrgical perforator, The
st g fully packed with particalute cancellous bone mate-
rial, The anterior table is reassembled with slable fixstion

dict that the probability ol dust function s low. Sinus
obliieration (see Fig. 4.6.4) requires:

1 Remmoval of all sinus mncosa

2. Removal of inner sinus bone cortex by high speed
burr

3. Reapproximation of the displaced posterior table ele-
ments and figation, or removal



4% Cranial Vault

Cranlalization of & feantal sinug fracinee reguives removal of
the mucosi, eemoval ur replacement of the pasteriorsall, and
reconstruction of the anterior wall. Oocastonally a galeal-fron
talis flip b usesd to improve the seal between the nese and the
intracranial cavity, The foor of the frontal sinu and e Hoer
of the anterlor cramial forsa must be extensvely bone gralted
with layers of “lormed 1w it calvarial bone grafts. The Brain b
showly able 1o exprand 1o Al the deferr,

4. Occlusion of the nasofroatal duct with a “formed 1o
™ calvarial bone gralt

5, Filling of the sinug cavity with particulate bone,
packing the sinus fully to allow osteogenesis 1o occur

6. Replacement of the anterior table with stable fixation

It s sometimes maintained that ln cases of duet injury
the duct can be reconstructed (via the Sewal-Boyden
mucosal flap) to maintain patency or by stint duct intu-
Bation {Pralo and Duvall 1T 1986; Lice 19871 however,

the procedures (as in any duct reconstruction tech
miques) are unpredictble, 10 extensive comminuted
fractures of the posterior table prevent adeguate recon-
struction of the posterior table, the frontal sinus may be
ceanialized by removal of the posterior table 1o permit
expansion of the frontal lobes into the new space, a pro
cess which takes several months (see Fig-4.6.5),

The diagnostic and treatment strategies for frontal
sinus fractyres have undergone significant evolution.
Short- and long-term complications suggest that the
more aggressive management strategy produces the
best results. The lack of large, well-controlled studies
allows the selection of one treatment plan over another
1o be based more on personal preference than on scien-
tific indings.
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5.1 Diagnosis

Aside from benign and malignant odontogenic and
osseous lesions of the mandible, tumors involving the
mandible are usually squamous cell cancers arising
from the oral mucosa. The majority of patients present-
ing with these cancers to the head and neck surgeon
have an extensive lesion which is identifiable on the head
and neck examination. Generally confirmation of the
pathology is readily obtained with biopsy and routine
pathological examination. Primary tumors of the man-
dible are less common. Both these and metastatic lesions
may require more extensive open biopsy to confirm the
diagnosis. Benign tumors of the mandible are either
found incidentally by routine dental radiography or
present as a palpable mass with or without dental com-
plaints, Loss of inferior alveolar nerve function is sel-
dom seen even with larger tumors, unless there is exten-
sive mandibular involvement,

When oral cancer is suspected, a routine head and
neck examination to evaluate the oral cavity, oropha-
rynx, nasopharynx, hypopharynx and larynx, and neck
is indicated. Careful assessment of cranial nerve func-
tion is mandated, specifically loss of function of the infe-
rior alveolar nerve (V3). Loss of lingual nerve, facial
nerve, or hypoglossal nerve function is usually found
only with more advanced primary oral cancers. Lesions
which involve the mandible are by definition T4, stage IV
oral cancers, and radiographic examination should
include the chest. One can argue the merits of including
computed tomography (CT) of the chest and mediasti-
num for advanced disease; however, a minimum of a
chest X-ray is required 1o examine the chest for poten-
tial metastatic disease or synchronous primary disease.
Generally a panorex view of the mandible is adequate to
assess mandibular disease. CT examination with bone
windows may help to clarify more subtle mandible
involvement but is generally not needed. Bone scans are
very sensitive, but not specific to determine bone
involvement and as a rule are not ordered. Magnetic res-
onance imaging (MRI) gives very good soft tissue ima-
ges, however disease within the bone is not well demon-
strated.

5.2 Patient Selection

Benign mandibular tumors or tumorlike lesions are
generally discovered in the younger population with
dentition. Therefore discussion of patient selection is
more relevant to the cancer patient. The mandible sup-
ports the lower dental arch, the tongue and Hoor of the
mouth structures, and the muscles for position and
function of the lower lip. It therefore functions to pro-
vide mastication and maintain support of the oral cav-
ity and oral pharyngeal airway, and it is necessary for the
insertion of the tongue and floor of the mouth muscula-
ture required for the initiation of swallowing and artic-
ulation of speech. Mastication is a complex function
which requires the interaction of synergistic and non-
synergistic muscle function. The muscle function varies
through the full range of motion which is provided by
the temporomandibular joint. The temporomandibular
joint allows deviation, translocation, and hingelike
opening. Maintenance of condylar positioning is essen-
tial for pain-free mandibular motion and function.

The mandible is a conduit for the third-division sen-
sory branch of the fifth cranial nerve which provides
sensation to the lower dental arch and the skin above the
chin. In proximity in the surrounding soft tissues are the
motor branches for mastication (V3), the sensory
branches to the floor of the mouth and the anterior
tongue, the mimetic muscles of the lower face, and the
hypoglossal nerve supply to the tongue. Violation of
these neural structures and the soft tissues and muscles
which they supply is generally more important in deter-
mining function following tumor ablation than is bone
loss alone. If the anterior mandible is not removed, the
oral function may be adequate regardless of the size of
the bony defect as long as motor and sensory function is
not significantly altered. The anterior mandible, how-
ever, is essential to provide support for the lip, floor of
the mouth, and tongue. Failure to provide this support
produces an oral cripple with speech, swallowing, and
cosmetic disability characterized by the “Andy Gump”
deformity.

The pathological process and extent of disease deter-
mines the amount of bone and soft tissue to be resected.
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Once this is determined, the treatment including adju-
vant therapy can be planned. Generally patient selection
becomes a problem only when extensive resection for
malignancy is anticipated. Although osseous free flaps
ultimately promise the best functional result, their
increased operating time adds to the potential morbi-
dity and mortality in high-risk patients. The surgeon
may choose to provide only soft-tissue closure for lateral
defects if the patient’s general health is poor. Anterior
defects pose a different problem. Higher incidence of
plate extrusion and wound complications are certainly
anticipated if immediate vascularized bone repair and
appropriate soft-tissue cover is not performed. The sur-
geon may have to accept this problem in high-risk
patients to avoid potential severe morbidity or mortal-
ity.

Patients who have significant pulmonary disease, car-
diac disease, or nutritional deficiency should be medi-
cally maximized before attempting extensive resection.
Generally patients who can walk a flight of stairs with-
out discomfort can tolerate surgery. Rapid attention to
nutritional support is mandated, and since many
patients require extensive postoperative radiotherapy a
PEG tube may be considered in extreme cases. Extreme
substance abuse and psychosocial dysfunction must fre-
quently be addressed. Such patients are often compli-
cated by poor nutrition, poor dental care, poor general-
ized health, and alcohol and tobacco abuse and require
team support to optimize care, Aggressive dental care is
mandated for all patients requiring radiotherapy. Fol-
lowing this careful assessment of the tumor the patient’s
general condition and preoperative function and the
discussion of the surgery and rehabilitation, the surgeon
may proceed with the treatment plan. This usually
includes a family consultation to allow optimal care for
the patient.

Most surgeons choose a course of antibiotic therapy
for patients undergoing mandible resection. For less
extensive benign cases a prophylactic course given on
call to surgery and for the first postoperative day is suf-
ficient. When more extensive resection with elaborate
reconstruction is performed, most surgeons use a ther-
apeutic course of the same antibiotics. This regimen
provides an on-call dose with at least a 5-day postoper-
ative antibiotic coverage.

A general anesthetic is required. Generally patients
can be intubated via either an orotracheal or nasotra-
cheal route. The preference should be discussed between
the surgeon and the anesthesiologist. The nasotracheal
route provides the most exposure without interference
in the operative site. This is more time consuming to
deliver and may be difficult if there are extensive septal
deformities. Epistaxis can be an annoying complication
of nasotracheal intubation. It is preferable not to have
the patient paralyzed when operating to allow observa-
tion of the motor nerve function (i.e., VI, XII). The sur-

geon should communicate his preference to the anesthe-
siologist. Tracheostomy is mandated for patients with
poor pulmonary status. It is generally required for dis-
sections that extend to the posterior oral cavity or
oropharynx and is more commonly needed when exten-
sive bilateral neck dissection is required. It is never
wrong to perform a tracheostomy, and if there is any
doubt about the patient’s airway or pulmonary status, it
is safer for the patient to opt for tracheostomy.

5.3 Description of Procedures
5.3.1 Mandibular Osteotomy

Performing an osteotomy within the mandible may be
required to obtain surgical access either for the tumor or
for the reconstruction. Access to the lateral skull base
and the lateral nasopharyngeal region may require dis-
placement or condyle removal to facilitate exposure.
Lateral mandibulotomies can improve access to the par-
apharyngeal space. Midline or paramedian mandibulot-
omies enhance exposure to the oropharynx, anterior
medial skull base, and the parapharyngeal space. The
selection of the surgical approach is frequently related
to the tumor type, location, and the physician’s prefer-
ence. Certain guidelines are essential to minimize com-
plications with these approaches since the osteotomy
site cannot be equated with a fracture.

Anterior midline or paramedian (anterior to mental
foramen) mandibulotomy is usually performed in con-
junction with a lip-splitting incision. Although this can
be achieved without splitting the lip, a more extensive
denuding of the mandible is required to displace the
superior visor flap adequately to allow the osteotomy to
improve the exposure. Some microvascular surgeons
prefer the anterior mandibulotomy approach to facili-
tate soft-tissue free-flap placement in patients not
requiring mandibular resection. Osteotomies are gener-
ally made between the central incisors or between
canine and first premolar, This preserves sensory func-
tion of the inferior alveolar nerve, The anterior surface
of the mandible is dissected to allow placement of a
seven- or eight-hole bridging plate (a reconstruction
plate, either a THORP or UniLOCK, may be used). It is
helpful to remove the inferior projection of the mental
process with a cutting burr (see inset Fig. 5.1a). This
greatly simplifies plate bending and does not interfere
with the stability of the fixation since the bone in this
region is dense and thick.

A template is contoured to the anterior inferior sur-
face of the mandible to allow precise plate bending with-
out overmanipulating the plate. The plate is positioned
inferior to the mental nerve and should be contoured to
precisely fit the mandible. Although plates such as the
THORP and the UniLOCK plate do not require compres-
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A a Placement and fiation ol a seven-hale ecanstcean plate

prioT W pertorming the vstatomy,
Bt Memioval of dnderior Bamy peojection al the mental pro
wess with d bure Lo simplicy place application in this aned,

b Mardible after miclime astentomy. Cn both sides of the pse
ooty three peovigionally placed serow hales are visible,

¢ Furalion of the nsteofomized mandible with o seven-hol
recomstroction plate, lixed with three screws an evach side
The tnmermost sceews are placed woll away Crom the oscen
L,

sion of the plate against the bone surface o provide
stability, they still require reasonably pricise bending, If
there i a significant gap between the plate and bone ot
several areas, itz possible o distorr the ends af the man-
dible with resultant malocclusion as the THORP sirews
are tightened. The UnilOCK system uses o compris-
sion between serewhead and plate hole. The locking
mechanism is achieved through a second thread under
the screwhead which engages in the plate hole, Nearly
perfect contouring of the standard reconstruction plate
15 required (o wvoid malpesitioning of the mandible by
screw placement since screves withou! locking mecha-
nism press the plate agamst the surface of the hone (see
also Fig, 1.28b-d),

Two bone screws are initally placed in gither end of
the mandibular plate to prevent its displacement du ring
the drilling process (Fig, 5.0a)The residual screw holes
are drilled and tapped (if necessary], having premeas-
ured and recorded all serew lengths The screws are then
remeved, marking the end of the plate with a suture 1o
ensire correct (rientation lor plate reapplication, All
serews dnid hole lengths are properly marked on a dia
gram, Care must be taken when seli-tapping screws ane
used, It possible they should enly be placed once. )f they
are placed o sécond tme, carelul insertion wlang the
same axis ol the previous placement is necessary in
arder not to distort the existing threaded hone haole, The
osteatomy  and  surgical reseclion are  performed
(Fig. 5.1h).

Il radiotherapy is planned postoperatively, and an
meiscr taoth root is exposed or lost, the ooty should be
remaved (o prevent subsequent infection which may
beadd to osteoradionccrosis, It is helpful to keep the inner
screw holes empty using only the outer three scrow holes
tor radiated patients to decrease screw complications.
This is an individual judgement based on the proximity
of the hole to the osteotomy and the character of the
bone in combination with the quality of the safi-tissue
closure. Screws should be placed inall remaining screw
hales (Fig, 5.0e) 1f using the reconstroction plate, the
serews are placed in the neutral position. The osteatomy
site should not be placed under compression as maloc
chuston and mandibular distortion may result, [f screws
are not secore i the bone, they should be removed,
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o 3 Placement and fixation of g seven-hole secomtractinn plate

prior 10 performimg the ostatomy,
Prosetts Wemoval of fdesior bomy prajec o an the mentdl o,
cesa with o burr o stmpllfy plate applicarion in this area,

b Mandible afier midline ostealomy, On both sides of the oste
oloary three prisvisionally placed serew holes are visthle,

¢ Pixation of the osteotomized mandible with o seven hole
reconstruction plate, foeed with three screws on each side,
The Inmermisit worews are placed will sway from the ostes-
tiiy,

sion of the plate against the bone surface to provide
stabdlity, they still regquire reasomably precise bending. If
there is a significant gap between the plate and bone wt
severil areds, it is possible to distort the ends of the man-
dible with resultant malocclusion as the THORP screws
are tightened, The UnilLOCK system uges no compres:
ston between screwhead and plate hole. The locking
mechanism is achieved through a second thread under
the screwhead which enpages in the plite hole. Nearly
perfect contouring of the standard reconstruction plate
is required to wvold malpositioning of the muandible by
screw placement since screws without locking medha.
s press the plate against the surtace of the bane {see
also Fip, 128 h-d).

Two bone screws are initinlly placed in either end of
the mandibular plate to prevent its displacement during
the drilling process (Fig, 5.1 a0 The residual serow holes
are drilled and tapped (F necessary ), having premes-
ured and recorded all serew lengths. The screws are then
removed, marking, the end of the plate with a sutore 1o
ensure correct otientation for plate reapplication. All
serews and hole lengths are properly marked on a dia-
gram. Care must be taken when sell-tapping sirews are
used, If possible they should only be placed once. If they
are placed a second thme, careful insertion along the
same axia of the previous placemenl is necessiry in
order not to distort theexisting threadiad bone hole. The
asteotomy  and  surgical resection are  performed
{Fig. 5.1 b),

It radiotherapy is planned postoperatively, and an
inciaor tooth root is exposed br Lot the toeth should be
removed to prevent subsequent infection which may
lead to osteoradionecrosis. 11 is helpful to keep the inner
screw holes empty using only the outer three screw holes
for rudiated patients to decrease screw complications.
This by ar individual judgement based on the prosimiry
of the hole to the nsteotomy and the character of the
bomie in combination with the quality of the soft-tissue
closure, Serews should be placed in all remaming serew
holes (Fig. 5.1¢) 1 using the reconstruction plate, the
screws are placed in the neutral position. The osteotomy
site should not be placed under compression as malic-
clugion and mandibular distornon may result 11 serews
ire not secure in the bone, they should be romoved.
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Emergency screws may be positioned in these holes if
the plate system offers this option. Although the THORP
and UniLOCK plates are more forgiving of small bend-
ing errors, even they can distort the mandibular repair if
bent unprecisely. If this is noticed, the plate should be
removed and correctly bent to normalize the occlusal
relationship and condylar position,

Lateral osteotomies may be performed without lip-
splitting incisions. Plate application follows the same
principles as for medial mandibulotomies, It is impor-
tant not to apply compression to these osteotomies since
occlusal disturbances result. In the case of radiated
patients compression is also not advised since bone
integrity is essential for plate stability, and bone density
isdiminished secondary to the diminished vascular sup-
ply of the mandible from the surgical approach and
radiotherapy. Lateral osteotomies are more susceptible
to failure when bridging plates are not used since the
vascular supply (facial artery) to the periosteum and the
nutrient vessel supply are normally interrupted. There is
also less muscle vascularity to revascularize the body of
the mandible than in the region of the chin. The THORP
and UniLOCK plate systems do not produce compres-
sion and simplify this application process.

5.3.2 Stabilization of Curetted Mandibular Defects

A variety of benign disease processes such as dentiger-
ous cysts (Fig. 5.2a), giant cell granulomas, and fibro-
osseous lesions may be adequately treated by curettage
and cleaning with a burr or by partial resection without
segmental resection of the mandible. Extensive cortical
thinning by the disease process or its removal may pro-
duce instability of the mandible. Large defects may be
grafted primarily with autogenous cortical and cancel-
lous bone which is frequently taken from the iliac crest.
However, this does not provide immediate stability for
the weakened mandible. If a fracture of the mandible
appears during the procedure, or there is suspected
instability of the mandible, a bridging plate may be used
to protect or stabilize the area of the lesion. If the frac-
ture occurs at the time of the procedure, the patient may
be placed into intermaxillary fixation and the bridging
plate applied without compression in the same manner
in which one would fix a fracture with bone loss or com-
minution. If a reconstruction plate is used to repair this
defect,a minimum of three or preferably four screws are
fixed at each segment (Fig. 5.2b-d). If one selects the
THORP or the UniLOCK plate to repair this defect, only
three screws are required at each mandibular end to
achieve adequate stability.

When the procedure is planned in an atrophic man-
dible or extensive curettage is anticipated, it is preferable
to prebend the plate to the mandible contour prior to the
removal of the lesion or the tumor. Evaluation of the

radiographs prior to removal generally allows adequate
plate length selection. A template is prebent to the con-
tour of the mandible, planning an adequate number of
screw holes in each stump. It is preferable to plan the
first screw to be placed at least 1 cm away from the tumor
margin, This allows some leeway to account for possible
miscalculation of the tumor size when selecting the
plate length. If the benign tumor extends anteriorly, the
anterior cortex may be burred away to allow the plate to
be adapted to the mandible. It is better to plan for addi-
tional plate length when selecting the plate since it is far
easier to shorten a plate than to reapply a new plate
because the one selected was too short.

Once the plate is adapted, the plate is held in place
with the plate-bone holding forceps. Holes are drilled,
and the screw lengths are measured and recorded on a
diagram. After the placement of the plate it can gener-
ally be left in place during the removal of the lesion. If
plate placement interferes with adequate removal, it is
removed. The orientation of the plate may be marked
with a suture and then the lesion adequately curretted or
resected. If the mandible is fractured during removal,
the patient does not have to be placed in intermaxillary
fixation since the prebent plate has reestablished the
correct mandibular position, which is maintained once
the plate is secured into position. (This procedure is
comparable to that described in the following section;
see Fig. 5.3a-c). Cancellous bone may be used to fill the
bone defect either prior to or after plate application
(Fig. 5.2¢,d), If there is an incidental fracture, the bone
graftis best applied after the plate is positioned, and the
mandibular contour and length is reestablished.

If the surgical approach was extraoral, prophylactic
antibiotic therapy is adequate since subsequent infec-
tion by intraoral contamination is unlikely. If an intra-
oral approach was used, a therapeutic course of antibio-
tics is preferred since intraoral contamination is
present. Successful bone grafting via an intraoral
approach depends on a reliable closure of the oral
mucosa.

Patients are placed on a blenderized diet for 2 weeks.
Fastidious oral care is mandated for intraoral
approaches to prevent wound breakdown and subse-
quent infection, If patients are noncompliant, it may be
necessary to use a nasogastric feeding tube to ensure
proper wound healing.
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Fig.5.2a-d

Coystic lesiom s left mandible, appearing ke o talliculur
cyat Within the cyvat wall, however, an amelablasioma was
foimd

The cyst badd thinned the cortical walls and weakened the
rtainddille o that the reconatruction plare was fixed pricr to
the remanval of the lesion,

Adter remaval of the lession, the bone detect was Nled with
cancellius bone tiken from the iliad cres

Sare sitvation asin Fig, 3.2c on X-raw Note fixptiion of the
reconstruction plate with fonr serews e cach side, The place
should be removed ondy e special request,

5.3.3 Segmental Resection for Benign Tumors

Benign tumers or tumorike lestons; such as ameloblas-
toma,-giant cell granuloma, keratocysts, and myxomas
may require segmental resection of the mandible, Resec
tion of these tumors usually does not require saerifice of
the mucosa unless the tumaor occursn the tooth row or
in the soll tissues, Likewise, patients do not require adjn-
vitnl radiotherapy, Bath these factors allow optimal con-
ditions for bone and soll-tissue healing, The surgeon
may choose the option of using primary nonvascular
ized bone to repair these defects with an expected sue-
vess rate exceeding 90%.

Appropriate planning prior to resection is essential 1o
avoid selection of a plate that 15 foo short to stabilize the
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detect. Depending on the local sttuation a UnlLOCK or
THORP plate can be used. The preoperative radingraphs
fpanorex) provide adequate information te determing
the extent of the resection, Sometimes fhe lesion extends
further than anticipated and requires additional bone
removal, 1 one plans to place the first screw 1 em from
the planned vstestomy with at least four screws in each
Segment, corred! plate selection bs unlikely, Exposure
s abtained with an upper cervical incision carefully pri-
serving the mundibular branch of the facial nerve. The
buccal periosteum i elevaled, exposing the mandible
surface. A template j8 used to select the correc) plale
Tengrth e wo Gaeilitate plite bending, 1 the plate is 1o be
bimt over the mental repion, shaving down the interior
projection of the mental process with o cutting burr
helps to simplily plate application (see inset of Fig, 5.1 a).
This should net be performed with tumors extending
into this area. '
The correctly adapted plate is Axed with at least two
screws in each segment to ensure proper placement of

e =1
ol .f;:';t: e P L F.
\...4__ ,:_} fj T d
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a Placement and provisional figation of the reconstruction
plate prior fo resection ol the chin area,

b Situation after removal of the chim aren, Two serew holes
weithin ench lateril sepment are visihle,

€ Reapplication of the reconstriction plate after removal of
the tusmer amd Axation with Gve ar (our screws s each siile,

d Sarme detect as i cafter insertion of o nonvesculorized cor-
Heocancellous bone wralt of the e crest,

e Same sitnation ds inodo Aller resection of an anteriorly
lacated ameloblastinna primary reconstruction with a mon-
visculurized bone graft was peclormed Note that there i no
screw fixation for thi bone grule On the beft sidie the lieg
serewowas placed too close b the asteotomy line,

the residunl screw holes,'I'he remaining screw holes may
be drilled befure or after removal of the tumor
{Fig. 5.3a). The plate is removed and labeled for reappli-
cation following the tumor resection (Fig. 5,3b), Care is
taken to free the mucosa and periostearn dlong. the
alvenlar surface w avoid entering the oral cavity if pos-



sible, When the resection sswithin the rovw of teethientyy
inta the oral cavity is unavesdable: Following the resee:
tien the plate 15 replaced in the correct location 1o.ana-
termcally repmir the detect (Fig, 53c). Precise plate
bending and handling of the plate puarantees correc
pesitionmg of the mandibuolar stumps, ."il]_.'.Tli“;L._l.l'll ilis-

toriion would reguire placing dentate patients in 1M
ind recontouring the plate to precisely position the
el ible, The plate s replaced and IME s removed, The
occluston and mandibular position are eechecked. The
masielible is put through o runge ol motion o ensure tha
theere §s nocdeviation ur dislocation of the condyle, and
that the veclusion continues tooremain correct, When
correct, the IME may be released and the arch bars
Ui,

The placement of o free noovascularized bone greaft
nmediately after resecting the lumoris acceprable only
ander the condifions that closure of the vral mvcess is
vasy, amd that ne dehiscence s to be expected
(Fig. 33000, Most [ree bone grafis are lost if the oral
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rcosa spens up postoperatively. 11 bone grafting s
successtul, o ttamum plate need not be remeved if i
iloes not disturb the patient Atter tull incorporation of
the bane graftand thevelore closure of e bony detects
because of thecondinuons bone remodeling, the plare is
neatralized and does not cause any stress protection,

5.3.4 Plate Application for Tumors with Extension
Through the Anterior Buccal Cortex

Benign tumoes occasinnally extend anteriorly through
the buccal cortex. This prevents accurale prebending o
the plate to the mandibobar conteur without vialuting
the tumoe There are several possible ways to solve this
protdens, The patient may be placed in IMFE prior 1o
resection, 10 the resection bs within the row of teeth,
replacing the patient’s |ME following resection aligns
the mandible for correct plate bending and applicatan,
IF the resection exlends proximal (o the jeeth, procise
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pusitinning of the condyle cannol be uchieved by 1his
method alone. A Mandible Fix Bridge (Fig, 5.4) or man-
dibulymaxitlary fixation with miniplates {245 Fig, 53)
of-a reconstruction plare (Fig, 5.6) can be placed o
bypass this anterior tumor extension (o allow tumor
tesection with secondary contouring 1o 1he bridging
plate which subsequéntly redontours the mandibufar
detect

5.3.4.1 Plate Application for Anterior Tumor Extension
Using the Mandible Fix Bridge Device

Two base plates with attachment pins are pasitinned
inleriorly or superiorly on the mandible at least 1 cm
frovm the planned osteotomy sites. The base plates fit 2.4
selt-tapping screws and are readily opplied 1o the man-
dibular surface, The bridging bow is then adjusted by i1z
universal joints to couple with the attachment pins af

a Pracement of g fxtion device price o resection of the ante-

b

riar part ol the mimdilie.

Situation aller resection, Notes the fixation deviees are
placed in different posiltions, Un the cight side inferiorly and
er b deft sidi on thesuperior agpect ol the mandible:

For the corvect teconstruesion of the mandible the previ.
ously s bridging b is reapplicd. Adeer thar the reca
stTistion plate can be bent aecording Lo the posirioning ol
the mandibular stumps, followed by fxarion witls 24-mm
HCLEWS,

Adrer bridging the defect weth the plate, the gap may be-filled
with e bane graft,
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e base plate. Cnee Gual adiustments are made, the
bow's universal joints are rigidly tightened 1o ensure
maintenance of the bow position (aee Fig, 5.44), The
clumpsare then loasened from the attachment pins, The
bridging bow is removed, The resection of the mandib-
ular tumor 5 anhindered by the positioning device
(Fig- 54, Following the resection (e bow is then rea

tached to the base plate, The bridging bow reestablishes
the origimal position of the resalual mandibular sep-
ments with return of normal condylar orientation. A
bridging plate (UniLOCK or THORE) can then be bent
precisely to the contour of the mandible to provide pro-
tection at the anterior border of the mandible and stabil-
ization of the mandibular segments (see Fig, S.4¢). The
surgeon may use an alloplastie model o help in the pre-
liminary contouring of the plate. Experienced surgeons
can generally achieve this freeland. The Mandible Fix
Bridge is removed once the reconstruction plate is fit
precisely to reconfour the delect (see Fig S.0d). 11 the

g.ssad

8 lmtermaxillary fration of he nudible wo the maxilly with
nuinaplales.

b After resection ol the famer the mandibular segments are
beept dndter musillar v relibion.

e (see page TH4)

vongdybar lization device is notavailable, any extermal lix-
ator ol the appropriale size may be used toachiove the
same function,
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e Bridping ol the defect with o vecanstruction plate (UsiLDCK
ar THERF),

d Filling of the booy defectwitham autogenoas bone grali and
rerroval of the miniglites.

5.3.4.2 Fixation With Miniplates

Furtlier means for establishing an original positioning
ol the mandibular bone stiumps are an intermaxillary
limation with miniplates from mandibile wo magilla (see
Fig. 5.5,

5.3.4.3 Fixation With a Reconstruction Plate

I e pses o plate oo solve this problem, a previopsly
used sterilized reconstruction plate may be hent into an
omega shupe auch that the légs of the omega attach to

the noemal portion of the mandible, and the curved por-
tion of the omega |5 cither supeciorly or interiorly
localed o oavoid the bolgmg tomer  mass (see
Fig. Seage ), The plate s adapied precisely so that the
legs of the plite correspond to the mandible contour and
thus ensure stable positioning of the mandibular ends
lolloveing resection, Two screws are sullicient to fix cach
leg Ao the uninvolved mandible, The plate s then
appropriately tapged and removed, The tumer i
resected, clearing all the margins, The positioning plate
is reapplicd in the previously drilled serew holes, This
reestablishes the normal anatomic ru]ntiun.lships of the
mtandible. Since this positioning plate 5 usually placed
al he superior margin of the mandible, o remplate can
b bent in the middle portion of the mandihle, assuring
that at least three and prefecably {our screw holes are
available tor cach mandibular stump for plate hxation,
Alter bendlng a lemplate the reconstroction plate
CTHORE or UnilOCK ) is accordingly bent and adapted
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b | \

Figis5ed

o Bridging of the defect with i eeconstroc ton plate (Uni] GK
o THORT)

d Fillizgal the bony detectwith anestogenons bome gratt and
remmoil ol the manplatis,

5.3.4.2 Fixation With Miniplates

Further means for estalilishing an original pesitioning
b the mandibular bone stomps are an intermaxilliey
fimation with muniplates from mandible o maxilla {see
Fig. 53],

5.3.4.3 Fixation With a Reconstruction Plate
IT o wses i plate to solve this problem, & previousty

used sterilized reconstruciion plate may-be bent inle an
orsepa shape such that the legs of e omega atach o

the nermal portion ol the mandible and the curved por-
tion of the emegs is either superiorly or inferiorly
located 1o avord  the bulging  lumor  mass (see
Pige Seace), The plae isadapted precisely so that the
fepsal the plawe correspond to the mandible contour and

thus ensure stoble positioning of the mandibular ends

lullowing resection. Two screws arve sufhicient to Ay each
leg into the wninvolved mandible, The plare is then
appropeiately  togped and removed. The tumor i
resected, clearing all the marging The positioning plate
is renpplisd in the previously drilled screw holes, This
reestablishes e normal anatomic relationships of the
mandible; Since (thiy positioning plate is usually placed
ab the superior margin of the mandible, a template can
be bent in the middle portion of the mindible, assuring
that ar lewsl three and preterably four serew holes are
available for esch mandibular stomp for plate fixation,
Alter bending o template the reconstroction plate
(THORP or LnilOCKY is accordingly bent and adapied




53 He’s:uriptiun ol Procedures

(1411

.,- -_._--.. z = [L:J"__'j.l..;‘i{-l.:;__)-.'l,__'f I:J 1:[ '.‘l I
: :_--_::;L‘“I:-_t-\, = I'\—h[lfq |
A

& Posihoning afan Umepga-like bent used reconsteuction plase
for temporary alignment of the mandibular stumps.

b For (he tinme of tumor resection the positioning plate may
alsa be remaved.

€ Replacemnent ol the positioning plate and adaptation and fix-
atioin of the reconstruction plate which bridpes the defect,

d Afer removal af the positioning plate and fation of the
bane sturaps with a bridging plate, a bone prafl of cither
type may be brought in

to it the mandible contour (see Fig: 5.0 Screw holes are
drilled using copious irrigation. Hole length 15 meas:
ured, and it the system requires, holes are fapped prior
o placing appropriate length seress. Once the mandib-
ubir bridging plate has been securely serewed, the posi-
tioning plate is removed Irom the inferior surtace of the
mandible. Range of motion of the mandible, condylar
position, and vcclusal relationships should be checked,
and readjustment must be made prior to closure.

5.3.4.4 Three-Dimensional Computer Modeling

A three-dimensional computer generated model may be
used to preshape the plate in the laboratory, This isan
elegant, but expensive, means of achieving appropriate
plate: contouring, Such models are not immediately
available and are useful only when significant time and
resources areavaitable o provide this service,

5.3.5 Application of Bone Grafts
Following Bridging Plate Stabilization

Once the bone detect has been stabilized precisely with
a bridging plate (UniLOCE, THORP) primary or secon-
dary prafting can be considered, If the mucosa is intact
or can be reliably closed, immediale nonvascularized
bone grafts may be used, with excellent results, Very
large defects may be reconstructed with microvascolar
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Fig.5.7,
Fraatton b o nonyvisealarteed graft in the luera] moanbible by

commpresain g the prart between the mrandibulior stumps. e,
the technigue.

iy s case arter beidging the defect with o reconstruction

pbirte, e moiivasculanized bore gralt i boged o e mandiba
Bt S inbennts wid L srew i liigue,
ol

prafts {see Fig 3000 Smaller defects may be repaired
with cancellous bone obtained trom the iliac crest. This
lighly cellular graft is extvemely reliable gven lor previ
ously infected cases. However, a substantial less of min-
eral bulk of the prate is expected. Corticocancellous
gralts are preferred lor larger delects, Cancellous bone
sl require some menns of stabilization, possthly with
resorbable meshes. The means af fixation of the grafl is

determined by the bridging plate selected for mandibu-
Lar stabsilization.

Fixition of bone grafis together with reconstruction
plates can be carried out by one of several means, 11 the
serews can be locked wathin the hole of the plate (as in
LinilE3CK or THORPL it is sate 1o 6ix the orates with
these worews, H the dorews cannatl be locked, however,
erafls should not be fxed with these screws since the
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Fig.5.9a-¢

Fasation ala nomvascalarized bone grnt wiel screws s feny-
able when locking of the screws inta Lhe place Laldeis possilile
Creset | PHORP; frser 2, UniLOCK

After reavcliog thee amgular ared of the lett mandilile, the
detect was bridged with o THORP plate asd filled with o
tanvascilarized bone gratt iaed with two locling screws.
Same sitzation as ln b4 months ||,|_[1_-r. ':5_'1ul.i.':||||_l il H|rz1'|'|||.-1|.'
on wishoul much resarprion of the graly,

IFREATPar

ion of Procodures

ECTEWS I:'I'Iil}' |:1:|1.|.\,\L'I| ill[rlll‘i': Illl.' ||r|'|I:L'$"i A} TI'_"'|.-'||H||I;'||'|1:'I|'|
ol the bone graft and promote infection.

Une possibility lor stabilizing o nonvascularized
prallis to use the advantage of bidirectional serew holes
of thee reconstruction plate, allowing lor compression, ||
the inner sceews are loosened, @ slightly oversized gratt

tapprostimately 2 moy larger than the defect) may be

weedged between the mandible edges (5.7 0w hen the

Ry
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screws are tightened (inset in Fig. 5.7), the graft is com-
pressed between the mandible edges stabilizing the
graft.

Another technique uses a mortise joint to fix the graft
to the mandible with lag screws. An oversized graft is
harvested. A step incision is cut into the ends of the graft
so that the measurement from the inner bone edge is the
exact dimension of the mandibular defect. The outer
flange of the bone graft overlaps the mandibular ends. It
is preferable to cut back the outer cortex of the mandible
at both mandibular ends to precisely fit the flange of the
bone graft. Lag screws may then be placed to fix the bone
graft securely in place (inset in Fig. 5.8). The bridging
plate provides temporary stability for functional load-
ing (Fig. 5.8). Eventually, after completion of the healing
process, the bone graft takes over the functional forces.

Plate designs that lock the screw to the plate such as
the UniLOCK and THORP allow screws to be placed
through the plate hole to fix the graft (Fig. 5.9). This can
greatly facilitate the speed of repair. It does not negate
the benefits of lag screw fixation of the graft. With each
of these techniques it is recommended to pack cancel-
lous bone liberally around the graft-mandibular joints
to ensure more predictable bone healing at the osteo-
tomy sites.

Primary, nonvascularized bone grafting is recom-
mended only when there are no mucosal defects and in
the occasional instances in which the mucosa can be
closed securely. Most studies predict significant bone
loss il nonvascularized bone grafts are attempted for
cases where there are mucosal defects, In fact, a dehis-
cence above the graft almost always causes the loss of a
nonvascularized free graft. It is usually best to wait
approximately 2 months or until adequate healing has
occurred to provide secondary bone repair. The plates
allow immediate function without bone being present.
They are subject to breaking if the bone is nol replaced.
This generally occurs, depending on the loading situa-
tion, after months or years,

Dental implants may be placed secondarily in corti-
cal cancellous bone grafts. A high rate of success can be
expected with this application. Primary implantation of
dental implants within nonvascularized bone is not rec-
ommended.

5.3.6 Reconstruction of Tumor Defects
With Vascularized Bone Grafts
and Their Fixation With Plates

Vascularized tissue transfer provides optimal bone and
soft tissue for major defect reconstruction. Nonvascu-
larized bone heals by creeping substitution and remod-
eling. The revitalization of the bone depends upon the
vascularity of the surrounding tissue. Vascularized flaps
introduce viable bone and soft tissue to initiate repair.

Vascularized bone grafts heal similarly to fractures, and
stabilization can mimic techniques for fracture repair.

Free vascularized composite bone grafts have
become the treatment of choice for repair of large seg-
mental mandibular and soft-tissue defects. The vascu-
larized bone and soft-tissue flaps tolerate radiotherapy
with minimal complications of osteoradionecrosis,
wound breakdown, plate extrusion, and screw or plate
loss. Dental implants may be placed primarily to accel-
erate the dental restoration process.

The choice of fixation of the vascularized bone flap
includes regular fracture plates (2.4), lag screws, mini-
plates, Universal Fracture plates (microvascular plate)
and reconstruction plates (UniLOCK, THORP). The goal
of the fixation is to provide adequate stability to allow
bone healing without distortion of the occlusion or tem-
poromandibular joint function. Longer grafts require
segmental osteotomies for correct contouring of the
graft. Intuitively, this simulates segmental fractures. One
could predict better control of maxillomandibular and
condylar positioning using load bearing bridging plates.
Regardless, the different schools of surgeons advocate a
variety of fixation methods, with similarly good results.
Bridging plates have another advantage in not requiring
patients to be placed in IMF to secure occlusal relation-
ships. With tumors lacking anterior cortical extension
the plate can be prebent to the mandibular contour prior
to resection of the mandible. This provides precise
recontouring of the mandibular defect, and osteotomies
within the graft can be planned according to the plate
shape (see Sect. 5.3.3; Fig. 5.3).

As mentioned in the sequence on three-dimensional
computer modeling, it may be helpful to prebend a plate
on the basis of a three-dimensional model. This may be
too expensive for consideration as a regular procedure.

5.3.7 Repair of the Anterior Defect Using a Microvascu-
lar Free Bone Flap and Fixation With Universal Fracture
Plates (Microvascular Plates), UniLOCK, or Mini Plates

Selection of bone donor site depends upon the size and
location of the bone defect, the amount of soft tissue
resected, and the preference of the surgeon. Both fibula
and iliac crest free flaps contain excellent bone. The iliac
crest is usually required when more soft-tissue repair is
needed. The scapula free flap may also be used. This has
the advantage of excellent independent soft-tissue flaps.
The bone, however, has a periosteal blood supply and
has substantially less volume, The decreased bone gen-
erally requires a bridging plate (UniLOCK or THORP) to
guarantee mandibular form and function, while iliac
crest and fibula flaps can be fixed with miniplates as
well. The radial forearm flap with bone is rarely used in
our groups. Since the amount of bone is small, this
would require a reconstruction plate for fixation.
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3 Revonuaruclon ol the camplete horzontal part of the man- b Chmeal situation shownan 8 -rayoalike the situation ina
dible, inchnding the ramog eo the left side with o microvas- ¢ Sltaation asina after temaval of the anleriar piates oaed for
cular free fibala booe grall. Tn s case focatiom of the graf thir tiwation af the asteatomies wiltin the gralt, This allows
aned e anterion vsteitonies was perfsrmed seith Lniversal fowe the placerment of dencal implant s,

Fraconre plates, Smmall ooy gaps were Glled with cancellipos
hone faken troan the thae crest, sed monocortical serew iy
athen o wvnnd njury o vessels,
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The anterior surface of the mandible is widely
exposed, and the osteotomy sites are marked with a
bone saw. A template is prebent to the contour of the
mandible. The template also can guide the selection of
plate length. The plate is measured so that the first screw
is placed about I cm from the osteotomy, and at least
four screws should be planned for each side, Extensive
anterior projection of the inferior border of the mental
process may be remaved with a cutting burr if the tumor
does not extend into this region (see inset of Fig. 5.1).
This facilitates plate bending and decreases overprojec-
tion of the repair. The plate is contoured precisely to the
anterior surface of the mandible. The plate is positioned,
and at least two screws are placed in each side to ensure
that the remaining screw holes are placed correctly
without plate displacement (see Fig. 5.3a,d). Sharp
drills, correct drill guides, and copious irrigation is
required to prevent screw failure, Either pretapped or
nonpretapped holes are required depending on the kind
of screws for fixing the reconstruction plate. Screw
length is measured before tapping to avoid potential
damage to the tapped bone threads. All screw holes are
drilled, measured, and tapped (if required), and a dia-
gram of the plate and screw orientation is recorded. Spe-
cial care must be taken when replacing self-tapping
screws (2.4 UniLOCK) to avoid stripping previously cut
threads. It is preferable not Lo place all screws prior to
resection to avoid this potential problem. This is less
likely to occur with pretapped holes (2.7 and THORP
screws). The plate is removed and the surgical resection
completed.

The plate may be taken to the donor site to shape and
fix the bone to the plate in situ before transacting the
vascular pedicle to decrease ischemic time. This applies
to the fibula free flap and is a matter of surgeon’s prefer-
ence. Screws are placed monocortically in the graft to
decrease potential injury to the vessels behind the oppo-
site cortex (see inset to Fig. 5.10a). The plate bone unit
may then be fitted to the mandibular defect and the plate
secured to the mandible. Vascular anastomosis is then
completed, followed by wound closure (Schusterman).

An alternative is to fix the vascularized free flap with
Universal Fracture plates (Fig. 5.10b,¢) or miniplates. In
these instances it is essential to have adequate bone in
order to guarantee form and function of the mandible
and then sustain the soft tissues. The osteotomy defects
should be flled with cancellous bone (inset to
Fig.5.10a).

In another variation the bridging plate is placed first
to restore the mandibular defect. The graft must be fixed
with a reconstruction plate only if it is taken from the
scapula (see Fig.5.11Db). After harvesting the grafls, oste-
otomies are performed in the bone graft to precisely fit
the mandibular defect and plate contour. The bone is
secured to the plate, Intraoral soft-lissue closure is com-
pleted, followed by the microvascular anastomosis. This

technique is generally employed when using the iliac
crest or scapula free flap with skin for intraoral lining.

5.3.8 Repair of Tumor Defects With Anterior
Soft-Tissue Extension With Microvascular Free Bone Flap
and Bridging Plate

The method of supervising mandibular and condylar
position for tumors extending anteriorly is decribed
above (see Figs. 5.4-5.6). Dentate patients may be placed
in IMF to supervise maxillomandibular relationships.
The method of using an oversized positioning device is
also described above.

An alternative method uses the condylar positioning
device which provides an excellent unobstructed resec-
tion of the tumor. Base plates applied proximal to the
planned mandibular osteotomies secure the positioning
bow. The bow is removed and the tumor is resected. The
mandible is repositioned by reattaching the positioning
bow to the mandibular base plates. A bridging plate can
be contoured to the mandible to maintain the man-
dibular position. The bridging plate is applied, and the
Mandible Fix Bridge base plates are removed (see
Fig. 5.4Db,d). The free flap can be harvested and shaped
and fixed to the plate as previously described
(Fig. 5.11b,c).

5.3.9 Reconstruction of the Condyle: General Remarks

Reconstructing the temporomandibular joint (TM])
articulation is one of the most demanding challenges in
facial surgery. Restoration must address the complex
function of the joint while restoring occlusion, facial
symmetry, and projection and maintaining normal
mastication. Many of the problems of joint reconstruc-
tion have been addressed in the literature in relation to
repair of the ankylosed joint. Efforts to provide repair
with alloplastic condylar prostheses have been asso-
ciated with the complications of malpositioning, infec-
tion, glenoid fossa erosion, heterotropic bone forma-
tion, and even erosion into the skull (middle cranial
fossa; see also sections 5.3.11 and 5.3.12).

These problems are even more apparent with
patients requiring tumor ablation and repair, especially
when combined with high-dose radiation therapy.
Lindqvist et al. (1992a) reported 3 of 11 condylar pros-
thesis used for tumor repair required removal secon-
dary to infection. One patient aged 11 years had a plate
fracture necessitating plate removal. Four of the
patients’ condyles were displaced out of the fossa.
Reconstruction of the TM] with an alloplastic condyle
after radical removal of the joint with planned postop-
erative radiotherapy is probably contraindicated
because of the high probability of failure and the poten-
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A Extensive invasion of the hortasnml part of the mandible by
i mmalignant i necessiting an almast complete resection
af the horizontal mandible.

b Beconstruction ol the horizontal branch of the mandible
with o microveseular enmsmmosed Scapular graf with 1w
anfi-tissue taps. In this cose It b necessary to use o recoo-
struction plute { Leil DCK ar THORE) for stahilization of the
mundibular segments wnd feation of the gealt, While serew
placement within the mandibular stomps s hicortcalty, fix-
atian of the bone grale i carried sut munocortically,

o Ghmcal situation as-deseribed in ab, shown an (he Ortho
i Lo g .

tial erosion uf the condyle into the mididle cranial fossa.
Prosthetic reconstruction of the T has largely been
abandoned in the United Stides due o Tegal ramifica-
tions relating to other artiticial joint devices, None such
device is presently approved by the Food and b g
Ak ministration,

5.3.10 Joint Repair With Costochondral Grafts

Repanr of the condyle with sostochondral cartilage isan
accepled modality for reconstructing the resected con
dyle tollowing the remaoval of benign lesions or anky
lotic joants, Ovher indications include dysplasios and
osteanyelitis, Thegoal of reconstrocting the TM] s not
only torehabilitate the complex mechanisim ol the nor
il joint but also to restore focial symmetey, occlusion,
il mastication, Alleviation of pain is of great -
tance, especially in the surgical treatment of degenera
tivee joint disense. Mandibutar growth imposes addi-
tinnal constraints an the reconstructive procedure i
children,

Because of o number of blological and anatomie sim
ifarities to the mandibular condyle costochondral prafis
have been considered 1o be among the most acceptable
bissues for 1M reconstruction. Primary nonvascular
fzed cartilage grafts are not recomimended for patients
recetving planned postoperative radintherapy, Benign
Lmors invalving the gscending ramus anid condyle ol
the mandible are amenable 1o reconstruction with costal
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chondredl grafts in order 1o reconstitule the mandibokar
und condylar defect. [n ankylutic cases coronoidectomy
sl also be performed. Great care must be taken 1o pre-

serve the nenrovascular bundle of the mandibile,

Exposure is achieved through the submandibular
incision (see Figs, 20, 2.3}, usaally in combination with
a preauricular incision followed by the resection of the
condylar head and the ascending ramus segment, If pos-
sible, the meniscus is preserved aswell as the joint cap-
sule. The length of the résection is measirad,

The rilvimay be harvested, including aloot 5-10 mm
ol cartilage. The fifth, sisth, or seventh ribs are suitable
lor this purpose. Care must be taken not to tear he
parietal pleura during the resection of the rib, Small
pleural rents may be checked by inflating the lung with
positive pressure, with water in the wound looking for
air leaks. If no air bubbles.are detected after the lung is
tully reinfated, the pleura may be closed without insert-
ing chest tubes,

The cartilage end of the costal chondral rib grafi {5
shaped to approsimate the original condyle and to fir
within the condylar fossa {Fig. 502a) Sufficient rib
should be harvested toallow fisation with a minimum of

Cal

Fig. 5.12a-d
Siuatianafter the sesection of the |eft cotcylar and subcon-
dhylar ares, os well s the conomoid pracess. Ao osteochondral

gariftisshaped A proove is carved into the rempining part of

the wscending ramus 1o veceivie the praf.

Fization af the osteochondral graft with two 200 lag sceews.
Teset 1 Fixation with lag screws with washers,

Freset 20 Figation with Universal Fracture plate.

st &t Bixation with 2 horizontally placed mimiplates,
Situation ok in by, (eser 3, sbiown radiopraphically,

Situation asin binsed | sheown radiographically,



{wece oar thred L:y, strews, IF the rils s soft, washers made
Frorm cul portions of 2,0 aduptation plates are helptul 1o
prevent serews from Splitting ur pulling through the
bone Screws of 204 mny are particularly well suited (or
this procedure (see Pig. 5,12, inset 1], The gralt maw also
bie applied to the mandible by fixation with miniplates
[see Fig, 5,02, mset 3). Lindqguist et al, (19920, b3 have
demonstrated suctess with this wechnigue. However,
stabialivy 1s not adeguate woallow patients o lunction
mmedisely,  Depending  on the
1 days-2 weeles of immobilization in IME is recom:
rmiended.

Uther possibilities are to use the 2.0 mandibular plate
[slx hole) or the 24 Universal Fractoee plate: (see
Fig: 312, mset 20 Two bolesare placed wilh lag scrows
fixing the praft (throwgh the plare) o the mandible, Twe
or three additional holes provede additional stability 1
the gratt, This repair is also best protected with 10 days
of intermaxtllary fixation,

Atlugtion,

s Deseription of Procedures

5.3.11 Alloplastic Replacement of the Condylar Process

There are only Tew indications for using g condylar
iplant in T8 -I|l|1ll.lpii1bi1'l.*5. 11 an autouenous lrans-
plantation is contradndieated for any reason, such as the
geEneral condition of the patient, massive ankyloti
Structures, and rfeankylosis atter autopenous arthri-
plaaty, an wlogenic joint prostheses may De the bes|
method for primary reconstruction, The same is true in
travmiatic cases in which the condyle (5 ot or ractored
into several pieces; and primary restoration of mandible
and joint function by osteosynthesis s impossilile
[Fig, 5130y As noted above,. this pristhesis in nol
approved by the United States Food and Lrag Adminis-
fration.
A combined pregoricular and sub- or fetromandiby

L approach s advisable (see Figs. 2.1, 2.3), Aler sub-
staitial removal of andoylodic mgsses o new (s s
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created in the region of the damaged mandibular con-
dvle; In nontumor cases, however, no atterpt should be
made to remove the distroved condylar process totally
(Fig, 5130} On the contrary, it may headvisable to leave
sorme of this bone asa precaution against penetration of
the condylar head into the temporal fossa. Coronoidec
tomy 15 always performed in cases of ankylosis. After
removing the desired amount of bone the correctly sized
prosthesis {hree ditferent sizes) 18 chosen alter evaluar-
ing the delect with a template. The goal Is to choose a
prasthesis that is placed at the posterior aspect of the
famus enpaping with its most posterior hole into the
mandibular angle (Fig, 5.13), These prostheses are cur-
rently made of stainless steel, and they should be fixed
with the 2.7 screws in a bicortical manner, Since these
prostheses are rarely wsed, they will probably femain
davailable only an special request and with the 2.7 serews,

IWF is always used intraoperatively, In edentulous
patients the Axation is with the patient’s total dentures,
which are then fixed to the maxilla and mandible by
serews or wires, The mandible is thos immobilized dor-
ing plate bending and insertion. In these cases effort is
tiuken to remove the condyle caretully in oeder 1o pre-

F;I_'- 5.13 i, b

a Schematic drawing with coranoidectomy becadse of an
kv,

b Heplacement of the mandibular condyle and subeondylag
area with a joine prasthesis in an edentulvns patient after
Fraurmaric loss of conudyle,

serve the disc intact in the fossa, il possible, unless a tem-
porary muscle fap including the fascia can be used to
line the fossa. This can prevent to some extent the for-
mation of ectopic bone and the possible erosion of the
nint head in the fossa, IME 15 relieved before the patient
5 extubated,

It may be difficult to place the condylar head correctly
in the glenoid fossa. Lindqwist el al. (1992a,b) report
that in 23 instances in which a jomt prosthesis was used
only 16 were initially found to be situated correctly in
the glenoid fossa: In one out of these 23 perforation 1o
the skull hase vecurred 10 months after th