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Oreerall orofacial appesrance and function can be
enhanced by a range of treatment opiions, manging
from simple to complex. Simple procedures with a
powerful esthetic impact include tooth whitening,
porcelain bonded restorations, esthetic tooth recon-
touring, interproximal bonding of composite mate-
rials, and traditional crowns and bridges. As esthetic
oral facial needs become more complex due to maloc-
clusions, dentofacial asymmetry, trauma, pericdontal

dizease, tooth/bone loss, and the general effects of

aging, a more integrated approach is indicated. Treat-
ment may primarily involve the prosthodontist/restor-
ative dentist, or it may invoelve a multidisciplinary team
of dental and medical specialists.

This article discusses dentistry™s contributions 1o
tissue engineered occlusal function and facial beauty.
We highlight the contributions possible from prostho-
dontics, oral maxillofacial surgery, periodontal plastic
microsurgery, dental engineering, and oral bislogic
treatment in the near future, Toe better place cach con-
tribution in perspective, a gencral prosthodontic over-
view is required,
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Prosthodontics

The loss of natural teeth poses the greatest hazard
for mutilation and destruction of part of the facial
skeleton with accompanying distortion of the appear-
ance, morphology, and function of the sofi tissues [1].
Teeth are lost from decay, trauma, znd periodontal
disease, or they may be congenitally missing. Accord-
ing to the Surgeon General’s Report on Oral Health, by
age |7 years more than 7% of the population is missing
at least one permanent tooth. By age 30, the average
American is missing 12 teeth. One third of those over
the age 65 are missing all their tecth [2]. Accompa-
nying the tooth loss is a loss of the supporting bone!
tissue complex surrounding the teeth resulting in a loss
of facial soft tissue support.

Prosthodontics includes the entire spectrum of
dental health restorative procedures that restore the
efTeets of hard and soft dental tissue loss, The focus of
prosthodantic specialty care is o restore and maintain
apatient's oral function and esthetic appearance by the
repair or replacement of missing teeth or oral structures
with artificial devices, Dentists have been successful in
treating patients with depleted or missing natural teeth.
As the chief diagnostician involved in the rehabilita-
tion of complex multidisciplinary dental reconstruc-
tions, the restorative dentist or prosthodontist must
guide the co-specialists involved in the coordination of
treatment to ensure idealized treatment results [3]. A
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Fig. 1. Intmworal view of a patient in need of oral reha-
bilitation. The paticnt exhibited a severe loss of periedontal
support and exagpeerated deifting and tipping of the remaining
mandibular fecth,

high level of involvement becomes especially impor-
tant n the comect placement of dental implants, pre-
prosthetic surgeries, hard tissue engineering, and
treatments with a strong esthetic component.

Fig. 1 presents an intracral view of a patient in need
af oral rehabilitation. The patient exhibited a severe
loss of periodonial sepport and exaggerated drifling
and tipping of the remaining mandibular tecth, An
occlusal view of the patient’s mandibular arch after ex-
traction of the remaining mandibular teeth and endos-
seous implant replacement is shown in Fig. 2. Note the

thin residual ridgzes, which resulied from many years of

progressive periodontal disease. An occlusal view of
the same patient (Fig. 3) with the completed implant
supported restoration provides this patient with a
stable, esthetic result able to withstand the masticatory
loads equal to that of the natural dentition. Fig. 4 is an
intraoral view of the reconstructed patient. The appro-

Fig, 2. An occlusal view of the mandibular arch of the patient
in Fig. 1 afier extraction of the remaming mandibular teeth
and endosseous implant replacement. Note the thin residual
ndges that resulied from many years of progressive
penedontal disease.

Fig. 3. An occlusal view of the patient in Fig. 1 with the
completed implant restoration, which provides this patient
with o stable, esthetic resull able to withstand the masti-
catory loads equal to that of a natural dentition,

priate vertical dimension of occlusion has been re-
stored for improved overall gsthetics and function, An
extra-omal view of the same patient (Fig. 5) demon-
strates the effectiveness with which a fixed-implant
reconstruction can restore a patient’s proper lip and
facial support for an esthetic and natural appearance o
the entire dentofacial complex.

Historically, cxtensive or complete loss of natural
dentition was restored with removable appliances,
Although this treatment was successful in the imme-
diate replacement of lost wweth and supportive bone,
continued use of removable dentures is accompanied
by ongoing bone loss of the underlying ridges and
excessive torguing forces on the remaining dentition,
with resultant tooth loss. Maxillomandibular morpho-
logic changes take place slowly over a number ol years
and depend on the balance of osteoclastic and osteo-
blastic activity. Even with the best efforls put forth in
the creation of stable and balanced removable appli-
ances, osteoclastic activily prevails, and loss of bone

Fig. 4. Intraoral view of the full reconstruction with the
appropriate vertical dimension of oeclusion cstablished for
improved averall esthetics and function,
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Fig. 5. Anexira-oral view of the patient in Fig, | illustrates the

eflectiveness with which a fixed-implant reconstrection can
restore a4 patient’s proper lip and facial support for an esthetic
and natural appearance to the entire dentofacial complex.

oceurs. The compromised residual ridges cause a re-
duction in the total face height and an increase in dis-
figuring mandibular prognathism [1]. A negative cycle
of destruction of oral siructures is then perpetuated,

In the natural dentition, the pericdontium attaches
the teeth to the jaws, providing a suspensory appara-
tus resistant W functional forces. It allpws the teeth to
adjust their position when under stress while main-
taining appropriate bomy support,. When teoth loss
oceurs, an implant-supported prosthesis can poten-
tially provide a functional and csthetic reconstruction,
provided the implanis are precisely placed in the
predetermined location and angulation. The accuracy
of implant placement is important in the anferior
aspect of the mouth and when the remaining bone
is limiled in quantity and guality. Computed tomog-
raphy and precise surgical guides assist the surgeon in
proper placement to compliment the restorative den-
tist’s efforts in creating a natural restoration [4].
However, even with ideal implant placement, the
advantages of the periodontal attachment of tooth to
bone are lost because implants attach directly to the
bone, eliminating the soft tissue supporting apparatus.

Increasingly, immediate implant placement is be-
ing recommended. Some of the benefits include factors
such as maximization of the natural healing process,
minimizing bone resorption, minimal implant site
preparation, a reduction in the number of surgical
stages, a potential simplification in the design and
construction of the prosthesis, and the immediate
positive psychological effect on the patient [5].

The overall goal in prosthetic dental treatment is 1o
create a natural appearance to the dentition and the
underlying supportive tissues and bone while showing
no visible signs of missing or restored teeth. When
biclogic means of restoring tissues are not enough,

prosthetic replacement of missing oral structures is
required. The evolution of restorative materials avail-
able continues to assist the restorative dentist in
creating life-like restorations. These advancements
have besn predominantly in the arena of porcelain
systems and have made the replication of natural-
looking tooth structures increasingly achievable, Ad-
ditionally, the more recent introdoction of bonded
ceramic reslomtions represents a conservative, reli-
able, and cffective procedure to restore exiensive
coromal volume and length in the anterior and posterior
dentition |6].

Fig. & shows a pre-operative view of a patient
before her dental reconstruction. The loss of vertical
dimension of occlusion and compromised facial sup-
port can be seen in the thin, down-tumed lips and a
“sagey™ appearance o the lower Tace. A lateral view
ol the same patient (Fig. 7) further illustrates the loss of
proper Tacial support evidenced by the prognathic
appearance of the mandible. Fig. 8 is a close-up view
of the patient’s lips at rest, illustrating the esthetic
compromises resulting from inadequate lip support
provided by the underdying inadequale restorations.
A close-up view of the same patient afier the dental
reconstruction is shown in Fig. 9. The patient’s upper
lip appears full and wrnkle-free due (o the idealized
size, Torm, and position of the underling new restora-
tions. Fig, 10 shows the same patient afler the dental
reconstruction. The proper vertical dimension of oc-
clusion established by the new restorations creates a
maore balanced, youthful appearance for the patient.
The continued evolution of porcelain systems avail-
able provides (he reslorative dentist with the ability to
reereate natural, vital, and biologically sound restora-
tions (Fig. 11).

Fig. 6. A preoperative view of a patient before her dental

reconstruction, The loss of vertical dimension of ovclusion
andl compromised support of facial tissues can be seen in the
thinned, down-turned lips and a “sagy ™ appearance W the
lower face.
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Fig. 7. A lateral view of the paticnt in Fig. 6 further illus-
trates the loss of proper [ucial support evidenced by the prog-
nathic appearance of the lower mandible

The greater challenge to the prosthodontist lies in
the replication of underlying hard and soft tissuc
structurcs. When these defects are present, tissue
manipulative and regencrative procedures provide
the best results in combination with restorative proce-
dures, Communication in treaiment planning and
treatment sequencing among the co-specialists in-
volved is paramount Lo treatment success,

Oral and maxillofacial surgery

Ohsseous reconstruction has been a major emphasis
in oral surgery since the 19505, although the term
“lissue engineering”™ is relatively new. The osscous
structures of the face and jaws provide the platform
upon which all demtal, periodontal, and soft tissue
orofacial structures [unction. Tissue cngincering in
dentistry begins with the alleration or augmentation
of hone with various types of esleotomies, grafts, or
implants. Sofl tissues, such as the lips, chin, or nose

Fig. % A closc-up view of the paticnt’s lips at rest illestrare
the csthetic compromises that can result with madequate Tip
supporl provided by the underlying pre-existing restorations.

Fig. 9. A similar close-up view of the patient in Fig. & afler
the dental reconstruction. The palient’s upper lip appears full
and wrinkle-free due to the proper size, form, and position-
ing of the underlving new restarations.

down to the interdental papilla, cannot attain optimal
functional and csthetic excellence withoul proper
osseous or hard tissuc support. A reliable and com-
monly psed osseous tissue engineering procedure is
the osteotomy, Allerng existing bone with osteoto-
mies can ereate or prepare the foundation for excellent
esthetic resulis.

Different types of grafis are widely used in hard
tissue alteration, Autologous bone, fresh cadaver, and
mineralized and demineralized lyophilized bone have
been used for many years for grafting total face and
jaw reconstruction to periodontal pocket defect [7,8],
Since the 1970s, calcium hydroxylapatite has come
into widespread use [9]). More recently, porous hy-
droxylapatite has become one of the most commonly
used xenografis.,

The most current innovation is the development of
osseous inductive and conductive techniques, from the
use of platelet-rich plasma to the development of bone

Fig. 10 The same patient as in Fig. 6 after the dental con-
struction. The proper vertical dimension of occlusion of the
new restoptions creates 1 more balanced. youthiul appear-
ance for the patient.
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Fig. 11. The continued evolution of porcelain systems avail-
able for the creation of dental restorations provides the
restorative dentist with the abilily (o recreate o natural, vital,
and biologically sound replacement.

morphogenic protein [10]. Distraction osteogenesis
has recently been rediscovered. It has been used for
maxillary expansion for about four decades and is
now being used more for other facial and long bones,
These new innovations are still in their developmen-
tal phases.

The long-lace maxillary vertical hvperplasia type
deformity creates many challenging esthetic problems,

Fig. 12. Pre-operative patient with  maxillary  verti-
cal hyperplasia.

Abnormal facial proportion, soft tissue clongation,
excessive maxillary display, and pronounced facial
grimacing to compensate for major lip incompetency
are a few examples, Correction ol the skeletal dyspla-
sla can create dramatic esthetic improvements in many
arcas of the face and teeth. A *high Le Fort 1™
osteotomy can reestablish a proper skeletal foundation
[11]. Many csthetic changes ocour because the skeletal
structure is idealized, and further soft tissue and
cosmetic procedures have better results and long-term
stability. Fig. 12 shows a patient with maxillary
vertical hyperplasia. Fig. 13 is a diagram of the high
Le Fort | maxillary intrusion surgical procedure, The
post-operative result is shown in Fig. 14 with estab-
lishment of normal facial dimensions.

The exploding aging population presents a difficult
problem of restoring skeletal support for esthetic
cnhancement. Patients who wear dentures for a long
period of time may lose the majority of the maxilla or
mandible through degeneration and bony resorption
[7]- Fig. 15 demonstrates how much the face is affected
by loss of the maxilla, alveolar bone, and teeth, Severe
changes oceur in the oral facial structures, including
the upper lip, cheeks, nasolabial area, nose, and alar
base (Fig. 16). Reconstructive bone grafling of the
maxilla can be done with subsequent teeth replacement
with crowns or dentures over dental implants (Tig, 171,
Major esthetic improvements can be crcated via dental
and soft tissue facial procedurcs. The results are

Modified Le Fort [
Intrusion

Fig. 13, High Le Fort D masallacy intrusion surgical procedure.
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Fig. 14, Post-operative resuli with noamal facial dimensions

superior, more stable, and long lasting due to the solid
asseous seaffolding.

Skeletal considerations should be the primary
focus in dental tissue engineering because the bone
creates the foundation, An ideal skeletal foundation
facilitates beautiful esthelic surgical creations and
enhances and prolongs the long-term stability of soll
tissue procedures. There are many ways 1o recon-
struct and augment the osscous structures of the face
and jaws. Among these methods, a recent biome-
chanical approach involving controlled bone remaod-
cling is discussed.

Biomechanics of dental tissues and restorative
maierials

Periodontal structures are subjected to loading
conditions that can have a dramatic effeel on the
remodeling of tissucs, particularly in the case of bone.
The loading can be relatively slatic, where it is held
steady or changes slowly, or dynamic (pulsatile), in
which the loading rates are relatively high. Dynamic
impact forces can result from occlusion (such as
chewing hard foods), from parafunctional activity

{bruxing and clenching during sleep), and from trau-
matic impact by a foreign object. These fores are
generated by muscular contraction and the kinetic
energy (masses and relative velocities) associated with
the impacting bodies, By contrast, static forces result
primarily from slow or persistent muscle contraction.
Thus, dynamic forces can be much greater than natu-
rally occurring static forces in the peridontium and,
therefore, have potentially greater long-term efTects.
Wolff [12] is given credit for recognizing that
mechanical stresses are responsible for the architecture
of bone, His *law of bone transformation™ implies that
a mathematical relationship can be drawn between
mechanical stresses and the formation of bone, Con-
sistent with this law, Fung [13] proposed a biome-
chanical stress  growth relationship, asserting that
stable bone growth oceurs under an inlermediate range
of stresses (Fig. 18), In deriving this relationship, it
was recognized that (1) ransport of matier depends on
the strain of the cell membranes, (2) actin-myosin
cross-bridges in the cell membranes are sensitive 1o
strain, and (3) chemical reaction rales within the cell
depend on stress, Fung suggested that there is a point at
which optimal stress leads to a maximum in the growth
rate. Furthermore, an amount of siress below and

Fig. 15 Pre-operative patient with severe maxillary

derenernalion,
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Fig. 16, Note loss of nasal and labial suppont due lo severe
bone loss,

above certain thresholds leads to resorpbion. This
hypothesis implics that bone loss can resull from
excessively low or high load levels. Muscle and bone
have been shown 1o atrophy during periods of immao-
bility and relatively low skeletal loading [13,14]. By
contrast, over-tightening a metal screw implanted in
bome, lor example, can also lead to resorption as a
resull of the damage induced [13].

Fig, 17, Post-nperative result after bone prafling and den-
ture construction.

Crenwth roe
F )

Fig. 18. Fung’s Stress-Cirowth relationship [15]

Takakuda | 15] proposcd that mechanotransduction
in bone is not a function of simple agitation at the
cellular level but is a complex cascade of events. The
outside stimulus for these events is transduced via the
fluids acting within the bone and in the extraccllular
matrix that then initiates the release of growth factors
by osteoclasts, This release induces bone growth by
osteoblasts. This process accounts [or remodeling
under the relatively low levels of dynamic strain
known to occur in human bone cells. Fluid forces have
also heen credited for triggering osteoblastic activity
through shear stresscs that induece electric potentials or
gene-regulated response clements [16—19]. These
fluid forees require repeated motion induced by dy-
namic loading to stimulate a significantly prolonged
remodeling response. Under static loading, the fluid
Forees rapidly dissipate and remain near zero until the
load is suddenly altered.

Orthodontic movement has for many vears been
instigated with the application of a static force. How-
cver, the static force in this case acts to bias the natu-
rally oceurming dynamic forees in the desired direction.
The greater sensitivity to dynamic or Muctuating forces
15 important for avoiding fatigue damage processes
driven by repeated dynamic loading without wasting
resources on unnecessary bone growth under pro-
longed application of static forces,

Dynamic loading effects have been investigated in
a number of studics in the ficld of prosthetic dentistry
[20-26]. Implant-bome dental prostheses are gencer-
ally made o malerials that undergo reversible clastic
deformation under oeclusal loading, storing and trans-
mitting almost as much mechanical energy as is input
to the system. By contrast, the periodontal ligament in
the natural footh complex acts as a shock absorber,
undergoing anclastic deformation, which dissipates a
sigmificant amount of the available mechanical energy.
A schematic comparison of energy conservative ver-
sus energy dissipative behaviors is illustrated in
Fig. 19, This dissipation of energy is gencrally etfec-
tive in reducing the dynamic loading rate and the peak
force. In other words, greater dissipation of the input
kinctic energy results in lower and more slowly
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Fig, 19, Energy conservative elastic deformation (4) and
enerpy dissipative anclastic deformation {8) plotted as stress
versus strain. The amount of enengy dissiputed can be deter
mined from the amount of potential cnergy, equal o the area
under the curves that is retumed to the system upon unloading.
For purely clastic deformation, leading and unloading follow
the same path (reversible) so that the energy refumned is equal
fo the chergy input.

imposed impact forees. Static forces are typically
limited by factors that are not affected much by energy
dissipation during the initial application of the static
load, such as musecle strenglh. Pointing to the dichot-
omy in behaviors between implants and natural teeth,
researchers have attributed the intrusion ol natural
tooth abutments (o the inability of dental prostheses
to provide a biocompatible level of energy dissipation
[23]. For example. tooth inirusion in partial implani
supported prostheses (Fig. 204 ) has been attributed to
these forces stimulating the resorption of bone. Tooth
intrusion can be reversed (Fig. 208) by increasing the
damping capacity of the implant-supported supersinae-
ture so that the impact forces are reduced [25]. Thus,
excessive or insuflicient mechanical stimulus can
instigate a bone remadeling response to reposition a
tooth abutment unfil it recerves a compatible range of
dynamic forees from the implant structure.

Rased on a study where implanis were used as an
orthodentic anchorage [27]. the bone neighboring an
implant seems to remodel at different dynamic load
levels compared with those for natural tecth. This
difference is possibly due to the efMect of the periodon-
tal ligament of the natural teeth on bone remodeling.
The movement of namral teeth by bone remodeling
allows a healthy tooth to shed excessive dynamic loads
tor the other tecth, making the load distribution more
uniform. Alternately, a tooth under lower-than-nommal
loads emerges by growth of the underlying bone,
allowing it to take up ils share of the occlusal loadmng.

The above findings indicate that mechanical bio-
compatibility of dental prosthetics is an important
factor for achieving optimum results. Mechanical
biocompatibility refers to the evasion of unwanted
physiologic chanpes and promotion ol desired tissue
arowth and stability by oplimizing the mechanical
properties of svnthetic materials in contact with the
biologic structure. Mechanical biocompatibility not

only depends on static properties, such as Young's
modulus, but also on the dvpamic response of the
material characterized by ils damping capacity.
Adjusting the damping capacity of synthetic materials,
such as those in an implant structure, can have a
substantial cffect in reducing the strain rate experi-
enced in the surrounding biologic tissues. Because
sirain rate has been shown to be a factor that is
prominent in governing bone remodeling, damping
capacity must be addressed in prosthesis development
for optimum tissue engineering during restoration.

Orthodontics

Generally known simply as “orthodontics,” the
official definition of the dental specialty known as
Orthodentics and Dentofacial Orthopedics includes
the diagnosis, prevention, interception, guidance and
cormection of malrelationships of the developing or
mature orofacial structures [28]. Most commonly
associated with “braces,” orthodontics deals with the
carrcctions of malocclusions by means of fixed or
removable appliances that move teeth, their supporting

Fig. 20. () Tooth intrusion {arow) for a parafunctional
patient at 10 months after placing the partial implant sup-
ported superstrecture [23]. (#) Reversal of tooth Intrusion
at 20 months by increasing the damping capacity of the

prosthesis [25].
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bone, and surrounding periodontal lissues. Apparent
tooth movement can be achieved by moving the teeth
through the surrounding tissucs or, in the growing
patient, by re-directing the vectors of facial growth so
that the bones of the face, especially the mandible and
the maxilla, prow in favorable directions, Most treat-
menls in growing patients involve orthodontic move-
ment (ie, movement of teeth alone) and orthopedic
movement (i, movement of the jaws and bones of the
face). Altermmatively, in the nongrowing patient (ie,
adult patients), surgical intervention may be necessary
to reposition the bones of the face into the positions
that would have resulted had facial growth been
more favorable.

Many patients seck the services of an orthodontist
to straighten crooked teeth, whercas others want to
“fix a bad bile.”™ Both are valid reasons for secking
care, Although the majority of patients seeking care

Fig. 21. Profits envelope of discrepancy.

Fiz. 22, Ten-year-old female patient demenstrating significant mandibular retrusion, maxillary protrusion, and lip incompetence
Orthodontic eatment consisted of two scparate phases. TPhase | involved cxtraction of the upper deciduous cuspids, upper
deciduous frst melars, and the developing permanent first bicuspids, The premaxillary segment was then retracted with fixed
applisnces and a high pull J-hook headgear, (Courtesy of John Diginlio, MD, Arcadia, CA) (Sec also Color Plae 4),
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do so for esthetic reasons, functional indications for
orthedontic treatment should not be underempha-
sized. Superficially combining an esthetic smile with
a physiologically unsound occlusion (or, more simply,
artificially combining a pretty smile with a bad bite) is
a sure recipe for laler coclusal dysfunction and thera-
peulic disaster.

Orthodontic treatment planning, therefore, is a
matter of identifving a specific list ol csthetic and
functional problems, derived from clinical examina-
tion data, analysis ol articulated study moedels, and
quantitative anatomic radiographic analyses, referred
to as cephalometric analyses. The next step is to
logically apply established treatment modalities 1o
address those specific problems. For example, a pro-
trusive maxilla (zn upper jaw that is too far forwand
relative to the mandible and cranial base when the
patient is viewed in profile) calls for appliance therapy
that retards forward growth of the maxilla while
allowing or stimulating forward growth of the man-
dible. This is possible as long as the patient is actively

growing. A similar situation in a nongrowing patient
miay dictale a combination of orthodontic and surgical
treatment modalities.

Just how much is possible m terms of orthedontic
treatment? There are four basic approaches available to
the orthodontist [29]:

1. Repositioning the teeth through orthodontic
tooth movement
. Redircetion of Tacial growth through lunctional
alleration or the use of strong modifying forces
3. Dentofacial orthopedics in which dentelacial
{dentoalveolar) growth is altered through the
use of strong modifying [orces
4, Surgical-orthodontic treatment

=

Proffit et al [30] have proposed what they term an
“envelope of discrepancy for (he maxillary and man-
dibular arches in theee plancs of space™ (Fig. 21). They
note thal “for any characteristic there are three ranges
of correction: (1) a mnge of correction thal can be

Fig. 23. Same paticnt at the end of phase 1, age 13 years, 2 months. Note the marked improvement of the soft tissue and
mandibular profile, Lip competence bas been achieved. (Courtesy of John Digiulio, MDD, Arcadia, CA) (Sec alzo Color Plate 33
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accomplished by onthodontic tooth movement alone;
{2} a larger range of correction that can be achieved by
tooth movement plus functional or orthopedic treal-
ment; and (3) a stll larger range of correction that
requires surgery as a part of the treatment plan.™

The range ot correction by orthodontic means alone
is about the same for adults as it is in children. As
children become adults, the ability to achieve skeletal
correction through orthopedic growth modification
declines and vanishes. For the nongrowing individual,
corrections of malocelusions greater than that possible
(hrough teoth mevement alone require a combination
of orthodontics and orthognathic surgery.

The envelope of discrepancy is nol symmetric,
Gireater corrections can be made by orthodontics and
dentolacial orthopedics in the sagittal plane than i the
{ramsverse or vertical plancs. A much preater degree of
maxillary protrusion can be treated orthodontically
than can a similar problem in the mandible, Although
they are nol absolute limits, the guidelines suggested
by ProfTit et al [30] serve as useful guides in answenng

June Bl

the guestion poscd above. By orthodontic means
alone, maxillary incisors can be reimeted approxi-
mately 7 mm. They can be advanced only 2 mm. The
same tecth can be extruded 4 mm but introded only
2 mm. In a growing individual, when orthodontic
forces are combined with orthopedic and functional
forees, the maxillary incisors can be retracted 12 mm,
advanced 5 mm, extruded 6 mm, and intruded 3 mm.
When surgery 15 performed in addition (o orthodontics,
as in a nongrowing patient, the maxillary incisor can be
retracted 15 mim, advanced 10 mm, extroded 10 mm,
and intrudedd 15 mm. In the mandible, the incisor can
be retracted 3 mm by orthodontic tooth movement,
advanced 5 mm, extruded 2 mm, and intruded 4 mm,
Using orthodontics and orthopedics together, the inci-
sor can be retracted 5 mm, advanced 1 mm, extruded
5 mm, and intruded & mm. When surgery is used, the
incisor can be retracted 23 mm (via mandibular set
back), advanced 12 mm, extruded 15 mm, and
intruded 100 mm [30]. The transverse covelope of
discrepancy is much smaller than is the sagittal envel-

16y8n

Fig. 24, Same patient at the end of phase 2. age 16 years, 8 months. Treatment consisted of fixed appliance therapy with
eaxtraction of lower [int bicuspids, (Courtesy of John Digiulio, ML, Arcdia, CAL) (Sce also Color Plate 6).
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ope. Orthodontically, maxillary premolars can be
moved buccally 3 mm, palatally 2 mm, intruded
3 mm, and extruded 2 mm. Orthopedically, maxillary
premolars can be moved buccally 4 mm, palatally
3 mm, intruded 4 mm, and extruded 3 mm. Surgically,
they can be moved buccally 7 mm, palatally 4 mm,
mtruded 10 mm, and extruded 10 mm. Mandibular
premolars have similar restraints with buccal move-

ment of 2 mm, lingual moverment of 1 mm. intrusion of

3 mm. and extrusion of 2 mm being possible through
orthodontics; buccal movement of 4 mm, lingual
movement of 2 mm, 4 mm intrusion, and 4 mm
extrusion is possible through orthopedics. Surgery
increases the possible values to 3 mm buccal, 3 mm
lingual, 10 mm intrusion., and 10 mm extrusion.
Mumerous authors, including Holdaway [31,32],
Gencov [33], and Subtelny [34]. have explored the
relationship of the change in lip and soft tissue position
relative to the underlying tooth movements. Although
there is disagreement between the various authors, it is
sale 1o assume that the relationship is about 1:1 for the

upper lip relative to change in sagittal position of the
upper incisor. That is, if the upper incisor is retracted
about 2 mm. the upper lip moves back 2 similar amount
{Figs. 22 25).

Orthognathic surgery (ie. surgery intended 10 cor-
reet the skeletal relationships of the face and mouth} is
almost always done in conjunction with orthodontics.
Typically, the patient secks the care of an orthodontist
whao, on recognizing a skeletal discrepancy beyond the
scope of orthodontics alone, refors the patient to an oral
and maxillofacial surgeon. Working together, the or-
thodontist and the surpeon plan oul an overall course
ol treatment that results in maximal facial esthetics and
harmonious occlusal function. Typically, the ortho-
dontist positions the teeth in the correct positions
relative to their own jaw (ie, upper teeth are positioned
correctly within the maxillary arch, and lower teeth are
positioned in correct relationship 1o the mandibular
arch). This process generally takes 18 10 24 months.
The maxillelacial surgeon then positions the maxilla
and mandible in the comect positions relative to each

Fig. 25, Same patient posi-retention, age 20 years, 7 months, (Courtesy of John Digiulio, MDD, Arcadia, CAL) [Sew also Color

Plate 7).
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other and the cranial base. Afler the surgical episode,
the arthedontist finalizes the occlusion, a process that
generilly takes another 4 to & months.

Whether in conjunction with surgery or not,
orthodontics is capable of effecting dramatic changes
in the facial appearance and ocelusal function (Figs. 26
and 27}

Perindontics

Oral plastic surgery is as different from oral surgery
as plastic surgery is to general surgery in medicine.
Reconstructive and regenerative oral plastic surgical
procedures can be divided into soft tissue (gingiva and
mucoss) and hard tissee (tooth and bone) categories.
Additionally, the incorporation of the surgical dissect-
ing microscope and microsurgical instrumentation has
allowed the surgeon the capability of lne-tuning
surgical procedures. Although implant denfistry has

had a marked impact for the potential replacement of
missing teeth and bone regeneration has become
predictable, much advancement has been gained re-
cently through the sofl tissue plastic surgical proce-
dures available.

Pedicle grafis and free grafls

Pedicle grafts have an mherent advantage over
free grafts because of their intact vascularity, how-
ever, [ree grafls have become popular duc to several
modifications that have enhanced their predictability
and esthetic value [35]. Predictability has been en-
hanced by increasing vascularify to donor lissues
through the sandwiching of donor fissues [36], The
handling of small delicate tissues has been aided with
the usc of the surgical dissecting microscope and
microsurgical instumentation [37]. Previously, free
grafts had blood supply from only their base, which
contacted the recipient tissue bed, and donor cells that

Fig. 26, Male paticnt uged 14 years 10 months demonstrating extreme overjet or “buck-toothedness™; overclosure; spacing and
crowding of the dentition; lip incompetence: and eversion of the lower lip, mandibular refrusion, and maxillary protrusion.
(Courtesy of John Digiulie, MD, Arcadia, CAY) (See also Color Plate §).
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Fig. 27, Same patient in retention, age 17 years, 8 months, Treatment consisted of extraction of wpper second molars and all four
first bicuspids, retraction of upper anterior segment, and space consolidation via fixed appliance therapy and o high pull J-hook
hendgear. {Courtesy of John Digiulio, MD, Arcadia, CAL) (See also Color Plate 9).

Fig. 29 Area of gingival recession corrected with a fres
Fgr., 28, Pro-operative site showing gingival recession of the mingival graft demonstrating consistent color and texture.
upper left canine. (See also Color Plate 1), [See also Caolor Plate 11}
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Fig, 30, Microsurgery scalpels are significantly smaller than
the teaditional |5-C sealpel.

resided o distance [rom a vascular supply suffered the
greatest chanee ol necrosis. Current lechnigues take
advantage of surrounding the graft almost entirely
with blood supply, thereby improving the survivabil-
ity of all the transplanted cells, Esthetic color blend-
ing and natural surface textures arc maintained i the
recipient area because the surface lissues are un-
changed and keep their original appearance. An
example of gingival recession is shown in Fig, 28
Fig. 29 illustrates the post-operative result after free
gingival grafting, ldeally, transplanted fissuc is posi-
tioned with the same connective tissue fiber oricnta-
tion, as it would be in sitn. Microsurgery allows the
manipulation of tissues with minimal access incisions
and lravma, Microsurzeal scalpels are significantly
smaller than cven the traditional 15-C scalpel blades
{Fig. 30). Enhanced visibility and the climination of
releasing incisions are possible with the use of small
bendable micro-scalpels. Microsurgical procedures 1o
restore sofl tissue esthelics and esthetic restorative
dentistry can combine their reatment modalitics 1o
create normal appearing smiles that are severely
disfigured, Loss of soft tissue between the upper

Fig. 31. The pre-operative defect after of sofi tissue hetween
the upper right lateral and central incisors, {See also Color
Plate 12).

Fig. 32. The post-operative result afier ree gingival grafling
and restorution with porcelain fused o gold restorations.
[See also Color Plate 13)

right lateral and central mncisors 15 shown in Fig. 31,
After a free gingival grall o restore soli lissue esthet-
ics, the area was restored with poreelain fused o gold
crowwns (Fig. 320

Applications

Gingival recession

Giingival recession exposes ool dentin, which is
much softer than enamel and can be suszcepliible o
tooth brush abrasion and potential sensitivity to hot,
cold, sweets, and touch. ldeally, root coverage cor-
rective procedures should not only replace the lost
gingiva esthetically but should regenerate the fune-
tional attachment 1o the previously denuded rool
surface. An example of generalized root rceession is
ghown in Fig. 33, Fig. 34 illusirates the resalt after a
ool coverage corrective procedure. Detoxification
wilh rool planing and acid demineralization of the
exposed rool surface has been shown to expose rool
dentin collagen fibrils. Grafi collagen fibers can attach

Fig 33, Generalized gingival recession exposing rool dentin,
{See also Colar Plate 14).
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Fig. 34. Rool coverage cormoctive procedure replacing lost
gingival and regenerating a functional attachment. (See also
Color Plate 15).

to the exposed oot surface collagen and recreate a
lunctional tissue altachment |38].

Ridge defecis

Ridge defects can oceur when the dento-alveolar
bone collapses alter tooth cxtraction. This collapse can
make it challenging lor the restorative dentist fo croate
an esthetic result due o the increased space and can
result in a collapse of the lip. 11 the dentist creates a
normal sized replacement tooth with a collapsed ridge,
then a dark shadow results from the void. If the void s
filled in with prosthelic tooth siruclure, then it creates
visual and facial asymmetry, Ridge plumping to create
a normal architecture is achievable using awtogenous
conneclive lissue from the patient’s hard palate. An
example of a ridge defect is shown in Fig. 35, The post-
operative appearance aller ridge augmentation is

£ !':"i

Fig. 35, Ridge defect aller extraction of the wpper right
lateral ingisor, (Sce also Color Mate 161

i aexs

Fig. 36, Ridge augmentation achicved with aulogenous con-
neetive tissue from the patient’s hard palate, (See also Color
Plate 17).

shown in Fig, 36. Rool coverage procedures and
plumping of alveolar ridges have benefited in predict-
ability and esthetics from the sandwiching and micro-
surgical technigues.

Resective surgery

Resective periodontal plastic surgery can remaove
excessive gingiva and bone, as is the case with an
exeessive gingival display. If the ename] of the teeth is
covered by gingiva and bone, then the smile can be
diminished. Microsurgery o remove precise amounls
of gingiva and corresponding alveolar bone can show
the Tull enamel profile of the tecth, which usually
creates a bigger, brighter smile. An example of exces-
sive gingival display is shown in Fig, 37. Fig. 38
illustrates the improved esthetics after precise removal
of gingival and bone,

Fig. 37. Excessive gingival display with gingival and bone
covering the enamel of the eeth, (See also Color Plate 151
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Fig. 3%. Precise removal of gingival and bone with micro-
surgery to revenl more enamel and & more csthetic smile. (Sec
also Color Plate 19

Oral plastic surgical procedural advances have
oceurred with the use of microsurpery and techmque
evolution. There is potential to restore form and
function of the soll tssoes surrounding teeth after their
loss. When there is a developmental excess of tissues,
their reduction can be accomplished and therchy
enhance individual patient esthetics. Regenerative,
reconstructive, and resective procedures can offer
enhanced csthetic options.

Future dircetions

In the past, prosthelic options for tooth replace-
ment included tooth xenotransplantation, allotrans-
plantation, autotransplantation, and dental implants
[39]. Despite the improvements in surgical, mechani-
cal, and resterative apltions, a biologic approach to
oth replacement is desirable [40.41]. With ongoing
advancements in experimental embryology, develop-
menial and molecular biology, and biomimetics (the
mimicking of hological processes), our prospecls far
tooth regeneration are becoming a reality.

Significant progress has been made toward defin-
ing the events of tooth morphogenesis [42]. 1t has been
demonstrated that cap stage tooth orpans can be disso-
cigted into enamel organ epithelial and dental papilla
mesenchymal cell samples, which can then be recom-
bined to reestablish tooth morphogenesis in vitro [43],
Tissue cultures obtained from tooeth explants at the cap
stage of development can be used as allografis or
xenogralls o develop crown and oot formations [44].

The pluripotent nature of stem cells holds great
promise for the management of a varicty of medical
and dental conditions. Adult stem cells have greater
developmental potential than previously thought and
arc not reliant on embryonic stem cells [45]. Our

understanding of the molecular regulation of tooth
morphogenesis can be applied to manipulate adult
stem cells into odentogenic phenotypes.- The princi-
ple of isolating aduli siem cells with odontogenic
potential, such as bone marrow stromal fibroblasts,
has been established [45]. Bone marmow stem cells
derived from mice have been systemically injected
to produce hematocytes, heart, brain, lung, liver,
muscle, cartilage, and bone tissue [46,47], The option
af stem cell-mediated muscle, dentin, cartilage, and
bone regeneration can assist in future tooth replace-
ment through organogenesis,

Odomogenic stemy cells have been isolated from
adult dental pulp and transplanted into mice, These
stem cells produce dentine-like tssue, which holds
promise for the regeneration of dentine for tooth
repair [48]. Our understanding of the continuously
growing mouse incisor model reveals the precise
regulatory mechanisms required for epithelial-mesen-
chymal interaction during morphogenesis [49]. It has
been proposed that epithelial stem cells can be
harvested from the palate and mesenchymal stem
cells obtained form bone marrow or pulp lissue.
Using supportive eulture media containing the appro-
priate signaling molecules, a tooth organ can be
developed in vitro. At the late cap or bell stage of
development, the tooth germ can be transplanted into
the sile of the missing tooth. As tooth development
continues, the ooth erupts into ocelusion and func-
tion. Altemmatively, the tooth organ can be cultured to
complete crown and root formation and then trans-
planted into the jaw [50].

Although our understanding of the mechanical
and chemical signals regulating epithelial and mes-
enchymal interactions is incomplete, it scems that
adult stem cell mediated teoth regulation 1s possible,

Summary

Advances in tissue engineenng provide an in-
creased level of understanding of the mechanical
and chemical stimuli that regulate fissue responses.
Oral tissue engineering can be applicd o recreate
missing osseous or dental structures or correel aro-
facial deformities, changing the patient’s smile, mid-
facial height, and the soft tissue drape. Biomechanical
principles can also be applied to tissue engineering to
enhance the bone/tooth or bone/implant functionality
and long-term stability. Advancements are also being
achieved in the arca of bivmimetics that will allow
the creation of new biologic replacements for missing
oral structures, The opportunity for bivengineering to
charter the course of looth regencration is an ¢xciting
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prospect and will improve the quality of life for
patients for decades Lo come.
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