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Denofadal dofoas @n be small or vory large, aonsisting of dicfocs in the caniomaxilkefcial region with missng
soft dssuc, booy and odhor hard dssuc componenes. Such combined muoosal, ossoows and oven canilaginous
diefieers can be reconsrmecred using flaps and bone grafis, or bopefildly, i the fumre with bone graft substimees or
cven rissue engincered consruos. The healing of such wounds abways relies on the vascularicy of the surrounding;
tissuecs. "This dhapeer secks vo provide a physiologicd basis for the mochanisms invohved in the healing of sech large
oomplex defoos. The roconsrruoton of spedfic defoos must follow sound and logicl surgical principles. The
authars employ the concope of the reconsmucive surgical ladder, in which rechmigues of scep-wise increasing
complexiny arc wsed with a smong proficrence for the simplest possible procedurne ar che ourser. A number of
rechmigques are preseneed along with the prindples of dewe enginoering and the basis for bone regeneraion wsng

adipose derived seem celks, growth facoors and resorbable scaffolds.

Roceived 9 Movember 20012; acorpred 10 Novemnbor 2002,

Introduction

Demofadal dofeos are defined a5 mising arcas of
tsse induding dedfoos of cicher or boch the jaws,
cramium, face and neck with mising adjacent soft
tssee and booy componenes. There ane numionows
mauses of denaofamal dofoos. Congenial bony dicfecs
in the cramiofacial and maxdlhofadal skeleron anise s a
resudr of arcas of failed dovelopment such as in doft lip
and palare panens (1) (Fig. 1). Ablaive surgery may
produce bony defeas (2) when segmones of bones are
resocred oo orear rumaoes | Fig. 2. Trauma may rosultin
large bomy dofeos when dssue may have boom maw-
manically avubed (3). Swch combined mucosal,
oescous and evon ardlaginows defocs @n be reoon-
scrucred using flaps and bone grafis, or hopcfilly in
the fiumre with bone grft substnues or even dswe
cngincered conmrucs (4). The healing of such
wounds always relics on the vasculariny of che sur-
rounding, dwwes (5).

The recomsmrwaion of a spedfic defecr must follow
sound and logical surgical prindples. The awthors
cmploy the woncepr of the reoonsorucive  sargical
ladder (&), in which rechniques of soep-wise increasmg,
complezity anc uwsed with 2 smong proforence for the

simiplest possible procedure ar the owser. The missing,
sucs are idensificd indwding msoea,, muscle, bone,
cartlage, ncree, blood vessols and skan. Thon plans anc
made o replace missing, s elemones with similar or
like cissec. In che mowdh,, for example, one would abways
aim m roplace missmg palaml muoosa with amached
mucesa rather chan wnamached alveslar mucnsa.

“Then flaps commining the miskang tssuc clements anc
planned with che following hicmrchy, uwsing che =m-
plest reconsrreceve ladder rechmigue firse:

1. Local soft dssuc grafis (free gingival grafis)

1. Lincal flaps {buccal advancemone flaps)

3. Regional flaps (mngue flaps)

4. lnmm-oral harecsocd bone grafis (chin, mmus,

Tyguama)

. Exmra-oral harvested bone grafis (ilac orest, rbia)

to. Dimmnr pedided flaps {deloopecoonl, ssomodicido-
mastoad, poaoralis flaps)

7. Dimmnt microvasoular flaps (fibula, Siac cres, lris-
mus daorsi, reoms abdominis).

The need for bone

Reoonsrrucrion of omeous defeors in the ol and max-
illofadial region represcnis onc of the most chalkonging
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Fig. 1. Bilaceral complete cleft lp and palace deformiey
with missing bone, caruflage, mucosa and skin.
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tasks to the recomstructive surgeon and encompasses
the modd of rissue engineering (Fig. 3). While sgnifi-
cant advances have been made with bone substinuces,

bonc the gold dard in the
umm of bone dofeas (7). "To undersand
bone o, the must fise under-

B

sand bonc healing (7) and the healing of the sur
rounding soft tssucs.
Bone healing

Ind - i haling, logenesss and
bone bealing arc all delicardly mrertwined. Three types
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of bone healing arc described: primary, sccondary and
g3p healing. The difference boaween the three is
dependent on the size of the osscous defeer and the
ngidity of fiarion. The three bone healing models
give mformation abour the differences berween bone
regencradon within non-grafied as well as grafied
defeas.

Primary bone healing

Primary bone haling withow callus formation ocours
‘bmdxbmcmdsm:mﬁuxcmnaandnpdly
fixared, or ically reduced and arc comp
wogether by bone phus (7). This proccss was inadally
described in 1949 after studying long bone fracures
that were creared by rigid fivation with plaing (8).
These fracnures faled wo show calhus formacon. Osteo-
casts were scen 10 begin curing away cores on cither
sde in the area of compresson, progressng towards
the fracrure ar a rate of 50-80 pm per day. Cuming
cores were 200 pm wide which provided space for
vessed ngrowth, ostcoblastic profiferadon and new
bone formadon (9).

Secondary bone healing

Fracnures d withowr rigid fixadon heal wath sec-
ondary bone healing. A good cxample of non-rigid
fixarion is the winng of fracured jaws wogether in
maxillomandibular or mrermaxillary fixaton. The
mirial injury dicits an inflammarory response and acr-
nnnnddmmmpkmmtasad: l')zmg:xomr
rounding blood vessels i cclivdar ¢
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and cell sgnaling. Chemomoic fcroes (C5a, louko-
ricne B4) amrac monocyres and maoophages |10}
Aucrivamed maophzges release ibroblas growth faoor
(FGF) which somulares endodhelial cells o release
phsminogen acrivamor and  procollagerase.  Growth
faoors swch as plancler dorived growt facoor (PG,
transforming  growsh facor—f1 [TGE-§1) and—§2
arc released from che alpha granules of degranuladng
plrdos carly in wound healing and arc chemoeric
somulanes for PMNs, lymphoopes, monooyres and
macrophages. The blood dot aos as 2 hemosmaric plug
and conmins the growth faom s ax the injured sicc and
prowvides an onvironmene for cell signaling. The
imjured rissue is normally hypoxic wich oxygen parial
presmures of 510 mmHg as well & being adidodc (pH
4. Acideaiz and hyposia are required for FAMN and
macrophage simubsdon (10). A proliforadon phase
bcgins with che healing by day 3 and can last up w40
days aficr fraomre ooourrence. A reparaive  phase
fodlows with the appearance of now blood vwesds, aol-
lagen and cells. Osweoprogenimor cells are chen simu-
lamd m probftrae and differeoiae inoo acdve
chondroblass and omeoblass, laying down lrge
amounes of exmacdivlar marrices forming a bradging
mllus. Chondroblasis lay down amorphous  chon-
dirgirin sulfare marmices, then boasme chondrosoyes,
which cvenmually hyperorophy and dic, laving empoy
lammar in 2 caldficd mamix. These ompry spaces
(lacunac) allow for vasodar ingrowth resuhing in 2
hagher oxypen wrson and normalized pH, which in
rum favor differenriadon of osceoblass. The cardlage
is then remwwed by osreodasss while caeoblass ly
down immanere wovon bone. Mobility ar the regen-
crare sice will disupr the blood supply and resudr in
cartlage and fibrows deue predominaneoe.

Gap osseous healing and bone grafis

Larger defecs heal by gap healing and may require

bonc grafis w allow the bony wound o regnomacc

tone mrher than prodwce 2 fibrows wnion. Three
processes are imvodved in the bealing of bone grafis
omcogeness, oacomducton and oscoconduction

(A1)

L. Oseogenesiz is dofined as che formation of now
bome from ostcocompoens cells conined within
the bone grafi

2. Oseeoindwcdon is defined & bone formarion from

primizive mescnchymal coclls in the necipiene bed,

which have boen srimudared oo differenciace moo
bone forming cells by indwcrive proeins wichin che
praft.

3. Dswocondwcdon is defined as ingrowsh of cagillar-
ics and osccoprogenimr oclks from the recipient bed
immo and around the grafied maooal.

Growth facvors

Growth facoors impormn: in booe bealing inchede che
bone morphogoncoc proccins { BMPs). The BMP sub-
family of TGF-f is made of soven conscrved cysicing
residues ar the mamsre carbaxy terminal (12, EMPs
are low meodecudar weight proweins (19-30 kDa) witha
pH of 49-5.1 (13). BMPs simulae mesenchymal
siem cells o differondare ineo cseoblises during
deveopment and bone healing (14,15). BMPs are
presonc in most Gesucs and play an mpoman: role in
romodeling of the adul skeleron. When osmoodass
resoeh bone marrix, BMP is released (16), inidasing
recruiomene and difforendarion of soom ool precursoes
m form osteoblass and wldmarely new bone (17).

RMP-7, also known as osceogeme promwin 1 {OP-1},
was firsr wsed oo orear a mandibular segmenal defeo
by Moghadam and collcagues i 2001 (13). BMP-7
was werd oo aid rthe healing of 3 maxdlary Leform 1
omooomy by Wamke in 2008 (18} I & now
approved for human wse in maxillary sinus dovabion
procedures as well as in exrracion socker presorvaton
rechmigques. The recombinam human form is derived
from a Chinse hamser ovary ool line. Both labora-
wwy and human smudies show dam with superior
rosules in regenoradng oitcal-stoed defeos (13,19)0
Clokic and Sdndor wore firs 1o ropore the wse of OF- 1
in hsman poar-resecrion defeos. They documeneed 10
cascs of post-rescoion mandibular defecs sucoresdfidly
reconstruoied wich BMP-7 (OF-1) i demincralized
bone marriz (DDEM) mspended im a2 reverse phase
copolymer medivm. Unevencful posioperative courses
wore repanted with denmal rehabfimbon achieved L
wiar post reconsmmuoion {13 200

Blood sopply and the soft tissue envelope

Formarion of 2 new blood supply is mincal o wowend
healing (21). This is demonscarcd most dearly in
pathologic smos where healing is compromised by
dmberes, poor vasoular supply, rdiason, bsphasphis-
nare exposure and where the normal healing proces
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becomes pathologic, sudh as in msmnoes of heooro-
topic bone formarion in response oo surgery or mauma
{2Z). The need for the re-esmblishment of murbdeno
and oxygen supply w0 support regeneraon and repair
of the wound cxceeds the maincmance needs of che
mssuc thar will wimancly form. Vasculr endochelial
growth facoor (WECGF) is imobeed in che recuiomene,
survival and aciviry of endothelial cells, osceoblass
and osoclases i wound healing (21,23-28).

Soft dsswe wound haling s reguired o suppon
bone healing. I has been well described and is char-
acrerized by four phases:

1. Coapgulaion (immedirce o 1 howr)
2. Inflammarary (1 bour wo 4 days)
3. Proliforaive (3-21 days)

4. Remwedeling (21 davs onward).

Croagularion is charsowrzed by endochelial damage
and plarclor activadion resuling in a fibrin clor. Planc-
los release angiogmic oyokine indwding plarcdio-
derived growth facior (PDGF) and TGF-B.

Vasculoendothelial groweh factor

(VEGF) effects

VEGF & also rdmscd by monmoyes, damaped kerar-
nooyres, cndoahiclial cells and especally aome mac-
raphages in che wound (29,300, VEGF acs on nearby
capilbrics o induwce vasoebr kakage, suppoming
imflammanian in physiclogic and pachologic condidons
by cohandng vasoular permeabiling (23). VEGE also
armcs nourophils and monooyes  roguired  for
woumnd healing and ikely also faclimres che formabon
of grarulagon tssuc. The infammarory phase is char-
acrerized by loukocoyor migragon, initally nowmophils
ner kill bacreria and chen monooyres. VEGEF relmse alsy
increases local loukocyre rolling {2 mone chan chreoindd
incroase) amd adhesion (2 > fourfold incroase) @
addition o increasing vascubr permeabdity further
facilmaring infllmmamry proceses. Monooyres diffor-
cntia ine marophagos and, in additon o tor rolc
in phagooyoosk, beonme impormne in releasing oo
kines impormne in subsequent healing and gramsbabon
tssuc formanon. VEGF is known w play 2 rolcin che
reguladon of immrion and growth of new vasodhr
srucrures {23 as well as bong nocessary for endoch-
andral assiicagon (23). Endodhelial cells activared by
VEGF initiare angiogenesis locally. Endochoial pro-
grnimrs in booc mamow are alss recruiced o dhe

wound for vasculogonesis. Togerher both procoeses

i

supply the novasoslanizanon required for granulacon
tiszue formarion {29, though angiogenesis dominaes
the proces (21).

The absmor of VEGF inhibis angiogeness in
wound healing, impairs the recruiomone of oclls nec-
cxsary for mormal bonc dicvdopment and ineerfcres
with nocessary cell o cell oyookne ooss-alk due o
the absence of developing vasoulamre. VEGF & a koy
player in bone repair and rogencranon for similar
reasons (28] The porone angsogenic acovary of che
blood dox char forms immediacly after fracnere has
bom amribwered m YEGF (28). The imponance of
VEGF in fracrure healing has been demonsiraned in
mice and rabbirs; when VEGF & mhibied & causes a
reducrion in blood flow and resulesin disrupion of the
fracrure repair and non-enion. While the role of VEGE
remains 1o be complerely wndersooad, YEGFE is cleardy
ncoesary for haling and bome repair through modu-
bdon of angiogenesis and new vessel formadon (28).

In addidon o sdmubong and regebong ang-
ogenoss, VEGY influenoes osocoblast differensiarion
and is mvobred in minerEmrion of foone callus (31,
32). Difforent growdh facors mmfuence wound  and.
bone healing in 2 manner thar @s both disino and
symergisolly inreroommeocd (32). VEGF is nequirod
m order for ocher facoors oo funcoon,, as is the case
with BMP-2 and PGF-2 induwced angiogenesis (33).
Inhibidon of VEGE Hocks BMP-7 induction of oseo-
blas ddfferendacon and BMP-4-mduced bone forma-
don (33).

Angiogenesis

Angiogenesis is impor@Enc not only inosoft sswe
healing bur alzo for bone e=ue differenriacon,, bone
formarion, manecnance and remodcling. Bone repair
follows four soquodal sps:

1. Esablishmens of 2 chrombus

2. Formardon of the soft callus

3. Formaron of the hard cllus, fillowed by

4. Booy remodeling.

The firer sep in angaogeness imwobees the firmarcion
of a plarcler—and keukooye-rich blood dot arcund che
s of fracre or bony defecr. Aoivaned plarclers
promooe chemomys of loukooyres oo et in dearing
debris. Both phrclos and leukocyoes release several
gromth fuconrs which will widmarely favor the forma-
ton of gramsbnon dease dch inimmanere vessels which
forms i and around che wound. These growsh fcmes
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indude: mmor neoaosis facoors (THE), BMPs, BGE,
irsulin-like growsh facoor (1GF), PDGEF, TGF and
VEGF (34 35). Neovessels (28) and fibroblases prolif
crare, forming Immanure fibrows dee dhar i respon-
sible for forming the carly sofi callus, The callus
undogocs further mameraon o form the hard alles
and is evenmally replaced by hmellar bone. Immanare
woven bone formed by cacoprogomitor cclls will cren-
rually undergo remodding. Bone emodeling follows
the mamraton of the newly formed bone, characrer-
ized by mamraion and re-organizarion as the fraoure
or defecr gains wosile srengeh. Fach scp in boac
hezaling involves the migrarion, proliforabon, differen-
dagicn and activarion of kel and distane cells, and chis
process is closcy regulamd (34, 56). Osmoprogoitor
el respond o the presence of the growth faomoes
including BMPs, PGE, 1GF, PDGE, TGF and VEGE
[34,36). Bon is an cocellent source of mos: of these
prowth facoors, which ane released after emodding or
rraumiz, and this & respomsible in part for the suocess of
aurgmmows grafting compared oo alocrmative sources
of graft marerial {37). Growth faoors modulare the
heraling, response and mediae dhe remodding proces.
WVECGF mcroases angiogmesis ar the graft or fraourc
site, prowiding grearer oxygon and muricnt supphy and
thus enhancng, difforendation of porvasoular and mes-
cnchymal stom cells inco osoblasss [32). BMPs arc
poeone indwcers of osoogencss and are expresed
during the bone deposicion sage, thowgh thisis depen-
denr on the formarion of neovessels ( 37).

It has boem ropormed thar a proooss pon wnlikc
cmibryonic vasoulogeness may play 2 role in coales-
oence of vessel progenioons (38 ). VEGE-I), an isodftam,
and VEGFR-3 (VEGF rooopor-3) anc imponane in
osmoblast mamnrion, with VEGE-I) and VEGFR-3
acring downsroam from VEGE i ostoogenosts |38,
39}, Bar studics have rovealed VEGE splice vanans
VECEFI2]1 and YEGEl&S, comesponding ro human
VEGF splice vafanes VEGFL21 and VEGF165. These
arc cxpressed during facure baling. VEGY is most
scrongly cxpressed in bone fraomre alles ar the arly
phase of haling, decreasing significanady by day 5
[39}. The role of VEGF beyond 5 days in healing of
the bomy wound is por known. Angiogenic gromth
facors may mediare meoracoon berseen endorhelial
ek, ostooblass and chondrocyies, all of which scorere
cndogmous VEGF (39). As healing progresses, the
fibroblast dominaes wound hoaling throwgh the pro-
lifcrarive phase, forming collagon and scar cssuc.

Several facors assist in dpping cthe balince from repair
m regencracion {359, fvorng the firmanion of imma-
mre bone rather than fibrous dssse. For example, ina
rabbin calvarial defec model, dhe addidon of VEGF w
DEM favors repencragon of the omicl sSzed booy
wiunds compared v mainly nopair in DEM or void
comrols {40 Moroover, ramenr of rabbic man-
dibudar dicfoos wicth supraphysiologic doscs of cung-
mows buman recombinane VEGFLGE  rouls in
increased angiogenesis and bone regeneraton (41,
Rooy wound healing, be &t a faowre, a graft or a
dicfioer, roquires srabiliny and. adoguanm blood. supply.
Bony wound healing relies on osooogenic progoninnre
from adjacene and dismane bone mammow. Bone pos-
soxcs limited poreniial for repemeradon, yor chis
poendal can be enhanced {5.42-44). The perioseem
is @ ey spurce of blood supply and, when it remains
needed for booe heaing and regenenmrion (45 446).
Bone adjpcent w a defocr has limiced capabilicy fir
and, in the cse of cramial defiocs even dur, sdmulares
e fsemamion and neovasoularizaton {46
Augmoneed angiogeness in booy wounds and bonc
grafiing applicaion may improve grft survival, mind-
mize resorpaon, hopefully reduce refance on awmng-
mows graft, reducr che amount of aumogenows graft
required fior 2 given defiea or wiimardy erable endndy
bao-engineered grafie. Moroover, the abaicy o pro-
mene nec-angiogenesis could porcndally prove very
uscful in the ocarmene and provention of ostoorads-
oncorosis and bisphosphonace relared neoross.
Efforts 1o wsc angiogenic growth faoors for wrear-
mene of chromic wounds have mer with imiced
sucoess. T dane ondy PIDMGEF has been approved by che
175 Food and Drug Admingsracon (FIDA) for use asa
mpicl oyvodine wound oo, PIMNGE is acdve inall
phazes of the holing proces and has been highly
cffecive as an adjuncr measure in the weammem of
chronic wounds of the fix (21, Success is Bmived by
the adoquarely porfused granulanon dsswe bed
Amemprs o mprove bony and  chronic wownd
hezaling have beon che focws of much awention. Hyper-
baric oxygen ( HEQY) improves the ability of macroph-
ages o phagooynse bacrera, espedally since hypoxic
dssue impairs the caidarive funcion of macrophages
(4}, Moroovwrr, maorophages rdomse higher lovels of
amyiogenic oyuskmes in orosponse o HEO (da)
Amoahor approach wnder imvestigadon is the admings-
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wadon of YEGF gene dherapy oo loclly mcrease neoo-
vacularization (3%). Howovor, resulis have bem
unpredicable, and dEorganized vasoular dissee and
hemamwomas have resuhed insead of normal angi-
agenoss of vasculogenesis doc, in par, o ovorcEpres-
sion of VEGF (39).

VEGF has been shown o mcrease blood vessel for-
macion, mincral donsity and bone fill inorar calvaral
defecrs (5} and rabbir mandibular dofecs. VEGF has
also been shown o increase bone formarion and
improve demineralized bone allografi consolidakon
(41). Mom smdics wsing ¥EGF m bony wounds and
fracrures invohe locl mfusions of VEGF (2841),a
wechnigue thar has proven effccive bur & Do a prac-
il or convenkme long-werm mode of delivery.
Inzmead, delivery of VEGF incorporared immo an
implanrable meombrane or anothor allogendc scaffnld
marcrial, possibly combined with other imponano
growth faoors, is 2 preferable and more viable mode of
delivery which is direcoed ar the @rger sive with sus-
mincd cxposare.

Smoc VEGYF dors not appear o drive osrooprogomi-
uw ool differermadon, a2 combinaton therapy with
EMPs may be wlimardy requined (4. Onee combined
with grafting maredals, VEGF would be relmsed mi-
mmally oo promiae vasculanyanon m the see followed by
the relcase of BMP o promon: ascooprogenivor cell
differonbanon and bone fill. This would cxplomn the
the manufacruring bonc  grafting maccrals  dhar
promode angiogencsis in the carly smges of injury, such
as a woth exmaoon, followed by with bone
growth fcoors, such as BMP, oo samulare astoopro-
genimor odls o difforenare in the laer smges. This
ype of combined reamment mighe lead o opomal
wowmnd healing,.

It is daar thar endogenous VEGY is roquircd for
normal bone fraocmre healing, remodeBng, and osoeo-
blast and ceeodast aoiviny (28). In addinon, the auno-
crinc acnviry of ¥ EGE in osmoblass adjacont o cortial
defecs ha ben domomsmaed. Emgenous VEGE
given by a pump over 48 hours wnail day 7 increases
carly vascularizarion and bone healing in bone fracnene
healing and bone defoce healing (28.41). The angio-
geni< role of VEGE has been studied separarchy in soft
issuc porcine bladdor models, and VEGF has bem
shown m improve neowvascularmcon of porcine
bladder consmruos ar VEGE doses of up oo 1000 omes
loss vhan in snedies which domonsirax ofeos on bone

&

fracrure and bone defecr healing. Ths may be brgedy
exphined by the faa thar most swdics on bonc have
used recombinans buman VEGELeS (rhVEGFLEE),
whireas recombinant buman VEGFI2 1 {chVEGFI21)
has boon wsed in many of the soft rissee sudics. Iris
difficulr 1 compare smedics a5 the dose and mode of
delivery of VEGE vanes. Punthermare, it is mor knoamn
if bome boaling and angiogencss have differmg VEGF
requirements. It is safc oo say, however, thar VEGF
seems o be impormne in che paradigm of bone healing
(5 AT AR).

Surgical maneuvers to induce and
promote healing of large defects

Periosteal healing

Manipularing the perioscem is one method thar sur-
goons have bamed which induces bone regeneranon.
Perioseal scropching, osoours nanarally in pericsrcal now
bone firmadon undor pathologically strenched poros-
ewm, in caeomyclits for example. The periosoum isa
ooy source of blood supply and when i remains in@cric
demonsrares an coensive microvascularure which is
necesary for bone healing and regenoradion (45 4a).
Bone adjacent o a defeor has a limired cpabilicy for
noovascularaton and oscogonoss. The posostoum
and, in the case of cranial defeas oven dwra, simulares
bone frmadon and neovasculrizaon {446)-

There are sices where perioseeal bone regenoracion
an aocur predicrably in young children. The fibek or
ribs arc cxamples char may romlly regencrace when a
graft has boen harvested in a child and the posostoum
& mainmined. The mandible has also been known o
regenorace in a child whn ic bas been reseooed and che
poriastral decve was boft intace. These same principles
of perinercal smerching and defecr mainemance are
mmponant in sinus Efbing, guided bone regenoracion
with membrancs {49) and dismrachon oscoogencsis.
Defcors thar are nor mainmined rosulr in 2 poioscoum
thar sags or collapses and there alveolar Adges beoome
nod-ideal in foom

Tent pole proceduores

The value of re-csmblihing che condnudry of 2 man-
dibular defecr m memor reconstructon wich a bone
graft amd rgid fimacdon hardware is wndenizble, bur
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Fig. 4a. Edenwlows male with severe mandibular alveo-
lar atrophy and lkmised Jower lip suppore.

reconsiructions  Bke these should be  considercd
imerim if they are noc funcsonally loaded. If they do
nok rescore chewing funcoon, the bone grafis tend o
undorgo progressive disuse arophry, and the absence
of reeth permits overcrupdon of the opposing
denooon. The authoss have observed atrophy of
non-vascularized grafis and, surprisngly, vascularized
fibular reconstrucons of the mandible as well. Arro-
phy of vasaularized grafis has boen documemted in
growing children (540) and has boen observed in adule
paricnes by these authoes.

The soft dsuc mamx cxpanson {STME) or wemt
pole procedure was origmally described o manage
severe alveolr arophy sccondary o long-sanding
mandibular edenrulism (Figs. 4a-4i) by strerching the
peniosteum surrounding the part of the arrophec man
dible 10 be reconstrucred with denmal implanes (2,
51-55). The technique was adapecd o arrest acrophy
of 2 vasculanized fibula wsed o reconstruct an ablatve
defecr resulting from rescaion of 2 malignane rumor
of the parasymphysis of the mandible i a growing
child (50). The awhors have further adapred the
STME mchniquc 10 trear an ablagve defea of the
lateral aspect of the mandible reconsruced inidally
with 2 vasculanized fibudar grafi. The followang recon-
struction of a large mandibular demofacal defecr illus
traces the prndples of this rechmique (Figs 5a-5s).

Fiz. 4b. Laceral cephalogram showing 4 mm of man.
dibular ridge hetghe

Sinus lifting /lateral ridge augmentation
Acute periosteal stretehing

Sinus-augmenration  procedures are  well-accepeed
rechniques to trear the loss of verncal bone haghe
(VBH) in the posterior maxilla and are performed in
wWo ways an osicorome snus floor clevasion wech

nique (56) (Fgs. 6a-6<) and a larcral window tech

nixue (57) (Fgs. 6f-j). Implancs can be placed with an
oseotome technique if there is ar Jaast 5 mm of bone
heighe prescrn (56). If the alveolar ridge has 2 VEH
less than 5 mm, then prRmary sabdity of implanes may
nox be achicved. Instead, implanes could be placed in
a delayed or scoond-stage surgery after graft remoded

ing is complered {56,57). While these rechnéques have
been used o regencrace Jost bone, the facors thar
comribute o the survival rawe of sinus augmentadon
and denml implane placement are sall the subjea of
dmasmson. The reaeme litcrangre concerming sinus
grafis showed diffening long-term rosules depending
on which rype of bone graft material was used (58).
Maoccover, it has been documenced thar there are no
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Fig. 4c. Aneertor aspect of mandible exposed throegh
an extraoral submenial skin indsion. There s no
ineraoral incision and the perloseeum overlying the supe-
rior aspect of the mandibular ridge is peeled off and kept

ineace.

Fig. 4d. Implants have been tnserted into the basal bome
of the mandible with the apkal ane third of 2ach tmplane
engaging the mandibalar bone.

differences m implant survival raes if cither osteocome
or lareral window technique with synchronous implans
placcment were performed (59-61).

lateral ndge augmentation & the most commonly
used method 10 augment a deficient mandibular alveo
lus in pecparadion for deneal implans craarmene roday
(Fags. 72-7d). Alveolar ridges in the maxilla which are
deficient in the tansverse dsmension are augmenced
predicably with the placemens of 2 bone graft and
covered laterally with 2 resorbable membrane (62).

70

g, de. Aneerior view of the mandibular tmplants with
healing screws ateached. The exposed pans of the
tmplanes will tene up the overlytng pertosteum Ifke tene
poles. The exposed pans of the tmplants will be covered
with ancellous bone obtatned from the posterior tliac
crese.

Fig, 4§ Postertor tltac crest donor site.

Lareral mddge augmencason is stable with boch block
corpal and paroculate bone grafis, whereas the resules
of verrical ndge augmentacon tend o be unpredia
able. Both non-resorbable membranes such 2 on
nien  reinforced  polywrrafiuorocthylene  (PTFE)
membrancs and resocbable collagen membranes have
been wsed (63).

Hyperbaric oxygen therapy (HBOT)

Onc mancuver surgeons have laamed & o amplify the
oxygen erson in 2 poorly vascudanzed wound o hdp
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Fig. 43. Cancellous bone harvested from posterior fiac
est.

Fig, 4h. Exposed pans of denwal implants covered by
cancellous bone prafe. Perfosteum closed overtop will ace
Itke 2 nacural membrane allowtng bome graft healing
beneach with no exposure of grafied matertal o oral
environment.

Fig. 41. Post.operative  orchopantomogram
recenely placed deneal tmpl n ph
ridge with healing bone zrafe.

showing

Bhasl

Fig. Sa. Anterior view of sweech oo presendadon. Noee
pre-extseing class 111 malocdusion and anserior edge-to-
edpe relavionship.

=

Fiz. 5b. Occlusal view of mandibular ardh. Noee absence
of righe laceral segment of mandible.
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A

Fig. 5¢. Panoramic tomograph on presensaton showing N
right side of mandible reconserscred with vasculartzed

~
fibular grafe. Note the lack of verdcal beight of the graft
and the poeential crown-implant rado. <

Hg. 5e. Posterior llac crest graft ssored In saline on ice.

Fig. 5d. Poseerior llfac crest exposed.

promace healing. Some wounds are poody vasaalar
ized duc 10 cxcesive scarring or from repeared faled
surgical arempes (6). Radiadon therapy also cuses A, 56 Closure of doaor site incision.
tissucs i the irradiared fidd w become hypovascular.
HEBO can help in the haling of problem wounds

the denrofadal skdoon (5). chemically bound o hemoglobin while only 3% is
HBOT is defined as incerminent cxposure o 100% dissobved in plasma. One gram of hemoglobin carnicsa
oxygen under pressures greaer than 1 absolhue ammor maximum of 1.34ml of oxygen. Fully sarurared

sphere (ATA). The concensracon of oxygen in the hemoglobin  (100%) in 100ml of blood crrics
ammosphere & 21%. Ar 1 ATA, the oxygen in blood is approximatcly 20 ml of oxygen. Nincty seven percent
almost eneircly carmied by hamoglobin. Ninery five sarurared hemoglobin in 100 ml of blood crrics
percere of oxygen carried i the arwerial blood is 19.5 ml of oxygen. This amount is reduced oo 5 mil of
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Flg. 5z. Right submandibelar inciston throegh che pre-
eximing scar.

Fig. Sh. Implant omeotomy preparaston wich subman.

dibular sof tssue r d wpwards over the dibl
Note sucrioning of bome parucles from drilling sie
under irrigaton.

oxygen while passing through capillarics. Increasmg
the oxygen-carrying capadry of blood by increasing
hemoglobin samurarion is noc posdble (42).

Ar sca lovel, gas pressure is 760 mmHg o 1 ATA
Arterial hemoglobin sruradon is 97%, while venows
hemoglobin saruradon s 70%. Inhalidon of HBO
increases the quanary of oxygen dissolved in plasma
Ar | ATA, the amoure of disolved oxygen in 100 ml
of plasma is 0.449 ml. When inhaling 100% oxygen at
1 ATA, oxygen conceneration ncraases o 1.5 ml/
100 ml of plasma When inhaling 100% oxygen ar

Fiz. 51. Implams are inserted tnto basal bose wp w0
juncrion of apscal and middle chirds.

Piz. 5). Perloseeum propped op by implanes and healing
aps.

3 ATA, the amount of dissolved oxygen in 100 mi of
plasma increases o 6.422 ml/100 ml of plasma,
which is enough 1o mect the basc membolic needs of
healing gssues @ the human body (5,42-44)

“T'he driving force for oxygen diffusion from the cp-
illaries to rissues can be estimared by the diffcrence
berween the partal pressure of oxygen on the arrenial
side and the venous side of the capillaries. The differ
ence in the pardal pressure of oxygen from the arvenial
side 1o the venous sde of the apillary systom is
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Fig. 5k. Five sandard SLA RN (Stranmann Sand-
Blasted Large Grit Add Eswched Regular Neck) demal
tmplants with healing caps in fibular reconseruceion.

Fig. 5L Cancellows bome parvdes from the posterior
1ltac crest and tmplane osweoromies packed around denal
1mplants in space creased under propped up pertosceum.

approximarcly 37 umes grearer when breatching 100%
oxygen ar 3 ATA than air ar | ATA (5,42-44).

Distraction osteogenesis

Gradual periosteal stretcbing

Digracdon ostcogencss involves ostooomy of 2 bone
with minimal periosteal disrupaon and slow condns
ous racoon on the ands of the ostcotomized bone ©
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Hg. 5m. Closure of the submandtbular incision.

Fg, 5n. Immediaee post-operative panoramic «omo-
sraph showing tmplanes and bone grafe.

procluce a lengthening thas is unsurpassed by standard
astoocomy rechniques. There is evidence thar during
this process bone and other dsues are formed 0
compensate for this kngrhening. Some refer o this
process as histogeness. Distraction ostcogencsis acou

ally recapitulazes 3l the processes of embryomnic bone
formarion o produce new bone withour requiring a
bone graft. The kevels of growth facoors such as BMPs,
PDGF and VEGF arc markedly clevated in the distrac

don regencrarc.

The rearment of alveolar defecrs includes guided
bone regencranon using a varicry of membrancs, onday
grafing of aurogenous bone, connective Gsuc graft
mg and alloplastic augmentadon. Verdal alveolar
defecrs are dificult o overcome in 3 predaczble
manner wsing autogenows bone grafis and often lead
w esthedc shorcomings (64,65). Distracrion osteo
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Fig. So. Exposure of 2-mm healing caps through a

crestal indsion of the muc

geness of the maxdlary alveolus permies correction of
alveolar defeas oftendmes withour the use of 2 booc
grafi

Alveolar distraction ostcogeness (ADXO) may offer
scveral advanmages over bone grafting alone i the
traacment of verdal alveolar defecrs: no donor sice =
required; disraction of bone and surrounding soft
tissue occurs Smulaneously; the ranspoct segmane
a form of pedicled graft which & never scparared from
its blood supply, thus maximizing vialicy and minimiz-
ing rosorpdon; and it has che powendal for bemer
conrrol of verocal haght, estherics and biomechanical
loading (66,67).

Alveolar diracion devices have three basic com
p : an upper ber, 2 distracoon rod and 2
lower momber/base plare supportng the verdcal
force of disracrion. These devices can be classified

P, 5p. Polyether tmpeession and comp
removed from mowth. Note che plaseic tmpressicn caps
embedded in impression.

Fiz. 5q. Implamis are sealed with 15-mm bealing caps.

a5 iMra-Osscous OF Cxira-osseous; uni-, bi- or mula
directional; non-resarbable or resorbable (noc requar
ing 2 sccond surgery to ramove distracier components )5
and prosthenc (@an romain in plce © be used
support the denmal prosthesis) or non-prosthenc (mus
be romoved following distracrion and replaced with 2
denmal mmplant) (68,69).

ADO is indicred for the meammem of alveolar
defecrs where the alveolar processes are atrophic and
deficiens. ADO can also be used o correct verncal
defecrs cused by ankylosis and submergence of
primary reath remined in the absence of succedancous
weech (Fig. 1). ADO is commindcared in severe
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Fig. 5r. Completed bridge on maser case, buccal view.

Fig. 55. Compleced bridge tn mouch, frome view.

arrophy where there is insufficent bone to allow safe
hardware placcment berween tooth rooes and the floor
of the nose, the maxillary sinus or the inferior aiveolar
nerve. It may also be concramdicared in cases of scvere
asteoporosis where bone guality is poor, or in patienss
who arc unBkdy o demonsirate compBance with the
ngors of the distracoon process. This laner requare

ment in an adolesocne parient may be the most impor

mane. ADQ is 2 kbor inensve wechmique with a
significant transicional morbidity. Bone grafis may
gready simplfy trearment and shoudd always be con-
slcred as an altemave in young padents.

“The first step m ADO is o plan the veaoe of dis
wraction. A disractor is chosen thar & capable of deliv-
ering a force in the direcion of the chosen vecor. If
recth are available 1o anchor a diracion device then
an cxzernal oadh-bome device can be chosen (Figs. Sa
and 8b); othorwise, an intermal bonc-bome device
must be sdleared. The effea of the rigad palacal dsuces
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Flg. 6a. Radiographc appearance of left maxillary sinus
before tmpl I using ost technigue.

. 6b. Implant osteotomy site prepared o allow enery
of sinus elevator.

and the Bngual dssucs on the vecror of distracrion
should be kepe in mand when disracing the mavill or
mandible. Palazal dssues wnd w0 exert pull on the
distracring segment cawsng it o dle lingally away
from the desired veaior.

An incision is made cither in the vesabule or 2t the
crest of the alveolar process, and 3 mucopenostaal flap
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Fip. 6d. Stnus elevator inserwed tneo tmplane osteotomy

stee. P or mall pcznbenudwfn::
ture che maxtilary stnus floor.

is clevared. Veroaal and horizomal ostcotomics are
performed through the labaal or buacal corrical boac
of the alveolus usng 3 aw or a finc fissurc bur
{Figs. 8c-8¢). The dovice is then artached to the teeth
flanking the pardally oscommized segment (Fags. 8d
and ¢). The ostoocomics are then comploed by
cxxending the cuts through the palamal corscal bonc
usng osteecomes, and the segmene is mobilized
(Fig. 8¢) o ensurc thar there are no bony or deneal
imerforences 0 unrestricied  ransporr dong  the
scdocred  vecror of disracson. The wound is then
closed.

Aficr 2 5- w 7-day latency perixd the segment &
destracted once or owice daily ar a race of 0.5-1.0 mm

Fig. 6f. Laseral approach ouslining window for open
sinus Hoor augmensatson.

per day uniil the desred bony posidon is armined.
Overdistracoon of the scgmene by 1-2 mm may mini
mize relapse. A consolidason phase of 6-12 weeks
with the diwracor in place allows undisturbed healing
of the disraced bone 10 ocour. I reeth are present in
2 configuration which, when united by fixed orth
odonge appliances, can facilicee smbilizaton of the
scgment, then the distracror can be ramoved. Fixed
orthodondc appliances showdd be worn for the dura
voa of the consolidation phase (Figs. 8f~8h). Ar some
poins following the consolidasion phase, all menal dis-
rracroes must be removed, unless they are resorbable.

|
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Fig. 6g. Lateral maxillary infracured to allow access for
open sinus Soor aegzmeneation.

Fig. 6h. Inserdon of 3 dental mplane fixvure 3¢ same
surgery as sinus floor augmentadon.

If ankylosed teeth were used for anchorage of the
distracoon segmene, they are exrracted following cthe
removal of the distracdon hardware (Fig. 8h). Dennl
implants can then be placed ino the distracred abveolar
scgment and resored in cheir new ideal posinon
(Fags. 8i and j).

The diseracting dental implant

There are dear advanmges 1o having a dovice thar can
be used 1o correcr a verocal bony defecr by distrac-
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Ag, 6L T tve arth

I 7 gram showing well
pneumattzed sinus where there was oo liedde bone o
allow dosed sinus floor elevation.

don osicogenesis and which can also serve as the
anchor for a prosthesis followmg comploion of the
distracrion. Such an inra-osscous, prosthenc disorac
don device with complerdy mrermalized componenes
& proscdy in the preclimal sage of dovelopment
(Figs. 8k and I). The distracong implamt comprising a
fixoure connecred o a footng by means of a rerining
screw is placed within the bone. When the assembly is
complerely insalled, the proxmal surface of the
foocing bears against the bocom of the ostcotomy.
Following the compledon of the distracion process,
the digracting denml implans & used 0 support a
denral prosthesis.

Guidance of implant placement

Although che distracing donal smplanr is a unidirec

gonal disraction device, its mrajecory can be guided 10
a cerrain extent wsing orthodontc forces or a prosth-
aodontc docking saton. A further consequence of the
unxdirecoonal nacure of cthe disracting dereal implane
i thar the veaor of disiraction will be deined prima-
nly by the implanc’s longinudinal axs. To a ccrain
exeene, the gromery of the cordootomy @n be
desgned m counter-pull fom the Engual or palacal
mucoperiostcum. As the trajecrory of the distracring
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Flig, 6). Past-op archop gram  showing
two implants tnsered with 2 concurrent open sinus floor
elevadon and bome grafiing.

Fig. 7a. Harvesting of a corvical serue of bone from che
lefe lateral rames of the mandible.

impham depends substantially on the vecoor of distrac
tion, it is of citcal imponance w© have conral over
the sparial location and axal incination of dhe implant
An mmplane positioning device with the capabilicy o
conrrol sparial locnon and axal inclinarion & cur-
renely under development.

Fig. 7c. Cordal bome grafe secured with wo
Insraosseons screws. ‘The graft will be covered by a
resorbable membrane before flap closure.

Tissue engineering with growth factors
BMPs and VEGF

With the constraines of boch aurogmows bone and
allogencic bone, scicntises have focused on the fabn

cation of complerely synchenc bickmplanes. By the late
19805 the acrive facror responsible foe the inducdon of
bone was idenafied, bone mocphogeneric proecin
(BMP). BMP is regarded as 2 morphogen, a proccin
thar replicates the embryonic inducion of bonc for-
marion (70). BMP an induce pluripotenr mesenchy-
mal sem cells o differenniate o bonc-forming
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Fig. 7d. Resorbable membranes placed in ewo layers o
cover parciculate bone graft in lateral augmentadion pro-
cedure.

Fig. 8a. Oligodontia padtent with ankylosed decidwous

maxdll lateral Incisors and canine eeeth. Noes the
vervical hypodevelopment of the maxillary alvealus due
t0 che ankylosed weech.

ostecoblasts. BMP-2, 4 and 7 have been shown o
stimulate de move, in vizro and sw > bone formation
in various animal models. Currenady, there are many
BMPs char have been isolared, and with the cxcepdon
of BMP-1, they arc all members of the TGF-§ super
family (71). In the carly 1990s the ability 10 fabricare
these proecins symhedally using recombinane wech
nology was devdoped, and in 2006 this kad finally 10
the developmen: products OP-1 (BMP-7; Siryker,
Allendale, Now Jersey, USA) and Infise (BMP-2;
Medwronic, Fridley, Minncsora, USA), bach of which
are now avadable for clinkal wse (19)
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Fig. 8b. Distracton bardware arached to the ankylosed
deciduous teesh bilaserally.

g, 8c Hardware
performed blaeerally to enable 3 ewo tooeh sepmene
with the decidnoes weeth to move downwards vervally.

d and al v

o

It has become apparcmt that onc of the grearest
challenges o the dinical applicason of BMP has been
the idendficason of an accepuable carnor. Investiga
tans of various delivery agents have idendfied corrain
oncs a5 being more cffeaive for the opdmal climal
applicadion of BMP. Over the past decade our grow
has explored the usc of a reverse phase block medmum
as 2 carrier for BMP, and while ochers have struggled
w achicve accepumble dinical results; our fise BMP
bicimplan: was successfully made in 1999. Smce chac
time our group has reconsirucred ton buman man
dibular defocrs wsing bioimplants consisting of OP-1
(BMP-7; Scryker Biosech, Allendale, New Jemscy,
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Fig. 8d. Hardware reastached and device Is acdvated.

Fiz. 2f. Immediate post-operadve onhopantomogram.

Pig. 2. Note the gap besween the distraceed sezment
and the supertor aspect of the maxilla.

USA) and DynaGraft Purry (DBM in a reverse phased
medium; IsoTis, Invane, Californz, USA) (20)

The BMP bsoimplant was creared by manually
mixing BMP-7 (OP-1; Suyker Bawech, Allendale,
New Jerscy, USA) wuh 10 cc of DBM in a roverse
phased medium (DynaGRaft Puny, IsoTis, Irvine,
California, USA) and then molding it o form the
shape of the rosecred segmene of mandible (Figs. 92-
c). This was then inscrred into the ddea in the man
dsble and the muscular shng surrounding the mandible
was re-approximared to cnsure compleoe coverage of
the bicimplant (Fig. 9¢). The superficial rissucs were
then doscd in a radivonal fashion. Padents were are

Fi3. 83. Onchopantomogram at che end of distracdion.

fully foBowed bach dinxally and radbographiclly o
sure proper incegrason of the bioamplane with the
mandsble (Fg. 91).

Tissue engineering with stem cells and
growth factors

Interdependency cxzsts berween adipogencss, the for
marion of far txsuc from stem cells, and oscogenesis,
the formason of bone from its stem cell precursoes
Adipose-derived adule mesenchymal stem cclls may be
uscful in furure bone regencradon and Gsuc engineer-
ing cfforrs. We will now discusses possble future rela
soaships berween aurogenous adipose-derived stem
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Fig. 8h. Ouhopmwmon;am n mzndou phue bollow
ing exeracuion of the exp b
teech.

Hg, 8). Implanes placed s correce vervcal level. Diserac-

hod

offers 2 o correc: verdal

a!nohr dlxnpum bet In a hbor ineensive manner.

Fig. 81. Sten: to gulde tmplane placement.

cells, growth facoors and rosocbable scaffolds o the
conrext of furure rissue cngmecnng oforts.

The field of tissue engineering

Tissuc engincering cfforts indude the virl collabora
ton beween cell biologists, biochemises, marterial
scientists, engineers and cBnidans. In ocder o under
stand the complex role of the vanious components of
tIcuc engincering, onc can coasider an cquilateral i
angle where stem cdlls, resorbable scaffolds and baoac
ove molecules such as growth factors condnuousdy
inceract with cach ocher (Fig. 3). It & the undersand
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g, 8k. Distraceing dental implane.

mg of the namre of the incracions boween these
three key componenes char rissue engineering is badle
upon.

Sources of stem cells

The source of cells for rissue engineering depends on
the struciure that is 1o be replaced. Human embryonic
siem cclls (hESC) are plunporent stam cells isolared
from the inncr mass of human blastocysts. While chese
cells have groar pocensial due 10 thar differendacion
apaciry, there are problems char must be solved prioe
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i

Fig. 8l. Diseracung deneal tmplane In sertes as ft disiraces.

YhS

Fig. 92. Mandibular

el

10 ereat

to their clinical usc in dssuc engincering. The prob
lems with hESC indude culmuring hESC withour

L1

Fig. 9b. Reseaed mandtbular fragmene.

derived stem cclis (ASC). This should noc be surpris-
ing as there is mrerdepend berween adi =

adiyost

cxposure 1o animal p s, of
development and immune rejeaion by the recipsent
host (72}. For the presene dime it is adult stem oclis
thar are wsed chnically. Those cells with the lowest
morbidity in harvesting and those thar sill rein 2
degree of pluripocendiality would be the most advan-
rageous i the tissue engincering of bone, for cxample.

One source of mesenchymal stem cells (MSC) for
bone regencradon is adipose dssue 1o provide adipose-

and genesis (73). Cermindy the harvesong of
adipose tissue is nor morbid and may even be advan-
rageous for some if liposucton were used as the har-
vesting method (Fgs. 102 and b).

Stimulating stem cells

Using the assuc engi @ model, genows ASCs
coukd be harvested from a paricne having a liposucion
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Fig. 9c. Gap caused by resecxson s larger than a crieical
stzed defecr and will o heal withoet some oseopenic
ineerveneion.

Fig. 9d. Demineralized bone mawrix mixed with BMP-7
0 form osteogenic biolmplane.

D Ll

Fig. 9¢. Comstruct placed tneo wound and surrounded
by muscle ttssue 1n che dosure of the woend.

procedure and wsed o seed a resorbable scaffold (74)
which was made wdng CAD/CAM wdinology o the
precse dimensions of 2 missing segment of bone, foe
cxample. The sceded cells cowdd be samulared by
physical means using magnerc or galvanic samulacson,

54

Fg. 10a. Liposuceion Is one convendent and mintmally
morbid way of barvestng adipose-derived stem cells for

" 11
cell cz g and ussoe eng g purpases.

ultrasound, hypoxic or hyperosic gradens (7) or
growth faccors such as TGF-81 (75) or the BMPs (76)
w0 guide the differentiacion and growth of the cdis. In
some cases the surface configuracon of a parricular
saaffold may samulace stem cells oo differendate i a
cerrain direcrion. Bioaaive glasses, for example, are
known o cawse mesenchymal seom edls o differeno

atc inwo ostcoblascs.

Manipulating the construct

Once the cdls have populared the scaffold (Figs. 10c
and d), the resulting bioimplan: or construc could be
wransplanted into the pasone to restore the defect. This
ex #iv0 derived reconstructon has one major obstacle.
The viralry of the bwimplant s endrdy dependenc
upan the vasculanity of the recipient bed. To this end,
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Fig. 10b. Far cells are tsolaeed In the boratory and
mesenchymal stem cells are grown oue in cubisre.

Fig. 10c. The appearance of adipose-derived stem cells
grown In cell culenre. These cells can be frozen for
storage and later usage.

prowth factors such as VEGF could be used to
stimulate angiogencss (10) o help vasaudarize the
consinuct.

Future directions

Anodher source of stem cells coukd be from sucion
trap asparaces of bone during mandibular third molar
remewal (77 ,78). This rechnique would allow stem ccll
harvesting during one of the most common oral
surgical procedures performed oday. Thard molar
remewal also presencs some new opportunitics. The
remewed developing third molar folide can yicld fol
licular cclls, comemroblase-like cdis and denmal pulp

Fig. 10d. Live/dead saining of adipose stem cells
aceached onto a scaffiold of resorbable btomatertal Gbers
(3 hour ume poine). Scale 200 uM. Green cells are
viable.

stem cdlls which can aiso be auloured and studied. The
recepeors of these cdls caan be characienized and this &
an importane first step in the undersanding of these
cclls and thar possble furure udlizanon.

Specifically difficult wounds

Maxillectomy cavities

The incdence of oral cancer ncreases with age in all
parts of the woeld. In Western counerics 98% of the
panenes are over 40 years of age (79). In high preva
lence areas of the worlkd many of the patenis are los
than 35 yaars of age owing 10 heavy wage of various
forms of wbacco. There has been an alarming risc in
the inddence of oml cancer dunng the s three
decades paricularly among younger mxn, and the
wrend appears o be contnuing (79).

Squamous ccll @ranoma of the oral cvary 3 rare in
pediacric padenss. The tongue and Jower I are che
most frequendy reported sires (80). In this chapoer we
illustrate a rare casc of 2 squamous cdl caranoma of
the maxillary gingiva in 2 10-year-old female who was
treared and reconstrucred by a mudndisciplinary ceam

Such maBgnant numors roquire dear surgical margins
for survival. Maxillecomy defects ofien involve mwd
uplc mixsng recth, abveolar bone, and amached and
abveolar mucosa and may have large openings or fistulac
connecting the mowth with the nasal cavity or maxillary
sinus. Such wounds are challenging to manage
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Fig. 112 Ten-year-old female with radiographic image
of aggressive bone destruction due o 3 squamous cell
carcinoma of the maxillary alveolus.

SR ’ - 4

N s N . e

2 W e Ty Mw
Fig. 11b. Histologsc appearance of well differendated
squamons cell caranoma.

“The managemene of a maxilleccomy defea is Sus
wrated in the following asc of 3 10-yarold female
(Fags. 11a-g) who underwent a left pardal manllec
wmy viz an mrraoral approach with a left decove
supracenobyoid neck dissccdon. 1 bere > The inraosal
defecr was packed with iodine-impregnared gauze and
imanediately reconsirucred with 2 peefabricared obou
racor which was sccured in posidon using palanl
screws (Fig. 11). The goal of the obourator was ©
aliow healing of the dssucs remaining in the maallec
womy defecr by granulasion or sccondary inenoion.
The obturaror also minimizes the impact of large oro-
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with clear
margins resuleing in larpe dencofactal defec with signifi-
cant ocal aneral fisenha.

Ag, 11c. Maxtllary reseceion

Hg. 11d. Temporary obeurator made pre-operasively

nasal and oral anrral fisndac by scpararing the oral and
msal cavines. “This makes specch much moee meclli
gible and aids in swallowing as well

The swgial speamen demonstrared an mvasive
squamous cdl caranoma with negadve margans. Nonc
of the lymph nodes from the neck dissection specimen
showed any ovidence of meastatic discase. The obru-
raroe and packing were removed 2 weeks post surgery
and a hallow obrurator uldmarcly baring prostheric
recth was inserred. Such obourators form the backbone
of prostheric reconstrucoon. Fusure opons for the
patcrs indude prosthetic reconstruction vorsus 2 vas
aularized dssuc mansfor with deneal @mplanss. In the



Healing of lange dentofacial defects

Flg. 11e. Obeurator Insereed with lodine tmpregnased
pauze packing o obdurate oral aneral fiseula and encour-
age healing by secondary intendon.

long werm the teeth adjacene 1o the borders of the
resection are prone o periodonl dewc koss and
failurc.

Wound infections necrotizing fasciitis
Necrowizing fascisis (NF) is a rapidly sprecading-life
threarening infection mvolving the superiicial far and
fascial Lyers with necrosis of the overlying skin. The
lesion was first described during the Amenican God
War (81) and has been reported exeensively in the
general surgery Bermure. It i most common o the
perincum, abdomanal wall and extromitics. It & most
ofien seen in the clderly and immunocompromised
paticnes (82). NF & kss common in the head and neck,
espeaally in the face. This rare infecoon (83) can resule
from denmal (84-86), sinus (87), peritonsiflar (88.89)
and salivary ghind (%) infcaions or sccondary o
surgery (91) or crauma (83 ). The causative agenes have
classically been described as group A bem-hemaolytic
streprococa and saphylococc, and also indude obl
garc amcrobic baceria (85.92). If not prompedy rec
ognized and wreated the infocdon may spread ino the
decp spaces of the nock and compromise the @rway, as
wdl as spreading into the mediastinum, producng
life-thraarening sepsis. Such wounds require cxtreme
mCasures.

Fig. 11£ Obeurator secured with palaral transosseons
srew 0 redaln obeurator, fcilieadng  swallowing
withowt nasal regurgheation of food and making speech
more ineelligible.

e ) !

Fiz. 11p. Maxillectomy defec: In healed swaee wieh
pinhole aral aneral fistnla.

The management of NF is iluscrated by the follow
ing casc: a 57-year-old fomale with 2 moderare nghe
buccal space infecoon with nght submandsbular
involvement  secondary 1o grossly decayed mxach
numbers 46 and 47. The parapharyngeal spaces were
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Fig. 122. Padent with full-thickness necrosts of the
check and inital extensive bullae and erythema from the
zygomasic arch to the inferior border of the mandible.

clear and there was no airway compromise. The
patient was admitred for Inravenous  anribiotics,
obscrvadon and analgesia. Unfornenazely on the nighe
of her admisson, she pulled ous her inmavenous cirh
crer and discharged herself from the haspil againse
medical advice (AMA). Muliple anempes ar contace
ing her were unsuccessful

Five days larer, she recumed o the cmergency
deparoment with marked deterioradon. She appeared
woxic, was febrile and rachycardic. There was a hrge
necradc region on the righe check extending from the
zygomanc arch superiorly o bekow the mandible mfc
nady (Fig. 122). There was sovere night empocal,
bilateral submandibudar, cervical and floor of the
mouth sweling.

The skin appeared grossly abnormal, with a spec
trum of fndings ranging from crythema, pacchy arcas
of bullac to frank necrosds. There was marked crepinus
nowed from the zygomatic region w0 the laryngal
carrilages in the neck. "The paticnt was mken o the
operating room for anmediare endocracheal inuba
oon which was performed uncvendfully. An emergent
CT scan was obained after the airway was sccure and
reveaked the presence of severe subcurancous gas for
masion and marked gencralized head and neck edema
(Fz. 12b)

88

Fg. 12b. Pre-operatve CT scan showing marked edema
and extensive subcuraneous pas formavon which & also
present in the paroud gland bilacerally.

The pasicr was ken to the operadng room where
mmmediare complere debridement of all necrodic tissue
was performed unid bleeding tssuc was encountered.
The arcas of debrdement needed o be exeended
throughour the operason as the zones of mvolvernent
and necrods were seen o extend and increase during
the surgery (Figs. 12¢ and d). Clindamyan 900 mg iv
q 8 h was sared following an merz2-operaove infec
dous dascase consulradon. Exploradon and decom
presson of all involved fascial spaces was ako
complered, and tooth numbers 46 and 47 werc
exracred. Muldpk osuc samples were semr foc
culrure, which later revealed the prosence of 3 maxed
mfccoon, ncluding Serpraceccus muller, coagulase
negagve Swapiwacocens and anacrobic gram ncgarve
bacili. The wound was packed with iodine gauz
(Fg. 12¢). Imra-operatively, the patdon cxhibited
sgns of scpic shock with hemodynamic insaabilicy
requiring inocropic agents to maimain her blood pres
surc. She was wransferred o the intensive cire wnic
(ICU) and remained immubared.

The pasone srayed m the ICU for approamardy 2
weeks. A oal of six sessons of hyperbaric oxygen
weamene (HBOT) were adminisered durng the
midal period in the ICU. Wound care in the form of
froquene poviodine-sosked gauze changes and dcba
dements of further nocrooc dssuc were performed.
The padent was also raken to the operating room on
once ocasion for further debrdement and pardal
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Fig. 12c. Necrous vssue excised from the wound. ‘The
margins of the exciston had to be extended several vmes
2t surgery as che leston cominued to spread Inera-
operasively.

Fig. 12d. Post-operasve defece after extenstve resecrion
of all mecrouc cssues,

decorncanon of the now cxposcd surfaces of the man
dible and xygoma. The mandible was covered wsdng a
splr seermoclcidomastoid muscle flap, and all toech
with questonable prognosis were exrracted.

At a lager dare, when the wound bed was judged
be adequate (Fig. 12f), muldple strips of splic thick
ness skin grafts were maken from the lareral thigh and
prafied o the exposcd arcas o provide primary cua
neous coverage over the lrge exposed area Ioft by the
surgical debridemens (Fig. 12g).

Fig. 12¢. Wound managed using lodine-soaked pauze
dressings.

Fiz. 12€ The appearance of fresh granulaion ussue
sigmals the improvement of the wound and fes readiness
for skin grafeing.

Ar 6 wecks of follow-up, she remaned asympeomaric
with excclene skin coverage over her large wound
(Fags. 12h-j) and good oral food inmke. Definigve
rearment to provide bulk and mproved cosmesis in
the form of further romponal or free vasculanzed flaps
coukd be considered in the funure.

Conclusions
large donmoalveolar wounds can be  difficudt

manage. Surgeons have 3 number of reconstrucdve
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Fig. 12g. Spltt chickness skin grafis wich perforatkons
placed over the resecion defect.

Fig. 12h. Post-operadve CT' scan showing resoluston of
the infectton and the defece of the right face due o the
reseceion of the necroeic dssue.

choices such as aurogenous bone grafis, vascularized
bone grafis and alloplastic materials which depend on
the condion of the wound and surrounding soft
tessucs. Surgeons can also augmane the healing pocen
mal of large wounds by aaue and dironic periostcal
sireeching, wdng growth facrors and scom cells and by
augmemnring  angiogenesis indirecly by dche use of
hyperbaric oxygen cherapy.

Whike all these moxdalitics are of inrerest, costs, acoess
10 the vanous traoment modalines and pracoalicy are

o0

Hg. 121 Healed skin grafis 12 monchs afer placement.
The loss of a2 great volume of cissue makes che defece

more pronounced though the surrounding soft dssues
have healed well despiee the life-chreatening tnfecison.

msucs. Furure surgeons wall likely combine the uscfil
faarures of all these modalincs to Smplfy reconstruc
tive, measures with the goal of making the reconstruc
don of demofacal defecrs more predicable with less
morbadicy.
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