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PREFACE TO THE THIRD EDITION

IN offering this, the Third Edition, the authors are fully appreciative
of the continued popularity of this book In this edition a few changes
have been made but the general character of the text remains the same
Several additional methods of treatment of fractures of the jaws have been
described, all of which have been found useful 1n certain cases With few
exceptions, the methods described 1n the text have proven satisfactory in
the hands of the authors

A number of new illustrations have been added and for their use the
authors wish to thank The Journal of Oral Surgery, published by the
C V Mosby Company, and the W B Saunders Company Dr F Risdon
and Dr Matthew Federspiel have also furmished illustrations and the
authors are grateful for their courtesy m supplying them
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PREFACE TO THE FIRST EDITION

THis book contains the results of many years experience n the treat-
ment of fractures of the jaws and their complications The methods
advocated are those which 1n the hands of the authors have proved most
successful It 1s hoped that this presentation will appeal to the surgeon,
the specialist and the dentist The general surgeon may feel that the
details of treatment of fractures of the jaws do not concern hm But as
long as cases are admitted to his service in the hospital, 1t 1s his responsi-
bility to see that they receive proper treatment, either by himself or by
someone delegated by him who understands the problem The haphazard
way m which these fractures are frequently handled at present 1s often a
cause of permanent crippling of the function of the jaw, unless correction
15 undertaken by measures requiring many additional months of treat-
ment One great advantage of the methods advocated 1s that they can
be employed by surgeon, oral surgical specialist, or dentist immediately,
regardless of the case, without resort to lughly technical dental laboratory
procedures, so that practically no time 1s lost mn reduction and fixation of
the fragments The numerous illustrations, most of them original, should
simphfy the carrying out of the methods described
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FRACTURES OF THE JAWS

—————— e ———

CHAPTER 1 N

U

ANATOMICAL CONSIDERATIONS

THE UPPER JAW ‘

THE upper jaw, from a surgical standpoint, includes the rlgh/t and left
maxillee, portions of the ethmoid and sphenoid bones, and all the bones of
the face except the mandible two malar, two nasal, two palate, two
Jacrymal, two mnferior turbinates and the vomer

From an anatomical standpoint, 1t consists of the maxilla and its fellow
of the opposite side, for convenience referred to as one bone It is a very
wrregular bone forming the front of the upper part of the face and the floor
of the orbit, much of the outer wall and floor of the nasal fossa and most
of the hard palate, and 1t supports all of the maxillary teeth and contains
the maxllary sinus or antrum of Highmore

To quote Cryer,? “It 1s situated beneath the walls of the anterior fossa
of the bram case and rather loosely attached by what may be termed
buttresses and flying buttresses In the center, near the nasion, the
frontal processes rest firmly against a buttress mn the median line,
the maxillary process of the frontal bone Below 1s a flying buttress, the
nasal septum, especially that portion formed by the vomer, which passes
upward and backward from the mterarticulating ridge of the maxlle and
palate bones to the buttress-like body of the sphenoid bone, where it 15
firmly held or braced 1n place by the vaginal process Laterally the upper
jaw 1s supported through the zygomatic bones through the zygomatic
processes of the frontal bone and the flying buttresses of the zygomatic
arches to the temporal bones at the sides of the skull, posteriorly by the
pterygoid processes of the sphenoid, with a portlon‘ of the palate bone
mterposed (Figs 1 and 2)

“The buttresses, situated and distributed as they are, not only afford
support agamnst forces acting externally, but also dissipate and diffuse
shocks which would otherwise be transmitted to the cranum. As a con-
sequence of 1ts construction, but httle force n a forward direction 1s
necessary to detach the upper jaw from the cranium, though 1t will with-
stand a blow of great force received from below through the lower jaw or
from 1n front, or even from the side ”

The nasal bones, in their articulation with the maxille complete the
anter101: nasal orifice The lacrymals and ethmoid touch the mner side of
the orbital plate, and the ethmoid the mner surface of the nasal process

The nferior turbinate rests on the mner surface of the maxilla within the
nasal fossa
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The under surface of the upper jaw 1s bounded by the alveolar process
and the palatal processes forming a portion of the roof of the mouth (Fig 3)

The alveolar process 1s made up of two plates, an external, which extends
upward and merges with the outer surface of the true maxilla, and an

T, HR R ;

R I

S M -

- ~ Y h ‘*15\
s

-~ + A
n glp 'r'\‘ b %
Y ' Ly (A

EEEN ‘.&“..»} *Q’n

g 1 — Anterior view of the typieal skull  (Cryer)

internal, which extends upward to become continuous with the palatal
process of the maxilla and the palate bones  “The alveolar process belongs
to the teeth and 1s developed with them for the purpose of holding them
mn position ” It disappears after the teeth are lost The teeth will be
considered at a later time m connection with their relation to those of the

mandible
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Fic 2 —The right side of the lower portion of face
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F1a 3 —Anterior portion of the base of a typiecal skull
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The sutures of the roof of the mouth are seven in number In fractures
of the upper jaw the bone often separates through one or more of these
sutures “The median palatal suture begins at the postnasal spine, passes
forward between the palate bones, then between the true maxille to the n-
cisive foramen, then forward between the premaxillee to terminate at the
anterior nasal spie It 1s divided into three sections, the interpalatal, the
intermaxillary, and the interpremaxillary sutures There are four trans-
verse sutures, two situated between the palate bone and the palatal proces-
ses of the maxllee, and two pass outward from the incisive foramen between
the maxillee and the premaxillary bones to pass also between the cammne
teeth and the second incisors” (Cryer).
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First molar First molar
Fig 4

The maxillary sinus, or the antrum of Highmore (Fig 4) 18 a large air
cavity within the bone, quite varable n size but conforming in a general
way to the shape of the bone The floor often contains elevations over
the roots of the teeth, the molars in particular, less frequently the pre-
molars, and rarely the cammes The roof of the smus 1s the floor of the
orbit Its surface 1s usually marked by a ridge which contains the groove
for the passage of the infraorbital vessels and nerve This groove occupies
the posterior half of the floor of the orbit and at about the middle passes
mto the infraorbital canal The ostwum maxillare, usually found at the
upper anterior portion of the nasal wall, affords communication between
the sinus and the middle meatus of the nasal cavity through the hiatus
semilunans  Fractures of the upper jaw may mvolve one of the walls of
the antrum, causing hemorrhage or infection of this cavity .

Muscle Attachments —There are no muscles attached to the upper jaw
which can cause or perpetuate deformity mn case of mjury, such as fracture
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Hence, when the fragments are once replaced they tend to retam their
jon ,
po‘sfl:.scular Supply.—The maxilla 1s exceedingly vascular, hence, the heal-
ing of any injury, no matter how severe, 15 apt to be rapid and complete
The main blood supply comes from the external carotid through one of 1ts
termmal branches, the wnternal mazdlary (Fig 5) This artery 1s a large
branch arsing from the anterior aspect of the external carotid beneath
the neck of the condylar process of the mandible It passes forward,
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F1c 5 —Internal maxillary artery (Testut)

through the two heads of the external pyterygoid muscle and enters the
pterygopalatine fossa, thence passes through the sphenopalatine foramen
as the sphenopalatine artery It 1s customary to divide the internal
maxillary artery into three divisions The first, or mandibular portion,
lies internal to the neck of the condyle, and gives off branches to the ear,
mto the brain case and through its terminal branch supplies the lower
jaw and teeth through the mandibular or inferior alveolar The second or
pterygoid portion, 1s that which traverses the zygomatic fossa and which
gives branches to the adjacent muscles of mastication The third or
sphenomaxllary portion, gives off branches which are the mam supply
to the maxlla () The superior alveolar branch descends upon the tuber-
osity of the maxlla giving off small branches which penetrate small for-
amina m that bone and are distributed to the molar and premolar teeth
and gums  (b) The infraorbital artery passes through the pterygopalatine
fossa and foramen to traverse the mfraorbital groove and canal to emerge
on the face at the infraorbital foramen where 1t divides mnto the palpebral,
nasal and labial arteries  Within the infraorbital canal 1t gives off branches
to the eye, and anterior dental branches which pass down the anterior
wall of the maxllary sinus to supply the mucous membrane of the smus
and the camne and incisor teeth (¢) The descending palatine artery
passes through the posterior palatine canal and following its emersence _.
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3

from the posterior palatine foramen divides mto an anterior and a posterior
branch The former passes forward beneath the mucous membrane of the
hard palate, which 1t supplies, to anastomose with the sphenopalatine
artery ‘The latter passes backward to supply the soft palate and tonsil
(d) The vidian and (¢) the pterygopalatine arteries are small branches
which 1n turn send branches to the roof of the pharynx (f) The sphen-
opalatne artery 1s the terminal branch of the internal maxillary It
passes mnto the nasal cavity through the sphenopalatine foramen and
divides 1nto an mnternal and an external branch The mternal, or naso-
palatine branch passes forward, giving branches to the septum of the nose,
and finally passes downward through the anterior palatine or mcisive
foramen to anastomose with the anterior branch of the descending pal-
atine The external branch ramifies over the lateral wall of the nasal fossa

LACRIMAL &

SUPRATROCHLEAR
BUPRAORBITAL N,

TEMPORAL BR
OF TEMPORO-MALAR

NABAL NERVE. ¥ b WALAR BR OF
Y g TEMPORO MALAR

AURICULO-TEMPORAL
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Fic 6 —Sensory areas of head, showing general distribution of the three divisions of the
trigemnnl nerve  (Modified from Testut )

Sensory Nerve Supply.—The mavillary, or second dwmswon of the fifth
cramal (irifacial or trgemanal) merve supplies sensation to essentially all
the structures of and about the maxilla (Figs 6, 7 and 8) It arises from
the middle of the anterior border of the Gasserian ganglion, passes forward
and leaves the cranmum through the foramen rotundum 1n the great wing
of the sphenoid bone It then traverses the pterygopalatine fossa and
enters the nfraorbital groove and canal and finally emerges on the face
along with the infraorbital artery through the infraorbital foramen

Branches are given off from the maxillary nerve in the cramumr, the
pterygopalatine fossa, the infraorbital canal, and on the face (1) Within
the crantum the recurrent branch supphes the dura mater i the middle
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cramal fossa  Ansing m the pterygopalatme fossa are the (2) sphenopal-
atme branches which supply the sensory root of the sphenopalatine
(Meckel’s) ganglion, and the (3) posterior-superior dental nerve which
passes along with the posterior-superior dental artery through the pterygo-
maxillary fissure to supply the gums and adjacent mucous membrane of
the cheek and finally enter the posterior dental canals to supply the molar
teeth It forms a rich plexus with the middle and anterior-superior dental
nerves (4) The temporomalar or orbital nerve also arises from the maxil-
lary mm the pterygopalatme fossa and passes mto the orbit through the
pterygopalatine fissure  (5) The middle-superior dental nerve arises from
the maxillary 1 the posterior portion of the mfraorbital canal, and passes
downward m a canal m the outer wall of the antrum to supply the pre-
molar teeth (6) The anterior-superior dental nerve 1s the largest of the
supertor dental nerves and leaves the maxillary just before the exit of the
latter at the fraorbital foramen to descend i a canal m the anterior
wall of the antrum It gives off branches to supply the mucous membrane
of the floor of the nose and after helping to form the superior dental plexus
supplies the canine and 1ncisor teeth

The maxillary becomes the infraorbital nerve m the infraorbital canal
and after its emergence from the mfraorbital foramen gives off (7) inferior
palpebral branches to the lower eyehd, (8) lateral nasal branches to the
skin of the side of the nose, and (9) superior labial branches to supply the
anterior portion of the skin of the cheek, the mucous membrane and skin
of the upper ip These last three branches inosculate freely with the
infraorbital branch of the facial nerve to form the infraorbital plexus

It can be readily understood that in fractures of the upper jaw, which
mvolve the infraorbital canal and foramen, there 1s often a numbness of
the anterior part of the cheek and side of the nose, the upper Iip and the
anterior teeth, with the adjacent mucous membrane and gums

Sphenopalatine Ganghon (Fig 7) —The sphenopalatine ganglion, also
known as Meckel’s ganglion, 1s one of a series of three sympathetic nodes
connected with the trigemial nerve It 1s situated m the upper portion
of the pterygopalatme fossa beneath the maxillary branch of the tri-
gemmal The sensory root consists of the sphenopalatine nerves, just
described The motor root 1s the great superficial petrosal nerve from the
facial which joins the sympathetic root, the great deep petrosal from the
carotid plexus, over the cartilage of the middle lacerated foramen to form
the vidian nerve This nerve traverses the canal of the same name to
enter the pterygopalatie fossa and join the sphenopalatine ganglion The
ascending branches pass essentially to the region of the orbit The descend-
ing branches are the large and small posterior palatine and the accessory
posterior palatine nerves The large posterior palatine nerve passes down-
ward through the pterygopalatine canal, m which 1t gives small branches
to the nasal fossa, to emerge from the pterygopalatine foramen and passes
forward n a groove on the mferior surface of the hard palate to mosculate
with the terminal branches of the nasopalatme It supples the hard
palate and 1ts mucous membrane, also the mnner side of the gums
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The small posterior palatine nerve passes downward through a small
canal to supply sensory fibers to the soft palate and tonsil, and motor
fibers to the levator palati and azygos uvule muscles. The accessory
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posterior palatine nerve passes through the canal of the same name to also
supply sensation to the soft palate and tonsil

The mternal branches are the posterior-superior nasal which supphes
the postertor outer wall of the nasal fossa, and the nasopalatine nerve,
which crosses the roof of the nasal chamber and passes downwaid to reach
the antertor palatine canal It then passes through the foramen of Scarpa,
the left nerve through the anterior and the right nerve through the posterior
canal, and having reached the inferior surface of the hard palate moscu-
lates with the large posterior palatine nerve The posterior branch supplies
the mucous membrane of the upper portion of the naso-pharynx

THE LOWER JAW

The lower jaw _or mandible 1s the only bone of the skull which 1s movable
oane_ps,—-I-t—&evelePs_m two_svImmetiic T s¢at a

point known as the symphysis  The bone consists of a body, forming the
chin and supporting the teeth, and tWo Tam, Projecting upward from the
backomerther side and articulating with the mandibular fossa of the
temporal bone (Frg—9)

Fia 9 —Side view of mandible (Cryer )

The body is conyex m front and concave behind A short distance

lat P .
trally itom tive Symphvsis and at the lowest horder of the hody 1S A~

?ﬁ?::ign’ Jihe mental tubercle ‘The mental foramen, for passage of
middle o?ﬁl branches of the mandibular nerve and vessels, 1s about 1n the
first and s ¢ outer surface of the bone vertically and usually between the
this opemecond premolar teeth The bone 1s frequently fractured through
and Passesn]g3 l’\rhe external oblique hne starts from the mental tubercle
Of the ramy - %vard beneath the mental foramen nto the anterior border
cles, “'hlchas hhe mylohyoid line (Fig 10) begins near the genal tuber-
Symphyss fre sharp bony spines near the lower part of the mner side of the
the inney s;d(;r I;dee attachments, and passes backward to dls?ppear on
which formg t}? the ramus It gives attachment to the mylohyoid muscle,

2 € Main support for the floor of the oral cavity The alveolar



18 ANATOMICAL CONSIDERATIONS

process for supporting the teeth 1s above the body, and, as m the upper
jaw, undergoes resorption after loss of the teeth

The ramus jomns the body at an angle of from 110 to 140 degrees in the
adult, and 15 a four-sided plate with outer and mnner surfaces The junction
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Fic 10 —Inner surface of right half of mandible

of the posterior and infertor borders 1s called the angle The inner aspect
of the ramus at this pont 1s roughened for the attachment of the mternal
pterygoid muscle About on a line with the free edge of the alveolar

first molar

Root of second
premolar

%
3
. W Anterior root of
IR

Mandibular
nerve

U-shaped corti-
cal bone

Fre 11 —Transverse section of mandible, showing U-shaped layer of cortieal bone (Cryer)

process and near the mid-portion of the inner surface of the ramus, 1s the
mandibular foramen, an opening 1nto the mandibular canal which courses
forward 1nto the body of the bone The foramen 1s guarded mn front by a
sharp projection, the hingula

The antertor border of the ramus 1s thick below and narrow above,
where 1t projects upward and shghtly outward as the coronoid process for
attachment of the temporal muscle The outer border of the thick lower
part 1s made by the external oblique hne, the mner horder by a continua-
tion of the alveolar ridge and the mylohyoid Iime The posterior border
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slants upward, backward and a little outward, and above widens to form
the back of the head or condyle The latter presents an articular surface,
convex from before backward The neck 1s a coustriction below the head
and 15 a frequent site for fractures Between the condyle and the coronoid
process 1s a deep depression, the mandibular notch

L7 7 Rt .. 755 (
: "//ﬁ .
F1c 12 —Superficial muscles of head and neck (Testut )

The mandibular canal courses downward and forward m the ram
then runs horizontally forward 1n the body It divides about unde tlis,
second premolar tooth mto the mental canal running to the mentaff N
amen, and the masive canal, quite small, which carries the nerv OI;
vessels to the anterior teeth and 1s lost 1n the cancellated tissue sre
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The exposed position of the mandible renders it unusually lable to
fracture, but 1t 1s to a great extent protected by 1ts horseshoe-shape which
gives 1t some of the properties of a spring, by its density of structure, by
its great mobility and by the buffer-like articular cartilages that protect
its attached extremities (Treves) The lower jaw 1s a very tough bone,
especlally at the symphysis, where 1t 1s almost solid It consists of an
outer U-shaped layer of cortical bone and an inner portion of cancellous
bone (Fig 11)
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F16 13 —Temporal and deep muscles about mouth  (Testut)

Muscle Attachments of the Mandible —The deformity and displace-
ment, wlhich are to be found 1 the majority of fractures of the mandible
are due to the action, or the nteraction of the various muscles attached
to the mandible These may be roughly grouped under two heads, the
elevators and the depressors  The former group embodies the masseter, the
temporal and the mternal pterygoid
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The masseter (Fig. 12), a strong quadrilateral muscle arising by two
heads from the zygoma, finds msertion mn the outer surface of the angle
of the mandible and mto the outer surface of the ascending ramus as high
up as the bases of the coronod and condyloid processes

The temporal muscle (Fig 13) arises m the shape of a fan from the deep
Jayer of the temporal fascia and the whole extent of the floor of the temporal
fossa, and 15 1nserted into the coronoid process, practically enveloping the
process with 1ts attachment

Fia 14 —Pterygord muscles, viewed from behind  (Testut )

The wnternal pterygod (Fig 14) anses for the most part from the floor
and walls of the pterygoid fossa with occasional fibers from the tuberosit
of the maxlla and adjacent palate bone The fibers are mserted into th)cf
inner surface of the angle and ramus of the mandible below the mylohoid
groove These three muscles all act to elevate the mandible yee

The external pterygord (F1g 14) 15 placed here for convemence Strictly
speaking, 1t belongs to nerther elevator nor depressor gronp It anseb
by two heads The upper head amses from the under surface of the gr a;s;
wing of the sphenoid and the lower head arises from the outer surfagcee of

e
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the lateral pterygoid plate After allowing passage of the internal maxilary
artery between the two heads, the latter unite to be inserted mto the
anterior border of the interarticular disk of the mandibular jomt and mnto
the neck of the condyle of the mandible When both muscles act they
bring the lower jaw forward, when but one acts, there 1s a lateral excursion
of the jaw

THYRO-
HYOIDEUS

Fre 15 —Infrahyoid and suprahyoid groups of muscles (Testut)

All of the elevator muscles are mnervated by branches of the antertor
portion of the mandibular division of the fifth nerve The masseter and
internal pterygoid muscles act as partial splints 1 fractures at or near
the angle )

The depressors of the lower jaw are the digastric, gemohyoid, genio-
hyoglossus, mylohyoid and platysma (Iig 15) '

The digastric, as the name mnplies, consists of two bellies, the antertor
belly alone belonging to the group of depressors It arises from the digastric
fossa on the inner surface of the body of the mandible anteriorly and mserts
nto the mtermediate tendon, which 1s bound down to the hyoid bone by



THE LOWER JAW 23

a pulley-like band of cervical fascia The posterior belly anses from the
mastoid groove of the-temporal bone and passes forward to be mserted
into the mtermediate tendon

The genrohyord anses from the lower gemal tubercle of the mandible and
15 mserted mnto the body of the hyoid bone

The genwhyoglossus anses from the upper genial tubercle and the fibers
pass backward m the shape of a fan, viewed from the side, to be 1nserted
1nto the base of the tongue and the sides of the body of the hyoid bone

The mylohyoud amses from the entire length of the mylohyoid ridge of
the mandible, from which the fibers pass inward, to be nserted, for the most
part, into a median fibrous band common to the two muscles of the opposite
sides The posterior fibers, however, are attached to the upper border of
the hyoid bone This muscle, with its fellow, forms the muscular floor
of the mouth

The platysma (F1ig 12) 15 a superficial muscle arising from the skin and
subcutaneous tissue over the pectoralis major and deltoid muscles on a
line yust below the clavicle, whose fibers are mserted mto the body of the
mandible from the symphysis to the msertion of the masseter

These muscles all depress the mandible and accordingly tend to cause a
downward, backward and inward displacement of the fragments 1n frac-
tures of the mandible, depending on their location

Vascular Supply.—The blood supply to the mandible 1s through the
mandibular artery (Fig 5), which 1s given off from the lower aspect of the
internal maxillary artery as it passes beneath the condyle of the mandible
The artery courses forward and downward giving off small branches to
the tongue and mylohord muscle, and then entering the mandibular for-
amen traverses the mandibular canal, giving off branches to the lower
teeth as 1t passes beneath them Just before emerging from the mental
foramen as the mental artery, 1t gives off an imncisive branch which supplies
the masor teeth and the camine The mental artery supphes the surround-
ing tissues and anastomoses with the inferior labial and submental branches
of the facial

Sensory Nerve Supply —The mandibular branch of the fifth cramal, or
trigeminal nerve, 1s the largest of the three divisions and consists of two
portions, one motor and one sensory The sensory part 1s the larger and
arises from the lower anterior part of the Gasserian ganglhon This portion,
along with the motor root of the fifth nerve, emerges from the skull as one
trunk through the foramen ovale to separate under cover of the external
pterygoid muscle mto an anterior, or motor division and a posterior, or
sensory division (Iigs 16 and 17)

The anterior division gives off branches to the muscles of mastication
(masseter, temporal, internal and external pterygoid), and to the anterior
belly of the digastric, mylohyoid, tensor palati and tensor tympam

The posterior division passes downward under the external pterygoid
g;‘;zzlse baé]t(\l\i aftesl giving off fthe auriculotemporal and hngual branches
hament o ee(;nt N lfh;‘arl;l;lsdfbu]the mandible and the sphenomandibular

ar foramen The auriculotemporal nerve
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passes upward through the substance of the parotid gland and ascends to
the temporal region  The lingual nerve passes mnward, forward and down-
ward under the mucous membrane of the floor of the mouth to supply the
tongue, floor of the mouth and gums on the hingual aspect of the teeth
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Fie 16 —Mandibular division of trigemmal nerve  (Modified from Testut )

Having entered the mandibular foramen the mam trunk of the nerve
traverses the canal in company with the artery and supphes filaments to
the teeth and the adjacent portion of the gum, as far as the mental fora-
men At this point the nerve divides, the incisive branch continumng
forward 1n the body of the mandible to supply the canme and mcisor
teeth, and the mental branch, emerging from the foramen to supply the
skin of the chin and mucous membrane of the lower Iip

The buceal nerve, the only sensory branch of the anterior or motor
division of the fifth nerve, jomns with the buccal branch of the seventh or
facial nerve to form a plexus around the facial vein, and also sends branches
to supply the mucous membrane of the check as far forward as the angle of
the mouth and the skin of the cheek ’

The Mandibular Jomt —The mandibular jomt (I1igs 18, 19 and 20) 1s &
compound joint, the elements of which are the socket, the cpndy]e, and
the meniscus, or interarticular disk of fibrocartilage The entire cavity s
enclosed by a capsular membrane.
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Fic 17 —Mandibular division of trigeminal nerve  (Modified from Testut )

The socket includes the mandibular fossa and the articular eminence
of the temporal bone The socket 1s bounded behind by the Glaserian
fissure The tympanic plate behind 1t intervenes between the condyle
and the external auditory meatus

PTERYGOIDEUS
~EXTERNUS

Fic 18 —The mandibular joint, samttal section (Testut )

The mterarticular disk 1s concave both above and below, and may be
] mm 1n thickness mn the middle normally or may be perforated in old
age or thickened in diseased conditions The thin capsule 1s attached to
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the edges of the disk and the external pterygoid muscle sends fibers of
attachment to 1ts anterior border, drawing 1t forward when the mouth 1s
opened

Fie 19 —Mandibular joint, hgaments, externzl view  (Testut)

The temporomandibular ligament 1s a strong collection of fibers strength-
ening the capsule externally The fibers run downward and backward
from the zygoma to the outer side of the neck of the condyle

Fia 20 —Mandibular joint, hgaments, mesial viow  (Testut )

The sphenomandibular ligament 1s a comparatinely weak structure
runmng from the spine of the sphenoid to the hingula of the mandible It
has no direct connection with the jomt

The stylomandibular hgament runs from the styloid process to the
angle of the mandible These hgaments act as suspensories of the lower
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jaw  “The movements permitted by the mandibular articulation are more
varied and of a greater number than those of any other joint n the body
The jaw has the power of extension and retraction, one or both sides, 1t
can be depressed and elevated, moved from side to side, and combines all
the movements mtermediate between these, thus allowing the ghding
motion necessary to mastieation.” (Cryer )

RELATIONS OF THE TEETH

In the reduction and fixation of the fragments in fractures of the upper
jaw, or of the lower jaw, or of both jaws comcidentally, we are guided
principally, when they are present, by the relationship of the mandibular
to the maxillary teeth and of the denture as a whole to the oral cavity

Fia 21 —Articulation of teeth, anterior view (Cryer) 1, first incisors, 2, second
neisors, 3, canines.

While 1t 1s uncommon to find a set of perfect teeth in cases of fracture,
1t 18 nevertheless essential that the surgeon or dentist who 1s to treat such
cases have a knowledge of the correct relationship of the teeth.

Each adult jaw should contain 16 teeth, 2 incisors, 1 canine, 2 premolars
and 3 molars on each side (Figs 21 and 22) The teeth are all 1n contact
with ther neighbors in the human mouth, and when the jaws are closed
there 13 contact between the opposing maxillary and mandibular teeth

The maxllary teeth are arranged in the form of a semi-ellipse with the
long axs passing between the first mecisors The mandibular teeth are
similarly arranged, but on a shghtly smaller curve so that m occlusion the
maxillary teeth project a little labially and bucally n relation to the
mandibular teeth at all pomts of the arch The canmes are slightly prom-
ment, giving a fulness to the angles of the mouth In the maxilla there 1s
a forward inclination of the meisors, which overlap those of the mandible
so that, with the mouth closed, the cutting edges of the latter make contact
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with the Iingual surfaces of the former from one-fourth to one-third of the
distance from the cutting egde to the gingival border

In describmng the relationship of the teeth to one another, we quote
from G V Black!?

“At therr cutting edges the maxillary first mcisors are about one-third
wider mesio-distally than the mandibular first masors The maxillary
first ecisor, therefore, occludes with the mandibular first, and also with
one-third to one-half of the mandibular second mncisor The marxillary
second mcisor occludes with the remammng portion of the mandibular
second mcisor and the medial portion of the mandibular canine The

Fre 22 —Articulation of teeth, side view (Cryer) 1, first mncisors, 2, second mcxs]orsd,
3, canines, 4, first premolars, 5, second premolars, 6, first molars, 7, second molars, 8, thir
molars

maxillary canme 1s usually rather broader mesio-chstally than the mandibu-
lar, and m occlusion covers 1ts distal two-thirds and about one-half of the
mandibular first premolar, so that 1ts lingual, or triangular ridge, 1s between
the cusp of the mandibular canine and the buccal cusp of the mandlb'nlar
first premolar, the pont of 1ts cusp overlapping the mandibular teeth The
buccal cusp of the mandibular first premolar occludes m the space between
the maxillary canine and the maxillary first premolar This order 1s now
maintained between the premolars The bucecal cusp of the maxilary first
premolar overlaps (to the buccal) the space between the two mandibular
premolars, and 1ts lingual cusp occludes 1n the sulcus between them, w hile
the buccal cusp of the mandibular second premolar occludes n the sulcus
between the two maxillary premolars The cusps of the maxillary second
premolar occlude between the mandibular second premolar and ﬁr:st
molar The broad surfaces of the molars come together so that the mesial
two-thirds of the maxillary first molar covers the distal two-thirds of the
mandibular first molar, and the distal third of the maxillary ﬁr%.t molar
covers the mesial third of the mandibular second molar. Thl‘q brings the
obhique ridge of the masillary molar between these two mandibular teeth
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This order is continued between the remaining molars, but less perfectly
as the teeth are more irregularly formed The maxillary third molar 1s
usually smaller than the mandibular third molar, yet it generally extends
over its distal surface ”

(In the above quotation we have used certamn words displacing those
of the author, mz  first and second for central and lateral incisors, canine
for cuspid, premolar for bicuspid, maxillary and mandibular for upper
and lower )

The line of occlusion from before backward does not represent a plane
but rather falls on the arc of a circle, which touches the front of the condyle
behind and the cutting edges of the mandibular incisor teeth mn front and
centers on the crest of the lacrymal bone.
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CHAPTER 1II

GENERAL CONSIDERATIONS ON FRACTURES

BeroRrE entering upon details of fractures of the jaw bones, there are
certain features common to all fractures which should be considered briefly

A Etology.—The causes of fracture are predisposing and excifing  Pre-
disposing causes are

1. Certam general bone diseases which cause either softemng or brittle-
ness of the bones Among these may be mentioned rickets, osteomalacia,
and fragilitas ossium. ’

2 Local bone disease, such as tumors (carcinoma, sarcoma), cysts and
osteomyelitis In cases such as these the amount of trauma necessary
to produce fracture may be very slight Fracture of a diseased portion
of bone 1s usually called a pathological fracture

The evciting cause of fracture 1s trauma or violence Trauma may be
(a) direct, when the fracture occurs at the pomt of application of the
trauma, or (b) indirect, when the fracture occurs at a pomnt mn the bone
distant from the mjury (¢) Fracture may also be due to sudden muscular
contraction

B Vaneties of Fracture —There are several ways of classify ing frac-
tures The following are the forms usually mentioned

1 A greenstick fracture 1s an mcomplete fracture, occurring m the soft
bones of young children, in which some of the incompletely calcified fibers
bend 1mnstead of breaking, like a green stick of wood

2 A sumple or closed fracture 15 one i which there 1s no wound of com-
munication between the site of bone injury and the external air

3 A compound or open fracture 1s one mn which the fracture communi-
cates with the external air through the wound The main reason for dis-
tinguishing between closed and open fractures 1s that the latter are more
susceptible to infection from without Most fractures of the body of the
mandible are open to infection through a tear in the oral mucous mem-
brane Most fractures of the ascending ramus of the mandible are closed,
that portion of the bone being protected by thick muscles.

4 A communuted fracture 1s one in which the bone 1s shattered mto
several small fragments

5 An wmpacted fracture is one mn which one fragment is driven into
another and remains fixed there This frequently happens in the case of
the malar bone

6 A depressed fracture 1s one m wlich a flat portion of bone is driven
in on the underlying tissues This may bhe seen occasionally 1 the facial
surface of the maxilla, the fragment being driven mto the maxillary sinus
It also frequently occurs 1in the malar bone

C Symptoms and Signs of Fracture —1 Pain —DPam is usually acute,
and aggravated by the shghtest movement of the mjured part Pam s
felt at the site of the fracture on movement of another part of the bone.

(30)
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2 Tenderness on pressure at the point of mjury to the bone

3 Dwability, or mterference with function, 1s an obvious result of
fracture, and varies according to the bone mvolved

4 Swelling 1s usually present at the site of fracture, due to effusion of
blood and serum 1nto the surrounding soft tissues

5 Discoloration of the skin or mucous membrane, as the effused blood
reaches the surface

6 Deformuty 1 shape of the bone 1s usually present, and 1s due 1 part
to the direction and strength of the force producing the fracture, to the
direction of the line of fracture, and to the contraction of muscles attached
to the fragments Gravity may also play a part in the deformity In the
lower jaw muscular pull 1s the most important factor in deformity, in the
upper jaw, the direction of the fracturing force and gravity are more
1mportant

7 Abnormal mobility at the site of fracture, where rigidity should be
found, 1s one of the pathognomonic signs.

8 Crepuus, or a grating feeling transmitted to the examining hand when
the parts are manipulated 1s caused by the fractured surfaces rubbing
against one another Pamnful manipulation to obtamn crepitus should be
avoided where possible, as the diagnosis of fracture can usually be made
by other means

These chmcal signs should always be confirmed by Roentgen-ray
examination



CHAPTER 1II

FRACTURES OF THE MANDIBLE

THE lower jaw 1s more exposed to violence and consequently is more
often fractured than any other facial bones.

ETIOLOGY OF FRACTURES OF THE MANDIBLE

Trauma of some kind 1s responsible for most fractures of the mandible.
Pathological fractures are seen occasionally, complicatmg tumors, cysts,
or osteomyelitis  About 90 per cent of the cases occur in males In 100
consecutive cases studied by us, the bare fist was responsible for 49
Fourteen were occasioned by falls, which ranged from an 80-foot drop
from a scaffolding and a plunge of 9 floors 1n an automobile down an
elevator shaft to a short fall caused by a banana peel Eight per cent of
the cases were complications of automobile accidents, although we believe
that a compilation of more recent cases would give a much higher per-
centage from this cause Five per cent of the cases were connected with
the extraction of teeth, principally impacted third molars Three per cent
were acquired playing football (Table 1)

TaBLE 1
Cause Per cent
Bare fist 49
Falls 14
Automobile accidents 8
Extraction of teeth b
Football 3
Miscellaneous 21

A rough compilation of our fracture cases during the past ten years
shows the automobile to be responsible for at least 25 per cent of mandibu-
lar fractures

LOCATION OF FRACTURES OF THE MANDIBLE

The mandible may be fractured at any pomt Imbert and Real® classify
these fractures as (a) partial, n which a border of the bone 1s broken off,
without solution of continuity of the bone as a whole, and (b) complete,
m which there 1s a loss of continuity of the bone as a whole

Partial Fractures.—Under partial fractures are noted* (1) Fracture of
the teeth, which may occur alone, or accompany complete fractures or
fractures of the alveolar process. (2) Fracture of the alveolar process,
which may also be a complication of a complete fracture or enst alone
(3) Fractures of the mnferior border of the mandible, which usually unite
without difficulty Oceasionally, when complicating complete fractures,
the fragments arc thrown off as sequestra. (4) Fracture of the coronord
process, which is occasionally seen as a result of dircct violence; and 13 often
very difficult to demonstrate climeally or radiographically. (5) Perforation

(32)
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fractures are sometimes seen as the result of a projectile traversing the
bone without interrupting 1ts contiuity -

Complete Fraciures.—Complete fractures may be situated at any pomnt
along the bone from the symphysis to the condyle There may be a single
fracture or two or more fractures Commiution may or may not be
present In a recent series 68 per cent of the fractures were single, 31 per
cent were double, and there was one triple fracture of the symphysis and
necks of both condyles

Of the 68 single fractures the locations were Angle 30, or 44 1 per cent,
mental foramen region 21, or 30 8 per cent, symphysis, 6, or 8 8 per cent,
molar region 6, or 8 8 per cent, neck of condyle 5, or 7 3 per cent

TABLE 2
Cases

Single 68

Double 31

Trple 1

Of 68 single fractures
Angle 30, or 44 1 per cent
Mental foramen 21, or 30 8 ::
Symphysis 6,or 88 .
Molar region 6, or § 8 .
Neck of condyle 5 or 73

Of 31 double fractures
Mental foramen one side and angle opposite side 24, or 77 4 per cent,
Mental foramen region and angle same side 2,or 64 “
Angle and symphysis 2,or 6 4 “
Condyle and mental foramen same side l,or 3 2 “
Condyle and angle opposite side l,or 32 “
Both mental foramina . lor 32 “

The double fractures were located as follows Mental foramen region
of one side and at or near the angle on the opposite side 24, or 77 4 per
cent, mental foramen region and angle of the same side 2, or 6 4 per cent,
angle and symphysis 2, or 6 4 per cent, and 1 each, or 32 per cent, at
condyle and mental foramen of the same side, condyle and angle of the
opposite side, and both mental foramima

In 1936 over 36,000 persons were killed and nearly a million mjured by
automobiles Many of those mjured were thrown forward agamst the
dash with such force that all the bones of the face were broken Accord-
ingly, of late years, we are seeing an mcreasing number of cases with
fractures of one condyle, both condyles or a combimation of symphyss,
usually with commmution, and one or both condyles

Hence, the percentage location of fractures as shown m Table 2 has
changed, with a marked mcrease m those at the symphysis and condyles,
with a consequent decrease 1n other locations

It will be observed that in the majonty of bilateral cases, the fracture
on one side 1s in the mental foramen region and at or near the angle on the
other A blow delivered on the body of the jaw on one side 1s very likely
to fractute the angle of the same side and the mental foramen region on
the other Thus, fracture by mdirect violence 1s frequent In erery case

of fracture w the region of the mental Joramen, we should always loolk: for a
3
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second fracture at the angle on the opposite side, 1t will be found in about '
95 per cent of the cases It 1s surprising how many times a roentgenogram
18 made of but one side where the fracture 1s apparent, a fracture of the
opposite side being overlooked

SYMPTOMS AND DIAGNOSIS OF FRACTURES OF
THE MANDIBLE

The followmg diagnostic features are important i fractures of the
mandible

1 History of Inyury.—History of injury 1s mvariably present unless we
are dealing with a pathological fracture

2 Deformity.—In the majority of fractures of the mandible the diag-
nosis can be made by inspection alone, which will reveal more or less
marked deformity erther with the jaw at rest or on requesting the patient
to open the mouth In the body of the bone, where a majority of teeth

Fiec 23 —Fracture through symphysis of mandible, showing separation above, due to con-
traction of mylohyoid muscles attached to lower borders

are present, there will usually be an alteration in the alignment of the
teeth, so that occlusion with the maxillary teeth will be disturbed In
some cases this disturbance may be so shght as to be overlooked by one
unfamiliar with normal occlusion of the teeth Where many teeth are
absent also, 1t may be difficult by nspection alone to detect a change m
position of part of the mandible The degree of displacement fracture
of the mandible depends on the direction and strength of the traumatizing
force, the direction of the line of fracture, the amount of comminution,
the presence or absence of teeth, and above all, the action of the muscles
attached to the separated fragments Fractures mn different locations
present definite characteristic displacements
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Fracture of the Symphysis.—This may be vertical directly at the median
lme between the two first mcisor teeth (Fig 209) or may be between the
first and second maisors (Fig 210), or between the second 1ncisor and
camine (Fig 211) The line of fracture may also be more or less obhique
(Fig 212) or angular In shght injuries in this region, the bilateral mus-
cular forces are working symmetrically, consequently displacement may be
hardly noticeable, unless 1t be a tendency to separation at the upper end
of the fracture line due to contraction of the mylohoid muscles attached
along the lower borders (Fig 23) One side may be depressed shightly
below the other Where there 15 considerable comminution or loss of
substance of the symphysis, with loss of teeth, the two halves of the
mandible tend to be drawn together at the median line by contraction of
the mylohyoid muscles, so that there 1s a marked narrowing of the lower
dental arch (Fig 24) This 1s one of the most difficult deformities to over-
come, and the fragments must be mamntained 1 position longer than usual
if a contracted lower dental arch 1s to be avoided

Fic 24 —Marked narrowing of mandibular dental arch in eases of fracture at symphysis
with loss of bone and ineisor teeth

Mental Foramen Region.—With a good complement of teeth m both
upper and lower jaws, the short fragment 1s elevated and held with the
teeth n normal occlusion with those of the upper jaw by contraction of
the elevator muscles (temporal masseter and internal pterygoid) The
large fragment 1s depressed by the muscles running from 1ts lower border
to the hyoid bone, so that the anterior teeth do not occlude with those of
the upper jaw (Fig 25) In severe cases there may also be some backward
displacement and a lateral deviation of the chm to the side of the fracture
with overlapping of the fragments The hne of fracture 1s usually shghth:
oblique forward and upward Where teeth are missing from the short
fragment, and the usual obhquity of the fracture line exists, the elevator
muscles accentuate the displacement because there are no (;pponents for
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the posterior teeth of the upper jaw  Where the obliquity of the fracture
line 1s 11 the other direction, + ¢, backward and upward, a rare occurrence,
the displacement may be very shght

Fie 25 —Fracture in mental foramen region, showing elevation of fragment posterior to
fracture and depression of fragment anterior to 1t

Fracture in the Molar Region.—Here the displacement 1s similar to that
mn the mental foramen region, nz, the short fragment held up by the ele-
vator muscles and the large fragment drawn down m front by the depres-
sors The short fragment also 1s frequently drawn mn toward the median
line, 1ts anterior end being overlapped by the long fragment The obliquity
and direction of the fracture line here also has considerable influence on
the amount of displacement, as has also presence or absence of opposition
by the maxillary teeth (Fig 26) )

Fia 26 —Fracture i1 molar region, showing elevation of long edentulous posterior fragment

Fracture Through the Angle.—The lower end of the short fragment 1s
generally displaced upward and forward by contraction of the elevator
muscles In addrtion, shght inward displacement 1s more common than
external The larger fragment 1s frequently drawn slightly toward the
fractured side

Fracture of the Ascending Ramus —Fracture of the ascending ramus
may be oblique, horizontal, or vertical from the mandibular notch down-
ward Displacement 1s usually slight, owing to mvestiture of the frflg-
ments by thick muscles When present, 1t 18 manifested by a deviation
of the chin toward the fractured side.
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Fracture Through the Neck of the Condyle.—Fracture through the neck
of the condyle has been dealt with in great detail 1 the excellent work
of Doufourmentel 8 This fracture 1s nearly always indirect, and 15 usually
occasioned by a fall or blow on the opposite side of the chin It 1s some-

Fig 27 —Fracture through neck of condyle with forward dislocation of condyle

times accompanied by a fracture in the region of the symphysis Some-
times, depending on the direction of the fracture hine, the condyle 1s pulled
forward and mward out of the mandibular fossa by the external pterygoid
muscle (Figs 27 and 28) Where the fracture hne runs obliquely back-
ward and outward from above, the condyle may remain 1n its socket, with

Fia 28 —Roentgenogram showing fracture through neck of condyle with shght forward
displacement of condyle

comparatively little displacement (Figs 29 and 30) In any case, there 1s
a shortening of the distance from the angle of the mandible to the mandi-
bular fossa on that side, so that when the patient tries to open the mouth
the distance between maxillary and mandibular molar teeth on that side 1s
less than on the normal side, and the maimn part of the lower jaw drifts
toward the mjured side, so that the central pomt between the meisor
teeth of the upper and lower jaws do not correspond (g 31)
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Tia 30 —Roentgenogram showing obhique fracture through neck of condyle

T1a 31 —Fracture through neck of right condyle  Shortening of right side of mandible with
deviation of teeth to nght
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Fracture of the Coronoid Process.—Fracture of the coronoid process 1s
nearly always due to a blow on the side of the face The small portion of
bine may be drawn upward by the temporal muscle (Fig 32) There 1s
usually no wisible deformity beyond external swelling and limitation of
opening of the mouth, unless other fractures are present

| S,

Fia 32 —Roentgenogram showng fracture of coronoid process

Double Fractures.—In double fractures, the commonest bemng through
the mental foramen region on one side and the angle on the other, the
middle segment 1s drawn down and back by the hyoid group of muscles,
the posterior fragments being held up by the elevators (Tig 33) This
backward displacement of the middle fragment may be so marked as to
mterfere with respiration and swallowing

3 Abnormal Mobility.—This 1s readily detected 1n most fractures of the
body of the bone by instructing the patient to move the jaw, when the
teeth 1 two fragments will be seen to move independently In other
cases, especially those with shght displacement or behind the line of the
teeth, such as at the angle or 1 the ascending ramus, mantpulation may
be necessary to bring out this sign  In suspected fracture at the angle,
for example, the ascending ramus 1s grasped with the thumb m the mouth
and the fingers of the same hand behind the angle 'With the other hand
pressure 1s made on the chin  One should make certain that the abnormal
movement is not confined to loose teeth and alveolar process alone, but
that 1t 1nvolves the full thickness of the hone

4 Pam —Pawn 15 usually severe at first, and aggravated by attempts at
movement Manipulation will localize the pain to the seat of fracture.
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5 Tenderness.—Undue tenderness on palpation at certam points 1n the
absence of other signs may be valuable in locating a fracture

6 Crepitus.—Crepitus 1s pathognomonic of fracture, but 1t 1s rarely
necessary to subject the patient to the pamnful manipulation Tequired to
bring out this sign, as the diagnosis can generally be made by other means

7 Lateration —Laceration of the gum tissue 1s often noted at the site
of a fracture Most fractures of the body of the mandible are compgund
nto the mouth, with a wound of the gum tissue

TFia 33 —Double fracture, through mental foramen on left side and angle on right side
Downwerd displacement of middle segment ,

8 Discoloration —Discoloration of the gum tissue or of the skin may be
present from effusion of blood into the tissues 1n the region of the fracture

9 Swelling.—Swelling, more or less marked, 1s usually observed mn the
soft tissues surrounding the fracture

10 Disability.—Disability mamfested by a crippling of the movement
of the mandible and consequent absence of normal masticating power 13
always more or less evident Trismus, or limitation 1n openng the mouth
1s a constant sign 1n fractures near the angle of the mandible

11 Sabvation.—Salivation and fefor of the breath are the results of
absence of normal movements of the jaw, stagnation of food, infection, et

12 Numbness.—Numbness of the side of the lower lip and gums 1 the
anterior region of the mandible may be observed, due to severing of the
inferior dental nerve at the site of fracture

13 Roentgen-ray Examnation.—Roentgen-ray examination 1s of prime
importance in connection with fractures of the mandible as with fracturles
elsewhere 'The diagnosis can usually be made by other signs, but t ﬁe
roentgen-ray 1s valuable m giving the exact location, the direction of the
line of fracture, amount of comminution, relation of tooth roots, and as a
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permanent record, especially 1n case of medico-legal comphications Roent-
gen-ray examination 1s also useful during the course of treatment as a
check-up on the presence of sequestra, callus formation, dental nfection,
etc We place little rehance on roentgenological reports as to position of
fragments or as a check-up on position after reduction For example, the
roentgen-ray report might say that there was a fracture of the body of the
mandible, with fragments 1 good position, and the surgeon if he relied
on this report solely would be tempted to let the case alone, whereas 1n
sprte of such a report clinical exammation might show a marked disturbance
of the occlusion of the teeth Here, the clnical findings are far more
important than the roentgen-ray report On the other hand, after reduc-
tion and fixation of a fracture 1n the region of the angle of the mandible,
with the teeth 1n good occlusion, the roentgen-ray report might say that
the posterior fragment was still out of lme, but this would be no indication
for attempting further reduction, because umon m this position would
give a perfectly satisfactory functional result The technique for roent-

genological examimation 1n suspected fractures of the jaw bones 1s given by
Dr L M Enms mn Chapter VII

TREATMENT OF FRACTURES OF THE MANDIBLE

The treatment of fracture of the mandible, as 1n fracture of any other
bone, consists 1n reduction of the fragments to as nearly normal position
as possible and fixation until union occurs In the mandible, when teeth
are present, more accurate restoration of the parts 1s essential than in
other bones, because the shightest deviation will produce malocclusion of
the teeth and interfere with mastication The essential principle to be
followed, therefore, 1s fixation of the fragments mn proper relation with
the upper jaw In order to mimmmize infection and the prolonged treat-
ment resulting therefrom, this fixation should be applied as soon as possible

Prelminary Measures —Before reduction and fixation, certain pre-
liminary measures should be carned out Teeth whose roots are exposed
m the line of fracture or which have been markedly loosened, should
generally be removed, provided that this can be done without too much
traumatism to the fracture, because such teeth usually give rise to infection
sooner or later However, 1n certan cases it may be advisable to retain
such a tooth for a time, even at the risk of infection This applies partic-
ularly to a fracture just i front of the last molar tooth, where loss of the
tooth would mean upward displacement of the posterior fragment own
to lack of opposition from the maxillary molars (Fig 34) After a week o%
ten days of reduction, the posterior fragment will usually remam down m
posttion, and the tooth m lne of fracture can then be removed In com-
minuted fractures conservatism should be practised with regard to 1
bone fragments Only th ’ : b

gm nly those which have become completely detached
from the soft tissues should be removed at tlus ttme But bone fragments
having any attachment to the soft tissues should be allowed to remaln, as

they frequently keep their vitality and aid n restoring contmuity of bone
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It 1s much wiser to leave a bone fragment of doubtful vitality, removing
1t later 1n case of necrosis, than to perform a radical débridement of all
loose fragments, with a resultant bone defect requiring grafting later In
fractures complicated by extensive wounds of the soft tissues, the fracture
should be reduced and fixed before closure of the soft tissue wound, because
if the fragments are allowed to become fixed in malposition by scar forma-
tion 1n the soft tissue, reduction later may require extensive operations,
entailing great loss of time

Fie 34 —Roentgenogram showmg fracture just anterior to last molar tooth, temporary
retention of which 18 important in mamtaimng posterior fragment 1n position

Keeping the Mouth Clean.—Before application of the fixation, all
diseased and useless tooth roots, tartar, etc, should be removed During
the course of treatment, attention should be given to oral hygiene The
patient should be encouraged to keep the teeth and mouth clean, with a
brush, if possible, if not, by the use of a mouth wash, particularly after
feeding A softened tooth brush may be used on the labial and buccal
surfaces of the teeth after fixation, with care not to entangle the bristles
In the wires, but this 1s quite obviously unpossible on the lingual surfaces
This area may be kept fairly clean by the addition of 2 teaspoonsful of
hydrogen peroxide to any of the ordinary mouth washes—an excellent
wash for any mtra-oral condition—and gentle massage with the tongug1
Every two or three days the gums and teeth should be swabbed w1
hydrogen dioxide, followed by applcation of Talbot’s 1odine solutlor;
around the necks of the teeth after drymng Talbot’s solution consists 0
the following

Zinc 10dide 15 pn‘x‘-ts
Distilled water 10 .
Iodine 25

"

Glycerin 50
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Methods of Fixation —The means suggested for bringing about reduc-

tion and fixation have been many Several of these will be mentioned, but
ended .

no;fifzilo?;nndage — A method popular with some surgeons 1s the application
of the Barton or other head bandage, either alone or in combination 'Wlth
some form of pasteboard or metal cup to fit the chin  The bandage 1s no
more reliable here for retention after reduction of displaced fragments
than 1t would be 1n a fracture, for example, of both bones of the forearm
No head bandage can be applied sufficiently tight to fix fragments which
show a tendency to displacement, without strangling the patient, even
when combined with a moulded chin cup Moreover, the turn of the
Barton bandage running around the front of the clun tends to pull the chin
backward, thus actually increasing the displacement n certain types of
fracture Only cases which would do well without any form of fixation
whatever show satisfactory results after treatment with the bandage If

Fic 35 —Figure-of-eight head bandage

the fragments are properly fixed otherwise, no bandage 1s necessary, except
to hold a dressing 1n case of external wound The bandage when employed
should be a modification of the Barton, m which the turns pass beneath
the chin, mstead of 1n front of 1t (Fig 35)

Combined Oral and Evtra-oral Sphnts —Some text-books describe certain
splints consisting of a metal tray fitting over the mandibular teeth con-
nected by a bar to a metal or vulcanite cup beneath the chin It 1s 1mpos-
sible with splints of this type to maimntain the fragments m correct position
and, moreover, we have seen extensive devitalization of the soft tissues
from pressure occasioned by theirr use This sphnt also seriously mter-
feres with access to the tissues n case of dramage at the lower border of
the mandible

Durect Frzation of Fragments by Waring or Plating the Bone —Sometimes,
n a case of difficult reduction, the surgeon may be tempted to wire or
plate the fragments, forgetting or 1gnoring the fact that nearly all man-
dibular fractures are compound mnto the mouth and are constantly bathed
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in the oral secretions Infection occurs around the wire or the metal
plate, mviting osteomyelitis with sequestrum formation and great delay
m union  The only justification for wiring or plating of the fragments 1s
one of those rare cases of fracture m an edentulous person where the oral
mucous membrane has not been broken and where there 13 consequently a
chante of mamtaining asepsis Even here, the wire or plate usually gives
msuflicient stability

Methods Utihzing the Teeth as Pownts of Fuxatwn —The principal aim
1n view 1n treating a fracture of the mandible 1s restoration of the normal
occlusion of the teeth of the lower jaw with those of the upper jaw There-
fore the most satisfactory methods of treatment are those which mamntam
this relationship by appliances attached to the teeth, thus indirectly fixing
the bone fragments These apphances fall into two categories, (1) inter-
dental splints and (2) wire higatures and arches

1 Interdental Sphnis —In the average text-book on surgery, under
fractures of the mandible, various types of more or less complicated splints
are shown, without specific instructions as to thewr use, except that they
can be made by a dentist But definite practical information as to how
to reduce and fix the fragments quickly and efficiently 1s usually lacking
An interdental sphint 1s a piece constructed of metal, vulcanite, celluloid
or plastic material, made to fit accurately over the teeth of the individual
case, holding the teeth mn the positions they occupied before the fracture
occurred, so that the bone fragments are thus mdirectly held 1 normal
position until union has taken place In some cases the sphnt covers feeth
of the lower jaw only, m others, the upper and lower teeth are fixed 1
occlusion by a splint or by two splnts covering both upper and lower
teeth In the construction of these splhints, impressions of the mouth must
first be made, and great accuracy i techmque 1s necessary so that the
fimished sphint will fit perfectly It 1s unquestionably true that a properly
fitting mterdental splint, after 1t has once been made and applied, 1s & very
efficient form of fixation for fracture of the mandible Unfortunately
surgeons are being confronted with an mcreasing number of these njuries,
and those skilled 1n splint making are seldom immediately available There
are many practical difficulties which mterfere with the routme employment
of the splint, chief of which are the experience, tume and expense nvolved
Most cases of fracture of the lower jaw occur 1n persons in poor circum-
stances who apply for treatment at free dispensaries or dental colleges,
where students have to be depended upon for the making of the apphances
A busy dentist, even though experienced n this work, and he seldom 1s,
cannot give up all other patients and devote at least two days to making &
splint Dental students have numerous duties, such as attendance at
classes to 1nterfere, and moreover are msufficiently expertenced to produce
accurate splints m the desired length of ttme Under these circumstances
usually two or three weeks elapse between the taking of the impressions
and the msertion of the splint, which even then may not fit accurately In
the meantime, unless some other means of fiaation has been used, the
fracture 1s 1n process of union in malposition For these reasons, for the
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average case of mandibular fracture, we do not now depend on sphnts, but
reserve these for the rare cases where smpler methods are not suitable
Since we personally have so little occasion to use interdental splints
specially made for individual cases, we believe that a detailed description
of these appliances would be out of place m this volume However, to
avoid the accusation of ignoring a method of treatment regarded by many
as mportant, we will call attention to certamn fundamental principles m
sphnt construction It 1s first of all necessary to obtain accurate impres-
stons of the teeth of the upper and lower jaws These are usually best
made with plaster of Paris Plaster casts are then made from these, and
the lower cast will represent the mandibular teeth as they appear after
the fracture The cast 1s now cut through with a saw at the place cor-
responding to the fracture, and the two sections are arranged so that the

.

F1e 36 —Cast metal cap splint for mandibular teeth alone  (Walter Reed General Hospital )

teeth will occlude correctly with those of the upper cast, ¢ ¢, will be as
they were before the fracture occurred The lower sections of the cast
are then fastened together in their reasonable position with plaster From
the casts thus obtained various types of splints may be prepared, according
to the nature of the case In cases of multiple fracture, or where there 1s
marked displacement, 1t 1s frequently advisable to make the mpression
of the lower teeth mn sections, and after pouring the casts from these
assemble the several portions mn correct relation with the upper teeth Thé
most modern sphnts are made of cast com silver The techmque of casting
1s the same as that used 1 casting bases for artificial dentures Tor a
fracture with several sound teeth i each segment of the mandible, by
far the most comfortable, hygienic and least cumbersome splint 1s’one
consisting of a cast metal cap or jacket fitting over several teeth on either
side of the fracture (Fig 36) 'The chief advantage of this device 1s that
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1t firmly fixes the fragments and at the same time allows the patient to
open and close his mouth  If the fracture can be easily reduced, the sphnt

Fig 37 —Cast metal cap splint for both mandibular and maxillary teeth, the upper and lower
segments being umited by lock-pins  (Walter Reed General Hospital )

15 immediately cemented in position on the teeth If reduction 1s not
mmmediately possible, the splint can be mserted over the teeth without
cement, and after a few days 1t will often be found that the teeth have
settled themselves into the splint, which can then be firmly cemented

Fic 38 —Cast motal cap splint with vuleamte saddle for long edentulous fragment
(Walter Reed General Hospital )

In a fracture with the teeth 1n only one segment, such as a case mvolvutlig
the angle of the mandible, 1t becomes necessary to fix the Jower telclc;
firmly to the upper teeth, in proper occlusal relationship This app ‘
also to cases which perhaps bave teeth m both segments, but these may



TREATMENT 4 47

not be sufficient 1 number or quality to make possible the use of the
simple mandibular sphnt Here, separate cast cap splints are made for
the upper and for the lower teeth, provided with hooks or lock-pins,
whereby the upper and lower segments can be firmly fixed together

'

Fra 39 —Cast metal splint, the mandibular portion bemng made 1n sections  (Walter Reed
General Hospital )

(Fig 37) Various modifications become necessary, such as saddles to take
care of long edentulous fragments (Fig 38), separate sections with jack-
serews, springs, etc, for fragments requiring gradual reduction, and so

E
~
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F1a 40 —Cast metal splint with velum rubbe
r extenaible saddle f
of ascending ramus  (Walter Reed General Hosﬁtﬁ%ﬂcmon wnd fixabon

forth (Figs 39 and 40) Some of these are extremely comphicated, and re-
quire the services of one with great experience 1 this special work ,

For details of splint construct
articles of Bodme ¢ ton the reader 15 referred to the excellent
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Sectional acryhe resin sphnits have some advantages over the older types,
especially those constructed with the clear acryhes, which allow one to
observe the condition of the teeth and gmgival tissues under the splint
at all times (Fig 41)

As 1 the construction of any type of splint the first requirement for
success is perfect impressions and models of the parts to which the finished

I mde for anchorage of
Fra 41 —Clear acryhc splint wath parallel square tubes on eac orng
imntraoral or extraoral extension arms (Manual of Plastic and Maxillofacial Surgery, W B
Saunders Company, p 329 )

acrylic splints are to be applied Accuracy 1s of the utmost lmp?rtﬂﬂce
because, theoretically, no cement 1s to be used 1 holding the sp mtst;I}
place, they must, therefore, fit the teeth and gingival tissues pt;rfcct :1
in order to be retamed  As a matter of fact, we have found, in our limite

experience with these splints, that, no matter how perfectly the:ly :1“:
made and how closely they fit the teeth and gums, they will not & \\’ z

stay mn place when traction 1s applied It then becomes nccessary 10
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cement them 1n place The very considerable nuisance of eventually
removing a cemented splint 15 minmized with the use of the sectional
splint, but the cement still has to be removed from the teeth—no easy job

The construction of this type of sphint 1s quite complicated. the details
of which can be found 1n the Manual of Standard Practice of Plastic and
Maxllofacial Surgery, pages 322-338 (21)

9 Ware Ingatures and Arches —The principal advantages of these meth-
ods over mterdental splints 1s avoidance of the difficulties and discomfort
of mmpression taking and the delay n preparing the sphnts from these
mmpressions At the first visit of the patient, n the time ordinarily required
to obtain an 1mpression, the case can be permanently fixed with the wires
None of the elaborate laboratory apparatus necessary for splint making 1s
required for wirmg  Other advantages of wiring are that there 1s no
material between the upper and lower teeth, and the teeth are uncovered
so that the state of occlusion 1s under direct observation at all times If,
during the course of treatment, 1t becomes necessary to open the mouth,

Fic 42 —Gilmer’s onginal method of intermaxillary wiring of the teeth

as for removal of a tooth, 1t 1s far easier to cut a few wires and replace
them than to remove and replace a splint that 1s cemented to the teeth,
and with less disturbance to the fracture Occasionally, 1t 15 1mpossible
to completely reduce the fracture at the first visit, and n these cases the
use of wires 1s invaluable, for they can be readily tightened from day to
day as the fragments relax The earhest method of applying wire Ligatures
to the teeth for fixation of fracture of the mandible 1s mentioned by Hip-
pocrates This consisted 1n carrying the hgature across the Ine of fracture
from teeth adjacent to 1t on either side  Although this method 1s some-
times tried even now by the inexperienced, 1t should not be used, as suf-
ficient stability cannot be obtained and the stramn soon loosens the teeth
to which the wires are attached Moreover, 1t 1s mmpossible to apply the
wires I this way where one of the fragments 1s without teeth—a, very
COIMMON Occurrence

Gilmer" some years ago pomted out the value of wiring the lower to
the upper teeth 1 fixation of fractures of the mandible

It 1s upon this
principle that the sumphfied methods now employed are based The
4
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particular method used by us for most cases 1s by rio means original It
1s a modification of that described by Colonel Robert T Oliver, Dental
Corps, U S Army® and first called to our attention by Eby®1n 1918 The
techmque origmally used by Gilmer 1s still employed by many (Bhg 42),
although Gilmer himself discarded 1t several years ago The modification
used by us is superior 1n that 1t permits more ready access to the mouth
for replacement of a broken wire or for other reasons, without disturbing
the main attachments on the teeth g

Anesthesia —1It 1s preferable, whenever possible, to apply the methods
of fixation without general anesthesia, and this can be done n the great
majority of cases The objections to these manipulations under general
anesthesia are (1) General anesthesia requires the use of a mouth gag
to gamn access to the mside of the mouth This sometimes causes undue
disturbance of fragments, thus increasing the chances of infection (2)
The patient during recovery from the anesthetic frequently puts undue
stramn on the wires and breaks or displaces them (3) Postanesthetic
vomiting may give rise to asphyxiation if the maxillary and mandibular
teeth are wired together This danger can be avoided in cases where
general anesthesia 1s necessary by applymng the eyelet wires or other
attachments to the teeth of each jaw during the general anesthesia, post-
poning the intermaxallary fixation with the tie wires until after the patient
recovers consctousness This plan permuts free access to the respiratory
passages m case of vomiting, and at the same time the most panful part
of the procedure has been accomplished In patients who have been
properly prepared for the anesthetic, however, we have experienced little
difficulty on account of postanesthetic vomiting

It 15 especially important to leave the jaws separated until after con-
sclousness returns when avertin has been used as an anesthetic, because
there 15 a relaxation of the lower jaw with a tendency for the tongue to
fall back mto the respiratory passages Some anesthetists routinely use
an arr way following any operation under avertin, leaving 1t 1n position
until the return of consciousness At any rate, the tongue must be acces-
sible and controllable 1n this period of relaxation

Occasionally, 1t 1s 1mperative to resort to general anesthesia, for example,
in cases of malunion requirmg considerable force m reduction, where
teeth and roots m the line of fracture need immediate removal, cases
where detached bone fragments must be removed, or where the soft
tissues require extensive attention and suturing Here, the usual pro-
cedure 1s to apply the wires or arches to the teeth, but not to fasten the
teeth m occlusion until after recovery from the anesthetic

Most of the pamn during the process of fixation comes from carcless
mantpulation of the fragments, and not from the placing of the applianees
Where desirable, a few drops of local anesthetic solution can be mjected
into the gum tissue which comes n contact with the wires

Techmque of Eyelet Ware Method —Instruments —The necessary mstru-
ments are to be found m any hospital, and consist of a pair of strong
hemostatic forceps, a pair of short-nosed scissors, and a tenaculum or a
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Backhaus towel clamp It 1s also advisable to have a pair of dental dress-
liers

m%szre —The wire used should be of such a size that 1t will pass freely

through the spaces at the necks of the teeth, and flexible yet possessed

of considerable tensile strength Of all the various kinds of wire we have

tried, and there have been many, No 24-gauge soft brass wire has been

Fic 43 —Author’s pocket case, instruments and wires used 1n fixation of fractures
of the mandible

the most satisfactory This 15 obtainable at any dental supply house or
any hardware or five and ten cent store Figure 43 shows a convenient
pocket case, contaimning the instruments and wires required, as well as
several lengths of half-round German silver arch wire, required for an
alternative method to be described

. e e e ke [

Fie 44 —Making eyelet 1n G-inch strand of wire

In preparation of the wire to be attached to the teeth, a G-inch length
15 folded at 1ts middle around the tenaculum or towel clamp, and two
twists are made with the hemostatic forceps to form an eyelet (Fig 44).
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The eyelet should be made as small as possible The teeth usually selected
for attaching the wires are the premolars above and below on each side
and the macisors in front  If the teeth usually selected for wirng are
absent, diseased or otherwise unsuitable for attachment, then other teeth
are used After selecting the teeth to which attachments are to be made
and noting that they have corresponding opponents i the other jaw, both
ends of the eyelet wire are mnserted from the vestibular aspect through the
mterproximal space of a pair of these teeth, ¢ ¢, the mandibular pre-
molars on one side, until only the eyelet 15 visible buccally, the ends then
lying lingually One end of the wire 1s passed around the neck of one

Fic 45 —Above Ends of eyelet wire passed between two premolar tecth  Below Ends

of eyelet wire passed around premolar teeth to emerge buecally

tooth and the other end around the neck of the other tooth so that both
ends emerge on the vestibular aspect (g 45) One end of the wire is
threaded through the eyelet lying between the teeth to prevent the eyelet
from disappearing through the interproxmnal space and to give stability
to the attachment (Fig 46) Each free end 1s grasped in a pair of hem-
ostatic forceps and traction 1s made to draw the wire snugly around the
necks of the teeth The ends of the wire are then twisted as tightly as
possible It 1s very important that the first turn m twisting be made
tight in order to get a firm attachment that will not appreciably loosen
later All twists also should be made 1n one direction, 7. ¢, from left to
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right, so that one will know how to tighten the wnes should 1t be(f:or}l;e
neces’s&ry later Further tightening 1s done by grasping both ends o tﬂe
wire with one hemostatic forceps, drawmg the wire away from the teeth

*322“” ’% < .--\{’Q‘

Frg 46 —Below One end of wire threaded through eyelet.

F16 47 —Eyelet wires attached to upper and lower premolar teeth One end of wire 18
passed through projecting eyelet before twisting ends together to give more secure fixation
(Burg Chn North America, W B Saunders Company )

and twisting carefully at the same time The ends of the wire are then
cut off short and bent i against the teeth so as not to cut into the lips
(Fig 47)  Sumilar eyelet attachments are made to the corresponding
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maxillary premolars, the mandibular and maxillary premolars of. the
opposite side, and the ncisors n front. In the case of the mandibular
maisors, the small size of these teeth makes 1t advisable to embrace all
four of them by the wire loops Thus we have three pomts of attachment

]_

Fia 48 —Tie wires passed through mandibular and maxillary eyelets

for the mandibular teeth to those of the upper jaw, regardless of the loca-
tion of the fracture, whether within the line of the teeth or posterior to
the teeth Through each of the three pairs of eyelets 1s then passed a
12-inch single strand of the same No 24-gauge brass wire (Fig 48), the
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Firo 49 —Upper and lower pairs of eyelets connected by tie wires, which ‘;rvht]aan tslﬁl;::ﬁ! e
reduce fracture and fix teeth in occlusion (Surg Chn North Ameries,
Company )

patient 1s now nstructed to bring the teeth together as nearly as poszllz)ls
and he 1s aided in this by the operator making gentle upward pcliess;lreaCh
the chin  As the upper and lower teeth come together, the ends o
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strand of wire passed through the eyelets are twisted together 1 succes-
sion, to hold the teeth firmly n occlusion The ends of the wires are cut
oft short (about % inch), twisted more tightly with hemostatic forceps,
and turned 1n, away from the cheeks and lips (Fig 49) Complete reduc-

Fig 50 —Fracture 1n right premolar region, showing typical displacement

tion may not immediately follow the first tightening of the wires, but wail
generally occur on taking up the slack of the connecting wires after twenty-
four hours In some cases of displacement the desired movement of a
fragment to restore proper occlusion can be produced by placing one of

Fic 51 —Same case as 1n Figure 50, ready for drawing up tie wires

the upper eyelets i a position to right or left of the corresponding lower
eyelet as the case may be, mstead of directly opposite For success m this
method a general knowledge of normal occlusion of the teeth 1s essential
(see p 28, and Figs 21 and 22) Figures 50, 51 and 52 illustrate the use
of this method on a patient If the teeth usually regarded as most suitable
for attachment of the eyelet wires are not available, then other teeth may

>
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be used, such as a canine and premolar, or a premolar and molar If
possible, 1t 15 best to avord wiring teeth next to the line of fracture At
times two adjoming teeth may not be available at one pomt where 1t 1s
essential to have an eyelet In this case a sufficiently firm attachment of
an eyelet wire to a single tooth can sometimes be obtamned by passing the
wire around the neck of the tooth twice, with one end through the eyelet
before twisting the ends together With attachment of the wires to at
least three different points, the strain 1s well distributed and there 1s hittle
tendency to loosenming the teeth from this source A great advantage of
this method 1s that 1f one wire breaks—usually a tie wire—it can be easily
replaced without disturbing any of the eyelet wires The tie wires may be

Fia 52 —Same case as 1n Figures 50 and 51, after reduction

cut at any time to gam access to the mside of the mouth for any purpose,
and replaced immediately The tie wires tend to loosen every few days,
but can be easily tightened One objection that has been raised to this
method 1s that 1t necessitates closure of the upper and lower teeth together,
mterfering with the mastication of food This disadvantage 1s offset by the
better fixation of the fragments, better control of the patients, and more
certan consohdation m good position Many patients thus treated carry
on therr usual occupations even while on hquid diet Instructions are
given as to proper feeding of these patients in Chapter VIIT

Alternatwe Method —In cases where the teeth are not sufficient 1n
number and stability for direct application of the eyelet wires, we employ
a plam German silver half-round arch wire moulded to conform to the
vestibular surfaces of the teeth and attached to the latter with brass wire
Iigatures A similar arch 1s applied to the upper teeth and then the upper
and lower arches are connected by the finer brass tie wires (Fig 53) These
arches were first brought to the attention of the profession by Sauer 1n
1889 3° He used heavy round 1ron wire for the arch, and ordinanly applied
1t to the mandibular teeth only, never employng absolute fixation by
wiring the upper and lower teeth together 1n the closed bite position, but
sometimes connecting upper and lower arches by elastic bands The
influence of Sauer mn treating fractures of the mandible without complete
mmmobilization of the jomt 1s still evident in the German school In



‘ TREATMENT 5

fractures posterior to the line of the teeth Sauer corrected deviation of th
occlusion by soldering a buccal flange or mnclined plane to the arch wir
1n the molar region on the sound side of the mandible This prevented
the mandible from drfting over to the fractured side when the patient
opened the mouth Gilmer was the first m this country to apply arches
qumilar to Sauer’s to both upper and lower teeth and connect the two with
finer wires to fix the upper and lower teeth 1 occlusion He also employed
the buccal flange or mnchined plane The same prmeiple 1s embodied 1n
the orthodontic clamp bands devised by Loher in Germany and Angle n
America, and now extensively used by Schroder, Hauptmeyer and others
While recognizing the efficiency of these apphances, we find them more
complicated 1n construction, more difficult to apply, and no more efficient
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Fia 53 —Half-round German silver arch bars attached to upper and lower teeth, and con-
nected by tie wire (Surg Clin North America, W B Saunders Company )

than the simple arches wired to the teeth by the method of Sauer and
Gimer We prefer for the arches a half-round German silver wire, 2 mm
m width,* since its flat surface can be more accurately applied to the
vestibular surfaces of the teeth than the round wire

In cases of fracture with considerable displacement 1t 1s often advisable
to place a separate half-round wire arch on the teeth of each segment,
until complete reduction has been obtained Then, when all of the lower
teeth come nto occlusion with the upper teeth, the separate arch wires
can be replaced by a single arch embracing the teeth of all segments In
cases of marked displacement, gradual reduction can be obtaimed by elastic
traction on individual segments by means of small orthodontic rubber
bands passed over the ends of the brass wires which fasten the arches to
the teeth, these elastics running m the desired direction of pull from the
lower to the upper arch This method of connecting the rubber bands
does away with the necessity of soldering special hooks or lugs on the arch
wires  When reduction has been completed after a few days by the rubber
bands, they can be discarded and the upper and lower teeth firmly fixed

* This2 mm half-round German silver wire 1s made by the Blue Island Specialty Company,
Blue Island, Nlinois
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m occlusion by connecting the upper and lower arches with 24-gauge
brass tie wires (Figs 54 and 55) The method of applying the arches 1s as
follows Where the entire upper or lower set of teeth 1s to be used, an arch
wire about 5 inches long 1s required  This can be bent with a strong pair
of hemostatic forceps or plers and contoured to lie m contact with the
vestibular surfaces of all of the teeth Each end 1s curved so as to accur-
ately pass well around the distal surface of the posterior tooth The arch
is ligated to as many teeth as desired, ¢ ¢, the two end teeth and two
mtervening teeth by 6-inch lengths of No 24-gauge brass wire Each

Fie 54 —Gradual reduction of depressed fragment by rubber bands connecting upper and
lower arch wires (Ivy and Curtis Annals of Surgery )

hgature passes around the neck of the tooth, the ends emerging through
the nterproximal spaces to the vestibular aspect, one end passing above
the arch and the other beneath 1t, the ends being then tightly twisted
together over the arch, cut off short and bent over so as not to pr0]€c(§
mto the cheek or hp  When an unusual amount of stress has to be applie
to the bars as, for example, 1n cases with a long standing displacement of
the fragments and consequent difficulty 1n their proper reduction, or }1111
fractures of the condyles with the usual open bite, 1t 1s best to ligate the
arch to each tooth and to carry 1t well back on to the molar teeth, if pos-
sible This will help i preventing a possible loosenng of the teeth m
therr sockets

It occasionally happens that the lower anterior teeth, upon which thg
heaviest duty often falls, particularly m open-bite deformities, are nl?
amenable to the retention of a securely fixed arch bar This may :
because of the faulty arrangement of the teeth, poor quality or msufficien
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numbers This difficulty can be usually overcome by first hgating the
arch bar to each tooth present and then securing the bar by circumferential
wiring (page 84) Two strands of 24-gauge brass wire are twisted together,
passed around the bone, brought over the bar and the ends twisted One
or two of these double strands may be applied as the case demands

F1e 55 —Replacement of rubber bands by brass tie wires after reduction  (Ivy and Curtis
Annals of Surgery)

If rubber bands are to be used for connecting the upper and lower
arches, they can be hooked over these twisted ends If the upper and lower
teeth are to be fastened firmly 1n occlusion, several 12-inch strands of the
No 24-gauge brass wire are applied around the upper and lower arches at
different points, their ends twisted together and cut off short If additional
firmness 18 desired, instead of using a single strand of tie wire, a separate
wire can be twisted around the upper arch at a given pomnt and another
one around the lower arch at a corresponding point, and then these two
wires twisted together The arch wire method 1s more difficult and takes
more time to apply than the eyelet method, so we employ the former only
when the latter 1s not applicable In some cases a combination of the two
methods 1s used, the eyelets on one jaw and the arch wire on the other

The following 1s rather an unusual case, treated by the methods just
described

T S, male, white, aged twenty-eight years, millwmght November
15, 1929, while changing an automobile tire beside the road, was struck
on the left side of the head by the fender of another car At the Lankenau
Hospital a deep wound was found, beginning behind the left ear, and
passing downward over the ascending ramus of the mandible of the neck.
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The parotid gland and facial nerve branches were severed, and there
a fracture of the mandible at the angle, the ascending ramus and
condyle bemg dislocated forward and turned at right angles so that
posterior border faced toward the left (Fig 56) TFirst aid treatment

Fia 56

e —— e
TFia 57
Fra 56 —Case T S Roentgenogram showing fracture of mandible through angle with
rotation of ramus and dislocation of condyle .

Fic 57 —Cose T S Roentgenogram showing condyle replaced 1n normal position (Ivy
and Curtis Annals of Surgery )

Dr Montgomery Deaver consisted 1n arrest of hemorrhage, suture of the
ear, and fixation of the lower teeth to the upper by means of brass wires
to control the mamn fragment of the lower jaw By November 30 the
patient had recovered sufficiently to be transferred to our chnic for further
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treatment The exposed bone of the ascending ramus had become almost
entirely covered by granulation tissue, and practically no suppuration was
present There was an almost complete left-sided facial paralysis The
main fragment of the mandible was in fairly good position The wires
on the teeth having worked somewhat loose, 1t was thought advisable to
obtamn firmer fixation by applying half-round German silver arches to the
upper and lower teeth and mn turn connecting these with No 24-gauge
brass tie wires On December 12, at the Graduate Hospital of the Uni-
versity of Pennsylvania, under ether, the external wound was enlarged,
exposing the outer aspect of the displaced ramus and condyle fragment,
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Fic 58 —Case T S Showing opening of Fic 59 —Case T S8 Showing occlusion of
mouth after treatment teeth after treatment (Ivy and Curtis Annals
‘of Surgery )

care being taken not to completely sever the bone from all soft tissue con-
nections This fragment was then manipulated into correct position, the
condvle being brought back to the mandibular fossa (Fig 57) The lower
end of the ramus was brought m contact with the main part of the mandible
at the angle, but no attempt at direct fixation was made The attachment
of the bone fragment to the soft tissues was so precarious that we had
little hope of saving 1t But we were very gratified to note a gradual
healing over of the exposed portion of the bone with the exception of a
small sequestrum near the angle, and on January 29, 1930, the external
wound was almost closed On this date, the connecting wires between
the upper and lower teeth were cut and almost complete union of the
fragments had taken place There was good motion at the joint, the mouth
opening being approximately normal, and the occlusion of the upper and
lower teeth was satisfactory (Figs 58 and 59) There has been some
mmprovement 1 the facial paralysis We expect later to smooth out the
depression left mn the healing of the wound, and possibly raise the left side
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of the face by implantation of fascia lata strips  This case well Ulustrates
the success of conservatism m the presence of apparently hopelessly .
detached bone fragments

Intramazllary Muliyple Loop Wiring —This method of wiring for the
reduction and fixation of fractures was developed by Colonel Roy A
Stout, Dental Carps, United States Army We may consider the apphca-
tion of a single wire with multiple loops from a first molar tooth to the
canine, Inclusive  For this purpose a 12-inch piece of 24-gauge brass
ligature wire and a 2-inch piece of some 8-gauge phable round wire are
used For the latter 1t 1s convenient to adapt a piece of soft tubular
solder, which comes on a spool, to the needed form If more teeth are to
be included 1t will be necessary to use a longer piece of brass wire
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Fic 60 —Left, apphcation of intramaxillary wiring, using 8-gauge lead wire as a gul
forming the loops, right, relation of the wire and loops to the teeth (teeth removed) (Manual
of Plastic and Maxillofacial Surgery, W B Saunders Company, p 274 )

Techmique and Appheation —We cannot improve on the description to be
found on pages 274-276 m the Manual of Standard Practice of Plastic
and Maxillofacial Surgery 2 “The wire 1s first threaded through th(;
mterproximal space between the first and second molars, from the hngutll
aspect The wire 1s pulled through buccally and forward, along the bucca
surface of the teeth as far forward as the lateral ncisor, allowing sufficient
length for the final twisting of the ends at the mestofacial angle of the
canine The long hngual end 1s threaded through the nterproximal space
mesial to the first molar, passing gingivally to the wire lymg along the
buceal surface of the teeth The long end 1s bent back on itself and 1s
threaded through the same nterproxmmal space, forming a loop encireling
the short buccal strand At this point the end of the lead wire, gauge 8,
and about 2 mches (about 5 cm ) long, 1s mserted m the loop and held
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parallel mith the buccal wire and 1n contact with the buceal aspect of the
teeth (Fig 60) The lingual wire 1s now pulled tightly, giving the loop 1ts
proper form, size, and correct relation to the buccal wire and the teeth
The lingual wire 1s then threaded through the next mterproximal space
(between the premolars), passing above the buccal wire and the lead wire,
the end again 1s returned through the same mterproximal space, forming
the second loop (encircling the lead wire and buccal strand) In the same
manner the next loop 1s made between the first premolar and the canne
and the lingual end drawn tightly so that the lead wire 15 held ngdly
agamnst the buccal surfaces of the teeth The lingual wire 1s now threaded
through the mterproximal space between the canme and lateral meisor
and agamn drawn tightly Pull 1s exerted forward (mesially) on the buccal
wire, with the same tension as on the other end. This will draw the loops
all up mto therr proper position and give them the desired uniform size
The lead wire 15 now removed by rotating slightly and moving 1t forward
this 1s easily done by graspmg the anterior end with plers or the fingers

“The ends are now grasped with the pliers and twisted a few times so as
to stabilize the wire and to bring the twisted portion to rest on the mesio-
facial angle of the canmne The posterior loop 15 grasped with smooth-
beak (No 122) phers and twisted three-fourths of a turn, wlich will place
the loop m a horizontal position, bringing the buccal wire shghtly mnto the
embrasure The other loops are treated m the same manner Tluis adapts
the wire well around each tooth Starting again with the twisted ends,
they are given the final adjustment, twisting 1s continued until the wire
fits the mesiofacial angle snugly The excess twisted ends are cut off and
neatly adapted against the mesial aspect of the tooth as well as into the
embrasure On occasion these twisted ends can be carefully adjusted and
used as an additional hook The next adjustment of the loops s accom-
plished by giving each one an additional half turn, which gives the wire
the final adjustment around each tooth, carmes the buccal wire closer
into the embrasure, and secures the loops in their proper position The
final adjustment of the loops 1s to bend them gingivally so that they are
in light contact with the gingiva and can be used as hooks for elastic
traction (Fig 61) Then, by use of small elastic bands, both intramaxillary
and mtermaxillary traction and fixation can be obtained as desired  The
requirements of stable anchorage with a broad base involving a number
of teeth have been fulfilled Likewise, application of the wire can be quickly
accomplished and mampulation of the parts reduced to & mmimum

“In Presence of Edentulous Portions —In case these are encountered, the
formation of loops can be mterrupted and the wire twisted to bridge the
spaces The twisted wire strand that bridges the space assists 1n stabiliza-
tion of the teeth in that arch and provides point of anchorage for inter-
maxillary elastic bands ”

Another form of arch bar 1s that developed by Risdon of Toronto,
Canada ® It 1s not a substitute for the heavier half-round German
silver bars 1 cases of loose or mussing teeth, or when strong traction 1s
required, but can serve a useful purpose where most of the teeth are

(24
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present and firm and when some appliance 1s needed which will carry a
heavier load than the separate eyelet loops and will divide the stress among
more teeth It automatically adapts 1tself to the buccal and labial surfaces
of the teeth when higated to them whereas the half-round bar must be
carefully fitted to each tooth with plers (crown-bending pliers are the
best), thus consuming much more time in 1ts construction )

Fra 61 —a and b, Steps m appheation of multiple loop wiring to models, ¢ an? d, lzﬁlmg
loop wiring on models, 1llustrating application of elastic bands forming a tnlnng e,ﬂ mund e
1n one arch and apex 1 the other, ¢ and f, application of the loops to smgle tfcePll e
method of twisting wire to brdge edentulous portions of the jaws (Manual of Flas
Maxillofacial Surgery, W B Saunders Company, p 275)

A 12-nch strand of 24-gauge brass higature wire 1s passed around ﬁ
first molar tooth and the two ends, of equal length, twisted firmly wit
two turns by the fingers on the mesiobuceal angle at the gingival bo]rd{;rr
(Fig 62) The wire 1s further secured around the neck of the toot lT hbc
grasping the twisted portion with phers and giving 1t a half turn o
two ends are then grasped by the fingers and twisted so that, when app 1‘-:“
along the buccal and labial surfaces of the teeth, the twisted portlo'n W{b
extend half an inch beyond the midline of the jaw A second W 11*et ](1
sumlarly apphed to the molar of the opposite side and the ends twiste
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to the proper length These two parts are then twisted with the fingers at
the midline, leaving the free ends temporarly long, thus forming a con-

Fia 62 —Risdon’s method of wiring teeth, 1st step (see text)

tinuous arch bar from molar to molar (Fig 63) It 1s then hgated securely
to each tooth, the free ends cut to leave a four-strand twist, a quarter of
an mnch 1n length, which can be tightened with the pliers to make the entire

Fic 63 —Risdon's method, 2nd step

bar taut (Fig 64) If elastic traction 1s to be used the individual twists

at each tooth can be turned gngivally and the rubber bands hooked over

them If the lower jaw 1s to be immobilized 1t 15 fixed to the upper jaw
by the usual connecting wires
5
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It sometimes happens m either jaw that the fragments are separated -
and 1t 1s difficult to restore the normal contour of the arch For example;
—a median, vertical fracture of the upper jaw through the hard palate.
By using this type of apphance one can exert a considerable amount of
pressure to approximate the fragments by tightemng the 4-strand. twist
in the midline We usually like to reduce and fix each fragment 1n the
lower jaw independently, but 1t 1s sometimes expedient to bring together
stubborn fragments 1n this manner

Fie 64 —Risdon's method, completed, on lower teeth

The treatment of fracture of the neck of the condyle requires special
mention Recent communications on the subject have been made by
Silverman, Aison,! Zemsky,?” Boon® and Bonney ® There seems to be a
general feeling that when the head of the condyle 1s displaced at the time
of fracture, unless something radical 1s done to replace the head, dire
results such as ankylosis and deformity will follow Hence, the proposed
open operations of Silverman and Aison That displacement of the head
of the condyle 1s not rare 1n these fractures 1s shown by the fact that in
5 cases seen the head was drawn forward and mward by the cxtc‘arnﬂl
pterygoid muscle 1n 3 None of these cases had an open operation, either
mtra-oral or extra-oral, none had any special mampulation to put the
condyle back 1n position, and all recovered with good function, mtholl;
ankylosis or deformity Zemsky, with the same ungroun'ded dread Of
ankylosts 1n mind, advises treatment of all cases by mobulity mstead o
nnn;oblhza,tlon On the other hand, we have successfully treated all cases,
with or without displacement of the head of the condyle, where 1t % l;ls
possible to restore immediately the normal occlusion of the tceth,ﬁ v
fastemng the upper and lower teeth together m occlusion for three to] ve
weeks, and have never seen a case result in ankylosis. Occastonally, where
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there 1s considerable shortening of the affected side, characterized by
marked deviation of the lower teeth to that side, 1t 1s of advantage to open
the bite posteriorly on that side by interposing a layer of base-plate gutta
percha between the molar teeth before fastening the teeth i occlusion.
This tends to mcrease the length of the jaw on the fractured side, so that
when union takes place there will be no deviation '8

The treatment by mobility from the start presents a certain element
of danger, not of ankylosis, but of resulting 1n a permanent shortening of

Fig 65 —Fracture through neck of left condyle, with deviation of mandible to left Gradual
reduction by elastic traction

Fiec 66 —Same case as 1n Figure 65, reduction practically complete

the fractured side of the jaw with a deviation to this side and malocelusion
of the teeth This 1s Wllustrated by a case treated at a hospital for four
weeks following the mjury by use of a Barton bandage which did not
produce immobilization but accentuated the displacement by drawing the
chin backward When seen by the writers fibrous adhesions made 1m-
mediate reduction to proper occlusion mposstble This was then dealt
with by arch wires connected by mtermaxillary elastics, bringing about
gradual reduction (Figs 65 and 66) It may be safely stated that ankylosis
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only follows 1njuries to this region when the fracture mvolves the joint
surfaces, especially m young children, or m compound fractures with
suppuration 1 or around the jomnt In these cases, operative measures
may become necessary to overcome ankylosis But m the usual case of
fracture at the neck of the condyle, with or without displacement of the
head, the usual methods of fixation by wirimg the teeth 1n occlusion will
almost invariably give a good result, and we regard operative mnterference
as unwarranted

Fracture of the coronowd process requires no treatment except a short
period of immobilization by wiring the upper and lower teeth together,
until the acute discomfort occasioned by attempts at movement of the
jaw has passed This may require one week or two weeks, after which
movement should be encouraged to overcome any tendency to formation
of adhesions

Additional Methods of Treatment for Special Cases —At least 90 per
cent of all fractures of the mandible, regardless of therr position, can be
successfully treated by the methods described above Certan cases
occur, however, m which modifications or additions become necessary
Nearly all of these complications are due to absence of teeth from the
mandible or from the upper jaw

Among the commonest of these special cases are

1 Fracture i molar or premolar region with long edentulous posterior
fragment

2 TFracture in molar or premolar region with teeth m posterior fragment
but no opposing teeth i upper jaw

3 Fracture of edentulous or almost edentulous mandible

4 Fracture of mandible with edentulous upper jaw

5 Comminuted fracture at symphysis with loss of mncisor teeth and
bone

6 Fracture of mandible complicated by fracture of maxilla

1 Fracture in Molar or Premolar Region Wath Long Edentulous Posterior
Fragment —One of the commonest difficulties 1 the treatment of fracture
of the mandible 1s the control of a long edentulous posterior fragment In
a fracture behind the last existing tooth, 1f this be a second or third molar,
the posterior fragment requires no special fixation as a rule In this case,
if the teeth of the lower jaw are brought m proper occlusion with those of
the upper and held there, the short posterior fragment, although 1t may
be shghtly out of position, may be disregarded so long as union OCCUTS
with good occlusion of the teeth On the other hand, if the last evsting
tooth 1s a first molar or a premolar, and the fracture 1s just posterior tti
this, making a long edentulous posterior fragment, the latter will usually
be pulled upward and sometimes mward by the elevator muscles of the
jaw, until the overlying soft tissues meet the occlusal surfaces of the upper
molar teeth, and there may be a concavity n the external contour of the
face (Figs 26 and 67) If union of the fracture occurs m this position, t:w
normal space between the upper and lower jaws in this region will be
obliterated, with attendant difficulties mn artificially bringing about &

¢
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good occlusion  Also, the malposition of the fragments frequently leaves
such small portions of the bone ends in contact as to delay or interfere
with union  We have tried the interposition of metal, vulcanite or other
material 1 the mouth, to keep down the elevated fragment, but this
frequently produces marked wntation or even pressure necrosis of the
sensitive gum tissue,

Fia 67 —Roentgenogram showing elevation of edentulous posterior fragment

One of the most satisfactory wavs of overcoming this upward and
mward displacement has been recently suggested by Darcissac,® and we
have employed 1t with success m several cases Through small skin
meisions each angle of the mandible 15 exposed and a hole drilled through
1t for the passage of a No 24-gauge brass wire (g 68) Each wire

Fra 68 —Wire passed through hole drilled 1n angl
e of mandible t
fragment  (Ivy and Curtis Dental Cosmos,IS eS O“c’(l)lrllfféoliliené:)ﬂ;)us posteror

emerges through the skin wound
opposite side around the back of
band (Fig 69) This makes suff

and 1s connected with its fellow of the
the patient’s neck by a heavy elastic
cient traction to overcome the upward
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muscular pull and hold the edentulous fragment down and out n satis-
factory position The wire produces no untoward rrritation 1n the soft
tissues, and may be allowed to remain for several weeks This method has
the disadvantage of requiring an meision and drilling a hole through the
angle of the jaw on the sound side (In justice to Darcissac 1t must be

Fig 69 —Darcissac's method of controlling edentulous posterior fragment  (Ivy and Curtis
Dental Cosmos, 8 S White Mfg Co)

said that he recommended the method primarly for bilateral fractures)
Wassmund® obviates tlus by connecting the wire passing through the
hole m the bone on the fractured side by means of an elastic band to 2
broad leather or cloth band at the back of the neck On the sound side
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Fic 70 —Incision exposing angle of mandible (Ivy and Curtis 1 Surg Gynec and Obst)

the end of the neck band 1s connected to an extra-oral wirc bow fastened

to the teeth We find that a comparatively simple and efficient way to
produce traction on the posterior fragment 15 to connect the wire cotm::ﬁ
aste

from the angle of the jaw by a heay y clastic band to a hook on a pl "
Pans head cap (Figs. 70, 71, 72 and 73) This achieves the desired rest
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"

just as well as the more elaborate nail-extension appliances described by
Lindemann and others ® The construction of a very satisfactory head
cap has been described by Scogin,® whose technique we here reproduce *
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Fig 71 —bnlllng hole through angle of mandible (Ivy and Curtis Surg, Gynec and Obst )

Plaster of Paris Head Cap —Materials necessary for construction
1 Stochinette (3 mches x 2 feet) Three-inch stockinette 1s 6 inches
mn circumference and capable of considerable stretching  If not available,
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Fia 72 —Wire passing through hole 1n angle of mandible (Ivy and Curtis  Surg,
Gynec and Obst )

any substitute may be used, such as a leg from a pair of balbriggan drawers
or a heavy white stocking

2 Narrow gauze bandage or ape 1 foot long

3 Addheswve plaster 1 meh wide

* Scogin, C W Internat Jour

Orthodont , O
tesy of C V Mosby Company nt, Oral Surg and Rad, 14, 526, 1928 Cour-
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muscular pull and hold the edentulous fragment down and out’ in satis- |
factory position The wire produces no untoward irmtation m the soft
tissues, and may be allowed to remam for several weeks This method has
the disadvantage of requiring an ncision and drilling a hole through the
angle of the jaw on the sound side (In justice to Darcissac it must be

Fia 69 —Darcissac's method of controlling edentulous posterior fragment  (Ivy and Curbs
Dental Cosmos, S S8 White Mig Co)

said that he recommended the method primanly for bilateral fractures)
Wassmund® obwviates this by connecting the wire passing through the
hole 1n the bone on the fractured side by means of an elastic band to 2
broad leather or cloth band at the back of the neck On the sound side
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Fra 70 —Incision exposing angle of mandible (Ivy and Curtis 18 Surg Gynee and Obst )

the end of the neck band 1s conneeted to an extra-oral wire bow fastened
to the teeth We find that a comparatively simple and cfficient was to
produce traction on the posterior fragment 1s to connect the wire coming
from the angle of the jaw by a heavy elastic band to a hook on a plaster of
Paris head cap (Figs 70, 71, 72 and 73) This achieves the desired result
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just as well as the more elaborate nail-extension apphances described by
Lindemann and others % The construction of a very satisfactory head
cap has been described by Scogin,* whose technique we here reproduce *
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Fia 71 —Dnlling hole through angle of mandible (Ivy and Curtis Surg, Gynec and Obst )

Plaster of Paris Head Cap —Materals necessary for construction
1 Stockinette (3 mches x 2 feet) Three-inch stockinette 1s 6 inches
mn circumference and capable of considerable stretching If not available,

"

Fig 72 —Wire passing through hole mn angle of mandible

(Ivy and Curtis Surg,
Gynee and Obst)

any substitute may be used, such as a leg from a pair of balbriggan drawers
or a heavy white stocking.

2 Narrow gauze bandage or fape 1 foot long
3 ddheswe plaster 1 mch wide

* Scomin, C W Internat Jour Orthodont, Oral
tesy of C V Mosby Company nt, Oral Surg and Rad , 14, 526, 1928  Cour-
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4 Ortlzoz;edlc felt 4 (or more) strips—1% nches x 6 mches If mot
available, use strips of heavy cotton batting or several layers from an
old felt hat

5 Plaster of Paris bandage 2% inches x 10 feet Two of these are
necessary
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F1e 73 —Wire from angle of mandible connected with elastic band to hook on plaster head
cap (Ivy and Curtizs Surg, Gynec and Obst)

6 Plaster of Pars (good quality model plaster) large plaster bowl and
heavy spatula

7 Traction apphances leather straps and buckles, hooks, loops, web-
bing, etc, as indicated Hooks can very conveniently be made from an
ordmary wire coat hanger

8 Scissors bandage scissors for felt, small scissors for other materials

Outhne of head areas to be ulilized The direction of stress must neces-
sarly determine the anchorage area In general, the fimshed margins of
the cast should extend

1 Occipital region  Well over the external occapital protuberance
toward the base of the skull )

2 Mastoid region As close as possible to the ears but not encroaching
on them

3 Temporal region To about the zygomatic arch  Definitely below
parietal emmences

4 Trontal region Care must be exercised 1 freeing forchead to about
1 inch above eye-brow line

Construciion steps 1 Seat patient m straight-backed chair without
headrest

2 Chp hair on men if the case 1s to require lengthy fixation (two or
more months)—otherwise not considered necessary  Ilave women hraid
hair and arrange 1 loose coil on top of head
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3 Apply one end of stockinette over head to a pomt 2 mches below
previously determined border outline of fimshed head cap (Ing 74)

4 Tie narrow bandage or tape loosely around stockinette at top of
head so that the loop will be about 2 inches 1n diameter

5 Cut sht 1n stockimette and push tied ends of tape through to nside
This 1s done so that stockinette may be tightened during later treatment
if necessary

6 Cut and adjust felt strips, one (or more) in each quadrant, and fasten
1n place on stockinette with adhesive plaster

'

|
e — L

F1g 74 —Construction of plaster of Paris
hend cap Appheation of first layer of pedic felt mm four quadrants and drawing
stochinette, and tying with bandage at top down of second layer of stockinette, leaving
of head (Ivy and Curtis Surg Cln felt strips between two layers (Ivy and
North America, W B Saunders Company ) Curtis Surg Clin North America, W B

Saunders Company )

7 Pull free end of stockinette down over head and trim just short of the
length of the first layer Felt strips are now between layers of stockinette
There 15 a small opening at top of head i which the ends of the cord are
found (Fig 75)

8 Apply first plaster bandage Wet bandage in lukewarm water and
apply as a head bandage over stockinette, keep bandage wet, and smooth
nto place with wet hands, being certain to obtain desired outline form
(Ing 76)

9 Apply plaster wash over this layer, smoothing well with wet hands

10 Turn up both ends of stockinette to form the lower border of cap,
plastering the stockinette mto plaster wash

11 Insert traction appliances as mdicated for case, 2 e, straps, hooks,
loops, ete  These must be so placed as to deliver the correct directional
force for the mdividual case (Fig 77)

12 Apply second plaster bandage m same manner as before, except
that the lower 4 inch of stockimette 1s left exposed to produce a smooth,

rounded border that will not cause iwrmtation or crack during extended
usage (g 78)



4 Orthopedic fell 4 (or more) strips—1% mches x 6 mches If not
available, use strips of heavy cotton batting or several layers from an
old felt hat

5 Plaster of Paris bandage 2% inches x 10 feet Two of these are
necessary
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F16 73 —Wire from angle of mandible connected with elastic band to hook on plaster head
cap (Ivy and Curtis Surg, Gynec and Obst)

6 Plaster of Paris (good quality model plaster) large plaster bowl and
heavy spatula ,

7 Traction apphances leather straps and buckles, hooks, loops, web-
bing, etc, as mdicated Hooks can very conveniently be made from an
ordinary wire coat hanger

8 Scissors bandage scissors for felt, small scissors for other materials

Outline of head areas to be utihzed The direction of stress must neces-
sarily determine the anchorage area In general, the fimshed margws of
the cast should extend

1 Occipital region  Well over the external occipital protuberance
toward the base of the skull

2 Mastoid region As close as possible to the ears but not encroaching
on them

3 Temporal region To about the zygomatic arch Defimtely below
parietal eminences

4 Trontal region Care must be exercised n freemng forchead to about
1 mnch above eye-brow line

Construction steps 1 Seat patient mn stramight-backed chair without
headrest

2 Chp hair on men if the casc 1s to requirc lengthy fixation (two or
more months)—otherwise not considered necessary  ITave women braid
hair and arrange m loose coil on top of head.



TREATMENT 73

3 Apply one end of stockinette over head to a pomnt 2 mches below
previously determmned border outhine of finished head cap (Fig 74)

4 Tie narrow bandage or tape loosely around stockinette at top of
head so that the loop will be about 2 mnches in diameter

5 Cut slit in stockinette and push tied ends of tape through to inside
This 15 done so that stockinette may be tightened during later treatment
if necessary

6 Cut and adjust felt strips, one (or more) 1n each quadrant, and fasten
i place on stockinette with adhesive plaster.

————

) |

L - e e

Fia 74 —Construction of plaster of Pans Figc 75 —Appheation of strips of ortho-
head cap Appheation of first layer of pedic felt in four quadrants and drawing
stockinette, and tying wath bandage at top down of second layer of stockinette, leaving
of head (Ivy and Curtis Surg Chn felt strips between two layers (Ivy and
North America, W B Saunders Company ) Curtis Surg Chn North America, W B

Saunders Company )

7 Pull free end of stockinette down over head and trim just short of the
length of the first layer Telt strips are now between layers of stockinette
There 1s a small opening at top of head 1n which the ends of the coid are
found (Ig 75)

8 Apply first plaster bandage Wet bandage in lukewarm water and
apply as a head bandage over stockinette, keep bandage wet, and smooth
into place with wet hands, being certamn to obtamn desired outhne form
(g 76)

9 Apply plaster wash over this layer, smoothing well with wet hands

10 Turn up both ends of stockmette to form the lower border of cap
plastering the stockinette into plaster wash ’

11 Insert traction appliances as indicated for case, 2 e , straps, hooks
loops, etc  These must be so placed as to deliver the correct dlr,ectlonai
force for the individual case (Fig 77)

12 Apply second plaster bandage m same manner as before except
that the lower 4 inch of stockinette 1s left exposed to produce a ,smooth,
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13 Apply second plaster wash—smooth well with wet hands (Thg 79)
After allowing to dry thoroughly, the head cap can be varmshed if desired
In utiizmg the head cap for control of the long edentulous posterior
fragment of the mandible, a piece of coat-hanger wire is embedded in the

Fi1a 76 —Application of first layer of Fia 77 —Insertion of vanous trac-
plaster of Pans bandage tion apphances over first lnyer of
plaster bandage

plaster so that 1ts projecting end, curved backward to form a hook, emerges
just posterior to and below the ear Backward traction on the bone
fragment 1s made by connecting the brass wire through the angle of the

Fic 78 —Incorporation of traction ap- Fig 79 —Hend cap completed
phiances in plaster of Pans bandage  (Ivy
and Curtis  Surg Chn North America,
W B Saunders Company )

mandible to the hook with a strong elastic band  The amount of'bnd\“ urd'
pull can be easilv regulated The Iarger mandibular fragment is fived b"]
connecting the lower to the upper teeth with eyclets or arches m the usun
manner (I'ie 73)
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FigURES 80 TO 83 ILLUSTRATE A Case TREATED BY THIS METHOD

Fia 80 —Radiograph showing fracture in front of mght angle of mandible with displacement
of lower end of postertor fragment inward and upward

Fi6 81 —Shows extension on posterior fragment by wire passed through angle to hook v
plaster head cap

#,l
-
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Tra 83 —Radiograph showing wire passed through nngle holdmng posterior {ragment l(:jold
Sop

out and back in good position  The man fragment of mandible ficed by wireyon tecth
in between fragments will fill in with new bone

9 Fracture in Molar or Premolar Region Wath Teeth wm Posterior Frag-
ment But No Opposing Teeth in Upper Jaw —1Ilere, the same tendency
evists for the posterior fragment to ride up out of position, and 1t can he

treated m exactly the same manner as the presions case. An alternative
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method 1s to have constructed for the upper jaw a vulcanite piece after
the manner of a partial denture, the vulcanite being built up on the side
of the missimg molars to hold down the molar teeth i the posterior man-

Fic 84 —Fracture in premolar region with teeth in posterior fragment but no opposing
maxillary teeth

dibular fragment After mnsertion of the vulcamte piece, the lower teeth
on the long mandibular fragment are fastened in occlusion to the upper
teeth (Figs 84, 85, 86 and 87)

Fia 85 —Same case as Tigure 84, after mnsertion of upper vuleanite plate with bite block
to keep down mandibular teeth

Skeletal Fivation —In recent years the principle of direct fixation of
mandibular fragments by means of pins drilled mto the bone through the
skin and linking the pins with a ngid bar externally, has been appled to
fractures of the mandible This principle was probably first employed 1n
fractures of the long bones by Parkhill,® 2 of Denver Figs 88 and 89
show Parkhull’s “bone clamp” as illustrated on one of s articles, and
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indicates a close resemblance to appliances at present in use Roger
Anderson? 1s largely responsible for the present popularity of this principle
m treatment of fractures of the long bones Apphication of the method
to mandibular fractures 1s to be credited to many workers Waldron®
has fully described the various modifications in use at the present time

Fi1g 86 —Palatal aspect of apphiance shown 1n Figure 85

One of the earliest apphications of this principle to mandibular fractures
15 that of. Pickenill?® during World War I In 1940 Bigelow? described the
use of a sertes of slotted vitallium screws mserted mto the lower border of
the mandible through the skin  After reduction of the fracture the frag-
ments are fixed by connecting the screw heads with a rigid bar externally,

T e "
Fre 87 —Same case os 1n Figures 84 to 87, after treatment, showing good alhignment of toe

remnforced with plaster if necessary Griffin' adapted the Haynes ﬂppﬂr&
atus to fractures of the mandible It consists of two parallel screws drille
mto each fragment through the skin, the umt on cnch. fragment being
connected, after reduction, by a rigid bar  Several British worhers hu\tz_
devised modifications of the Roger Anderson principle, with addition o
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umversal joints to permit greater flexibility of application and facilitate
reduction Among these may be mentioned Mowlem,” Gihes,'* Converse
and Waknitz,” Rushton and Walker?* In the United States may be
mentioned the apparatus of Stader,?® Waldron* and Parker,* both have
described an apparatus in which the umiversal joints are taken from a

Fig 88 —Parkhill's ‘‘bone-clamp '’ 1n tibia, side view (Trans Am Surg Assn, 156, 251-2566,
1897)

F1e 89 —Parkhill's *“‘bone-clamp” 1n tibia, top view (Trans Am Surg Assn, 1897)

Starrett surface gauge Probably the simplest and least bulky of all types
of apparatus 1s the present Roger Anderson model, designed by Fairbank
and Stout, of the United States Army Dental Corps (Fig 90)

Fic 90

—Roger Anderson type apparatus as designed by Fairbank and Stout
Curt1s, Jour Oral Surg, 1 2909, Oct 1943)

(Ivy and
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Indicatrons for Use of Skeletal Fraation —Briefly put, the only indication
for use of the method m the mandible 1s, 1n our opimion, the control of
fragments where teeth are absent or do not afford adequate attachment
for intra-oral apphances Under these circumstances, 1t 1s extremely val-
uable It should not replace the regular methods of ntra-oral fixation
when teeth are available, because the very exact occlusal relationships
demanded when teeth are present cannot be assured by any methods other
than those depending on the teeth for attachment In using the method
for control of one edentulous fragment, skeletal fixation should be sup-
plemented by dental fixation of the other fragment, if teeth are available
(Ihgs 91 and 92)

Fiec 91 —Waldron's apparatus assembled in case of mandibular fracture with long c;le;l&l‘;o)us

posterior fragment, before reduction (Ivy and Curtis, Jour Oral Surg, 1,289, Oc

Technaque of Operation —Strict asepsis 1s necessary, and the outer oper-
ative field must not be contammated by oral secretions or contact with
fingers and instruments that have been mn the mouth This 1s important
The method, therefore, 1s not safe 1n the hands of those trained m intra-
oral surgical technique The skin over the lower jaw 13 prepared just a8
for any other surgical operation

Stainless steel wire pins, 0 080-inch gauge, are ground to a triangular
pomnt, and threaded about one-third nch from the poimnt upward T h]C
pin 1tself 1s used to make the hole 1n the bone, and 1s mounted 1n a hand-
driven “egg-beater” type drmll The pins should be placed as near the
lower border of the mandible as possible, the two pmns n cach fragment
forming an angle of about 45 to 60 degrees The pomted end of the pm,
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mounted on the hand drll, pierces the skin and 1s passed mn through the
soft tissues until 1t reaches the outer plate of bone (Fig 93). It 1s then
made to puncture the bone by slow rotation until the pomnt engages the
mnner cortical plate. During insertion of the pins, an assistant, by the
use of fingers and retractors i the mouth, holds the fragments steady,
taking particular care not to contaminate the external operative field
with lus fingers It 15 madvisable to drill the holes first and then try to
1nsert the pins, because 1t 1s difficult to find the holes

F1e 92 —Case shown 1n Figure 91, after reduction (Ivy and Curtis, Jour Oral Surg, 1, 299,
Oct 1943)

The holes also should not be bored with an electrically driven 1nstru-
ment because of (1) difficulty 1n gauging the depth, and (2) the possibility
of devitalizing surrounding bone by the heat In nserting pins about the
angle of the mandible, care must be taken not to damage the facial artery
or vemn which traverse the overlymng soft tissues m this region  Greeley?
bas recently reported an arteriovenous aneurysm of these vessels due to
puncture by one of the pins After the pins have been firmly seated mn
each fragment, the assistant holds the fragments 1n correct alignment
while the operator adjusts the external connecting bar and tightens the
clamps  If strict asepsis has been followed, there 1s little irritation or
stepage around the pmns and they will remain firmly m the bone for the
required period of about six weeks Usually they have to be unscrewed
n order to be removed (Tig 167 on page 131 shows a case n which this
method was used )
tha;hg’; promises to be an even better method of direct skeletal fixation

ose just described 1s that employed by Penn and Brown % The
abparatus consists of a clamp attached firmly to the lower border of each

mand;bular fragment, the bone being exposed through a skin meision, the
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two clamps are connected after reduction by means of a rigid external
bar The clamps msure a firm grip on the fragments, do not penetrate
deeply mto the bone, thus avoiding the chances of osteomyelitis and,
damage to mternal bony structures which 1s always a possibility when

mtra-osseous pms are used "

Fic 93 —Pimn driven mto bone through skin with hand power drill  (Ivy and Curts, Jour
Oral Surg , 1, 299, Oct 1943)

Roentgen-ray Examination wn Cases T 1th Sheletal Frzation Applances .
Considerable difficulty has been encountered i obtaimng satxsfacto;)
roentgen-ray views of the region of the fracture after apl?llcatlon of tm e
skeletal fixation, owing to mterference by the apparatus with the adapta-
tion of the patient’s face to the surface of the cassette Dr L M Ennlfls,
Professor of Roentgenology, School of Dentistry, Umiversity of I’enns)f;
vania, has overcome tlis difficulty 1n a simple manner by placing & sotS
pad of cotton covered with gauze on the cassette The projecting patli
of the fixation apparatus sink nto the cotton pad, thus g)crmlttmg 1e
face to rest comfortably against the cassette (Figs. 94 and 95)
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Fic 94 —Patient 1n position for radiographic examination of fractured area, fixation apparatus
smhing mnto cotton pad on cassette
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Fra 95 —Radiograph of same case, showing position of pins m bhone and Iarge defect 1n
mandible due to_gunshat % ound
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3 Fracture of Edentulous or Almost Edentulous Mandible —Many cases
of fracture of the mandible where no teeth are present require no special
fixation other than a head bandage, because exact alignment of fragments
1s not so mportant as 1n cases with teeth present since minor displacements
can be compensated for m the artificial dentures With marked displace-

~ . I

Fic 96 —Antrum trocar and cannula, used 1n circumferential wiring

ment, however, positive fixation of some kind 1s desirable Good results
are seldom obtamed 1n recent fractures by wire sutures through the bone
or metallic plates screwed 1nto the bone across thg fracture line  Sufficient
nigidity 18 seldom obtamable by these methods and mfection around the
wires and plates nearly always occurs

Fia 97 —Circumferential wining Trocar and cannula passed up through skin ncision
beneath jaw, on hingual side of bone

Curcumferential Wiring —A much better plan 1n cdentuloui cusesklls2
circumferential wiring of the bone, originally employed by G V Blac ,
This 15 also often 1ery useful in conjunction with sphnts'“ here the teeth
are too few or insecure to afford attachment for wire ligatures In ;m
edentulous case, a vulcamite splint 1s first made Iike a snddlg, to cov crft iﬁ
alveolar ndge on each side of the fracture. Or, if the patient has a fu
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lower vulcanite denture, as often happens, this may serve the purpose of a
spnt A small mesion 1s made through the skin at the lower border of
one of the fragments, and a small antrum trocar and cannula (Fig 96)
are passed up through this meision close to the bone on the lingual side,
unti the mucous membrane of the mouth 1s pierced (Figs 97 and 98) The

Fic 98 —Relation of trocar and bone 1n procedure shown 1n Figure 97

trocar 1s then removed, and one end of a No 24-gauge brass wire 1s threaded
through the cannula from below (Figs 99 and 100) The cannula 1s with-
drawn (Figs 101 and 102) and, by means of the trocar, 1s passed downward

Fra 99 —Wire passed up through cannuln

from the mouth close to the bone, this time on the lab i

point emerges at the original skin opening (Figs 103 and lf(l):)lde"flli: t)lilizs

end of the brass wire 1s then passed up through the cannula (Figs 105

106), and the cannula 15 withdrawn It 15 thus seen that the xgvslre e

around the bone with 1ts ends emerging m the mouth (Figs 107 andp;lgz(;
I'd
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Fiac 102 —Same a8 Figure 100
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Fic 103 —Trocar passed down from mouth on labial side of bone to emerge through
skin 1ncision

4
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Fic 105 —Other end of wire passed up cannula mnto mouth on lahial side of bone.
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T'1e 108 —Same as Figure 107
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The ends of the wire are now twisted over the vulcanite splint or denture
so that the bone fragment 1s drawn up snugly mn contact with the splint
(Figs 109 and 110). A similar wire 1s passed around the other bone frag-
ment and twisted over the splint The procedure 1s shown diagram-

Fic 109 —Ends of circumferential wires twisted over artificial denture

matically in Figure 111  If 1t 15 not convenient to make a vulcanite sphnt,
or a lower denture 1s not available, 1t 1s possible to make a sphnt by adapt-
ng a piece of soft metal plate over the entire alveolar ridge, then strength-
ening 1t by applymng a cigarette-roll strip of modelling compound, heated

Fia 110 —Ends of circumferential wires twisted oy er sphint

and softened over an open flame so that 1t will adhere to the convex surface
of the metal (Fig 110) The circumferential wires are well tolerated, and
may be retamed for several weeks, the skin meisions frequently closing
without suppuration (Figs 112 and 113) It 1s also possible to apply
these wires around the mandible with a long, straight, 4-inch surgical
needle—cutting edge—or with a pedicle needle The principle of applica-
tion 1s the same as that employed with the troear and cannula. Inci-
dentally, when using the latter, we have found the small instrument used
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for puncture and lavage of the maxillary smus less bulky than the one
tlustrated in Figure 96 The circumferential wiring may be modified so
that the two ends, mnstead of passing upward into the mouth, are made to
emerge through the skin meision, the bone fragment being controlled by

di il \‘
&:&a 38
\

J

th on linpgual
Fig 111 —A, Trocar passed through shin 1ncision benenth the jaw mnto mou

side of bone, B,'wn-e threaded through cannula on hingual side of bone, C, trocar passed d‘l)]‘:g
on outer side of bone, D, wire passed up cannula on outer side of bone, £, wire pﬂ-%llﬂl;t_ﬂl‘ﬂlmt
bone after withdrawal of cannula, with ends 1n mouth ready to be twisted over top of sp

Fre 112 —Roentgenogram of almost edentulous mandible with double fracture
bofore trentment
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fixing the ends of the circumferential wire to a rigid bar passing downward
from a plaster of Paris head cap A patient, completely edentulous n
both jaws, had a bilateral fracture of the mandible with falling back of the
tongue which mterfered with deglutition and respiration Two circum-
ferential wires were passed around the chin fragment, the ends emerging

Fia 113 —Fixation of bilateral fracture of almost edentulous mandible by three circum-
ferentinl wires tied over artificial denture (Ivy and Curtis Surg Clin North America,
W B Saunders Company )

doﬁlxacll f114 —~—Case of edentulous
e Iracture of mandible with fixa- 1)1 11 r Curt
tion of symphyms fragment m for- h Americs. & B o

ward position by eircumferent
and hoag o 12l wires

F16 115 —Profile view of case shown 1n

Surg Chn
North America, W B Saunders Company )
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through skin masions at its lower border and fastened to coat' hanger-
wire bars extending downward 1n front of the face from a plaster head cap
(Figs 114 and 115) By this means the chin was held m a forward posi-
tion, relieving the breathing and swallowing, and allowed union of the
fractures 1n satisfactory position Figures 116 and 117 show the use of
circumferential wires mn conjunction with an arch bar on the teeth, where
the teeth alone do not afford sufficiently firm attachment One case of
oblique fracture i an edentulous mouth has been successfully treated by
a wire passed subcutaneously and submucously around the bone so as to

Fic 116 —Radiograph of the right side of the mandible showing two fractures on the
same side

embrace the overlapping of the fragments No splint was used 1n CE)IP
junction with the wire and firm union occurred without suppuration, ¢¥ ;311
though the oral mucous membrane was slightly torn m troducing tllcr
wire through a skin incision beneath the jaw  The wound l}ealed perfectly
and the wire was still 1 place some months after the operation

4 Fracture of Mandible Wath Edentulous Upper Juw —1If the fmcturg
is in the line of the teeth, with httle displacement, a smglg ]m]f—rounf
arch wire embracing the lower tecth may give sufficient fixation. But‘ 1 '
there is a great tendency to displacement, or 1if the fracture 1s pmtft‘l;llog
to the last evisting tooth, support must be obtamed clsewhere I f(;r
patient has an upper artifiaal denture, this may be made to serie o
attachment of wires from the lower teeth by drilling holes through it ;
circumferential wiring of the fragments may here prove useful In on
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case of fracture through the neck of the condyle, with lateral deviation of
the jaw, correction was brought about by elastic traction from a plaster
head cap to an arch wire fastened to the anterior teeth (Iig 118)

F1e 117 —Radiograph of the left side of the same case, showing circumferential wires
supporting mandibular {ragments, the ends being attached to arch bars on the upper teeth

Fie 118 —Lateral traction from head cap to correct deviation due to fracture throu

nech of left condyle Upper jaw edentulous (Ivy and Curtis  Surg Cln North Amer
W B Sounders Company )

5 Commnuted Fracture of the Symphysis, Wath Loss of Incisor Teeth
These are among the most difficult mandibular fractures to maintain
position  There 15 a strong pull of the mylohoid muscles toward ,

-~ o
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median line, resulting m a marked narrowing of the lower jaw so that
the gap normally occupied by the masor teeth 1s closed and the hne of the
lower teeth farther back on each side 1s within that of the upper teeth
(Fig 24) If union occurs m this position the function of mastication hy
the remamming sound teeth 1s crippled and cannot be restored by artificial
dentures This tendency to contracture persists sometimes for several
months, and if great vigilance 1s not observed will resist efforts to over-
come1t The ordinary eyelet method of wiring, even though the remaimng
upper and lower teeth are good, usually gives insufficient purchase to
maintain correct position If seen early, when the two sides are easily
reducible to their full width, fixation by upper and lower half-round
arches may suffice, but 1t 1s always wise, and usually necessary to maintain
the space by using a rigid crib of half-round arch wire, which also serves
as a mandibular arch bar

Fic 119

A 6-nch piece 1s used for this purpose We usually have some trismus
1 these cases so we must do most of the work through the space where
the teeth were lost, with the mouth nearly closed At a pomt 2 inches
from eirther end the wire 1s bent upon 1tself, round to round, and the b'cnd
closely compressed with parallel phers Neither this, nor the second tight
bend, which 1s to be made, must be unbent 1n the shghtest degree or the
wire will break at that point The two approvimate wires arc firmly
grasped by the parallel pliers at a distance from the bend cqual to the
width of the two tecth immediately to the right of the space and the
2-inch piece of the double wire bent away from the longer piece at ng}ht
angles The 3 inch or so of remaming parallel wire from the bend to t l]c
right angulation 1s then made to fit the lingual surfaces of the two fcrt;
mentioned above with contouring phers (Fig 119)  The longer picce o
wire 15 now roughly bent to conform with the dental arch and is then
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tightly bent upon 1tself, round to round, at a pomnt estimated to take in
the two teeth immedsately to the left of the space with the two fragments
properly spaced 1 relation to the upper jaw (Fig 120) The bar 1s made

Fic 120

to accurately fit the hingual surfaces of the teeth, as on the right side, and
the short remaining piece of the wire 1s bent forward at right angles (as
on the right side) so that the distance between these two right angle bends
equals that between the mesial surfaces of the teeth adjacent to the space

Fic 121

“ith the fragments properly spaced (Thig 121) There remains but to
adapt the two short portions of the bar to the buccal and labial surfaces
of the teeth after bending them around the teeth at erther side of the space

R
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and to fix the completed crib by wire higatures about the teeth (Fig 122)
We thus have a simple and efficient means of maintaming the proper
width of the lower arch, made of one piece of half round wire 1n less time
than 1t takes to write about 1t The crib 1s attached to a bar, or eyelet loops

Fic 122

on the upper teeth by connecting wires and the mandible 1mmobilized
for about four weeks, depending on the gap m the bone at the symphyss,
after which the mandible 1s allowed to function normally with the crib
remaining in place for several weeks until there 1s good union An art-
ficial denture should be made and mserted as soon as possible after the

crib 1s discarded.

Fic 123 —Separation of fragments by elastic traction 1n comminuted fracture of symphyss
of mandible (Ivy and Curtis Surg Chn North America, W B Spunders Company )

If seen late, and there 1s narrowng of the arch with but mcomplete
union, some means of obtaming the full width of the lower arch shouI.d be
attempted A satisfactory and simple way of attamning this 1s 2 modifica-
tion of that of Schellhorn # Separate arch wires are apphed to the teeth of
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each half of the mandible The anterior ends of the two arches are left
long enough to overlap each other across the gap Fach end 1s bent to
form a hook, and a small rubber band around the two hooked ends exerts
force on each fragment away from the median lime (Figs 123 and 124)

Fic 124 —Apphance in mouth of patient Same as shown in Figure 123  (Ivy and Curtis
Surg Chn North America, W B Saunders Company )

The lower teeth are also connected with the upper by wire ligatures passed
around the arches After full reduction has been obtamed the space can
be maintamned by replacing the expansion apparatus with a rigid crib
(Fig 125) 1If the space 1s narrow and seen so late that there 1s bony

F1e 125 —Rigd cnib made of half-round wire to mamtain separation

umion, the jaw bone should be separated with a Gigh saw and treated as a

fresh fracture If the gap 15 too wide for automatic union, a bone graft
may be mserted

6 Fracture of the Mandible Complcated by Fracture of Maxla —The

prer7]aw fragments are fixed according to the principles desertbed m
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Chapter V. If sufficient stability can be obtained, the ordinary means
of fixation by attachments to the teeth are employed for the lower jaw.
If the upper teeth are not available for attachment of the lower, or if the
lower teeth are inadequate, then control of the mandibular fragments must
be obtained by circumferential wires attached to a plaster head cap
(For description of case 1n this class see p 91)

Time Required for Umon.—This depends on the character of the frac-
ture, the number of fractures, and the reparative effort of the individual
In single fractures, without suppuration and no appreciable loss of bone,
fairly good umon may occur n three weeks, although as a rule at least
five weeks of fixation are required Where much commnution is present
or where the case 1s complicated by infection and osteomyehtss, a much
longer time for repair 18 required In 100 cases recently reported,'” the
average number of days that fixation was maintained was thirty-one and
a half The shortest time was fourteen days in a single fracture wired
within twenty-four hours after the ijury, the longest seventy-five days
m a double fracture wired more than a month after mjury. In another
series, calculated from date of injury to end of treatment, the average
time for firm union was forty-eight days.

FRACTURES IN CHILDREN

Fractures of the mandible 1n young children sometimes present diffi-
culties 1n fixation because the deciduous teeth may not be sufficiently
strong or retentive to afford proper attachment for wires Under these
condrtions methods employed n edentulous cases, such as circumferential
bone wiring, plaster head caps, etc , may have to be employed

The following case illustrates the necessity of often resorting to the
construction of some mgenous device for treating these juvenile fractures

R T, aboy, aged six years, had a portion of the left body of the n:}anchble
blown away by the explosion of a 1 pound shell, leaving a considerable
gap 10 the bone from the left deciduous canine to the first permanent
molar The maxillary teeth, mostly deciduous and small, could not be
used for any type of attachment. The problem resolved itself, therefore,
mnto one of maintaning the proper relation of the mandibular fragments
Bars could be attached to the anterior fragment and remain attached,
but 1t was impossible to fix the postertor end of any type of ngid apphance
to the partially erupted molar 1n the posterior fragment, either by wiring
or cementing Finally one of our orthodontist friends fastened a bar to
the anterior fragment with a ball at one end which fitted mto a socket
soldered to an orthodontic band cemented to the molar This maintaied
the necessary space between the fragments to forestall a narrowing of the
arch with subsequent deformity, and, at the same time permitted some
mevitable motion between the fragments The gap gradually filled m
with new bone

Another case mn a child where the teeth could not be used for fixation
is 1llustrated by Figures 138, 139 and 140.
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SUMMARY OF METHODS OF FIXATION OF FRACTURES
OF MANDIBLE

Type of Fracture

1 In any part of bone with suf-
ficient occluding mandibular
and maxillary teeth

2. In any part of bone with insuf-
ficient teeth for eyelet method

3 In any part of bone with im-
mediate reduction not possible

4 Neck of condyle

5 Molar or premolar region with
long edentulous posterior frag-
ment

6 Molar or premolar region with
teeth 1n posterior fragment but
no opposing maxilary molar
teeth

7 Edentulous or almost edentulous
mandible

8 Teeth 1n mandible but maxilla
edentulous

9 Comminution of symphysis with
loss of necisor teeth

10 Fracture of maxilla as well as
mandible

11 Children, where teeth are in-
adequate for attachment

Method of Fixation

Wiring teeth 1 occlusion by eyelet
method (p 50)

Wiring teeth in occlusion by half-
round wire arches (p 56)

Eyelet method or half-round wire
arches and gradual reduction by
intermaxillary elastic bands
(p 57)

Wiring teeth 1n occlusion by eyelet
method or half-round wire arches,
and mterposition of gutta percha
block between occlusal surfaces of
molar teeth on side of fracture
(p 66)

Eyelet method or half-round wire
arch for intermaxillary fixation of
teeth 1n long fragment Wire from
angle on short fragment to hook
on plaster head cap (p 08)
Skeletal fixation (p 77)

Vuleanite denture for maxilla with

' bite block to represent missing
molar teeth Wirng mandibular
teeth m occlusion (p 76)

Circumferential wiring of fragment
mn connection with artificial den-
ture or saddle (p 84)

If teeth sufficient, half-round arch
wire on mandibular teeth alone
If not sufficient teeth or fracture
behind teeth, arch wire or ar-
cumferential wire to head cap
(p 92)

Cnb of half-round arch wire If

gradual expansion necessary, arch
wires and elastic band (p 93)

Circumferential wirmg and head
cap often necessary (p 97)

Circumferential
cag

wirine and  hoeod
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CHAPTER IV

COMPLICATIONS OF FRACTURES OF THE MANDIBLE

HEMORRHAGE

BIEEDING of any severity 1s an unusual complication of ordmary frac-
tures of the mandible Rupture of the inferior dental artery 1s common,
but the severed vessel ends generally retract quickly in the bony canal,
with spontaneous cessation of the bleedng It 1s only rarely that pro-
longed mtra-oral hemorrhage occurs from the bone through & laceration
of the gum tissues

Treatment.—Hemorrhage from the seat of fracture usually ceases
spontaneously after the parts have been put at rest by dental fixation
Occasionally, secondary oozing mto the mouth from the wound at the
fracture line may be observed If severe, the jaws should be separated by
cutting the tie wires, any clots cleared out, and a pad of gauze placed over
the seat of hemorrhage, pressure being maintained by again connecting
the upper and lower teeth with the wires After twenty-four hours the
gauze should either be changed, or if the hemorrhage has ceased, 1t may
be discontinued Mechanical pressure 1s far more efficacious than applica-
tion of chemical agents to promote blood coagulation A last resort would
be hgation of the external carotid artery, though we have never seen

bemorrhage m this connection which could not be controlled by less
severe measures

LACERATION AND CONTUSION OF SOFT TISSUES

Extensive laceration and contusion of the soft tissues with large open
wounds through the skin occasionally complicate fractures of the mandible,
especially those resulting from automobile accidents and gunshot mjuries

Treatment.—The wounds should be thoroughly cleansed, and sutured
after fixation of the fracture, provision being made for dependent drainage
if the wound 1s beneath the lower border of the mandible

The routme
prophylactic injection of anti-tetanic serum 1s advisable

RESPIRATORY DIFFICOLTY

Certain bilateral fractures of the mandible, especially those due to
gunshot wounds, are accompanied by partial obstruction of the respiratory
passages due to loss of support of the tongue at its anterior attachments
There 15 thus a mechanical closure of the glottis due to the tongue falling
back Respiratory embarrassment may also be caused by pressure from

- (101)
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swelling due to the extravasation of blood and serum m the tissues of the
floor of the mouth These factors also produce difficulty in swallowing
Treatment. —Difficult respiration and swallowing caused by baclkward
displacement of the chin fragment is relieved by bringing the fragment
forward into correct position and holding 1t there Insertion of a curved
metal airway may be found useful m some cases Swelling due to extra-
vasation may be reduced by an ice collar to the neck, or by providing
dramage beneath the lower border of the jaw Tracheotomy rarely becomes
necessary The patient may have to be fed hquids through a funnel and
tube passing over the tongue to the pharynx, or at times even through the

nose.
INFECTION

The majority of fractures involving the body of the mandible are com-
pound through a break in the oral mucous membrane, affording a means
of ingress for the microorganisms always present n the mouth Con-
sequently, infect:on from this source 1s frequent Another source of
infection may be microorganisms already present in the bone about the
apices of pulpless teeth The possibility of infection 1s increased by exces-
stve trauma to the bone, producing wide separation of the fragments,
comminution, crushing and devitalization of surrounding soft tissues An
unhealthy condition of the mouth mcreases the virulence of the micro-
orgamsms, so that here we should expect infection more frequently fol-
lowmng fracture than 1n persons who practise oral cleanlness The general
physical condition of the patient, of course, also has a great influence on
the wmcidence of infection A tooth root exposed in the line of fracture
compound mto the mouth often acts as a necrotic foreign body and thus a
secondary source of infection Lack of early fixation of the fract.ure pre-
disposes to mfection The microorganisms responstble for the infection
are commonly the pyogenic staphylococci and streptococer.  With these
are frequently associated the colon bacillus and Vincent’s organisms

Symptoms and Climeal Course of Infection.—The pain and swelling
directly due to the trauma usually subside m a few days Infection about
the fracture 1s heralded by a reappearance or an mncrease m the swelling
and the pamn  The skin at the site of the fracture becomes red, mdurated
and tender, followed by softemng and fluctuation as pus approaches the
surface Inside the mouth also, the gum about the fracture usually pre-
sents tumefaction, and pus may be discharged spontaneously around the
teeth The temperature 1s usually elevated Prolonged suppuration,
etther through the gum or through an opening in the skm usually means
that there 1s a definite osteomyelitic focus 1n the bone fragments. This 15
favored by the presence of devitalized tooth roots Spreading of the
osteomyehtis 1s characterized by suppuration and loosening of previously
healthy teeth not immediately 1n the fracture lme  Sequestrum formation
1s frequent In a series of 100 fractures of the mandible, 19 developed sup-
purative infection requiring drainage by meision In 9 cases, sequestrum
formation occurred
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Treatment.—Some writers advocate a routime prophylactic skin mcision
down to the lower border of the mandible at the site of fracture, and
msertion of a strip of rubber tissue to forestall ifection We do not
feel that this 1s necessary n all cases But as soon as the presence of pus 1s
evident, then this should be given an opportumty to escape through an
adequate meision at the most dependent pomt Lgte mfection may
occur around a tooth n or near the fracture hne which at the time of
fixation was apparently not involved, or which was purposely allowed to
remain on account of 1ts importance in maintaimng fragments m posttion
In such a case the connecting wires between the upper and lower teeth
should be cut and the tooth extracted If possible, 1t 1s best to avod
general anesthesia for the extraction, on account of the danger of straining
the lower jaw and getting the fragments out of position After the extrac-
tion, the ligature wires on the teeth can usually be replaced immediately
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Fig 126 —Roentgenogram of fracture at angle of mandible, showing sequestrum

With adequate ncision and dramage and removal of infected teeth, many
times the suppuration will clear up promptly If the suppuration continues,
this 15 an mdication of bone mfection and necrosis (Fig 126) In this
case, waiting for the separation of sequestra by natural processes brings
about better end results than attempting radical removal of the diseased
bone By attending to proper dramage and cleansing by rrigation and
then removing sequestra as they form, 1t 1s possible to have the lost bone
almost completely replaced by new bone, with avoidance of non-union
On the other hand, if the diseased bone 1s resected before complete seques-
tration, there 1s generally great mterference with regeneration, resulting
in non-union  We have frequently seen complete consohdation of the
fracture long before the bone infection has cleared up In all cases of
prolonged bone suppuration, after local factors have been accounted for,
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careful search should be made for systemic complications, such as syphilis
and tuberculosis, and 1f found, treatment given to elmmate these

H

TRISMUS

Nearly all cases of fracture of the mandible, especially those near the
angle, after prolonged fixation with the teeth 1n occlusion, are followed by

Fig 127 —Author’s trismus apparatus—applied to skull

a period of limited opening of the jaws Usually this requires no treat-
ment, as the normal movement of the mandible gradually returns with
efforts at mastication Occastonally the return of normal movement 18

Fie 128 —Trismus apparatus—details of lower iray

retarded on account of a certain amount of fibrosis or atrophy of the

muscles These cases are greatly benefited by regular application of 2
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mild interdental elastic force to separate the upper and lower jaws ~ Figures
127, 128 and 129 show an apparatus which we have found very useful for
this purpose ¢ It 15 made 1n three sizes, ready for immediate use where
there 1s an 1nitial opening between the anterior teeth of 1 em  The two
parts of the apphance consist of flat metal trays passing between the
occlusal surfaces of the maxllary and mandibular teeth To the outer
sides of each tray are soldered heavy bars which pass out of the mouth
and curve backward over the cheeks The bar attached to the upper tray
on each side turns down at a right angle about opposite the premolar
region and ends m a hook about 3 mches lower down The bar attached
to the lower tray passes directly backward horzontally and 1s provided
with a hook at a pomnt opposite the downward turn of the upper wire The
dilating force 1s a heavy elastic band placed between these hooks on each
side Ths application of dilating force in the manner described 1s original

Fiec 129 —Trnsmus apparatus 1n use,

with Darcissac? Darcissac, however, made individual apparatus from
mmpressions of each case, casting metal caps to fit the teeth The advan-
tage claimed for the present applance 1s that 1t 1s ready for immediate
use 1n any case with not less than 1 em of separation, without the neces-
sity of impression taking The elastics produce a constant counteraction
to the powerful elevator muscles of the mandible, which at the same time
are permutted to function, the upper and lower jaws being at no tmme
fixed Lateral movements as well as openmg and closing are possible
Where additional stabihity 1s desirable the trays may be filled with a little
softened 1mpression compound before msertion, to recerve the mprint of
the teeth Tlns compound can be renewed from time to time The
dilating force can be regulated by the size and tension of the elastic bands
The apparatus can be mserted by the patient or some one 1n the house
with lum It should be worn for a period of fifteen or twenty minutes

three or four times a day, and usually produces sufficient results mn fracture
cases within a week or ten days
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MALUNION

It 1s surprising how many fractures of the mandible umte in good
posttion 1n spite of lack of artificial fixation or with the mere application
of a head bandage This 1s because 1n such cases there 1s practically no
displacement 1n the beginning and the fragments are self-retentive This
fact, however, does not excuse the omission of firm fixation mn all cases
except lmnear fractures where no movement can be detected Far too
many bad results mn the form of malunion with maloeclusion of the teeth
and mterference with function are seen as the result of neglect of this
1mportant principle

Treatment —The majority of cases of malumon can and should be
corrected by operative measures If the case 1s seen before consolidation
1s complete, 1t may be possible by gradual elastic traction to reduce the

Fie 130 —Osteotomy of mandible Trocar passed up through small slan mcision

fragments to normal position If firm bony union m bad position has
occurred, osteotomy through the original fracture Ine, followed by reduc-
tion and fixation 1n correct position, 1s indicated The simplest cases are
those 1 which there has been no loss of bony tissue from necrosts Where
considerable bone has been lost, after osteotomy and replacement, a
second operation to supply new bone may be necessary before proper
continuity will be restored

Technique of Osteotomy —A small masion through the skin, not more
than % mch long, 1s made to the lower border of the mandible at .the site
of the fracture A curved antrum trocar with cannula (Iig 96) is "‘t"l‘:'
duced through the ncision close to the bone on the lingual side until the
mucous membrane of the mouth 1s pierced (Fig 130) The trocar 1s then
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withdrawn, and a Giglt’s wire saw is passed through the cannula until one
end protrudes into the mouth (Fig. 131). After removal of the cannula,
the mandible can be readily sectioned through the old fracture line with

Fic 131 —Osteotomy of mandible Gigh saw passed up through cannula on inner side of bone

the Gagh saw (Fig 132) The skin 1ncision 1s closed with a fine dermal
suture, without dramnage, and usually heals by first intention, leaving
practically no visible scar If no bone has been lost from necrosis, 1t now

Fia 132 —Osteotomy of mandible Gigh saw ready to cut through old fracture line

becomes possible to reduce the fragments and treat the case by mtermaxil-

lary fixation as 1n a recent fracture Figures 133 and 134 1llustrate a case

of malunion treated by osteotomy
,
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Frc 134 —Same case as in Figure 133, after osteotomy and fixation in good position

DELAYED UNION

Umion may be retarded by lack of approximation or by lack of fixation
of the fragments, by the mterposition of muscle fibers, detached bonc
fragments, teeth or a foreign body, by local infection, or some fault 1 the
vital reparative effort Syphihs, tuberculosis, or any general debilitating
disease may be responstble for delayed unon, but at times no causc can he
found While local infection usually rctards union, on the other hand,
cases are frequently seen, complicated by osteomyehtis and sequestrum
formation, mn which umon of the fracture occurs long before the bone

infection clears up
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NON-UNION

Nop-union 1s rare 1 cases of fracture of the mandible encountered m
avil practice, although, with the mcreasing number of automobile acci-
dents, more cases are being seen with extensive loss of bone from osteo-
myelitis and necrosis, or extreme comminution The commonest causes
of failure of union after fracture are suppuration m the lne of fracture
due to retention of denuded roots of teeth, lack of early reduction of
extremely displaced fragments, extensive loss of bone caused by the
severity of the mjury and subsequent osteomyelitis and necrosis Atten-
tion has already been called to the possibility of systemic factors, such as
syphihis and tuberculosis, which should not be overlooked About 11 per
cent of gunshot fractures of the mandible result in healing of the parts
with non-union of the fragments 5

Treatment —Non-umon may occur with the parts i practically normal
position, the fragments being separated by only a small amount of fibrous
tissue Here 1t may be possible to obtamn-good union by freshening the
ends of the bone and holding them 1n contact without materially disturbing
the dental occlusion

On the other hand, when there has been considerable loss of bone, rang-
mg from 1 to 5 or 6 em , this gap should not be obliterated by bringing the
bone ends together, as too much disturbance of the occlusion will result,
and there may also be an accentuation of the external deformity Here,
any fibrous adhesions should be cut at a preliminary operation, the frag-
ments reduced to as near normal position as possible, and held there by
suitable methods of intermaxillary fixation until complete healing has
occurred Then the gap representing the bone loss should be filled by a
bone graft, restoring the continuity and origmnal length of the bone In
view of the generally excellent results which are obtammed by this pro-
cedure, 1t 1s surprismg to note the occasional appearance of writings
promoting the opposite view, nz, that 1t 1s better to assure union in these
cases as soon as possible, at the expense of occlusion’and external appear-
ance, by bringing the bone ends m contact with no attempt to restore the
origmal length of the bone

Successful bone grafting depends upon adherence to certain underlying
principles, among which are warting until the elimmation of all Sepsis
m the field of operation has taken place, proper prelimmary fixation of
fragments by mtra-oral or extra-oral methods already described, the

employment of ngid aseptic techmque, and the avoidance of mfection by
opening into the buccal cavity at operation

METHODS AND TYPES OF BONE GRAFTS

In many of the World War cases, restoration of continuity was brought
about by employing a pedicled graft taken from the mandible wself  This
method was first described by Bardenheuer 1n 1893,'° and was popularized
by Cole, of London! We have not used tls method recently because we
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found that 1t produces undue distortion of the soft tissues of the floor of
the mouth and neck, and 1s not suitable for large losses of bone substance,
especially m the region of the angle and ascending ramus of the mandible.
We consider, also, that the cortex of the tibia 1s unsuitable as a source of
bone graft for the mandible, because of 1ts extreme density and consequent
resistance to penetration of new blood vessels in the process of consolida-
tion  Also, fracture of the tibia after removal of a thick graft 1s not
unknown Durmg the past nineteen years, we have limited ourselves to
two methods, each having definite indications

" 1 Osteoperiosteal Method of Delagémére.s—The osteoperiosteal graft
contams all of the elements necessary for osteogenests, 1s flexible, and 1s
easily adjustable to the size and shape of the defect The technique of
removal and imsertion 18 simpler than that of any of the other methods
It causes no disability 1n the leg It requires longer to obtamn complete
consolidation than by other methods, and no dependence, of course, can
be placed on the rigidity of the graft itself for mamtenance of the man-
dibular fragments While this form of graft can be used for losses of
substance of the mandible of almost any extent and any position, we
reserve 1t for defects of 2 ecm or less, and in cases where the external
contour of the face shows little or no deficiency

Techmque of Osteoperiosteal Method —The procedure 1s divided into
three stages (z) Preparation of the mandibular site, (b) removal of the
graft, (c) apphcation of the graft to the mandibular defect .

(@) The patient 1s etherized without disturbing the fixation apparatus
on the bone fragments The first step 1s exposure and preparation of the
ends of the mandibular fragments This 1s done before removing the
graft from the tibia mm order that the size of graft required may be de-
termined and also on account of the possibility of opening mnto the mouth
while preparmg the bed for the graft, an acadent which would render
useless the apphcation of the graft at this time A sk cision With
convexity downward 1s made over the region of the bony defect, and the
skin flap 1s turned upward A second flap, consisting of deeper tissues, lsi
then turned up Extreme care 1s taken to avoird openmg mto the bucca
cavity Scar tissue 1s removed to expose thoroughly the ends of the 1)01;1(3
fragments A pocket 1s prepared around the end of each fragment 3
strippmg away the periosteum and soft tissues from 1ts inner, outer an
under surfaces for a distance of about 1 em (Fig 135) The exposed bon;
15 freshened by trimming with rongeur forceps Bleeding 1s controlle
as completely as possible

) ’lghe agterol-)mternal surface of the tibin 1s exposed by a ]ongxtgdmnl
meision through the skin down to the periosteum The graft to he Iie‘
moved, usually about 10 em long by 2 cm wide, 1s next outlined with t llc
knife through the periosteum to the bone With a broad, thin ('l"q"’l:
held perpendicular to the bone, the tracing made by the kmfe 1s ;ccen
tuated, the edge of the chisel penetrating the bone to a depth of 1 or }mr ‘
The chusel 1s then held almost horizontally, with bevel toward the bone,
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v 41, suture of deeper
(Ivy and Curtis Dental
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and a thin shaving of bone with overlying periosteum, mncluded within the
outhne traced, 13 removed- This graft 1s cut into two or three pieces, as
desired The skin wound 1n the leg 18 sutured with silkworm gut

(¢) One piece of graft 1s mserted with 1ts ends 1 the subperiosteal
pockets on the mner side of the mandibular fragments Another piece
1s mnserted on the outer aspects of the fragments, the bony surfaces of the
grafts facing each other across the gap It 1s necessary that the grafts be
m contact with the previously freshened bone ends If desired, a third
piece of graft can be placed along the lower border of the defect between
the fragments No direct fixation 1s used beyond suturing the deep tissues
over the grafts and ends of the bone The skin wound 1s closed with
dermal sutures, usually without dramage )

The following case, not of traumatic origin, but of pathological fracture
of the mandible with loss of substance due to osteomyelitis, illustrates

Fic 136 —Case H C Retraction of Fig 137 —Case H C  Deviation of chin
chin due to loss of substance of right side to right side
of mandible from ostcomyelitis

the use of the osteoperiosteal graft The methods emploved are equally
applicable to traumatic cases A boy, aged six years, gave the following
history At the age of thirteen months osteomyelitis of the mandible
began Tlis was diagnosed at the time as tuberculous, and required
incision and drainage over a long period, the process being finally arrested
after removal of a sequestrum from the mght side of the mandible at
three years of age Examination showed a rather poorly—noumshed boy,
aged six years, with a visible deformity of the face The c]’J-m was drawn
back (Fig 136), and deviated toward the nght side (Fig. 137) The teeth
were of poor quality, and those of the left side and front of the mandible
were drawn over toward the might, the lower front tecth occluding a con-
siderable distance belind the upper tecth In the night premolar region
there was a gap in the mandible, the two portions being frecly mos ulzi]c,
and there were no erupted tecth mn the short segment on the right side
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By mampulation 1t was easily possible to bring the lower teeth into approx-
mmately correct occlusion with the upper teeth

Radiographic examination showed a defect mvolving the entire thick-
ness of the mandible 1n the right premolar region (Fig 138) When the
segments were reduced this defect appeared to be about 1 inch 1n length
The roentgen-ray revealed a partially developed unerupted molar tooth
mn the right segment

Fig 138 —Case H C Roentgenogram showing gap 1n right side of mandible

The patient thus had a visible facial deformity, with cripphng of the
function of mastication due to malocclusion of the teeth and instability
of the lower jaw

Treatment —The first mdication was reduction and fixation of the
mandibular fragments 1n as nearly normal position as possible The teeth
were not sufficiently strong to rely on them alone for retention of inter-
dental splints or wires Recourse was had therefore to direct fixation of
the bone by means of external appliances A plaster of Paris head cap
was made, with a heavy coat-hanger wire extending down m front of the
face. This was followed, under ether anesthesia, by circumferential wiring
of the mandible to the left of the symphysis, the ends of the brass wire
after twisting them together, were brought out near the left corner 0%
the mouth and fastened to the heavy wire on the head cap This made
icractlon to draw j:he chin from night to left and also forward until the

ower teeth came into the best possible occlusion with the upper Further
stabihzation was obtained by wiring some of the upper and lower teeth
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preferred if the gap n the mandible exceeds 2 cm , and especially if the
external contour of the face shows the deficiency The crest of the hum
furnishes a large piece of bone, of porous structure closely resembling that
of the mandible, 1t 1s easily penetrated by new vascular supply, and can
be readily cut to surtable shape. The disabihty produced by removal of
the graft 1s quite temporary and the danger negligible.

Fig 143 —Case H C Front view Frg 144 —Case H C Extent of
after operation mouth opening after operation

The technaque of grafting the mandible from the crest of the ilium 1s also
divided nto three stages (a) The sk incision over the mandibular
defect 1s the same as for the osteoperiosteal method A second layer of
deeper tissues 15 then rased, exposing the bone Scar tissue between the
fragments 15 carefully removed, and the ends of the bone are thoroughly
exposed and bevelled shghtly to create broad freshened surfaces (Fig 145).
A hole 15 drilled m the end of each fragment for the passage of a No
24-gauge brass wire Bleeding 1s arrested The length of the gap 15
measured with a probe

(b) An incision 1s made along the crest of the ilium of the same sxdc'as
the jaw defect, down to the periosteum, beginnmng at the anteror-superior
spie, back as far as necessary The muscles attached to the outer and
mner hips of the crest are stripped down, and a piece of bone 1s removed
with a metacarpal saw, beginmng at the anterior-superior spine and worh-
ing backward The graft compmses the full width of the crest of the
ilum and should be of sufficient length and depth to fill the gap i the
mandible, allowance being made for shghtly overlapping the mandﬂm!m
fragments at each end The detached muscles are brought over the site
of removal of the graft and sutured together with chromicized catgut, and
the skin of the 1hac wound 1s closed with dermal sutures A small rubber
tissue dramn may be mserted for twenty-four hours '

() Any shreds of muscle are removed from the graft, but periosteum
35 allowed to remamn. The ends are slightly bevelled and holes drilled In
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them The wires attached to the mandibular fragments are then passed
through the holes and twisted so that the graft fits snugly in contact with
the mandibular fragments We prefer wire bone sutures to catgut or

Fic 145 —Graft from crest of llmum A, crest of ium exposed and muscles detached,
B, graft removed with saw, beminning at anterior-superior spine, C, skin mcision closed,
D, skin cision over mandibular defect, E, deep tissues overlying bone defect exposed, F,
ends of mandibular fragments exposed and wire passed through holes drmlled in the bone,

@, 1iac graft placed in mandibular defect (Ivy and Curtis
Mig Co)

Dental Cosmos, 8 8 White
kangaroo tendon, because a very much firmer contact can be obtamed
The ends of the wires are cut off short and turned over so that they will
not project mnto the soft tissues The wires usually remam permanently
without causing irritation, but they can easily be removed later if desired.
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The layer of deeper soft tissues 1s sutured with catgut to cover the bone
and the skin flap closed with mterrupted dermal sutures, usually without
dramage.

Postoperatwe I'reatment —The wire fixation on the teeth 1s kept 1n place
for about twelve weeks after the graft operation  After eight or nine weeks
the upper and lower teeth can be disconnected at mtervals to permit
gentle exercise and to stinulate bone consolidation Union should be
firm 1n about three months, after which it 1s usually possible to have the
mussing teeth replaced by an artificial denture

The following 1s a brief description of a case illustrating the appheation
of these principles Patient was shot with a large caliber pistol, the bullet
entering the left side of the face, shattering the left side of the mandible
and remaining lodged 1 the tissues (Fig 146) Shortly after the accident

Fic 146 —Case H H Roentgenogram showing comminution of left side of
mandible and bullet 1n tissues

an operation was performed for removal of detached teeth, bone frag-
ments and bullet, and a cast metal splint was inserted mn the moutl} to
hold the fragments n position  Seven months after the mjury the putlf.‘llit
was referred to us for further treatment At this time a gap of about 12
inches was found on the left side of the mandible Tlis defect extended
from just posterior to the left first incisor tooth to about the second mol]ﬂr
region There were no tecth in a short bone fragment posterior to tltc
defect Only four teeth were present in the main mandibular fragmen

The metal sphnt was still in posttion, and a saddle resting on the gum
kept the short posterior fragment down m place, but there was u]cemtxlolj
of the soft tissues from undue pressure  On removal of the splnt tl 1
main mandibular fragment was found to be freely movable and showed &
tendency to swing over to the left side, throwing the tecth out of occlusion
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and causing marked external deformity (Fig 147) The metal sphnt was
discarded and the remaimng lower teeth were brought mto correct occlu-
ston with the upper teeth and fastened by means of half-round wire arches
The short posterior fragment was prevented from tilting upward by wire

]

Fic 147 —Case H H Diagrammatic representation of deformity before operation
and Curtis Surg, Gynec and Obst )

(Ivy

Fic 148 —Case H H Roentgenogram showing wire passed throu

to be attached to head cap gh left angle of mandible,
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passed through the left angle (Fig 148) and connected to a plaster of Paris
head cap (Fig 149) (For technique see p 69) One week later the gap
in the mandible was filled by a bone graft from the crest of the thum

Fie 149 —Head cap completed with traction by elastic band and wire through postertor
fragment of mandible (Ivy and Curtis Surg Clin North Ameriea, W B Saunders

Company )

Fic 150 —Case H# H Roentgenogram showing mandibulur defect filled by
graft from crest of thium

(Ing 150) The bead cap and traction wire were remos ed five \\ccl;-::
after the bone graft operation  Fiftcen wecks after insertion of the gmd
the wires connecting the teeth were cut and bone consolidation was foun
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to be practically complete The patient could open the mouth without
any lateral deviation of the mandible, and the jaw was n condition for
early insertion of an artificial denture (Fig 151)

Fig 1561 —Case H H  After restoration of continmty of mandible by graft, showing normal
mouth opening and absence of deviation of chin
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CHAPTER V

FRACTURES OF THE MAXILLA

Fracrures of the maxilla are much less common than those of the
mandible, although they are being seen with ncreasing frequency, because
of automobile acaidents They are often associated with extensive head
mjuries, fracture of the base or the vault of the skull, and of other facal
bones, such as the malar, nasal, and frontal, as well as the mandible.

Owimng to the absence of powerful muscle attachments to the maxilla,
displacement of fragments 1s not due to muscular pull, but to the direction
of the traumatizing force and sometimes to gravity

CLASSIFICATION OF FRACTURES OF THE MAXILLA

Most fractures of the maxlla fall under the following heads.

1 Fracture of the alveolar process alone

2 Unilateral fracture across the facial aspect above the roots of the
teeth, and through the hard palate

3 Builateral horizontal fracture above the palate and below the orbital
plates )

4 Extensive comminution and crushing of the upper part of the maxille,
comphicated by fracture of the nasal and other bones

1. Fracture of the Alveolar Process Alone.—Fracture of the alveolar
process alone may occur m the extraction of teeth The tuberosity s
occastonally fractured during extraction of the third molar A blunt
localized force, such as by a thick stick agamst the teeth, may result in
this type of fracture In addition to the break mn the bone, tooth roots
may be fractured, or teeth may be broken off There 1s usually more or
less displacement of the fragment, with malocclusion of the teeth, and
gentle manipulation of the teeth will reveal mobility of the loosened frag-
ment 'The roentgen-ray 1s useful 1n indicating the extent of the fracture,
and also mvolvement of tooth roots

Treatment —Any hopelessly detached and fractured teeth and roots
should be removed If the fragment of alveolar process is covered by and
attached to overlying gum tissue, 1t 1s often possible to obtan union by "'
splint or arch wire fastened to teeth n the fragment and to those of the
sound portion of the jaw, or the teeth in a sound portion of the marilla cm;
be fixed m occluston with corresponding mandibular teeth by means o
wires If the fragment 15 exposed by detachment of overlying ‘soft tissuce
1t 15 generally necessary to remove 1t as necrosts will almost certainly occur

2 Unilateral Fracture of the Maxilla.— Unilateral fracture of the mn\‘xllu
1s usually caused by direct force coming from in front or from one Slf‘if'
In addition to the symptoms of contusion of the side of the face, the entirt

(122)
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maxillary dental arch on the side affected 1s usually depressed (Iig 115%)
and may be forced mward (Fig 153), causing a thickening of theupa f.he
due to overlapping at the palatme suture (Iig 154) Occasiona y§ the
fragment will be forced outward (Iig 155), causing a spreading of the

Fic 152 —Unilnteral fracture of max- Fig 153 —Unilateral fracture of max-
illa, showing downward displacement illa, showing downward and inward dis-
placement

dental arch on that side By gentle manipulation mobility of the fragment
can be readily detected Roentgen-ray exammation 1s useful i determin-
g the extent of the fracture, relationship of teeth, etc The maxillary

Tie 154 —Umnilateral fracture of maxilla, show- Fig 155 —Umlateral fracture of maxilla, show-

ing overlapping at median palatal suture ing separation at median palatal suture

sinus may be filled with blood clot which usually undergoes absorption or
disintegration without symptoms, but which may become mfected

Treatment —Many cases can be successfully treated by pushing the
fragment back m place until the teeth are m occlusion and then wiring the
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teeth of the sound side of the maxilla to those of the mandible, either by
the eyelet method or by half-round arch wires (Fig 156)

Immediate complete reduction with restoration of normal occlusion of
the teeth may not be possible With displacement of the teeth toward
the median hne, gradual spreading of the dental arch may be necessary,
by means of elastic or screw force The smmplest form of apparatus to
accomplish this, and which can be fitted without impression taking, solder-
ing or other laboratory techmique, 1s one similar to that described under
fracture of the symphysis of the mandible (p 96). Separate half-round
arch bars are applied to the teeth on each side of the upper jaw The ends

Fre 156 —Treatment of uniatera} fracture of maxilla by winng maxillary and
mandibular teeth on sound side

of the bars are left long enough to overlap each other across the fracture
m front The front end of each bar is bent to form & hook, and a small
rubber band connecting the two hooked ends exerts force that causcs the
mwardly displaced fragment to move away from the median ne  When
the tecth have reached a satisfactory occlusal relationship the upper and
lower dental arches may be hgated together with brass wires In cases
where this method does not work satisfactonly a good' result may be
obtammed by a palatal jack-screw attached to orthodontic bands on the
teeth on cach side | arch
Where the maxllary fragment is displaced outward, the dex}ta ﬂrﬁ.
may be narrowed by elastic bands running transyersely or dingonail
across the palate, being attached on each side to a half-round arch wire
on the teeth  One of these arches 15 molded to fit the vestibular surfnf:{‘i‘
of the teeth on each side  The ends of the brass wire higatures uttm'lum’z
cach arch to the teeth are twisted on the palatal side of the .tccth to {(;m
hooks, which afford attachments for the elastic bands (Fig. 157) Another
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suitable method of narrowing the arch is by the use of Risdon’s twisted

wire arch bars as described on page 63
In case of maxillary sinus infection complicating the fracture, this will

require appropriate treatment

Fie 157 —Fracture throngh median palatal suture Two smides brought together
by elastic force across palate

3 Bilateral Horizontal Fracture.—Bilateral horizontal fracture is usually
caused by direct force from 1n front, such as by striking the steering wheel
of a suddenly arrested automobile In the majority of cases the entire

Fie 158 —Bilateral horizontal fracture of maxilla, showing downward displacement

maxilla 1s displaced backward and downward (Figs 158 and 159) The
fracture may extend back through the pterygoid processes The entire
dental arch can be moved as a unit The hard palate may be mtact, or
the case may be complicated by a longitudinal median fracture thrm’lgh
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the palate with either spreading or narrowing of the dental arch (Fig 160)

Here again symptoms of maxillary sinus nfection may become manifest
Treatment —In bilateral fracture of the maxilla above the palate, fixation

by means of the mandibular teeth 1s not advisable at first, because of the

Fic 159 —Bilateral honzontal fracture of maxilla, showng bachward and
downward displacement

movability of the lower jaw Support here should be obtaned from the
crantum by means of a head apparatus and reversed Xingsley splint, as
described by Marshall ¢ A vulcanite or metal cap sphnt 1s made to fit the

)
am."“%‘\!m

F1Gg 160 —Bilateral horizontal fracture of maxilla with median fracture through palatal suture

upper teeth From the outer sides of the splint heavy metal bars emei{gc
at the corners of the mouth, passing back for a distance over the chet:I sd
A plaster of Paris skull cap 1s made (see p 71), mn which are el;]bEd tfe
straps or hooks which can be connected with the bars emerging from : 1

mouth to make traction 1n the desired direction When reduction has
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been attamed, the maxillary and mandibular teeth are fastened m occlusion
until consolidation 1s complete We have had useful service mn cases of
this kind from an emergency apparatus consisting essentially of a metal
mmpression tray to which heavy wire arms are soldered on each side for
attachment to the head cap (Fig 161) Tlis tray 1s secured to the teeth

Fic 161 —Metal tray with arms extending out of mouth for attachment to head cap
(Made by Dr E Howell Smith )

by dental mmpression compound and two or three ligature wires, thus
avoiding the necessity of taking mmpressions and making special sphnts
Another emergency apparatus consists of a heavy arch bar to be secured

Fra 162 —Author’s heavy arch bar secured to teeth with
wire hgatures, f
fracture of maxilla (Made by Dr E Howell ngmth ?S or {rentment of

to the vestibular surfaces of the teeth wit
with arms extending out of the mouth on
head cap (Ihg 162) This

h wire hgatures and provided
each side for attachment to the
and the apparatus shown 1n Figure 161 were
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made by Dr E Howell Smith They can be made m two or three sizes
and kept on hand so as to be immediately applicable 1n any case when the
need arises * Where these cases are complicated by fracture through the
hard palate additional measures must be taken to correct the lateral dis-
placement as described under Group 2 About six weeks 1s the average
time for union to take place in these fractures

The following case 1llustrates the appheation of these principles

M D, female, aged twenty-one years, smgle, was struck down by an
automobile while walking across the street, being rendered unconscious by
head mnjuries She received emergency treatment at St Luke’s Hospital,
Bethlehem, Pa, by Dr W D Chase Three days later she was brought
to the Graduate Hospital of the University of Pennsylvama, Philadelphia
Here, the patient’s face was found to be greatly swollen and battered, the
eyelids being practically closed There was a deep transverse gash across
the bridge of the nose with wide separation of 1ts edges The nasal bones
had been detached from the frontal bone above and driven over the nasal
process of the right maxilla into the right orbit, with extensive comminu-
tion The nasal articulation of the frontal bone was exposed 1n the wound
The external part of the nose below the wound was sagging downward and
mn a flattened condition due to lateral displacement of the septuma  The
patient complained of malocclusion of the teeth and examination showed
the entire maxllary dental arch to be displaced somewhat backward and
shghtly movable as a whole This indicated a bilateral transverse fracture
of the maxilla

Very little suppuration was present 1n the nasal wound, the temperature
was shghtly elevated, and the general condition of the patient was good
Owng to the severity and extent of the injury 1t was considered advisable
first to attempt correction of the displacement of the bones about the nasal
wound, under ether anesthesia It was necessary to remove some of the
comminuted nasal bone fragments The portion which, together with the
nasal process of the maxilla, had been driven mto the right orbit could be
lifted over imto fairly good position, but difficulty was experienced 1n
retaining 1t, so that the plan advocated by Blan? was employed A small
1ncision was made just mesially to and below the inner canthus of the right
eye, exposing the loose bone fragment A piece of soft brass wire, No
24-gauge, was carried down through the incision by means of a heavy
curved needle, across the nasal cavity, transfixing the cartilaginous septum,
to emerge through the mucous membrane of the vestibule of the oppostte
side of the mouth The other end of the wire was then threaded through
the needle and passed around the loose bone fragment, being then brought
down 1 the same manner mto the vestibule of the mouth The displaced
bone fragment was then firmly anchored i position by attaching the ends
of the wire to the cammne and first premolar teeth of the left maxilla (Flg
163) The retracted edges of the irregular skin wound were undermmck,
and almost completely approximated by sutures Vaselin gauze packs

* This and the apparatus shown i Figure 161 can be obtamed from George P Pilling &
Sons Company, Philadelphia



CLASSIFICATION 129

were inserted into each nasal chamber for twenty-four hours. The com-
phcation chiefly to be feared was meningitis, but the temperature returned
to normal after three days, both the accidental wound and the small

Fic 163 —Case M D Roentgenogram showing wire looped around nasal
process of maxilla
and fastened to tooth on opposite side of upper jaw  (Blair's method )

F1a 184 —Forward traction on upper jaw by bar coming down i front of face from head cap

operative wmcision healed satisfactorily .
gradually subsided ¥, and the swelling of the soft tissues

Five days later, attention was given to the maxillary fracture The

heavy wire arch i :
g appliance shown 1n Figure 162 was ligated to the upper
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F1a 165 —Federspiel's method of fixation of fracture of maxilla Wire from teeth passes over
malar to head eap

s fractured
Fia 166 —TFederspiel’s method—modifiention to be used i caso complicated by
malar pWire from teeth passes beneath malar, holding the latter out
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|
Fra 1067 —A, Case of fractured maxilla showing Federspiel's method applied Also shows
sheletal fixation for fracture of mandible B, Same case as shown m A several days later

(131)
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teeth, and a plaster head cap was applied With hght leather straps
traction was then made possible on the maxilla (Iigs 168 and 169), and
mn a few days the normal occlusion of the teeth was reestablished Sui-
ficient stabihity of the upper jaw was noted after three weeks and the
appliances were removed Six weeks after insertion the brass wire around
the nasal fragment was removed under local anesthesia Respiration
through the nose was found to be free, and the scar of the accidental
wound was becoming much less noticeable Later improvement 1 the
nasal profile 1s contemplated by mplantation of costal cartilage

Where backward displacement of the fragment 1s marked, forward
traction can be made by means of a bar coming down 1n front of the face
from the head cap A wire runs from the anterior part of the arch bar on
the teeth to the lower end of this bar, and, in a few days, the upper jaw
and teeth will have come forward sufficiently so that correct occlusion 1s
reestablished The teeth can then be wired together until union occurs
(Fig 164)

We have largely dispensed with all apparatus for fractures of the upper
jaw which rely on external cheek bars for control of the fragments We
now use direct traction from arch bars ligated to the teeth of the upper
jaw to the plaster head cap This was first described by Federspiel® A
loop of 24-gauge brass higature wire, 12 mches 1n length, 1s passed around
the German silver arch bar 1n the region of the second premolar on each
side The two free ends are threaded m the eyelet of a 4-inch cutting edge
straight needle which 1s passed upward through the cheek over the malar
prominence emerging 1 em outward from the external canthus The
delivered ends are removed from the needle and fastened over the bar 1
the head cap—then tightened as the fragments of the upper jaw—or the
mtact upper jaw—are manually reduced by the assistant If the malar
bone has been pushed backward the wires are inserted behind 1t to emerge
through the skin just back of the orbital ndge  (Figs 165, 166 and 167 )

4 Bilateral Fracture With Extensive Commimution and Crushing of the
Upper Part of the Face.— This sometimes occurs as the result of a gunshot
wound or a very severe trauma from below, forcing the maxilla up nto
the more fragile bones above The maxila loses all support from the
base of the skull, which 1tself 1s frequently fractured also (Fig 170) Infec-
tion from the nasal fossa and sinuses i1s a common complication, and
meningitis 1s not unusual

Treatment —The general condition of the patient must always be con-
sidered first Too strenuous attempts at replacing the bone may result m
opening up avenues of infection to the meninges Before attempting
reduction 1t 1s best to wait at least a few days until the general condition
of the patient has improved Dramage from nvolved nasal accessorzlf
siuses should be provided, preferably through the mouth and nose, an
cleansing maintained by frequent 1rrigation ¢

Means of Fixation — Here 1t will be realized that upward pressure agam :
the skull cannot be employed since the normal length of the face would n;)
be preserved A metal or vulcanite splint 1s made for the maxillary teeth,
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with bars extendmg on each side from the corners of the mouth, but
mstead of making upward pressure with straps, the dental splint must be
suspended rigidly at the proper distance from the skull cap by means of
solid vertical bars or rods

S
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b

Fic 168 —Case M D Bilateral Fie 169 —Case M D Front
horizontal fracture of maxilla  Profile view with apparatus in place
view with apparatus in place

Fra 170 —Bilateral fracture of maxilla with extensive comminution and erushing
of the upper part of the face

The following case was unusual because of displacement of the fractured
portion of the maxilla forward mnstead of backward.

W R, male, aged forty-six years, was admitted to the hospital on
November 7, 1928, with the followmng history On October 28, 1928
while 190kmg up, he was struck on the right cheek and nose by a’falhng,'
steel window sash, the blow rendered him unconscious for one 110;.11‘ There
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was a large contused lacerated wound of the right cheek, extending through
mmto the maxillary sinus and tearing the mucous membrane of the mouth
at the site of the first molar tooth, which was missmg The right and left
maxille n front of the second molar regions were freely movable as unit,
the fracture extending transversely from one side to the other below the
nasal bones, and across the hard palate The dental arch was displaced
forward about the width of a molar tooth, so that the maxillary anterior
teeth projected about 2 cm 1n front of the mandibular teeth (Fig 171)

Fig 171 —Case W R Roentgenogram showing forward displacement of maxillary fragment,

There was also considerable downward displacement Immediately after
the 1njury, the wound through the cheek had been explored, several loose
bone fragments removed from around the opemng mto the maxillary
sinus, and through-and-through dramage mto the mouth mstituted The
wound and the maxillary sinus were kept clean by frequent wrrigation with
boric acid solution o
November 9, twelve days after the accident, the patient was receive
on our service and reduction apparatus was apphed as follons A plaster
of Paris head cap was first made In the plaster on each side were corpor-
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ated hooks made of coat-hanger wire, one 1n front of and above the ear
and another below and behind the ear A heavy wire was attached to
the outer edge of a shallow alumipum impression tray on each side and
shaped so that 1t would emerge from the corner of the mouth and curve
backward over the cheek (Fig 161) The impression tray was fixed to
the maxillary arch with a small amount of dental impression compound
Backward and upward traction was then made on the maxilla by heavy
rubber bands connecting the hooks on the head gear with the wires emerg-
ing from the mouth (Figs 172 and 173) It will be noted that the reduction

Fic 172 Fig 173

Fic 172 —Case W R Profile view, showing apparatus in place
Fig 173 —Case W R Front view, showing apparatus 1n place

apparatus was applied two days after the patient was first seen A much
greater delay would have been necessary had a special apparatus been
made for the case from mmpressions and casts of the teeth In ten days, by
the method described, the fractured maxilla was drawn back into normal
position so that on November 19 the apparatus was removed and the
teeth were found to be m good occlusion (Fig 174) The maxillary and
mandibular teeth were then wired 1n occlusion for a further period of two
weeks Kxamination then showed firm umon of the maxilla with good
occlusion of the teeth (Fig 175) The external wound had entirely healed,
leaving a vertical depressed scar on the right cheek, which was later cor-
rected by a simple operation under local anesthesia

Adams Method —Another very useful method of fixation of fractures of
the maxilla 1s advocated by Adams,! of Memphis By tlhis method the
use of external bars and a plaster head cap 1s avoided For a complete
bilateral fracture of the maxilla alone, Adams drills a hole 1n the lower
orbital border through a small skin mecision The maxilla 15 held up m
posttion by a stainless steel wire attached below to a premolar tooth and
the ends brought up and fastened together after one end has been passed
through the hole n the lower rmm of the orbit (ig 176) In case the malar
and orbital border are fractured and displaced on one side, the wire from
the teeth 1s carried up beneath the malar bone and passed through a hole
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drilled in the frontal bone at the outer side of the upper orbital margin
(Figs. 177 and 178) The occlusion of the teeth 1s used as a gmde to accu-
rate reduction, and the method 1s used m conjunction with ligature wires
on the teeth when necessary :

Fig 174 —Case W R. Showmng good occlusion of teeth after reduction by apparatus

Fic 175 —Case W R Roentgenogram after bone fragment had been drawn back into place



4, InCIson

Fig 176 —Adams’ method of direct fixation 1n fracture of maxilla by wire on each side passed
up from teeth to hole drilled in lower orbital margin  (Surgery, 12, 533, 1942)

incision for course of wire
fixaton under malar bone

Fra 177 —Adams’ method 1n case complicated by fracture of malar, front view (Surgery,
12, 533, 1942 )
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Fre 178 —Same as 1 Figure 177, side view  (Surgery, 12, 533, 1942 )

(137)
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The following 1s an example of a case of fracture of the maxilla com-
plicated by fracture of the mandible

The patient, a student nurse, aged twenty years, was taken to the
hospital 1n an unconscious condition after an automobile aceident There
was a fracture through the median suture of the hard palate and above
the teeth on the right side This permitted free movement of all of the
teeth of the right maxilla together with the fragment The fragment was
displaced upward posteriorly and pushed out laterally, giving a separation
of about § inch between the right and left maxillary first mcisors The
posterior teeth mn the fragment did not occlude with the mandibular
teeth, bemg displaced upward and outward

There was also a fracture of the right side of the mandible between the
canine and first premolar teeth The usual displacement was present
here, vz, the fragment posterior to the fracture was drawn up by the
levator muscles, while the fragment anterior to the fracture was drawn
down by the depressor muscles attached to the symphysis

Treatment —An apparatus was applied to the maxillary teeth similar to
that shown m Iigure 157, the hooks on each side being connected across
the palate with rubber bands, so that traction was made on the outwardly
displaced fragment toward the median line Two separate preces of half-
round arch wire were attached to the teeth of the mandibular fragments,
and downward traction was made on the right maxillary fragment by
connecting the teeth m 1t by an elastic band to the arch wire on the cor-
responding mandibular teeth  After ten days the right maxillary fragment
had been brought downward and inward to correct position, the elastic
bands were removed, and the upper and lower teeth were wired firmly m
occlusion for four more weeks, after winch consolidation of the fractures
was found to be complete

We frequently see patients with severe, complicated fractures of both
jaws and the following 2 cases will show what may be done for them

Case 1 —A T, female, aged twenty-one years, was ridmg beside the
driver of an automobile when the car crashed with another and she was
brought to the Presbyterian Hospital, Pluladelplia  There was marked
edema and ecchymosis about the left eye and cheek with a subconjunctival
hemorrhage of the left eye There was a depressed fracture of the left
zygoma and a complete bilateral horizontal fracture of the maxilla with
downward and backward displacement The mandible was fractured at
the neck of the left condyle, through the left angle and also the symphysis
The left condyle was displaced forward, the left ramus was displaced out-
ward and upward and contained the crown and posterior root of the t!urd
molar The left body was displaced downward and mmmard The right
ulna was fractured and there were jagged wounds over the right occipital
region, over the left clavicle and the upper part of the left thigh ’Thcre
was an oblique cut completely through the left lower hip about 1 inch m
length These wounds were débrided and closed with rubber tissue dram-

7 - hours we made a plaster head cap, with a window for
age YWithin a few hours w p , e

the scalp wound, with side and front coat-hanger wire ba
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arch bars were higated to the teeth of both jaws, the lower in two sections
The maxilla was freely movable The left first mecisor was m the lme of
fracture and removed as was the broken root of the third molar The
crown and posterior root of tlus tooth were allowed to remamn 1 the
ramus for two reasons, even though infection was mvited by so doing
Furst, to prevent riding up of the posterior fragment, and, second, to enable
us to bring the displaced ramus downward and nward by locking 1ts cusps
under those of the approximating upper molars The fragments were
reduced, the two jaws immobilized by connecting their arch bars, and the
whole fixed to the head cap by means of wires from the lower arch bars
upward and forward to the anterior head cap bar The depressed zygoma
was elevated by Gillies’ method (page 148) Infections developed at both
the symphysis and the angle which required external dramage We fully
expected this  In two weeks the head cap was removed, the jaws remain-
g fixed together In another two weeks a second lower imncisor was
removed, a crib replaced the lower arch bar and the jaws were agam
fastened together Seven weeks after the accident all wounds were healed,
the jaws were mm good position and they were separated There was a
shght trismus which disappeared in another week Two weeks later the
crib and upper arch bar were removed, also what remained of the third
molar, and a partial denture for the missing teeth made for her

Case 2 —A C, male, aged twenty-one years, was m an automobile
accident and taken to a hospital mm a neighboring city An unsuccessful
attempt was made to reduce the fractures of the jaws and a week later he
was brought to the Presbyterian Hospital There was a complete bilateral
horizontal fracture of the maxilla with a loss of all premolars and molars
on the left side, severe tearing of the mucosa and comminution of the
underlymg bone, and with backward and downward displacement The
six anterior teeth were chipped and loose In the mandible the six anterior
teeth attached to the alveolar process were pushed backward under the
tongue at an angle of 90 degrees There was an oblique complete fracture
of the right body extending backward and upward from beneath the first
premolar to between the second and third molars, with characteristic dis-
placement * The following day a plaster head cap was applied with front
and lateral bars  Half-round arch bars were hgated to such teeth as were
usable m both jaws and the posteriorly displaced fragment in the anterior
lower jaw brought forward and fixed to the arch bar The right lower
third molar was removed A lower trismus tray (Ing 128) was Iined with
a httle hot modeling compound, appled to the upper teeth and connected
to the head cap with extra heavy elastic bands The lower arch bar was
connected to the upper bar by wires passed through several holes drilled
In the trismus tray It was somewhat difficult to stabilize the upper tray
because of the loss of substance of the left maxilla, but proper reduction
:}Illg ]f‘iaéclon of both jaws was eventually accomplished Ten days later
nectega 'Ic‘ill? was removed with the upper tray and the jaws again con-
be ee weeks later the connecting wires were cut and the upp

rremoved After two more weeks the lower bar was removed Tl
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antertor fragment was solid but the teeth loose The jaws were m good
relationship and solid, and the patient was referred to his dentist for the
removal of certain teeth, and artificial apphances

Edentulous Upper Jaw —If there are no teeth in the fractured upper jaw
we have the choice of several methods of fixation to the head cap If the
patient has a denture that has not been broken in the accident holes may
be bored on each side m the region of the second premolars and the plate
used to support the fragments by direct wiring through the cheek to the
head cap If a denture 1s not available an upper impression tray can be
trimmed and used 1 a sumilar manner—with a thin layer of softened
modeling compound to adapt 1t to the palate If such a tray 1s not handy
a plece of fairly firm lead-zinc-tin alloy plate can be shaped to simulate
the tray Finally, if one prefers to use the external cheek bars, they can
be vulcamzed 1nto a skeleton, umversal upper denture and adapted to any
upper jaw with modeling compound (Fig 179)

de from
Fie 179 —Sphnt for use 1n fracture of edentulous upper jaw  Vulcanito piece ma
ympression of patient’s full upper denture, provided with external metal bars for attachment

to plaster head cap

SUMMARY OF METHODS OF FIXATION OF FRACTURES OF
THE MAXILLA

Type of Fracture Method of Fization

1 Unmilateral fracture with httle dis- Eyelet method or half-round arch
placement wire on teeth of sound side, fast-

ened to mandibular teeth (p 123)

9 Unlateral fracture with displace- Separate half-round arch wire o:
ment toward median Iime each side, ends overlapping an
hooked for expanding elastic band

(p 124)
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3 Unhateral fracture with separa- Separate half-round arch wire on
tion of two sides through me- each side, with hooks palatally

dian palatal suture for attachment of elastics to bring
about contraction (p 124)
4 Bilateral horizontal fracture Half-round arch wire to maxillary

teeth, with extra-oral arms on
each side for attachment to plaster
head cap (pp 126, 132)
5 Bilateral fracture with commi- Reversed Kingsley apparatus on
nution of bones above maxillary teeth attached to head
cap with rnigid bars (p 132).
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CHAPTER VI

FRACTURES OF THE MALAR BONE AND ZYGOMATIC ARCH*

WaILE strictly not belonging to the subject of fractures of the jaw
bones, 1t has been deemed proper to include a consideration of these
njuries here, because of the proximity of the malar bone to the jaw bones
proper and because a fracture of the maxilla or of the mandible 1s occa-
stonally accompanied by a fracture of the malar bone Also, adequate
information about these fractures 1s frequently lacking in text-books on
surgery

At this point we desire to acknowledge gratitude to Gillies, Kilner and
Stone? for their excellent work on this subject, and quote ffeely from their
paper, which gives the clearest exposition of the injuries in question that
we have seen anywhere - - '

‘ -

§

ETIOLOGY OF FRACTURES OF THE MALAR BONE AND
ZYGOMATIC ARCH

“Fractures m this region are always due to direct violence They
result, on the playing field, from blows with the pomt of the elbow or from
kicks, they are produced by falls on the face, and they are especially com-
mon 1n motoring accidents ”’

DIAGNOSIS OF FRACTURES OF THE MALAR BONE AND
ZYGOMATIC ARCH

“In a typical case diagnosis may be made at sight once the charactenstic
appearance has been fully recognized A pecular facies 1s present, due
chiefly to a certain flatness of contour and an absence of expression on the
affected side Mobility and crepitus are rare, but by careful mvestigation
the hines of fracture may often be detected by palpation The outstanding
feature 1s a definite flattening of the cheek n 1ts upper part and a fulness
m 1ts lower (Figs 180 and 181) This 1s made clearer when the area 1s
exammed from above after the traumatic effusion has subsided ~Depres-
sion, as compared with the opposite side, will often amount to % nch or
more Examination from m front, assisted by palpation, reveals abnormal
irregularity m the infra-orbital margin above the outer canthus, and some-
times 1n front of the ear, where the stump of the zygomatic process of the
temporal bone stands out Palpation i the mouth reveals tmnutqml
resistance to the finger passed along the ascending ramus of the mandible
and between this and the maxilla

“At first there 1s much bruising and swelling, and these, as m cases of

cal nomenclnture m this book,

n anatomt
* To be consistent with our plan of using moder " at we profer to stich to the

we ought to spenk of the “ zygoma ' mstead of the “malar bone,
latter 1n order to distingwish 1t from the zy gomatic arch

(142)
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fracture of the nasal bones, mask the depression and fracture to such an
extent that the underlymng condition 1s entirely overlooked, m this way
anses the necessity for late and difficult, instead of early and reasonably
simple, treatment Frequently—almost always—there 1s unilateral epis-
taxis due to damage of the mucosa of the antrum. A ‘black eye’ 1s present,
together with conjunctival ecchymosis Mastication 1s mterfered with
on account of pam produced by any attempt to use the masseter muscle,
the attachments of which to the fractured and displaced bone are damaged
Mechanical obstruction to jaw movements may also be present, and 1s due
to the pressure of wdriven fragments of the zygoma on the coronoid
process or the temporal muscle (We have seen a case of depressed frac-
ture of the malar bone m which the coronoid process of the mandible was

Fic 180 Fic 181

glc 180 —TFracture of left malar bone before reduction
16 181 —Fracture of left malar bone, after reduction (Surg Cln North A
courtesy of W B Saunders Company ) b Amenien,

also fractured —I and C) Pain may be traced to damage m the region
of the mfra-orbital nerve, while from the same cause there may be numb-
ness over the area of distmbution of this nerve The mandible usually
deviates to the opposite side—a position which appears to be one of man-
dibular rest Limitation of eye movements may be present where there 1s
much interference with the floor and margm of the orbit

VARIETIES OF FRACTURE OF THE MALAR BONE AND
ZYGOMATIC ARCH

f “The malar bone represents a strong bone on fragile supports, and 1t 1s
or this reason that, though the body of the bone 1s rarely broken, the four
processes—frontal, orbital, maxllary, and zygomatic—are frequently sites
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of fracture The bone 1s frequently separated from all its attachments
and displaced en masse When the anatomical position and structure of
this bony element are studied, together with 1ts susceptibility to blows
from very divergent angles, 1t will be obvious that the hnes of fracture and
the displacement produced will vary n almost every case Whilst blows
at right angles to the surface produce direct depression and sometimes
commnution of the body of the bone, blows from behind or from 1n front,
from below or from above, produce shding and tilting of the bone, and the
degree of depression and displacement varies accordig to the direction
and contmuance of the force

kXY

-
holulete

A3

F16 182 —Skull showing principal sites of fracture of malar bone 1, zygoma, 2, mfra-orbital
foramen region, 3, frontal process, 4, maxullo-malar articulation

“Tour sites of fracture are found, corresponding with the points of
articulation of the bone, namely (1) Zygoma, (2) mfra-orbital foramen
region—orbital process, (3) supero-external orbital margin—{rontal prooc-
ess, (4) anterior wall of antrum—maxillo-malar articulation (Ihg 182)
Fracture of the mfra-orbital margin occurs near its mid-point, and ﬂ’g
mner extremity of the outer fragment may project forward and up\\’lx‘llr
mto the lower conjunctival fornix, where 1t can be scen and felt 1
fracture line extends downward through or near the mfra-orbital foramen
Fracture in the region of articulation with the frontal bone produ;:ci tﬂn
irregularity of the orbital margm m its upper and outer quadrant, win Stl‘;’
similar irregulanity may be palpated by the finger along the 73 goml::.
arch In cases where the swelling has already substded these wregulan ‘c;‘
are readily scen  The mass of bone separated by these les of fmct]u.rc 18
usually dr1ven into the antrum of Highmore and becomes impacted there
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Occasionally the mjury 1s mited to the zygomatic arch, there being
two lines of fracture m the arch, with a depressed fragment between This
causes a visible and palpable hollow 1n front of the ear, crepitus may be
present, and there 1s usually interference with the movements of the man-
dible from pressure on the underlying temporal muscle and coronold
process In an old case of this kind, seen by us, malunion resulted in
fixation of the lower jaw due to callus and fibrous adhesions connecting
the depressed zygomatic arch with the coronoid process

COMPLICATIONS OF FRACTURES OF THE MALAR BONE AND
ZYGOMATIC ARCH

Agam quoting Galles, ef al © “Situated m a region bounded by such
structures as the eye, the antrum, the nose, and the infra-orbital nerve, a
fracture, with such displacement as occurs i most cases, 1s liable to mvolve
some or all of these important structures Such complications as nerve
myury, eyeball injury, and mvolvement of the antrum or nose are quite
common In the majorty of cases the anterior wall of the antrum 1s
crushed, and a suppurating hematoma may result It 1s essential that a
careful watch be maintained for such an occurrence ”

ROENTGEN-RAY DIAGNOSIS OF FRACTURE OF THE MALAR
BONE AND ZYGOMATIC ARCH

The usual posttions for obtaming radiographic films to show fracture
lines and depressions of the bone in this region frequently give unsatis-
factory results The techmique suggested by Stone in the paper quoted
1s, In his opinion, superior to any previously used A supero-ferior view
of the skull 1s made by having the patient rest the chin on the edge of the
table, the tube being beneath the table and the plate on top of the head

To obtamn the best view of the zygomatic arch, the head should not be
placed symmetrncally, but tilted shightly away from the injured side

Figure 183 gives a good radiographic view of a depressed fracture of the
left malar bone, with pressure on the coronoid process. Figure 184 shows
the same fracture after reduction and release of pressure on coronoid
process of mandible

Figures 185 and 186 are radiographs of depressed fracture of right
zygomatic arch, before and after reduction

TREATMENT OF FRACTURES OF THE MALAR BONE AND
ZYGOMATIC ARCH

Depressed Fracture of the Body of the Malar Bone.—This consists 1n
elevating the depressed bone to its normal position as soon after mjury
as possible  When this 1s attempted during the first few days replacement
1s usually easy, but if the impaction 1s allowed to remain undisturbed for

two weeks or longer 1t may be extremely difficult to move the displaced

fragment and to retam 1t 1n normal position
10
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The means suggested for elevating the depressed malar bone have been
many, mcluding digital manipulation from withm the mouth, the use of
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Fia 183 —Case II Radiograph showmg depressed fracture of left malar bone with
pressure on coronold process (Dr Thomas P, Loughery) (Surg Cln North America,
courtesy of W B Saunders Company )

toration of
Fic 184 —Case II Radiograph after rc'ductmn of malar fracture nhowi‘nn res 0

#3 gomatic arch and releage of pressure on coronoid process of mandible  (Surg Chn North
Ameriea, courtesy of W B Saunders Company )

hooked forceps passed through the skin,® hooks, screws and elevators
applied through external meisions,® and elevation through a heavy urethral
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sound passed imnto the maxillary smus through the camne fossa (Lothrop)
or through an mtranasal window ® All of these methods have objections

¥ic 185

TFic 186

erther because of madequacy or on account of unnecessary scarring or
danger of nfection.

None of them has been so umversally satisfactory m our hands during



148 FRACTURES OF MALAR BONE AND ZYGOMATIC ARCH

the past seven years as that suggested by Gilles® It 15 much simpler
than the written description would lead one to beheve, can usually be
carried out 1n five or ten minutes under nitrous oxide anesthesia and
sufficient force can be applied to get results even where fairly firm union
has occurred The hair over the temporal region on the affected side 1s
shaved A skin mcision 1 inch long 1s made obliquely forward and upward,
begimning about 1 inch above and in front of the upper attachment of the
ear With care the superficial temporal vessels are avoided, so that objec-
tionable hemorrhage does not occur The skin edges are retracted, expos-
g the dense temporal fascia, which 1s shit sufficiently to admit a narrow
bladed long elevator shghtly angulated about 1 mnch from its distal end

F1c 187 —Gillies' method of elevation of depressed malar bone  (Brit Jour Surg)

(Ihg 187) This elevator easily shdes down beneath th{: fascia, on the
surface of the temporal muscle under the malar bone, which can .thcn be
clevated to the desired posttion (Iig 187) In old cases, considerable
force may be necessary to break up the adhesions After clevation, the
malar bone usually remains 1 position without any special fixation. The
skin neision 1s closed with horscharr sutures without dramage, and a
pressure dressing apphed with a bandage Ilealing 1s Emevcntful, and we
have had no mfection The scar, being above the hair hine, 1s mvisible.
We do not advocate opemng routinely mto the maullary sinus to dram
the blood, as adwised by some writers  We have never had trouble from
thns cause Should signs of manillary smus mfection occur, of course
drainage would then be indicated.
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The following report of cases 1s taken from an article published by us m
the Surgical Clinics of North Amerwa, April, 1936, p 587

We have records of 10 cases of fracture of the malar bone during the
past two years, m which elevation was performed by the method just
described

Eight were males and 2 were females

The ages ranged from seventeen to forty-three years

The left side was mvolved m 7 cases, the right side 1n 3 cases

Cause
Automobile accident
Struck by fist or blunt object
Struck by baseball
Colhided playing football
Collided playing baseball
Collided playing bashetball

B bt b et OO DD

The following 15 an analysis of the typical signs and symptoms:

A depresswon of the cheek, subconjunctwal and subcutaneous ecchymosis,
and epstazis were observed 1n 10 cases

Numbness of the region supplied by the mnfraorbital nerve was com-
plamed of 1n 9 cases

Difficulty an closing the jaw was found 1n 4 cases

Daiplopra was noticed m 3 cases

All cases except one were elevated one to four days after the myury In
one case twenty-one days elapsed before the patient was seen

In all cases the cosmetic result was satisfactory The operation had no
immediate effect on the numbness, which may persist for weeks, months
or indefinitely In patients complaming of difficulty m closing the teeth,
this disappeared immediately after the operation

The following 1s a brief description of 2 typical cases

Case 1 —J K, male, aged twenty-four years, March 21, 1935, collided
with another player during baseball game, left cheek being struck by back
of other man’s head Marked swelling of the soft tissues around the outer
and lower part of the orbit, with subconjunctival and subcutaneous
ecchymosis of lower eyelid, on left side  Injury followed by profuse bleed-
g from left nostril ' When seen two days later there was a marked depres-
ston of the cheek below the outer canthus of the left eye, and tender ponts
were palpable over the zygomatic arch and at the frontomalar junction
as well as at the middle of the lower border of the orbit (Fig 180) Numb-
ness over the infraorbital nerve distribution was noted March 23, under
gas anesthesia, the depressed malar bone was elevated by Gillies’ method
Healng uneventful, sutures removed on fifth day. Tgure 181 shows
appearance of patient two weeks later.

CasE 2 —C B, male, aged forty years April 13, 1934, was m auto-
mobile acadent, striking right cheek against framework of car At the
hospital hei suffered from shght cerebral concussion, which rapidly cleared
up The right side of the face presented the typical swelling and flattening
over the cheek bone He was unable to close Ius teeth completely, owing
to some obstruction on the right side Roentgen-ray exammation made in

-
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the vertical position showed a depressed fracture of the right zygomatic
arch and malar bone, impinging on the coronoid process of the mandible
(Fig 183) Aprl 17, under gas anesthesia the depressed right malar bone
was elevated by Gilhes’ method This was followed by immediate dis-
appearance of the jaw disability and restoration of the normal contour of
the cheek Postoperative roentgen-ray examination showed zygomatic
arch and malar replaced 1n good position (Fig 184)

Depressed Fracture Limited to the Zygomatic Arch.—TIor this form of
fracture the method of Matas* 1s most efficacious A heavy curved needle
1s passed through the skin from above downward beneath the depressed
fragment to emerge below the arch This needle 1s threaded with heavy
sk, which 1n turn serves as a carrier for a piece of silver wire The two
ends of the wire are twisted together and afford a means of traction on the
bone fragment whereby 1t 1s elevated into position In case of tendency
to recurrence, the wire 1s twisted over an ordinary glass microscopic shde
whose ends rest on the firm portions of the bone Where there has been
mnterference with the movements of the mandible gradual stretching can
be obtained by use of the jaw exerciser previously described (p 104)
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FRACTURES OF THE NASAL BONES

This 1s not the proper place for a detailed consideration of fracturcs of
the nasal bones These, honever, are so frequently assoctated with frac-
tures of the jaws, that a few gencral remarks are indicated

The nasal bones may be thrust directly backward, with or v ithout
commuinution, the septum bemg crushed or buckled beneath them, or the
bones mav be displuaced to one side It 1s desirable to replace the fragments
if possible hefore swelling masks the deformity, that is, within the first
few hours after injury  If postponed for two weeks or more union mid
require dislodgment with a clusel  Fractures with httle or no chsplacement
do not require treatment  In recent cases, it may be possible to clevate
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the depressed bones by pushing them up with a closed pair of curved Kfillly
forceps mserted m the nostril and moulding with the fingers externally.
The use of mntranasal splints 15 not satisfactory as a rule, but the nose may
be packed with gauze soaked 1n hquid petrolatum for twenty-four or forty-
eight hours to maintamn elevation and control hemorrhage.

Fic 190 Fie 1901

Where the nasal bones tend to sag down a mattress suture of fine wire
or silkworm gut passed beneath them through the skin from side to side
and tied over lead plates resting on the skin will often aid in preserving
the prominence of the bridge (g 188) Recent cases with lateral devia-
tion also can be corrected by mampulation, and recurrence of the deformity
may be prevented by Blair’s scheme of engaging the lower end of the nasal
bone on the deviated side mn a loop of fine wire passed through the skin,
the ends being passed down across the septum into the vestibule of the



152 FRACTURES OF MALAR BONE AND ZYGOMATIC ARCH

mouth on the opposite side and secured to a molar or premolar tooth
(Fig 189) (Seep 128) Tigures 190 and 191 are before and after views
of a patient treated by this method

Many times, 1n spite of early treatment, it i1s 1mpossible to reduce the
displacement completely, and a secondary deformuty results, requiring

later correction
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CHAPTER VII

ROENTGENQOGRAPHIC TECHNIQUE

Br LeROY M ENNIS, DDS

PROFESSOR OF ROENTGENOLOGY, SCHOOL OF DENTISTRY, UNIVERSITY
OF PENNSYLVANIA

THE roentgenogram 1s an mdispensable factor m the examination of
maxillary and mandibular fractures But to have the fullest use of this
important aid, much depends upon the experience and thoroughness of
the roentgenologist, for in the study of these fractures 1t 1s just as essential
that a definite and comprehensive technique be followed as 1t 1s when
examining sinuses  Dire results have too often followed failure to know
and to abide by the routine of proper technique

Two techmques must be known and followed the intra-oral techmque
and the extra-oral technique The region under examination determines
the technique the operator should follow, and determines also the type of
film to be used All examinations are made with the patient i the sitting
posture

The ertra-oral technique 15 employed when fracture is suspected mn the
following regions

Condylowd process

Ramus

Coronoid process

Body of the mandible, extending from canine region to angle
Maxilla (general survey)

Malar bone

Zygomatic arch

The wntra-oral technique 1s employed in examination for suspected frac-

ture of the following
Symphysis of the mandible
Buceal and lingual plates of the mandible
The maxilla

In the development of a defimte techmque, we employ the two accepted
planes of the head—the sagrttal plane, around which the extra-oral tech-
mque has been built, and the occlusal plane, with which the mntra-oral
technique 1s more closely associated And here 1t may be stated generally
that n following the extra-oral method the type film used 1s erther a 5 x 7
inch or an 8 x 10 inch duphtized film, used always with double intensifying
screens placed 1n a switable cassette But for the mtra~oral method it 1s
necessary to use the Eastman occlusal film, 2 x 3 mches, which 1s placed
In the mouth parallel with the plane of occlusion and held in that position
by the bite of the patient upon the film packet

(153)
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EXTRA-ORAL TECHNIQUE

For all extra-oral exposures a target-plate distance of 36 inches 1s used,
with a 5 inch spark gap and 10 milhamperes of current

For roentgenographic studies of the condylowd process and the femporo-
mandibular articulation, the definite progressive steps to be followed are

An 8 x 10 cassette loaded with film 1s placed perpendicular to the floor

The sagittal plane of the head 1s adjusted parallel with the plane of the
cassette (Iig 192) The lateral tilt of the head 1s determimed by placing
head 1n such a position that an imaginary line drawn from the condyle of
the side under examination to the gonion of the mandible of the oppostte
side, 1s parallel to the floor (Fig 192)

GCassell Parallel With
Saglﬂal Plane

Plane o Floor
A B

Fre 192—4, The samttal plane of the head 1s perpendicular o the floor  The line -—-A-(-i-
13 an mmaginary line drawn through the condyles of the nght and left side of the head nu]
perpondiculnr to the sagittal plane  Tho line —B— passes through the gonion of the m:h? nn:l
left mandible nnd 13 perpendicular to the samttal plane B, The sagittal plane of the l]ﬁ!c
being paratlel with the plane of tho cassetto, the head 1s tilted with the cassetie unti ”10
imaginary hoe —X—, which 13 a Iine drawn from the condylo of the affected side t]o | (',d
gomuon of the mandible nearest the tube, 18 parallel with the floor  When thig 13 nccomp H'L
the head 1s 1n the proper lateral position  The roentgen-rays should follow the lino —.

The head of the patient 1s then extended forward as far as possible, this
1s highly mnportant as extension of the head brings the tcmporomundlbulffr
articulation antertor to the cervical vertebre, thus avoiding superimposi-
tion of the shadow of the vertebre over the temporomandibular articula-
tion and the condyloid process (IFig 193) e

A 2-inch bandage 1s passed around the head of the pntlc:lt and the
cassette, and fastened by a clamp or hemostatic forceps (Iig 194) lt"‘
prevent mobility of the head Tlis detail 1 extremely important, for tt‘:)
shghtest moyement between the object and the film during exposure
the roentgen-ravs would produce a blurred, and therefore a useless, Hﬂdﬂci

In order that the central rays may pass in front of the yertebrie ant
through the condy loid process of the epposite side of the head, the tube s
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then moved anteriorly 1n a horizontal plane, and the central rays directed
at the gomion of the mandible nearest the tube (Fig 193) at an angle of
5 degrees from the perpendicular, the rays, however, remawming parallel
with the floor (Fig 194)

Fic 193 —Illustrating the pomt of entry for the central rays, when making extra-oral roent-
genograms of the mandible (Enms) -

Fie 194 —Tlustratin
g the relationship between the plane of the cassette, the
and the posttion of the tube, for fractures of the condyloid proces; (I%nnill?‘)ﬂ plave,

If the operator follows the techm
' que as outhned, the results sh
simlar to those shown m Figures 195, 196 and 197. > should be
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In making roentgenographic studies of the body of the mandible extending
from the canme region to the angle, some features of the technique just
outlimed are used:

The sagittal plane of the head and the plane of the cassette must parallel
each other

L
b
v
s -~
[P et i b s nd \

Fio 195 —Roentgenogram illustrating the relationship between the glenoid fossa A, and the
condyloid process of the mandible, B, forming the temporomandibular articulation

T16 196 —Tracture of the neck of the condsloid process A, the glenowd fossa, B, the condy -
lowd process pullcd downward and forward, €, the hne of fmetur

The head of the patient and the eassette must be melmed avway from
the tube at nn angle of 30 degrees from a perpendicutar to the floor.

The head must be extended anteriorly as far as possible

But at this <tage 1t 15 necessary to consider well thc' posture
hefore it is bound to the cassette so as to prevent mobility.

of the head



The sagittal

EXTRA-ORAL TECHNIQUE

plane of the head 1s rotated toward the plane of the cassette

until the long axs of the mandible 1s parallel with the plane of the cassette,
and when in this position the malar bone and the zygomatic process, with

the body of the

mandible, will be in contact with the cassette (Fig 198).

Fie 197 —Fracture of the neck of the condyloid process Arrows A pomnting to the rotated

condyloid process B

7
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L A e R A
plt};I: 81%8 —Tlustrating the relationship between the plane of the cassette, the samttal
1 n

(BEnnis)

This position
cassette, bindin
between them

the position of the tube, 1n examination for fractures of the body of the mandible

attamed, a 2-inch bandage 1s passed around the head an
g them together to prevent even the slightest movemen

157
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Adjusting the plane of the cassette perpendicular to the floor, the tube
15 placed so that the central rays will be perpendicular to the cassette 1
both the horizontal and vertical planes

!

'

Fic 199 —Arrows B pomnting to fracture of the coronoid process, 4, line of fracture, C, line
of fracture extending from the angle of the mandible to the line of fracture of the coronoid

process

ed by this tech-

that may be examn ablo

Fie 200 —A, 1llustrating the extreme anterior region
; through the angle of the man

mque, B, line of fracture postertor to the third molar

Now, while the tube remains m this position the head and the cassette
are mclined at an angle of 30 degrees from a perpendicular to the floor |

Thus the vertical angulation, or the angle formed between the centra
rays and the plane of the cassette, becomes 120 degrees, while the hort-
zontal angulation of the tube remains at 90 degrees (Iig 198).
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Fic 201 —Illustrating a fracture 1n the region of the premolars with a large sequestrum 1n
the lIine of fracture

M
Fig 202
plane of the plane of the cassetto the sagittal
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then directed perpendicular to the plane of occlusion, parallel with the
sagittal plane, but through the temporomandibular articulation and
parallel to the posterior border of the ramus, giving the result seen 1
Figure 205 By shghtly varying the technique used for the vertical view
of the temporomandibular articulation we are able to locate the depressed
fractures of the malar bone The technique 15 the same as shown m
Figure 204 with the following exception The rays are directed downward,
parallehng the plane of the face and paralleling the sagittal plane, through
the area of suspected fracture Giving a result as seen 10 Figure 206 ’

F1e 206 —Roentgenogram revealing the zygomatic arch and malar process

INTRA-ORAL TECHNIQUE ]
While the majority of fractures of the jaws are found mn the mandible,
the number of maxillary fractures seems to be on the increase, and they
are difficult to reveal in the roentgenogram without precise technique
Fractures of the Symphysis of the Mandible —When studving fractulres
1n the region of the symphysis of the mandible, 1t 1s necessary to emp 03:
the intra-oral techmque, effective because of the stmplicity and the rapidity
with which results are obtamned, and, lughly mmportant, because the super-
Imposition of other anatomical structures 1s completely avoided hore
The techmque follows The patient should be m a sitting posture Ww. 1(;1; :
possible, with the head resting comfortably mn the headrest, the Saglt L.
plane of the head perpendicular to the floor, and the head inclined fﬂ:he
ward with the occlusal plane at an angle of 40 degrees to the planc o
floor
An Eastman occlusal film, the corners of the film packet first bent
under to avoid discomfort to the patient, 1s serted imto the mouth] (;1:
far as possible with the smooth side of the film packet—the emulston s T
of the film—toward the tongue and paralleling the plane of occluston.
15 held 1n position by the bite of the patient
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The tube 1s then adjusted so that the central rays parallel the sagittal
plane and pass through the symphysis at an angle of 15 degrees, making
the total angle between the plane of the film and the central rays 60 degrees
(Fig 207), and giving the results as seen m Figures 208, 209, 210, 211, 212
and 213
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Fic 207 —Illustrating position of tube and patient m examination for fractures of symphysis

F1e 208 —Fracture of the symphy-

g18 taken at an angle of 70 degrees only taken at an angle of 60 degrees
(Enms ) (Ennis )

F1c 209 —Same case as Figure 208,

For suspected fractures of the buccal or hingual plates of the mandible-
With the head of the patient n the headrest, the chin 1s mchned backward
until the patient 15 rechining with the sagittal plane of the head perpendicu-
lar to the floor, with the chin extended upward and forward until the
occlusal plane 1s also perpendicular to the floor (Fig 214)
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The occlusal film, the smooth or emulsion side next to the tongue, is
then mserted into the mouth 1n the occlusal plane, the patient bemng
structed to bite upon 1t to hold i1t 1 position. The tube 1s thereupon
angulated so as to have the central rays parallel to the sagittal plane and
perpendicular to the occlusal plane and directed through the suspected
area (Ing 214) The results should be as shown mn Figures 215 and 216

Fiac 210 —Fracture of the mandible show- Fia 211 —Nlustrating hine of fracture
mg lme of fracture between the first and between second 1ncisor and canine

second 1ncisors

PR o P 7 :{L’:ﬁ“mv ;f
- R #{,., J;‘- e &&‘\75‘*&;, , o8 -
3 a‘(:‘j t FZ?T{:.’.L«_F" s"‘,.;r: f &, \'j . SR e ks, ) .
: frac-
Fie 212 —IHustrating an oblique fracture in Fic 213 —Illustrating a commm;ﬁ:eclls
the canine region ture 1n the region of the symphys

In examiming fractures of the maxilla the patient should be in a sﬁ;tm;i
posture, the head lying comfortably m the headrest, the sagittal 11)lanet lo
the head perpendicular to the floor and the occlusal plane parallel to the
ﬂozl;l occlusal film 15 mserted nto the mouth with the smooth or emulsion
side of the packet toward the palate and paralleling the plane of c:ccluzs]l;l;,
and held m that position by the patient biting upon the packet (Flg , n

The tube 1s thereupon adjusted so that the central rays will be a
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vertical angle of 60 degrees and will be parallel to the sagittal plane
(Fig 217)

This method of examination will reveal the anterior portion of the
maxlla as lustrated i Figure 218
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Tia 214 —Illustrating the pomtion of the tube and patient for fractures of the buccal or
lingual plates of the mandible (Enms)

Fie 215 —Tllustrating o fracture of the Fic 216 —Illustrating an oblique fracture
Iingual plate of the mandible of the mandible

For fractures 1 the molar and premolar regions of the maala, the position
of the patient and the film 1s the same as when making roentgenographic
studies of the anterior region of the maxilla—patient sitting, head n head-
rest, sagittal plane perpendicvlar to¥ 7 _cclusal nlane narallel to )
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floor, and an occlusal film 15 mserted parallel with the plane of occlusion,
the emulsion side facing the palate, and held 1n position by the bite of the
patient

i3 .
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Fra 217 —Ilustrating relationship between the film, the patient and the tube 1n examination
for fractures of the anterior portion of the maxilla  (Enmis)
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Tic 218 —Illustrating a fracture of the anterior portion of the maxilla

The tube 1s placed to allow the central rays to pass through ths p:c{:
molars at a horizontal angle of 45 degrees from the sagltt;‘] plane and a
vertical angle of 50 degrees from the occlusal plane (Fig 219)
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An adherence to tlus techmque should produce a result as presented
in Figure 220

Fig 219 —Illustrating the position or relationship of the tube to the occlusal plane and film
in examination for fractures of the molar and premolar regions of the maxilla  (Ennis )

F16 220 —Showing a fracture of the maxilla 1n the premolar region, the fragment being
driven mto the maxillary sinus



CHAPTER VIII

DIETARY MANAGEMENT IN FRACTURES OF THE JAWS

By CLYDE W SCOGIN, DD §12

MAJOR, DENTAL CORPS, U 8 ARMY

THERE 15 an ntimate connection between the region of the mouth and
body metabolism, and the latter may be vitally altered if the patient 1s
temporanly deprived of his masticatory powers, rendering mmpossible the
proper mechanical preparation of his food for digestion and assimilation
In dealing with a fracture somewhere else i the body, a femur, for example,
this condition would not be a factor

Dietary management 1n injuries of the jaws 13 often a factor that 1s
neglected to such an extent that patients steadily lose weight, become
discouraged and fail to cooperate Nothing 1s more rumous to a patient’s
morale than to be contmmually hungry or to be forced to subsist on the
same liquid diet day after day

There are certain fundamental principles which apply to all diets It
1s not within the scope of this chapter to review these facts, other than to
mention that a normal diet contains approximately four times as much
carbohydrate material as protemn or fats, and must contan such foods as
will supply an alkaline ash The carbohydrate content may be varied
according to the activity of the patient, and with due regard for the mter-
ference m carbohydrate digestion often presented by these patients

Healthy mndividuals must eat ample quantities of certan foods if they
wish to remamn well, and the basic principles of diet must not be violated
even when illness or mnjury demands special nutriment A properly bal-
anced diet will keep the patient in comfort and maintain his weight to a
large degree It has been found, for mstance, that patients with simple
mandibular fractures retamned by mtermaxillary fixation will lose weight
at first but will regamn their normal weight within a few \\'et?ks and are
often heavier upon termination of treatment than upon admission

The diet should have a ligh nutritional value (caloric) yet should avoid
foods tending to constipation The normal diet should contan ample
calories The number of calories required varies according to age, sex
and more especially with regard to the extent of body surface of the patient
It will be understood, though, that each patient requires individual atten-
tion and adaptation of the diet to fit lus needs  But, with this understand-
mg, the following table will be useful as showing the number of calories
daily required for average cases

1500 to 1800 Calories for bed patients
1800 to 2000 Calories for invahd patients
2000 to 3000 Calories for active patients

In general, the diet should be relatively high in protems and fats, and

low m carbohydrate content There 15 no active digestion of any foods
(168)
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except carbohydrates 1n the oral cavity Foods not masticated but merely
swallowed cannot receive much ptyalic reduction Meats are merely
mechanically prepared 1n the oral cavity This preparation must be done
for these patients so that this type of protein can be readily digested

A vartety of food 1s a necessity Anyone will tire quickly of even his
favorite food if 1t is served to him three times daily Therefore, an attempt
must be made to maintain a diversified as well as a balanced diet

The food should be well cooked, which mcludes proper seasoning The
patient should be supplied with condiments so that he may season the
food to his individual taste It should be served in an appetizing manner
It must appeal to the eye, must be enjoyable as well as nutritious Such
nourishment as 1s mtended to be served hot should be ko, not lukewarm
The same applies to cold foods and beverages

All nourishment must be so prepared that 1t may be taken by the patient
regardless of the type or location of his mjury or operation From prac-
tical chimeal experience, 1t has been found that the dietary management
of these cases can best be accomplished in larger hospitals by having two
standard “Jaw diets

Taquid Jaw Diet—based upon 2000 to 2500 Calories
Soft Jaw Diet—based upon 2500 to 3000 Calores.

Limiting the number of diets simplhifies the food preparation and the
serving, and so reduces the amount of supervision to a minimum.

In the smaller hospitals, particularly those not employmng trained
dietitians, and in the home, the surgeon must take a more active part in
feeding hus patients Those not specially tramed cannot be expected to
cope with these special cases until they have had some instruction 1n the
rudiments of this type of dietary management.

It will be found that written mstructions with a hst from which to choose
foods and a sample darly diet will simplify the problem

METHODS OF FEEDING

The following are the methods ordinarily used in feeding cases of fracture
of the jaws
1 Drnking tube feeding
2 Cup or bowl feeding
3 Spoon feeding
. Naso-pharyngeal feeding and rectal feeding may be used 1n exceptional
ases
The removal of normal teeth for the purpose of feeding 1s not to be
countenanced In uncomplicated cases nourishment 1s sipped between and
around the teeth Spaces remamnng from former extractions are utiized
to the utmost Patients with a full complement of teeth can take nutn-
ment with facility
1 Drnking Tubes (Sippers).— For Laquad Dret —This method 1s useful
where there 15 g continuity of the buccal orifice, the cheeks, the floor of
the mouth, the palate and the uvula, the tongue must be functional, and
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there must be sufficient space between the dentitions for the entrance of
the tube into the mouth so the tongue can be placed aganst the end of
the tube Glass tubing should be as large as can be used comfortably
The proximal end should be shghtly flattened Straws, such as are used
at soda fountains, may be used m emergencies, but are rather unsatis-
factory This method of feeding 1s efficient m intermaxillary fixation cases
where there are teeth missing in the anterior part of the mouth

2 Cup and Bowl Feeding.—For Liquad or Soft Diet —This 1s the most
useful method for routine use If the patient has functional lips and
cheeks, he soon learns to feed himself by using soups and broths as the
vehicle for the more solid portions of the diet In this connection the
feeding problem should be kept in mind when planning and constructing
the apphances Kingsley arms, etc, should always be indented mto the
upper lip a few millimeters from the angle of the mouth so the patient can
execute sucking movements without drooling No appliances should inter-
fere with the action of the upper lip 1n the mid-line, as 1t 1s very difficult
for the patient to be nourished by the ordinary means if this factor has
been overlooked

3. Spoon Feeding. (Active or Passive )—For Liquad or Soft Diets —
The size of the spoon must be governed by the case at hand. This method
1s valuable m those cases where there 1s loss of continuity of the buccal
orifice making 1t 1mpossible to use drinking tubes or bowls This method
must be used when the patient’s arms are not functional

4 Naso-pharyngeal Feeding.— For Laquad Diet —A shghtly lubricated
catheter of suitable size 1s passed through the nostrl having the greater
space and advanced until the tip 1s below the uvula and 1n the oropharynx
Liquds are placed mn a funnel or mrigator The patient soon learns to
signal as to the quantity and rate, or to handle the intake by compression
of the catheter with his fingers This method 1s useful in serious cases
with extensive comminution and tissue loss, especially of the mandible
and floor of the mouth

5 Rectal Feeding.—Liguzd Noureshment —This method 18 resorted to
only 1n very serious cases wheremn there 1s mability to swallow, the patient

unconscious or i shock

LIQUID DIET FOR JAW CASES

This diet Iist 15 mtended to serve as a basis from which to choose daily
diets for patients for whom an absolutely liquid diet 15 necessary These
will include maxillary and mandibular fracture cases wlich are retamed by
mtermaxillary wiring or sphnts

"rutts
Apple sauce (purée)
Scraped apple
Puréle):* ofpppeaches, pears, apricots, fresh or canned, prunes, capta-
loupe

* To purée Vegetables and dried fruits
sieve (75 holes to a square mch) with the back of a spoon
muashed and rubbed through a purée sieve

Il well done Rub through a purée
P Fresh or canned fruits may he
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Cereals All cereal gruels such as cream of wheat, wheatena, gnts,
corn meals, thimned with milk or cream

Soups (strained)  Cream soups, vegetable soups, chowders, broths
(beef or chicken), beef juice, beef tea, oyster stew, clam broth

Vegetables (purée very fine) Tomatoes, carrots, beets, cauliflower,
string beans (fresh or dried), hma beans, asparagus, squash, turmps,
celery, spinach, peas, mashed potatoes, mashed sweet potatoes

Meats  TFinely ground and sieved meats, scraped beef, hiver cocktail
(calves’, beef or chicken liver)

Desserts  Ice cream (without nuts or fruit), sherbets and 1ces, soft
custards (caramel, chocolate, etc), junkets, plamn jello, thin cornstarch
pudding

Beverages Cocoa or chocolate, cocoa malt, chocolate milk, tea (iced m
summer), milk, malted milk, half and half (mlk and cream), egg nogs,
coffee or substitute (iced 1n summer), lemonade, orangeade, grape juice

Liquip DieT rFor Jaw Cases
A sample balanced diet for one day (2000 to 2500 Calories)

Breal.fast Calories
Orange juice 1 glass 100
Cream of wheat 4 cup 100
Cream 40 grams 75
Cocoa 1 cup 300

—— 575

10a M
Egg nog 1 glass 200

Dinner
Cream of celery soup 1 cup 160
Add to soup

Beef, finely ground 1 tablespoonful 130

Purée of sweet potato 1 potato 135

Purée of spinach 4 cup 25

Milk* to thin potatoes and spinach 80 grams 55

Boiled custard 1 cup 300

Tea, with 40 grams cream 1 cup 75
— 880

Supper
Chicken broth 1 cup 100
Add to broth

Mashed potatoes % cup 50

Purée of carrots 2 carrots 45

Milk to thin potatoes and carrots 80 grams 65

Purée of fresh peaches 3 med peaches 100

Cocoa 1 cup 300
— 650

8ru

Grape juice 1 glass 200
Total 2506

* Milk 1s an entirely satisfactory food beverage for these cases

SOFT DIET FOR JAW CASES

In certan types of cases of fracture of the jaws where mtermaxillary
fixation 15 not used, or where there 1s sufficient mtermaxillary space, the
extreme liquid form of diet may be modified

Fruats (yuice and pulp) Baked apples, apple sauce, bananas (fresh and
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baked), oranges, grapefruit, stewed prunes, stewed apricots, stewed figs,
stewed peaches, rhubarb, grapes, ripe cantaloupe, ripe watermelon

Canned frusts Pears, peaches, apricots, crushed pineapple, cherries

Cereals  All cooked cereals oatmeal, wheatena, cream of wheat, corn
meal, Pettijohns, gnit.

Soups. Cream soups, strained vegetable soups, broths, beef tea, beef
juice

Vegetables (purée) Tomatoes, carrots, cauliflower, beets, string beans,
lima beans, asparagus, squash, baked eggplant, turnips, celery, spinach,
mashed or baked potatoes, baked sweet potatoes TUse milk and butter
hiberally 1n preparation

Eggs Soft boiled, scrambled, poached, omelette

Mok toast  Fresh bread, purée of rice, spaghetti, macaroni, noodles

Meats Oysters, clams, brains, sweetbreads, creamed chicken, baked or
boiled fish, ground meat and gravy

Desserts  Ice cream (without nuts or fruits), sherbets and 1ces, plain
jello, custard (baked or soft), junket, rice, tapioca and brown betty pud-
dings -

Beverages Milk, malted milk, buttermilk, cocoa, cocoa malt, coffee or
substitute (iced m summer), tea (iced i summer), orange juice, grape
juice, grapefruit juice

All foods to be of a physically soft character

Sorr DieT For JAw CASES
A sample balanced diet for one day (2500 to 3000 Calornes)

Breakfast Calories
Baked apple 1 apple 200
‘Whesatena 1 cup 75
Cream 40 grams 75
Eges 1 poached 85
Coffee with cream 1 cup 75

— 510

10 At
Malted milk 1 cup 200

Dwnner 200
Cream of asparagus soup 1 cup 0
Baked potato with 20 grams butter 1 potato 220
Purée of beets 2 beets o
Mashed turmps 3 cup bk
Vanmlla 1ce cream i portion i

cu
Cocoa P — 1150

Supper 100
Cream of tomato soup t cup P
Mashed potato 1 cup 150
Ground lamb 80 grams o
Purée of peas % cup 285
Tapioea cream 1 cup e
Tea with 40 grams cream 1 cup A

8rN 0
Orange juice 1 glass 10

2710
Total
REFERENCES

1 S ,C W- Army Dent Bull, 1,1, 1920
2 —-C—O-—Gf— Internat Jogr Orthodont , Oral Surg and Rad , 16, 096, 1030



INDEX

A

ALVEOLAR process, fracture of, 122
Anatomy of mandible, 17

of maxilla, 9
Anesthesia 1n treatment of fractures, 50
Antrum of Highmore, anatomy, 12
Artery, descending palatine, 13

mfraorbital, 13

internal maxallary, 13

mandibular, 23

mental, 23

sphenopalatine, 14

superior alveolar, 13

B

Banpace for head, 43

Bone graft of mandible, 109
iliae, 115
osteoperiosteal, 110

c

CHILDREN, fractures 1n, 98

Circumferential wiring of bone, 84

Condyloid process, fracture of, 37
treatment, 66

Coronoid process, fracture of, 39
treatment, 68

Cnb for symphysis fractures, 94

D

Darcissac’s method of treatment of frac-
ture of mandible, 69

Diet 1n fractures of jaws, 168

Disk, mterarticular, 25

F

FeEDING 1n fractures of 1aws, 168
racture, malar hone (Zygoma), 142
G111h40843' method of treatment,
Roentgen-ray diagnosis, 145
treatment of, 145
vaneties, 143
mandible a.nld3 5maxxlla, Adams’ method,

anesthesia 1n treatment of, 50
angle, 36
arch wire method, 56
ascending ramus, 36
complete, 33
comphications, 101
coronold process, 39
delayed union 1n, 101

direct wiring or plating of
bone, 43 g P €

Fracture, mandible and maxilla, double, 39
edentulous mouth, 84
etiology, 32
extraction of teeth, 41
eyelet wire method, 50
Federspiel’s method, 132
Gilmer’s orginal method of

wiring, 49
dual elastic traction, 57
emorrhage m, 101
n children, 98
infection 1n, 102
interdental sphints, 44
mtramaxillary loop winng, 62
location of, 32
long edentulous posterior
fragment, treatment, 68
malunion 1n, 106

; mental foramen region, 35

methods of fixation 1n, 43

molar region, 36

mouth hygiene 1n, 42

neck of condyle, 37

non-umon 1o, 109

osteomyehtis 1n, 102

partial, 32

prehiminary measures in
treatment of, 41

Risdon’s method of fixation,

63
skeletal fixation, 77
summary of methods of fixa-
tion, 99
symphysis, 35
treatmen:;l c&f, 93 24
symptoms and diagnosis,
tlyxgcla required for union, 98
treatment, 97
trismus, 104
mze hgatures and arches 1n,
9

maxilla, alveolar process, 122
bilateral, 125
classification, 122
comminuted, 132
summary of methods of fixation
of, 140
nasal bones, 150
roentgeno%raphlc technique 1n, 153
varieties of, 30

G
GANGLION, sphenopalatine (Meckel's), 15
Glasenan fissure, 25
H
HEeAD cap, plaster of pars, 71
Hemorrhage 1n fracture of mandible, 101
I

Ir1ac bone graft, 115
Infection m fracture of mandible, 102
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J

Jomnt, mandibular, 25

M

Marar bone, fractures of, 142
Malumon 1n fracture of mandible, 106
Mandible, anatomy of, 17
nerve supply of, 23
vascular supply of, 23
Maxilla, anatomy of, 9
nerve supply of, 14
vascular supply of, 13
Meniscus, 25
Muscle, digastric, 22
external pterygoid, 21
geniohyoglossus, 23
genohyoid, 23
internal plerygoid, 21
masseter, 21
mylohyoid, 23
platysma, 23
temporal, 21
Muscles attached to mandible, 20
of mandible, depressor, 22
elevator, 20

N

NasaL bones, fractures of, 150
Nerve sup?ly of mandible, 23
of maxula, 14

Non-union m fracture of mandible, 109

o
QOsTEOMYELITIS 1n fracture of mandible, 102

Osteoperiosteal graft, 110
Osteotomy, techmque of, 106

P

PrLAsTER of pans head cap, 71
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R

RoenTGENOGRAPHIC technique 1n fractures
of jaws, 183
extra-oral techmque, 154
mtra-oral techmque, 162
techmque m cases with skele-
tal fixation, 82
Roentgen-ray examination in fractures,
value of, 40

S

SpLINT, reversed Kingsley, 126
Sphints, combined oral and extra-oral, 43
mterdental, 44
Sutures, palatal, 12
Symphysis of mandible, treatment of frac-
ture of,,93

T
TerTH, anatomical relations of, 27
extraction of, m fracture, 41

Tnsmus, 104
Trocar and cannuln, 84

v

VascurLaAr supply of mandible, 23
of maxilla, 13

w

WIRING of bone, circumferential, 84
of teeth 1n fractures, 49

X
X-raY (See Roentgen-ray, 40, 153)

Z

ZyaoMa (See Malar, 142)
Zygomatic arch, depressed fracture of, 145






