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As a result of periodontal regeneration research, a series
of clinical techniques have emerged that permit tissue engi-
neering to be performed for more efficient regeneration
and repair of periodontal defects and improved implant
site development. Historically, periodontal regeneration
research has focused on a quest for “magic filler” material.
This search has led to the development of techniques utiliz-
ing autologous bone and bone marrow, allografts,
xenografts, and various man-made bone substitutes.
Though these techniques have had limited success, the
desire for a more effective regenerative approach has
resulted in the development of tissue engineering tech-
niques. Tissue engineering is a relatively new field of recon-
structive biology which utilizes mechanical, cellular, or bio-
logic mediators to facilitate reconstruction/regeneration of a
particular tissue. In periodontology, the concept of tissue
engineering had its beginnings with guided tissue regenera-
tion, a mechanical approach utilizing nonresorbable mem-
branes to obtain regeneration in defects. In dental implan-

tology, guided bone regeneration membranes + mechanical

support are used for bone augmentation of proposed
implant placement sites. With the availability of partially
purified protein mixture from developing teeth and
growth factors from recombinant technology, a new era
of tissue engineering whereby biologic mediators can be
used for periodontal regeneration. The advantage of
recombinant growth factors is this tissue engineering
device is consistent in its regenerative capacity, and vari-
ations in regenerative response are due to individual
healing response and/or poor surgical techniques.

In this article, the authors review how tissue engineering has
advanced and discuss its impact on the clinical management
of both periodontal and osseous defects in preparation for
implant placement. An understanding of these new fissue
engineering techniques is essential for comprehending

today’s ever-expanding oral plastic surgery procedures.
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he classic approach to peri-
odontal regeneration in the
last 30 years has been the use
of bone grafts or substitutes to
repair periodontal defects. The literature
contains several excellent reviews on the
use of autografts, allografts, and alloplas-
tic graft materials.!* In this section, a
summary of bone grafting is provided.

Early clinical series reported that
bone regeneration was enhanced by the
use of cancellous bone autografts from
the iliac crest and intraoral bone marrow.
To date, iliac bone and marrow have the
most osteogenic and regenerative poten-
tial, and are one of two graft materials
with the reported ability to regenerate
the periodontium horizontally or with
“0O-wall” defects. Autografts can effective-
ly enhance bone fill by an average of 3
mm to 4 mm. To date, this is considered
the “gold standard” for periodontal graft
material. While autografts have proved
clinically successful, they have become
less popular for periodontal regeneration
due to the necessity of a secondary surgi-
cal harvest site and surgical complica-
tions of ankylosis and root resorption.
Recently, however, there has been
renewed interest in autografts for
implant site development in the form of
block grafts and particulates to augment
composite grafts used in ridge and sinus
augmentation procedures.

During the last decade, the deminer-
alized and mineralized freeze-dried
bone allografts (DFDBA and FDBA) have
become the regeneration material of
choice. In addition to its availability
and putative osteogenic potential, vari-
ous clinical studies indicate that 2 to 3
mm of bone fill are possible with dem-
ineralized and mineralized freeze-dried
bone allografts. However, recent studies
have questioned the osteogenic poten-
tial of bone allografts, suggesting that
this may vary depending on the bone
bank or batch within the bank used,
processing procedures utilized, and
donor characteristics.
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Alternatively, a variety of xenograft
and alloplastic grafting materials have
become available for use in periodontal
repair. Alloplastic bone grafts consist of
ceramics, such as hydroxyapatite (HA),
porous hydroxyapatite (PHA), tricalci-
um phosphate (TCP), and biocompati-
ble composite polymers (HTR). These
inert biological fillers have been shown
to be osteoconductive, safe, and well
tolerated. Although no new periodontal
regeneration occurs with the use of
these fillers, healing is enhanced and a

If mesenchymal cells
from the periodontal
ligament or perivascular
region of the bone
proliferate and colonize
the root surface,

regeneration occurs.

decrease in probing depth occurs
through the formation of a long junc-
tional epithelium. Presently, these
materials are used in procedures, such
as ridge preservation and ridge aug-
mentation; however, they are of limit-
ed effectiveness in treating osseous
defects.

Anorganic bovine bone is bovine
bone that has been chemically treated
to remove its organic components,
leaving a trabecular and porous archi-
tecture similar to human bone. It has
been proposed that while this bone has
no osteoinductive properties, it acts as a
scaffold for new bone formation. This
graft material has been shown to be
osteoconductive in correcting defects
and can serve as scaffolding to support

guided tissue regeneration. This is
becoming a popular graft material for
ridge preservation and sinus augmenta-
tion. With the exception of autografts,
most of the materials discussed are used
as scaffolding to support tissue engi-
neering techniques.

Guided Tissue Regeneration

Current understanding of periodon-
tal healing is based on a hypothesis by
Melcher, who proposed that the cell
type which repopulates the exposed
root surface at the periodontal repair
site will define the nature of the attach-
ment or repair that takes place.* If mes-
enchymal cells from the periodontal lig-
ament or perivascular region of the
bone proliferate and colonize the root
surface, regeneration occurs.

Alternatively, if lost tissue is
replaced by the surrounding tissue to
form a scar, repair occurs. The anatomy
of the scar is dependent on the cell
types that predominate the defect. The
four cell types are gingival epithelial
cells, mesenchymal cells from gingival
connective tissue, alveolar bone cells,
and periodontal ligament cells. If
epithelial cells proliferate along the root
surface, a long junctional epithelium
will result. If gingival connective tissue
populates the root surface, a connective
tissue attachment will form and root
resorption may occur. If bone cells
migrate and adhere to the root surface,
root resorption and ankylosis occur.
Guided tissue regeneration utilizes a
mechanical barrier to selectively
enhance the establishment of periodon-
tal ligament and perivascular cells in
osseous defects to initiate periodontal
regeneration. In a series of classical ani-
mal and human studies, Melcher’s
hypothesis was confirmed.

Much of our current understanding
of guided tissue regeneration is based
on studies utilizing expanded polyte-
traflouroethylene (ePTFE) membranes.
Although they are used less frequently
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Figure 1. Radiographs of a guided tissue regeneration case utilizing a nonresorbable ePTFE membrane. The mesially inclined molar is associated with a
three-walled intraosseous defect (Figures 1a-b). The defect was filled with demineralized and mineralized freeze-dried bone allografts, and ePTFE was used.
Membrane was exposed after eight weeks and removed two weeks later. Radiographic “fill” was halfway after six months and maximum fill was present after

12 months (Figure 1c) with minimal probing depth.

now, they are still popular for guided
bone regeneration and ridge preserva-
tion so it is important to understand the
clinical procedures for managing these
membranes.

The clinical effectiveness of ePTFE
membranes is dependent upon surgical
placement technique and maintenance
of tissue coverage over the membrane.
Preservation of the keratinized gingiva
and a relatively thick overlying surgical
flap are critical in order to avoid perfo-
ration of the flap by the membrane dur-
ing healing. After the surgical area has
been flapped, the defect is degranulated
and the root surface is scaled and root
planed. The ePTFE membrane is
trimmed to adapt to tooth configura-
tion, secured by ePTFE sutures, and the
flap is repositioned. After membrane
placement, healing is allowed to pro-
ceed for four to six weeks. Barring any
membrane exposure, a second surgery is
performed to remove the membrane.
Radiographic evidence of bone fill is
usually present after six months and
should continue over the course of one
year (Figure 1). Clinical studies have
shown that ePTFE membranes used in
guided tissue regeneration procedures
are more effective than surgical debride-
ment in correcting defects.>!! In furca-
tions defects, there are gains in clinical
attachment level (3 mm to 6 mm),

improved bone levels (2.4 mm to 4.8
mm), and probing depth reductions
(3.5 mm to 6 mm). Studies have demon-
strated that these regenerative results
can be maintained over the course of
several years.!%13

The major problem with nonre-
sorbable membranes is the fact that the
membrane is not tissue compatible and
often becomes exposed to the oral envi-
ronment during healing. Upon expo-
sure, the membrane is contaminated
and colonized by oral microflora.'417
Several studies have shown that conta-
mination of the surgical field can result
in decreased formation of new attach-
ment.’®22 If the membrane becomes
exposed, the infection can be temporar-
ily managed with a topical application
of chlorhexidine.

This complication has led to the
development and more popular use of
bioabsorbable membranes. There are
basically three types of bioabsorbable
membranes: 1) polyglycoside synthetic
polymers (i.e., polylactic acid, polylac-
tate/polygalactate co-polymers); 2) col-
lagen; and 3) calcium sulfate.

Several features make these bioab-
sorbable membranes easier to manage
clinically: 1) they are more tissue com-
patible than nonresorbable membranes;
2) the timing for bioabsorption can be
regulated; and 3) a second surgical pro-

cedure is not required to retrieve the
nonresorbable membrane. Recent guid-
ed tissue regeneration studies compar-
ing the use of bioabsorbable membranes
with ePTFE membranes indicated that
both membranes were equally effec-
tive.2122 This has resulted in most clini-
cians utilizing bioabsorbable mem-
branes in guided tissue regeneration
procedures.

Guided Tissue Regeneration for
Periodontal Regeneration

The use of guided tissue regenera-
tion in conjunction with various other
regenerative approaches has been
attempted with reported success. In a
large case series using guided tissue
regeneration in combination with root
conditioning and demineralized freeze
dried bone allograft, significant gains in
clinical attachment level were observed
in a variety of furcation and infrabony
defects.?® A subsequent study confirmed
that the regenerated results were stable
over five years.2* When this combina-
tion was studied histologically, the
amount of newly regenerated attach-
ment varied from O to 1.7 mm.? A split-
mouth, paired control study comparing
guided tissue regeneration and guided
tissue regeneration with DFDBA found
that both groups had improved bone
fill, but there were no statistically sig-
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Figure 2. Tooth No. 8 has 8 mm pocket depth on the labial with a probable root fracture (a). Following extraction, extensive loss of the buccal plate is
present. A 10 mm bone screw was placed (b). The defect was filled with human bone allograft and covered with a resorbable membrane (c). Without the
mechanical barrier effect of the guided bone regeneration membrane and the supporting tenting screw, replacement would not be possible. After four months,
radiograph is suggestive of bone fill (d), and the horizontal (e) and vertical (f) deficiencies were corrected adequately for the placement of a dental implant (f).

nificant differences between the two
groups.?%?’ These studies suggest that
guided tissue regeneration techniques
may be improved with the use of
DFDBA as a defect filler, but controlled
studies do not show any statistical dif-
ferences.?’

Guided tissue regeneration with
bone grafting has been recently applied
with the use of calcium sulfate. Calcium
sulfate has been safely used in periodon-
tics for the last four decades.?8-3¢ Animal
studies indicate that calcium sulfate can
create a “sealing” effect that permits the
orderly replacement of bone in osseous
defects. The calcium sulfate resorption
time averages two to four weeks.?? Early
application of calcium sulfate to peri-
odontal defects yielded favorable results,
but did not demonstrate any capacity
for osteoinduction.??3? Since the barrier
effect was minimal, this technique was
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abandoned until its revival this past
decade. Sottosanti was able to gain ade-
quate time for regeneration by modify-
ing the use of calcium sulfate to include
bone grafts.34

This technique involves two basic
components. The first is a composite
graft of approximately 80 percent
DFDBA and 20 percent calcium sulfate,
which is placed into the defect. Over
this composite graft, a second calcium
sulfate barrier is placed. The advantage
of this technique is that the materials
are highly tissue compatible; it permits
the management of large, irregularly
shaped defects; it is infection resistant;
and gaps in flap coverage do not appear
to be significant. Several clinical case
reports and series have suggested this as
a viable technique, but there are no large
clinical, controlled, or comparable stud-
ies to date which support its use.34-36

Guided Bone Regeneration for
Implant Site Preparation

The principle of selective cell repop-
ulation has been useful in preparing the
implant placement site. Using a barrier
membrane at an extraction site or a
deficient alveolar ridge has been found
to enhance bone formation. At the time
of tooth extraction, the socket can be
augmented with or without graft mater-
ial and “sealed” with a barrier material.
This procedure is called ridge preserva-
tion. Similarly, an alveolar ridge with a
volumetric deficiency can be improved
with the use of graft material and a bar-
rier. This procedure is termed guided
bone regeneration. Both of these
approaches utilize the barrier concept to
selectively permit osteoprogenitor cells
to colonize the site so that an increased
volume of bone may be formed.

In ridge preservation, the need for a



barrier membrane/material is highly
dependent on the nature of the alveolar
housing. In a thick gingival case with a
thick labial alveolar plate, ridge preserva-
tion can be accomplished simply with
atraumatic extraction. Alternatively, a
thin gingival case with a thin labial plate
is susceptible to remodeling. As the ridge
heals, there is a tendency for the ridge to
remodel apically as well as lingually,
resulting in a vertical and a horizontal
deficiency. To prevent this, ridge preser-
vation procedures can be used to mini-
mize atrophy in thin gingival cases, espe-
cially in the vertical dimension. This is
especially important since most ridge aug-
mentation techniques are fairly pre-
dictable in correcting horizontal defects,
but are limited in the vertical dimension.
Utilizing ridge preservation procedures
preserve the bone and minimize bone
resorption. This reduces the number of
subsequent augmentation procedures
needed. A modification of this technique
is to utilize “tenting screws” to increase
the vertical height and support the barrier
membrane (Figure 2). This takes advan-
tage of the highly osteogenic potential of
the site to positively develop an addition-
al 2 mm of vertical bone height.

In ridge augmentation, the deficient
alveolar site is surgically exposed,
degranulated, and the cortical plates are
perforated. Graft materials are used as
volumetric scaffolds and a membrane is
used to seal the area. Titanium-rein-
forced ePTFE has helped maintain the
space targeted for regeneration.
However, the stiffness and thickness of
ePTFE membranes often result in tissue
perforation and the ensuing infection
can compromise the amount of regener-
ation achievable. Recently, more tissue-
compatible bioabsorbable membranes
have become available. Regardless of the
type of membrane used, employing
guided bone regeneration for ridge aug-
mentation is unpredictable, technique
sensitive, and can generate bone volume
mainly in the horizontal dimension.

New Approaches to Tissue
Engineering for Periodontal
Regeneration

During the last decade, tissue engi-
neering research has focused on two
main approaches involving the use of
biological mediators to selectively
enhance cellular repopulation of the peri-
odontal wound. The first approach uses
peptide sequences, protein preparations,
and growth factors to regenerate tissues
through the principle of biomimicry.
Biomimetics is the science of construct-

Bone morphogenetic
protein is presently
FDA-approved for
limited orthopedic use,
and its use in oral plastic
surgery procedures is

still under study.

ing or mimicking natural processes or
tissues, with the expectation that regen-
eration will proceed spontaneously.
Enamel matrix derivative, platelet-rich
plasma preparation-fibrin glue, and
growth factors such as platelet-derived
growth factor, purportedly function in
this fashion. Enamel matrix derivative
and platelet-rich plasma are currently
being used with the recombinant
platelet-derived growth factor, recently
approved by the Food and Drug
Administration for clinical use.

The second approach uses growth
differentiation factors to enhance peri-
odontal regeneration. Bone morpho-
genetic proteins are differentiation fac-
tors that have been studied extensively
for periodontal and bone regeneration.
Bone morphogenetic protein is present-

ly FDA-approved for limited orthopedic
use, and its use in oral plastic surgery
procedures is still under study.

Enamel Matrix Derivative

Enamel matrix derivative harvested
from developing porcine teeth has
recently been reported to induce peri-
odontal regeneration. The rationale for
the mechanism of action is that the
enamel matrix derivative contains a
mixture of low molecular weight pro-
teins. When applied to root surfaces,
the proteins are absorbed into the
hydroxyapatite and collagen fibers of
the root surface, where it induces
cementum formation followed by peri-
odontal regeneration.

In a multicenter study, 33 patients
with at least two defects were treated
in a split-mouth design. The experi-
mental site was treated with acid etch-
ing and enamel matrix derivative
while the control site was treated with
a placebo.?” Patients were examined at
8, 16, and 36 months after surgery.
Increased bone fill of the osseous
defect was observed over time for 25 of
the 27 (93 percent) enamel matrix
derivative-treated teeth, but no bone
fill was detected in the controls. The
mean radiographic bone fill was
greater for the enamel matrix deriva-
tive-treated defects compared to the
control sites (2.7 mm versus 0.7 mm).
Statistically significant improvements
were observed for enamel matrix
derivative-treated sites over control
sites in mean pocket reduction (3.1
mm versus 2.3 mm) and mean attach-
ment level gain (2.2 mm versus 1.7
mm), respectively. These clinical find-
ings have been supported by three
recent studies.38-40

The histological finding of enamel
matrix derivative-induced periodontal
regeneration has been confirmed in a
clinical case report.*! A mandibular lat-
eral incisor destined for orthodontic
extraction was treated with acid etching
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and enamel matrix derivative. After four
months, the tooth was extracted and
examined histologically. Regenerated
cementum covered 73 percent of the
defect and regenerated alveolar bone
covered 65 percent. This histological
finding has recently been confirmed in
another case series.*?43

Although there are many clinical
successes with this treatment, as with all
graft materials, the results are inconsis-
tent. Since enamel matrix derivative is
purified and prepared like other bone
graft materials (e.g., DFDBA, FDBA), its
regenerative potential may vary from
batch to batch. Characteristics that con-
tribute to the variation in regenerative
capacity need to be elucidated.

Growth Factors for Biomimicry

Growth factors are naturally occur-
ring proteins that regulate various
aspects of cell growth and develop-
ment.*+45 Recently, several growth fac-
tors have been identified and character-
ized, and some of them are found in the
bone matrix. During wound healing,
these growth factors modulate cell pro-
liferation, migration, extracellular
matrix formation, and other cellular
functions. Additionally, some growth
factors may also function as cell differ-
entiation factors. In periodontal regen-
eration, much of the focus has been on
platelet-derived growth factor and plas-
ma-rich preparation.

Most of our information about
growth factors comes from cell culture
experiments. Prior to biotechnology,
crude preparations of growth factors
were applied to various cells in cul-
ture, and their effects on selected tar-
get cell types (i.e., fibroblasts,
osteoblasts, epithelial cells), cell prolif-
eration and function, extracellular
matrix formation, and phenotypic
expression were studied. Platelet-
derived growth factor is one of the
early growth factors studied for its
effect on wound healing because it is a
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potent mitogenic and chemotactic fac-
tor for mesenchymal cells in cell cul-
ture. Utilizing the information from
these cell biology experiments,
platelet-derived growth factor and
insulin-like growth factor-1 (IGF-1)
were topically applied to periodontally
diseased root surfaces in beagle
dogs.*%7 Substantial amounts of new
bone, cementum, and periodontal lig-
ament were present after two weeks.
The results of this study were subse-
quently confirmed in three other stud-
ies utilizing beagles and experimental-

The unique
advantage of
rhPDGF-TCP will

be its consistency

in its regenerative

capacity.

ly induced periodontitis in nonhu-
man primates.*¥50 A human clinical
trial was conducted using recombi-
nant human platelet-derived growth
factor/recombinant human IGF-1
(thPDGF/rhIGF-1).5! Utilizing a split-
mouth design, defects were treated
with either a low dose (50 pg/ml) or
high  dose (150 pg/ml) of
rhPDGF/rhIGF-1. After nine months,
high dose rhPDGF/rhIGF-1 induced
2.08 mm of new bone with 43.2 per-
cent osseous defect fill, as compared
to 0.75 mm vertical bone height and
18.5 percent bone fill in control. Low
dose thPDGF/rhIGF-1 was statistically
similar to the control.

Simultaneously with the human
clinical trial, a primate study examined
the regenerative effects of PDGF/IGF-1
individually and in combination.’°

Platelet-derived growth factor alone was
found to be as effective as the PDGF/IGF-
1 combination in producing new attach-
ment after three months. No significant
effect was found when IGF was used
alone. This study suggests that IGF may
not be important at the dose level tested.

Recently, a multicenter clinical trial
of thPDGF was been completed and
FDA approval obtained. Commercial
availability of rhPDGF in combination
with tricalcium phosphate (TCP) carri-
er is anticipated in the spring of 2005.
One of the authors participated in the
FDA’s Phase 3 multicenter trial. The
rhPDGEF-TCP was found to be easy to
use, required no barrier membranes,
was more consistently reliable as a
regenerative material, and had results
comparable or superior to other regen-
erative graft materials. Histologically,
periodontal regeneration has been
demonstrated.5253 Details of the multi-
center trial are forthcoming, but a sam-
ple clinical case is presented (Figure 3).
The potential for using rhPDGF for
regeneration of furcation defects and
implant site preparation still needs to
be evaluated.

The unique advantage of rhPDGF-
TCP will be its consistency in its regen-
erative capacity. Unlike grafting mate-
rials and enamel matrix derivative,
there is no variability due to purifica-
tion or processing. The rhPDGF-TCP
will provide a consistent dose neces-
sary for regeneration. Variation in
regenerative/healing response will be
due to individual healing capability
and surgical techniques. Whereas it is
impossible to clinically control indi-
vidual healing capability, surgical
techniques and procedures can be
developed. Further research is needed
to define if guided tissue regeneration
membranes will improve regenerative
response, if root conditioning is neces-
sary, and whether other surgical para-
meters will improve growth factor
induced periodontal regeneration.
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Figure 3. A 13 mm pocket depth was present on No. 30D (a) with radiographic bone loss to the apical quarter of the tooth (b). After flap curettage, the
osseous defect was determined to be a 10 mm three-walled osseous defect (c). A soon-to-be commercially available rhPDGF-TCP mixture was used to fill the
osseous defect (d). After six months, the pocket depth was 4 mm (e) and evidence of radiographic fill was present (f).

Platelet-Rich Plasma Preparation

The wuse of platelet-rich plasma
preparation as a source of growth fac-
tors in bone and periodontal regenera-
tion has been proposed.’* In this
approach, autologous blood is drawn
and separated into three fractions:
platelet-poor plasma (fibrin glue or
adhesive), platelet-rich plasma, and red
blood cells.

Platelets are enriched by 338 percent
in the platelet-rich plasma preparation
and concentrations of platelet-derived
growth factor and TGF-8 in platelet-rich
plasma preparation are 41.1 and 45.9
ng/ml, respectively.>> Monoclonal anti-
bodies have identified the presence of
platelet-derived growth factor, IGF, and
transforming growth factor-8 (TGF-R)
in the cytoplasmic granules of platelets.
This preparation also contains a high
concentration of fibrinogen. In clinical

use, calcium and thrombin are added to
the platelet-rich plasma preparation to
activate the proteolytic cleavage of fib-
rinogen into fibrin. Fibrin formation
initiates clot formation, which in turn
initiates wound healing. Although
many case reports attribute improved
healing to these growth factors, it is
questionable whether the concentra-
tions used are adequate to elicit clinical-
ly measurable results. The level of
platelet-derived growth factor is 3,000-
fold less than the concentration needed
for periodontal regeneration reported.>>
Alternatively, the accelerated healing
may be the result of the presence of a
fibrin clot, which stabilizes the early
wound healing matrix. Platelet-rich
plasma is in popular use to stabilize
graft materials for implant site augmen-
tation and appears to enhance early soft
tissue healing.

Differentiation Factors — Bone
Morphogenetic Proteins

Bone morphogenetic proteins are a
group of regulatory glycoproteins which
are members of the TGF-b superfamily.
These molecules primarily stimulate dif-
ferentiation of mesenchymal stem cells
into chondroblasts and osteoblasts. At
least seven bone morphogenetic proteins
have been isolated from bovine and
human sources. In the field of periodon-
tal regeneration, much of the research
interest has focused on BMP-2 (OP-2),
BMP-3 (osteogenin), and BMP-7 (OP-1).56

The osteoinductive effect of bone
morphogenetic proteins was character-
ized by using crude protein preparations
derived from decalcified bone and has
been extensively reviewed.* When
these crude preparations were placed in
muscle or subdermal pouches, an ectopic
focal formation of cartilage was present
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after 12 days and bone was present after
28 days. The induction of mesenchymal
stem cell differentiation to recapitulate
endochondral bone formation stimulat-
ed clinical interest in using bone prepa-
rations (FDBA and DFDBA) as osteogenic
graft materials. However, when the actu-
al concentration of bone morphogenetic
proteins in commercial bone prepara-
tions was measured, the amount present
was quite low. Approximately 10 kg of
bovine bone yields 2 mg of bone mor-
phogenetic proteins. This has resulted in
efforts to purify, identify, characterize
bone morphogenetic proteins so they
can be synthetically produced by recom-
binant DNA technology.

Experiments utilizing crude and
recombinant bone morphogenetic pro-
teins have provided insight as to their
potential use. Crude preparations of
BMP-2 and BMP-3 applied in surgically
induced furcation defects appeared to
stimulate periodontal regeneration.>8
Studies have utilized recombinant
human bone morphogenetic proteins to
determine their potential for correcting
intrabony, supra-alveolar, furcation,
and fenestration defects.58-6!

When recombinant human BMP-2
(rthBMP-2) was used in supra-alveolar peri-
odontal defects, the gains in bone and
cementum were 3.5 mm and 1.6 mm,
respectively, compared to 0.8 mm and 0.4
mm for controls.%! Histologic analysis
revealed areas of periodontal regeneration
associated with areas of ankylosis.
Contrary to these findings, BMP-7 aug-
mentation resulted in a significant
increase in periodontal regeneration with-
out any ankylosis. Healing through anky-
losis has been a concern so most of the
recent research utilizing rthBMPs has
involved implant site preparation.62-60

Factors That Influence Therapeutic
Success

Factors that adversely affect periodon-
tal regeneration were reviewed at the
1996 World Workshop in Periodontics

212 CDA.JOURNAL.VOL.33.NO.3.MARCH.2005

and at the 1997 Second European
Workshop on Periodontology."? A num-
ber of factors have been implicated or
shown to adversely influence periodontal
regenerative therapy. These include:
Poor plaque control/compliance.
Therapeutic gains from periodontal
surgery deteriorate with poor plaque con-
trol and inadequate postoperative recall
compliance.®”-72 Progressive deterioration
and a higher incidence of infection with
putative periodontal pathogens (P. gingi-
valis, P. intermedia, and A. actinomycetem-
comitans) were more prevalent in patients
with poor plaque control and compliance

The critical question
to be addressed
is whether the involved
tooth is strategically
important in the final

restorative plan.

as compared to those with excellent
plaque control and maintenance.”?
Furcation repairs also respond similarly,
with deterioration for patients with poor
plaque control and compliance, and
increased stability in patients exhibiting
the converse behavior.”* Motivating
patients to remain highly enthusiastic
about oral hygiene and compliant with
periodontal maintenance is difficult, but
extremely important.”>77

Smoking. Smoking is a major risk
factor for not only disease progression,
but also for adverse therapeutic out-
comes.”®80 Not only has smoking been
implicated as having a detrimental
effect on periodontal wound healing
following surgical procedures, but it
has also been linked to impaired heal-

ing response to guided tissue regenera-
tion procedures in both intrabony
defects as well as furcation repairs.8!-84

Tooth/defect factors. Therapeutic
success is influence by the tooth’s
importance in the prosthetic rehabilita-
tion, its endodontic status, and defect
characteristics.

The critical question to be addressed
is whether the involved tooth is strate-
gically important in the final restorative
plan.® If not, then the regenerative pro-
cedure may not be justified due to its
technical difficulty and expense, poten-
tial post-surgical complications, and the
challenges of obtaining excellent
patient oral hygiene and compliance.

Once a tooth is deemed essential, it
is important to assess its endodontic sta-
tus. Frequently, chronic endo-periodon-
tal defects have the same appearance as
an advanced intrabony defect. Treating
an endo-periodontal defect without first
addressing the endodontic component
will result in failure.868” Characteristics
of the defect, such as the overall defect
depth, width, and walls, can influence
clinical outcomes in response to regen-
erative surgery.88-90 Studies have consis-
tently shown that the increased depth of
the defect is correlated with increased
improvement in clinical attachment
level and probing depth. Conversely,
the increased width of the defect has
been correlated with decreased bone fill
and clinical healing response. Lastly,
intrabony defects characterized by three-
or three- and two-walled configurations
will generally respond more positively to
regenerative procedures. Despite early
reports on the use of iliac and autolo-
gous grafts, current regenerative
approaches have not been consistently
successful in regenerating one- or zero-
walled defects.

Surgical management. As with any
surgical procedure, flap management
and wound stability are important. In
the regenerative management of intra-
bony defects, it is important to ascertain



prior to surgery whether there is suffi-
cient Kkeratinized tissue to allow com-
plete tissue coverage of the defect.

Summary

Over the last three decades, the peri-
odontal literature has been filled with
reports related to periodontal regenera-
tion. This therapeutic goal, although
ideal, is difficult to achieve. A variety of
graft materials and regenerative strate-

gies are now available; however, they all
have limitations. The surgical procedure
can be technically demanding, and
when success is achieved, the mainte-
nance of positive results is highly depen-
dent on patients’ oral hygiene habits
and compliance with periodontal main-
tenance. Despite all these difficulties,
periodontal regeneration is a clinical
possibility that can be offered to
patients. The clinician must carefully

evaluate the various regenerative and
reparative approaches and decide which
technique may result in the best clinical
outcome. With the advent of new regen-
erative approaches, such as biological
modifiers like enamel matrix derivative
and growth factors, we must critically
evaluate how they may improve our
ability to regenerate periodontal defects.

Treatment planning in periodontics
also has changed dramatically in the last

Clinical Decision Tree for Management of Advanced Periodontal Defects

Assess Periodontal Defect
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m Radiographic assessment
of osseous architecture

| Horizontal bone loss /\| Vertical bone loss |

'

Pocket < 5 mm | |

Pocket > 6 mm

Re-evaluate sytemic issues, endodontic
| status and tooth morphology

Y

Evaluate restorative
significance

Questionable /\
prognosis

Fair-good
prognosis

Y

Not important

> 8mm osseous
defec

3 mm from apex

4-8 mm
osseous defect

<3 mm

<
for< osseous defect

Y

Pocket
elimination,
maintenance

Nonsurgical
management,
maintenance

Extract and
consider dental
implant

Extract

and monitoring

and monitoring

Figure 4.

onmaintain-
able results

\ Y L]

Pocket
REGENERATE elimination
surgery
Re-evaluate
affer 12+
months

aintainable
results

Maintenance
and moniforing

MARCH.2005.VOL.33.NO.3.CDA.JOURNAL 213



decade because of the acceptance of den-
tal implants as a viable long-term option
for replacing missing teeth. With the
increased predictability of implants, the
question arises as to when to treat severe
periodontal defects with regenerative
procedures and when to perform strate-
gic extraction in preparation for implant
placement. Sometimes the best manage-
ment of a periodontal defect may be
extraction in lieu of periodontal regener-
ation or when regenerative efforts have
been unsuccessful. Extraction would
minimize further bone loss and provide
the maximum volume of bone at the
future implant healing site.

This paradigm shift has complicated
our views about regeneration. With den-
tal implants as a viable alternative, we
need to redefine periodontal prognosis
and consider strategic extraction more
often. Conversely, heroic regenerative
procedures would be contraindicated.

A clinical decision tree is provided to
help guide the clinician in choosing regen-
erative procedures over other therapeutic
approaches (Figure 4). As with any guide-
lines, there are exceptions to the rules.
Clinicians are strongly advised to stay cur-
rent with changes in the field of regenera-
tion, as well as other aspects of periodon-
tics and dental implants. The clinical deci-
sion tree may need to be modified to
accommodate advances in these fields.

Periodontal regeneration continues to
be one of the primary therapeutic
approaches for the management of peri-
odontal defects. Although evidence sug-
gests that present regenerative techniques
can lead to periodontal regeneration, the
use of guided tissue regeneration and bio-
logical modifiers can enhance these
results. The crucial challenge for the clin-
ician is to critically assess whether a peri-
odontal defect can be corrected with a
regenerative approach, or whether it
would be better managed with osseous
resection for the slight periodontal defect
and with strategic extraction for the
advanced diseased state.

214 CDA.JOURNAL.VOL.33.NO.3.MARCH.2005

References / 1. Garret S, Periodontal regeneration
around natural teeth, in The American Academy of
Periodontology. 1996 World Workshop in
Periodontics, Annals of Periodontology, Chicago,
The American Academy of Periodontology, 1: 621-
6,1996.

2. Ouhayoun J, Bone grafts and biomaterials
used as bone graft substitutes, in European
Academy of Periodontology. Proceedings of the
2nd European Workshop on Periodontology,
Chicago. Quintessence Books, pages 313-60, 1997.

3. Kao RT, Periodontal regeneration and recon-
structive surgery in Periodontics. Medicine, Surgery,
and Implants, Rose LF, Mealey BL, et al. (eds). St
Louis. Elsevier Mosby. pages 572-609, 2004.

4. Melcher AH, On repair potential of peri-
odontal tissues. ] Periodontol 47:256-60, 1976.

5. Nyman S, Gottlow ], Karring T, Lindhe ],
The regenerative potential of the periodontal liga-
ment: An experimental study in the monkey, J Clin
Periodontol 9:257-65, 1982.

6. Nyman S, Lindhe ], Karring, et al, New
attachment following surgical treatment of human
periodontal disease, ] Clin Periodontol 9:290-6, 1982.

7. Gottlow J, Nyman S, Lindhe ], et al, New
attachment formation in the human periodontium
by guided tissue regeneration, ]/ Clin Periodontol
13:604-16, 1986.

8. Cortellini P, Pini Prato G, Baldi C, Clauser C,
Guided tissue regeneration with different materials,
Int J Periodontics Restorative Dent 10:137-51, 1990.

9. Cortellini P, Pini Prato G, Tonetti MS,
Periodontal regeneration of human infrabony
defects. II. Re-entry procedures and bone measures,
] Periodontol 64:261-8, 1993.

10. Tonetti M, Pino Prato G, Cortellini P,
Periodontal regeneration of human infrabony
defects. IV. Determination of healing response, |
Periodontol, 64:934-40, 1993.

11. Stahl SS, Froum S, Tarnow D, Human his-
tologic responses to guided tissue regenerative tech-
niques in intrabony lesions. Case reports on nine
sites, ] Clin Periodontol 17:191-9, 1990.

12. Weigel C, Bragger U, Hummerle CH, et al,
Maintenance of new attachment one and four years
following guided tissue regeneration, J Clin
Periodontol 22:661-9,1995.

13. Cortellini P, Pino Prato GP, Tonetti MS,
Long-term stability of clinical attachment follow-
ing guided tissue regeneration and conventional
treatment, | Clin Periodontol 23:106-11, 1996.

14. Selvig KA, Nilveus RE, Fitzmorris L, et al,
Scanning electron microscopic observations of cell
populations and bacterial contamination of mem-
branes used for guided periodontal tissue regenera-
tion in humans, J Periodontol 61:515-20, 1990.

15. Nowzari H, Slots J, Micro-organisms in
polytetrafluoroethylene barrier membranes for
guided tissue regeneration, ]| Clin Periodontol
21:203-10, 1994.

16. Nowzari H, MacDonald ES, Flynn J, et al,
The dynamics of microbial colonization of barrier
membranes for guided tissue regeneration, |
Periodontol 67:694-702, 1996.

17. Simion M, Trisi P, Maglione M, Piettelli A,
Bacterial penetration in vitro through GTAM mem-
brane with and without topical chlorhexidine
application. A light and scanning election micro-
scopic study, ] Clin Periodontol 22:321-31, 1995.

18. Cortellini P, Pino Prato GP, Tonetti MS,
Periodontal regeneration of human intrabony
defects with bioresorbable membranes. A con-
trolled clinical trial, J Periodontol 67:217-23, 1996.

19. Cristgau M, Schmalz G, Reich E, Wenzel A,
Clinical and radiographical split-mouth study on

resorbable guided tissue regeneration membranes, |
Clin Periodontol 22:306-15, 1995.

20. Falk H, Laurell L, Ravald N et al, Guided tis-
sue regeneration procedures of 203 consecutively
treated intrabony defects using a bioabsorbable
matrix barrier. Clinical and radiographic findings, J
Periodontol 68:571-81, 1997.

21. Cristgau M, Schmalz G, Wenzel A, Hiller
KA, Periodontal regeneration of intrabony defects
with resorbable and nonresorbable membranes: 30-
month results, ] Clin Periodontol 24:17-27, 1997.

22. Weltman R, Trojo PM, Morrison E, Caffesse
R, Assessment of guided tissue regeneration proce-
dures in intrabony defects with bioabsorbable and
nonresorbable barriers, ] Periodontol 68:582-91, 1997.

23. Schallhorn RG, McClain PK, Combined
osseous grafting, root conditioning and guided tis-
sue regeneration, Int | Periodontics Restorative Dent
4:9-34, 1988.

24. McClain PK, Schallhorn RG, Long-term
assessment of combined osseous composite graft-
ing, root conditioning, and guided tissue regenera-
tion, Int ] Periodontics Restorative Dent 13:9-27, 1993.

25. Stahl SS, Froum §J, Histologic healing
responses in human vertical lesions following the
osseous allografts and barrier membranes, | Clin
Periodontol 18:149-52,1991.

26. Guillemin MR, Mellonig JT, Brusvold MA,
Healing in periodontal defects treated by decalci-
fied freeze-dried bone allografts in combination
with ePTFE membranes. 1. Clinical and scanning
electron microscope analysis, J Clin Periodontol
20:528-36, 1993.

27. Guillemin MR, Mellonig JT, Brusvold MA,
et al, Healing in periodontal defects treated by
decalcified freeze-dried bone allografts in combina-
tion with ePTFE membranes. Assessment by com-
puterized densitometric analysis, ] Clin Periodontol
20:520-7, 1993.

28. Peltier LF: The use of plaster of Paris to fill
large defects in bone, Am ] Surg 97:311-8, 1959.

29. Bier §J, Plaster of Paris, an adequate bone
substitute to bone for filling periodontal defects,
Clin Dent 2:1-34, 1974.

30. Bell WH, Resorption characteristics of bone
substitutes, Oral Surg Oral Med Oral Pathol 17:650-7,
1964.

31. Radentz WH, Collings CK,: The implanta-
tion of plaster of Paris in the alveolar process of the
dog, ] Periodontol 36:357-62,1965.

32. Alderman N, Sterile plaster of Paris as an
implant in the infrabony environment, ] Periodontol
40:11-3, 1969.

33. Shaffer CD, App G: The use of plaster of
Paris in treating infrabony periodontal defects in
human, J Periodontol 42:685-90, 1971.

34. Sottosanti JS, Calcium sulfate: A biodegrad-
able and a biocompatible barrier for guided tissue
regeneration, Compend Contin Educ Dent 13:226-8,
1992.

35. Anson D, Saving periodontally “hopeless
teeth” using calcium sulfate and demineralized
freeze-dried bone allograft, Compend Contin Educ
Dent 19:284-98, 1998

36. Anson D, Using calcium sulfate in guided
tissue regeneration, Compend Contin Educ Dent
21:365-78, 2000.

37. Heijl L, Heden G, Svardstrom G, Ostgren A,
Enamel matrix derivative (EMDOGAIN) in the
treatment of intrabony periodontal defects, J Clin
Periodontol 24:705-14, 1997.

38. Okuda K, Momose M, Miyazaki A, et al,
Enamel matrix derivative in the treatment of
human intrabony osseous defects, ] Periodontol
71:1821-8, 2000.



39. Heden G, A case report study of 72 consecu-
tive emdogain-treated intrabony periodontal defects:
Clinical and radiographic findings after one year, Int
] Periodontics Restorative Dent 20:127-39, 2000.

40. Froum SJ, Weinberg MA, Rosenberg E, et al,
A comparative utilizing open flap debridement
with and without enamel matrix derivative in the
treatment of periodontal intrabony defects: A 12-
month re-entry study, ] Periodontol 72:25-34, 2001.

41. Heijl L, Periodontal regeneration with
enamel matrix derivative in one human experi-
mental defect. A case report, J Clin Periodontol
24:693-6, 1997.

42. Yukna RA, Mellonig JT, Histologic evalua-
tion of periodontal healing in humans following
regenerative therapy with enamel matrix deriva-
tive, J Periodontol 71:752-9 , 2000.

43. Sculean A, Chiantella GF, Windisch P, et al,
Clinical and histologic evaluation of human intra-
bony defects treated with an enamel matrix deriva-
tive (Emdogain), Int ] Periodontics Restorative Dent
20:375-81, 2000.

44, Lind M, Growth factors: Possible new clin-
ical tools. A review, Acta Orthop Scand 67:407-
17,1996.

45. The American Academy of Periodontology:
Position Paper: The potential role of growth and
differentiation factors in periodontal regeneration,
] Periodontol 67:545-53, 1996.

46. Lynch SE, Williams RC, Polson AM, et al, A
combination of platelet-derived and insulin-like
growth factors enhanced periodontal regeneration,
J Clin Periodontol 16:545-8, 1989.

47. Lynch SE, Ruiz de Castilla G, Williams RC,
et al, The effects of short-term application of a com-
bination of platelet-derived and insulin-like growth
factors on periodontal wound healing, ] Periodontol
62:458-67,1991.

48. Rutherford RB, Ryan ME, Kennedy JE, et al,
Platelet-derived growth factor and dexamethasone
combined with a collagen matrix induce regenera-
tion of the periodontium in monkeys, J Clin
Periodontol 20:537-44, 1993.

49. Giannobile WV, Finkelman RD, Lynch SE,
Comparison of canine and nonhuman primate ani-
mal models for periodontal regenerative therapy:
Results following a single administration of
PDGF/IGF-I, ] Periodontol 65:1158-68, 1994.

50. Giannobile WV, Hernandez RA, Finkelman
RD, et al, Comparative effects of platelet-derived
growth factor-BB and insulin-like growth factor-I,
individually and in combination on periodontal
regeneration in Macaca fascicularis, ] Periodontol Res
31:301-12, 1996.

51. Howell TH, Fiorellini JP, Paquette DW, et
al, A phase I/II trial to evaluate a combination of
recombinant human platelet-derived growth fac-
tor-BB and recombinant human insulin-like growth
factor-I in patients with periodontal disease, |
Periodontol 68:1186-93,1997.

52. Lynch SE, Williams RC, Polson AM, et al, A
combination of platelet-derived growth factor and
insulin-like growth factors enhances periodontal
regeneration. J Clin Periodontol 16:545-8, 1989.

53. Camelo M, Nevins ML, Schenk RK, et al,
Periodontal regeneration in human class II fucations
using purified recombinant human platelet-derived
growth factor-BB (rhPDGF-BB) with bone allograft.
Int ] Periodontics Restorative Dent 23:213-25, 2003.

54. Marx RE, Carlson ER, Fichstaedt RM, et al,
Platelet-rich plasma: growth factor enhancement
for bone grafts, Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 85:638-46, 1998.

55. Landesberg R, Roy M, Glickman RS,

Quantification of growth factor levels using a sim-
plified method of platelet-rich plasma gel prepara-
tion, J Oral Maxillofac Surg 58:297-301, 2000.

56. Massague J, TGF-b signal transduction, Ann
Rev Biochem 67:753-91, 1998.

57. Ripamonti U, Reddi AH, Periodontal regen-
eration potential role of bone morphogenetic pro-
teins, J Periodont Res 29:225-35, 1994.

58. Toriumi DM, Kotler HS, Luxenberg DP, et
al, Mandibular reconstruction with a recombinant
bone-inducing factor. Functional, histologic and
biochemical evaluation, Arch Otolaryngol Head Neck
Surg 117:1101-12, 1991.

59. Sigurdsson TJ, Lee MB, Kubota K, et al,
Periodontal repair in dogs: Recombinant human
bone morphogenetic protein-2 significantly
enhances periodontal regeneration, ] Periodontol
66:131-8, 1995.

60. Giannobile WV, Ryan S, Shih MS, et al,
Recombinant human osteogenic protein-1 (OP-1)
promotes periodontal wound healing in class III
furcation defects, | Periodontol 69:129-37, 1998.

61. King GN, King N, Cruchley AT, et al,
Recombinant human bone morphogenetic protein-
2 promotes wound healing in rat periodontal fen-
estration defects, ] Dent Res 76:1460-70, 1997.

62. Xiang W, Baolin L, Yan ], et al, The effect
of bone morphogenetic protein on osseointegra-
tion of titanium implants, J Oral Maxillofac Surg
51:647-54, 1993.

63. Cochran DL, Schenk R, Buser D, et al,
Recombinant human bone morphogenetic protein-
2 stimulation of bone formation around
endosseous dental implants, | Periodontol 70:139-
50, 1999.

64. Boyne PJ, Marx RE, Nevins M, et al, A fea-
sibility study evaluating rhBMP-2/absorbable colla-
gen sponge for maxillary sinus floor augmentation,
Int ] Periodontics Restorative Dent 17:11-25, 1997.

65. Howell TH, Fiorellini J, Jones A, et al, A fea-
sibility study evaluating rhBMP-2/absorbable colla-
gen sponge device for local alveolar ridge preserva-
tion or augmentation, Int | Periodontics Restorative
Dent 17:124-39, 1997.

66. Barboza EP, Durate ME, Geolas L, et al,
Ridge augmentation following implantation of
recombinant human bone morphogenetic protein-
2 in the dog, ] Periodontol 71:488-96, 2000.

67. Nyman S, Lindhe J, Rosling B, Periodontal
surgery in plaque infected dentitions, J Clin
Periodontol 4:240-9, 1977.

68. Rosling B, Nyman S, Lindhe J, The effects of
systematic plaque control on bone regeneration in
intrabony pockets, J Clin Periodontol 3:38-50, 1976.

69. Lindhe J, Westfelt E, Nyman §, et al, Long-
term effects of surgical/nonsurgical treatment of peri-
odontal disease, ] Clin Periodontol 11:448-59,1984.

70. Cortellini P, Pini Prato G, Tonetti MS,
Periodontal regeneration of human intrabony
defects. I. Clinical measures, ] Periodontol 64:254-60,
1993.

71. Cortellini P, Pini Prato G, Tonetti MS,
Periodontal regeneration in human intrabony
defects. II. Re-entry procedures and bone measures,
J Periodontol 64:261-8, 1993.

72. Cortellini P, Pini Prato G, Tonetti M,
Periodontal regeneration of human infrabony
defects V. Effect of oral hygiene on long-term sta-
bility, J Clin Periodontol 21:606-10, 1994.

73. Machtei EE, Cho MI, Dunford R, et al,
Clinical, microbiological, and histological factors
which influence the success of regenerative peri-
odontal therapy, ] Periodontol 65:154-61, 1994.

74. Hugoson A, Ravald N, Fornell ], et al,

Treatment of Class II furcation involvement in
humans with bioresorbable and nonresorbable
guided tissue regeneration barriers. A randomized
multicenter study, ] Periodontol 66:624-34, 1995.

75. Wilson TF, Glover ME, Schoen ], et al,
Compliance with maintenance therapy in a private
periodontal practice, J Periodontol 55:468-73, 1984.

76. Wilson TG, Compliance: A review of the
literature with possible applications to periodon-
tics, J Periodontol 58:706-14, 1987.

77. Mendoza AR, Newcomb GM, Compliance
with supportive periodontal therapy, J Periodontol
62:731-6, 1991.

78. Habes ], Wattles J, Crowley M, et al,
Evidence for cigarette smoking as a major risk fac-
tor for periodontitis, J Periodontol 64:16-23, 1993.

79. Grossi SG, Zambon JJ, Ho AW, Assessment
of risk for periodontal disease. I. Risk indicators for
attachment loss, J Periodontol 65:260-7, 1994.

80. Grossi SG, Genco RJ, Machtei EE,
Assessment of risk for periodontal disease. II. Risk
indicators for alveloar bone loss, ] Periodontol 66:23-
9, 1995.

81. Preber H, Bergstrom J, Effect of cigarette
smoking on periodontal healing following surgical
therapy, J Clin Periodontol 17:324-8, 1990.

82. Ah MKB, Johnson GK, Kaldahl WB, et al,
The effects of smoking on the response to peri-
odontal therapy, ] Clin Periodontol 21:91-7, 1994.

83. Jones JK, Triplett RG, The relationship of
cigarette smoking to impaired intraoral wound
healing: A review of evidence and implications for
patient care, ] Oral Maxillofac Surg 50:237-9, 1992.

84. Tonetti MS, Pini Prato G, Cortellini P,
Effect of cigarette smoking on periodontal healing
following guided tissue regeneration in infrabony
defects. A preliminary retrospective study, J Clin
Periodontol 22:229-34, 1995.

85. Hall WB, Periodontal reasons to extract a
tooth. In Hall WB, editor: Decision Making in
Periodontology, St. Louis, 1998, Mosby.

86. Jansson L, Ehnevid H, Lindskog S, Blomlof
L, Relationship between periapical and periodontal
status. A clinical retrospective study, ] Clin
Periodontol 20:11-23,1993.

87. Jansson LE, Fhnevid H, Blomlof L, et al,
Endodontic pathogens in periodontal disease aug-
mentation, J Clin Periodontol 22:598-602,1995.

88. Prichard J, A technique for treating
infrabony pockets based on alveolar process mor-
phology, Dent Clin North Am 1:85-102,1960.

89. Selvig KA, Kersten BG, Wikesjo UME,
Surgical treatment of intrabony periodontal defects
using expanded polytetrafluoroethylene barrier
membranes: Influence of defect configuration on
healing response, ] Periodontol 64:730-8, 1993.

90. Klein F, Kim TS, Hassfeld S, et al,
Radiographic defect depth and width for prognosis
and description of periodontal healing of infrabony
defects, J Periodontol 72:1639, 2001.

To request a printed copy of this article, please
contact / Richard T. Kao, DDS, PhD, 10440 S. De
Anza Blvd., Suite D-1, Cupertino, CA 95014.

Figures 1a-c and chart are reprinted from Periodontics:
Medicine, Surgery and Implants; Chapter 25; Rose LF,
Mealey BL, Grenco R], Cohen DW; Periodontal
Regneration and Reconstructive Surgery by RT Kao;
572-609, 2004, with permission from Elsevier.

MARCH.2005.VOL.33.NO.3.CDA.JOURNAL 215



