COPYRIGHT © 2003 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE
REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

The International Journal of Periodontics & Restorative Dentistry



"d3HSIT9Nd IHL INOYd NOISSINY3d NI LLIIM LNOHLIM WHOd ANV NI A3LLINSNVYL 40 d30NAa0dd3y

39 AVIN 310114V SIHL 40 1¥Vd ON 'ATNO 3SN TYNOSH3d OL d3LO1¥1S3H SI INJWNDOA SIHL 40 ONILNIYd "ONI ‘00 ONIHSITaNd AONISSILNIND A9 €002 @ LHOIHALOD

213

Periodontal Regeneration in Human
Class Il Furcations Using Purified
Recombinant Human Platelet-Derived
Growth Factor-BB (rhPDGF-BB) with

Bone Allograft
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This human clinical trial evaluated the clinical and histologic response to recombi-
nant human platelet-derived growth factor-BB (rhPDGF-BB) delivered in bone allo-
graft for the treatment of advanced Class Il furcation defects. Three mandibular
and one maxillary molar furcation defects were treated: Two received 0.5 mg/mL
and two received 1.0 mg/mL rhPDGF-BB, in all cases mixed with DFDBA. Clinical
probing depths and attachment levels were obtained presurgically and 9 months
postsurgical, after which the teeth and surrounding tissues were removed en bloc.
Both concentrations of rhPDGF-BB resulted in substantially improved horizontal
(mean 3.5 mm) and vertical (mean 4.25 mm) probing depths and attachment levels
(mean 3.75 mm). Histologic evaluation revealed periodontal regeneration, includ-
ing new bone, cementum, and periodontal ligament coronal to the reference
notch. Regeneration was also present coronal to the original osseous crest. In one
case where an enamel projection extended into the fornix of the furcation, new
calcified tissue with new inserting connective tissue fibers was observed over the
enamel. This study documented the favorable tissue response to rhPDGF-BB
treatment at both the clinical and microscopic levels, provided the first human his-
tologic evidence that new calcified tissue with inserting collagen fibers can occur
over enamel projections within furcations, and demonstrated for the first time that
complete periodontal regeneration can be achieved in advanced Class Il furcation
defects using a combination of purified recombinant growth factor and bone allo-
graft. (Int J Periodontics Restorative Dent 2003;23:213-225.)
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One of the greatest challenges in
the field of periodontics continues to
be the treatment of multirooted
teeth demonstrating inter-radicular
loss of the periodontium (furcation
invasion). While added stability may
be provided by extra root anchor-
age, furcated teeth and their sur-
rounding tissues possess anatomic
characteristics that make treatment
difficult and results unpredictable
with current therapies. Although
there are reports of “clinical success”
in the treatment of Class Il furca-
tions, there are no reports of peri-
odontal regeneration in humans, as
verified by the histologic documen-
tation of new bone, periodontal lig-
ament (PDL), and cementum coronal
to a reference notch placed at the
base of calculus at the time of
surgery. Thus, while it is always
preferable to regenerate lost peri-
odontium, this goal has not been
demonstrated in human furcations.
To overcome the prevailing healing
limitations in furcation defects, the
principles of tissue engineering were
applied using a purified growth fac-
tor together with an osteoconduc-
tive scaffold to stimulate the
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patients’ own cells toward a regen-
erative response.

Tissue engineering is the rela-
tively new, highly promising field of
reconstructive biology that draws on
recent advances in medicine and
surgery, molecular and cellular biol-
ogy, polymer chemistry, and physi-
ology. In its broadest sense, tissue
engineering is considered to be any
attempt to regenerate tissues of the
body, whether accomplished in the
laboratory or directly in the patient,
by combining three key elements:
scaffolds or matrices, signaling mol-
ecules, and cells. By combining
these three elements, tissue (and
organ) regeneration that was not
previously possible can often be
accomplished.

Bone autografts have been
referred to as the “gold standard” in
osseous grafting procedures
because they are generally believed
to provide the best results of avail-
able materials, presumably because
of the presence of conductive bone
trabeculae, cells, and signaling mol-
ecules (eg, growth factors). However,
their use is often contraindicated
because of insufficient availability of
intraoral graft, frequency of postop-
erative pain at the donor site, and
increased potential for postsurgical
complications related to the graft
harvest site. Equally important, even
in autografts, the number of viable
osteoprogenitor cells may be small
and the amount of growth factors
limited, especially in patients over
the age of 50. Because of these lim-
itations, periodontal therapies aimed
at regenerating the periodontium
have for many years used nonviable,

osteoconductive matrices. These
mostly inert, physical matrices exert
just one key element of the tissue-
engineering triad and therefore,
although they are clinically effective
in some cases (eg, deep intrabony
defects), they are not predictable in
the wide variety of bone defects
encountered routinely by the practi-
tioner.

Growth factors are signaling
molecules that have received a great
deal of attention in the periodontal
and craniomaxillofacial fields as clin-
icians continue to seek an “off-the-
shelf” material that could replace
and/or enhance autografts and pro-
vide better, more consistent results
than current bone scaffolds and
matrices. Growth factors are mito-
genic (proliferative), chemotactic
(stimulate directed migration of
cells), and angiogenic (stimulate new
blood vessel formation). Therefore,
they appear to be critical to the
wound-healing process. The growth
factor that has received the most
attention in hard and soft tissue
wound healing is platelet-derived
growth factor (PDGF). PDGF is the
natural wound-healing “hormone.”
It is naturally produced by the body
at sites of soft tissue (gingiva and
skin) and bone injury. Isoforms of
PDGF are present in bone matrix
and are produced locally at fracture
sites.’™* Gene knockout studies (in
which a specific gene is deleted)
have shown that when a PDGF
receptor gene is deleted, gross
abnormalities occur in the embry-
ologic development of the skeleton,
suggesting the critical importance
of PDGF in skeletal development.®

PDGF is the most thoroughly
studied growth factor in periodon-
tics. Since the original report® that
demonstrated periodontal regener-
ation following in vivo application of
PDGEF in the late 1980s, nearly 100
studies on PDGF's effects on PDL
and alveolar bone cells and regen-
eration of the periodontium in ani-
mals and humans have been pub-
lished. An initial human clinical trial
demonstrated that application of
150 pg/mL of recombinant human
PDGF-BB (rhPDGF-BB) and recom-
binant human insulin-like growth fac-
tor (rhIGF)-1 results in a significant
improvement in bone fill compared
to open-flap debridement plus
placebo.

The primary objective of this
study was to determine if it is possi-
ble to achieve regeneration in
advanced Class |l furcation defects in
humans following placement of a tis-
sue-engineering product that com-
bines purified rhPDGF-BB with allo-
geneic bone matrix. The secondary
objectives of this study were to
determine the safety and biocom-
patibility of the materials evaluated
and the osteogenic potential of the
product in advanced human furca-
tion defects.
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Method and materials

All patients screened for the study
signed informed consent statements
after discussing any questions they
may have had with the study inves-
tigator(s). Four molars with advanced
Class Il furcation defects were
selected for treatment after two clin-
icians not involved in the study
judged these teeth to have a hope-
less prognosis. Initial preparation
included complete-mouth scaling
and root planing (except for the
study tooth), oral hygiene instruc-
tion, and selective occlusal grinding
when indicated. A baseline exami-
nation was performed after initial
preparation was completed, no
more than 14 days before surgical
treatment (or the day of surgery).
The baseline examination included
the following detailed measure-
ments of the target tooth defect:

1. Horizontal probing pocket depth
within the furcation (hPD; =5 mm)

2. Vertical probing pocket depth
(vPD; =5 mm)

3. Clinical attachment level

4. Free gingival margin

5. Generalized probing measure-
ments of all teeth

6. Radiographs of the target tooth

7. Oral hygiene measures, includ-
ing complete-mouth plaque, gin-
gival, and calculus assessments

8. Record of cigarette use

9. Record of selected medication
use (nonsteroidal antiinflamma-
tory drugs, steroids)

Following administration of local
anesthesia, full-thickness mucope-

riosteal flaps were elevated. Granu-
lation tissue was carefully enucleated
from the osseous defects, and the
root surface was then notched using
a small round bur at the apical extent
of the calculus. Subgingival soft and
hard deposits on the root surface
were removed by scaling and root
planing using hand and/or ultrasonic
instruments to ensure thorough
degranulation and root planing.

Direct measurements of the fur-
cation area were performed using a
calibrated probe, scoring the fol-
lowing dimensions:

1. Horizontal bone depth of the fur-
cation defect at its deepest loca-
tion, using a reference probe
placed across the adjacent root
surfaces

2. Vertical bone depth of the furca-
tion defect at its deepest loca-
tion, using the fornix of the fur-
cation as the fixed reference

3. Width of the furcal orifice at its
base, measured in a horizontal
dimension at the level of the
alveolar crest within the furcation

After completing scaling and
root planing and obtaining all mea-
surements, the root surface was con-
ditioned with a tetracycline paste for
4 minutes for decontamination and
removal of the smear layer. During
this period, an amount of deminer-
alized freeze-dried bone allograft
(DFDBA) sufficient to fill the peri-
odontal defect was saturated with a
solution of rhPDGF-BB (0.5 or 1.0
mg/mL), and the rhPDGF-BB/allo-
graft mixture was allowed to sit for
about 10 minutes.

Following root conditioning, the
wound was rinsed thoroughly with
sterile saline. The root surfaces were
then completely dried, and applica-
tion of the rhPDGF-BB solution
began at the coronal aspect of the
exposed roots and proceeded api-
cally as far as possible into the fur-
cation and the base of the defect.
The rhPDGF-BB/allograft mixture
was then packed into the osseous
defect. Throughout the procedure,
care was taken to protect the root
surface and defect from saliva. The
gingival flaps were secured with
interdental sutures to obtain cover-
age of the surgical site. The surgical
site was protected with a periodon-
tal dressing. The patient was instruct-
ed not to brush or floss the surgical
site until the sutures were removed.
Ten days after surgery, or when the
flap had become stabilized by heal-
ing, the sutures were removed.
Patients were instructed to rinse with
chlorhexidine mouthrinse (0.12%)
daily for 6 weeks. Analgesics were
prescribed for management of post-
operative discomfort. A record of
analgesics taken (prescribed and
over the counter) was kept.

Postoperative examination and
professional cleansing of the surgical
site with chlorhexidine occurred at 1,
2,4, 8, and 12 weeks and every 6
weeks thereafter until en bloc biop-
sies were obtained at 9 months. At
3 and 6 months postsurgical, peri-
odontal maintenance was per-
formed, and at 6 months, periodon-
tal probing depth and vertical clinical
attachment level measurements
were obtained. Bleeding upon gen-
tle probing was noted when ob-
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Table 1

Clinical measurements (mm)

Vertical Horizontal Clinical
probing depth probing depth attachment level Recession
Case Pre Post Change Pre Post Change Pre Post Change Pre Post Change
1 (0.5 mg/mL rhPDGF) 8 2 6 7 3 4 8 2 6 0O O 0
2 (0.5 mg/mL rhPDGF) 8 3 5 7 4 3 8 4 4 0 1 1
3 (1.0 mg/mL rhPDGF) 6 2 4 5 2 3 9 5 4 3 3 0
4 (1.0 mg/mL rhPDGF) 5 3 2 6 2 4 7 6 1 2 3 1

served. Immediately prior to biopsy,
at 9 months postsurgical, the clinical
assessments were again performed,
and a second periapical radiograph
was obtained. Following administra-
tion of local anesthetic, the region of
the original osseous defect and ad-
jacent tooth structure was removed
en bloc as previously described. The
marginal gingiva and osseous tissue
to the base of the original peri-
odontal defect were included, with a
minimum of extra tissue. After block
extraction, the resultant defect was
reconstructed with autogenous bone
grafts, and postsurgical care was pro-
vided to achieve proper healing. No
data collection occurred after biopsy.
The reconstructed site was restored
with dental implants and the appro-
priate prosthesis.

The biopsies were immersed in
a solution of 4% formaldehyde,
dehydrated in ethanol, and infil-
trated and embedded in methyl
methacrylate. Undecalcified sections
approximately 300 pm in thickness
were obtained using a low-speed
diamond saw with coolant. The sec-
tions were glued onto opalescent
acrylic glass, ground to a final thick-
ness of approximately 80 pym, and

stained with toluidine blue and basic
fuchsin. Step serial sections were
obtained in a mesiodistal plane. The
following histologic parameters were
evaluated:

1. Overall tissue health

2. Degree of inflammation associ-
ated with the graft site, as deter-
mined by the presence or ab-
sence of inflammatory cells, eg,
neutrophils and macrophages

3. Presence or absence of a com-
plete new attachment appara-
tus, including bone, PDL, and
cementum, coronal to the root
reference notch

Analyses were performed to
compare changes in clinical para-
meters from their baseline values.
Categoric measurements were dis-
played as counts and percentages,
and continuous variables were dis-
played as means, medians, standard
deviations, and ranges.

Results

All sites healed uneventfully.
Clinically, wound healing appeared

enhanced, with the gingiva appear-
ing pink, firm, and completely
closed 1 week postsurgical. Pre- and
postsurgical probing pocket depths
and clinical attachment levels for
each patient are shown in Table 1.
Complete new attachment appara-
tus regeneration was present in all
four cases.

Case 1

The first patient was a 47-year-old
woman with advanced periodontal
disease (type IV) who was otherwise
healthy. The patient presented with
avPD of 8mm, a 7-mm hPD, and an
8-mm attachment loss on the buccal
aspect of the mandibular right sec-
ond molar. Following flap reflection,
extensive deposits were observed
on the roots, extending to within 1 to
2 mm of the base of the osseous
defect. There was a 6-mm vertical, 5-
mm horizontal, circumferential moat-
type intrabony defect (Figs 1a and
1b). After thorough debridement
and root preparation, the defect was
treated with 0.5 mg/mL rhPDGF-BB
in allograft (Fig 1c). Healing pro-
gressed well, with the tissue already

The International Journal of Periodontics & Restorative Dentistry
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Figs 1aand 1b  Case 1 exhibits a 6-mm vertical, 5-mm horizontal, circumferential moat-
type intrabony defect. Extensive calculus is apparent on the root surfaces to within 1 to 2
mm of the base of the defect. Roots are notched at the base of calculus and carefully
planed, and defect is debrided to remove all granulation tissue.

pink and firm by 1 week. No serious
adverse events were reported for
any of the cases. At 9 months post-
surgery, there was a clinical attach-
ment gain of 6 mm, no recession,
and vPD and hPD of 2 mm and 3
mm, respectively. The tissues
appeared healthy, with no signs of
inflammation.

Histologic evaluation of the 9-
month biopsy revealed that the 0.5
mg/mL rhPDGF-BB plus allograft
was completely biocompatible as
determined by the lack of any his-
tologic markers of inflammation,
eg, inflammatory cell infiltrate. Peri-
odontal regeneration, including
new bone, cementum, and PDL,
was present coronal to the refer-
ence notch placed during surgery at
the base of calculus (Fig 1d). The
new bone was most dense at the
apical aspect of the original defect.
In this area, the new bone was con-
tinuous with the original bone and
was of the same density. It was a

composite of lamellar and woven
bone, which appeared to be under-
going normal remodeling. Osteo-
cytes were abundant, particularly in
the woven bone. Haversian systems
were forming normally.

The width of the new PDL adja-
cent to the notch was remarkably
similar to the width of the PDL in the
preexisting periodontium (Fig 1e).
In this area, the new PDL was well-
organized, with primarily horizontal
and tangential fibers and a clearly
visible vascular network. In fact, the
regenerated PDL was indistinguish-
able in all aspects from the preexist-
ing PDL apical to the original os-
seous defect. New cementum was
continuously present on the root sur-
faces from the apical extent of the
root planing, completely around the
fornix of the furcation, to the apical
extent of root planing on the adja-
cent root (Figs 1d to 1f). The new
cementum was cellular in nature.
The apical extent of the root planing

Fig 1c rhPDGF-BB solution is applied
directly to the root surfaces and also used
to saturate sufficient DFDBA to completely
fill the osseous defect.

and new cementum corresponded
to the original base of the osseous
defect and was 1 to 2 mm apical to
the base of the root notch.

In the coronal aspect of the orig-
inal defect area, the new bone was
less dense. The presence of osseous
trabeculae gave the appearance of
“islands” of new bone, but these
were most likely interconnected in
planes other than the plane of the
section. The osteoid nature of the
new bone in the coronal aspect of
the furcation and the presence of
osteoblasts lining the osteoid sug-
gest that bone formation was con-
tinuing to occur at the time the
biopsy was obtained. Small rem-
nants of bone allograft were pre-
sent. These islands of allograft were
often, although not always, partially
or completely incorporated in new
bone (Fig 11). Interestingly, no
epithelium was present within the
furcation, even though no mem-
brane was used.

Volume 23, Number 3, 2003
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Fig 1d  Nine-month biopsy shows regen-
eration coronal to the root notch (toluidine
blue-basic fuchsin stain; original magnifi-
cation X 6.3).

Case 2

The next treated defect, in a 27-year-
old woman on the lingual surface of
a mandibular right second molar,
exhibited an 8-mm vertical attach-
ment loss and a vPD and hPD of 8
mm and 7 mm, respectively. Upon
flap reflection, the osseous defect
was found to be a 6-mm vertical, 4-
mm horizontal, one- to three-walled
intrabony defect. The regenerative
treatment regimen used 0.5 mg/mL
rhPDGF-BB in allograft. As in all
cases, the postoperative healing

Fig 1e Right box from Fig 1d: New
cementum (NC) is present along the entire
length of the root surfaces within original
defect. New bone (NB) adjacent to the
notch has similar density as preexisting
alveolar bone. New periodontal ligament
(PDL) is indlistinguishable from that apical to
original defect. There is no long junctional
epithelium, although no membranes were
placed (toluidine blue-basic fuchsin stain;
original magnification X 25).

progressed uneventfully and
appeared to be more rapid than is
customarily observed following full-
thickness flap reflection. Nine
months following treatment, there
was a 4-mm gain in clinical attach-
ment and 1 mm of recession. The
vPD was 3 mm, and the hPD was 4
mm. All gingiva in the treated area
exhibited minimal edema or ery-
thema.

Histologic analysis of the 9-
month biopsy revealed that the
treated site was healthy, with no
signs of inflammation, and had a

Fig 1f Left box from Fig 1d: Remnants of
DFDBA (*) are still visible (toluidine blue—

basic fuchsin stain; original magnification X
25). NB = new bone; NC = new cementum.

histologic appearance similar to
that observed in case 1. A highly
interesting finding in this case was
the presence of an enamel projec-
tion/pearl covered with a calcified
tissue with inserting collagen fibers
(Fig 2). The enamel projection was
present at the fornix of the furca-
tion. In some sections, the cemen-
tum-like calcified matrix was con-
tinuous with the new cementum
that lined the entire length of the
planed root surfaces and exhibited
approximately the same thickness
and histologic appearance (Fig 2a).

The International Journal of Periodontics & Restorative Dentistry
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Fig 2a
an enamel projection/pearl (EP) in the
fornix of the furcation. The enamel is cov-
ered with a layer of cementum-like calci-
fied tissue continuous with the new
cementum lining the root surfaces (tolui-
dine blue-basic fuchsin stain; original
magnification X 25).

Furcation area from case 2 shows

New collagen fibers inserted into
the cementum-like substance, sug-
gesting that a new attachment had
formed over the enamel projec-
tion (Fig 2b). In other sections, the
edges of the enamel projection
were partially covered with the
new cementum-like calcified tis-
sue, while the remainder of the
enamel was in contact with dense
connective tissue fibers coursing
primarily longitudinally from the
new cementum-like layer covering
one root to the new cementum-
like layer covering the adjacent
root (Fig 2c).

While the continuity of the cal-
cified substance with the new
cementum covering the remainder
of the root surfaces in the defect
area suggested that this substance
was indeed cellular cementum, this
could also have been a thin layer of

Fig 2b New collagen fibers insert into the
cementum-like material. Separation of new
cementum-like material from enamel is likely
an artifact. Mild inflammation is present. The
morphology of the calcified tissue in the up-
per right corner gives the appearance of a
secondary osteon or new cementum bridg-
ing the narrow gap between new cementum
on the root surface and that covering the
enamel projection (EP) (toluidine blue-basic
fuchsin stain; original magnification X 25).

new bone. Suggestive of the possi-
ble bony nature of this substance is
the formation of a structure resem-
bling a secondary osteon at one side
of the enamel projection (Fig 2b).
Although it is difficult to determine
with certainty the exact nature and
origin of this calcified layer, clearly
visible collagen fibers inserting into
it formed a new attachment to the
tooth root.

Case 3

The third case, which was in a 40-
year-old woman, evidenced an
uncontained zero-walled horizontal
osseous defect on the mesiopalatal
aspect of a maxillary first molar. The
defect measured 6 mm vertically
from the fornix and 5 mm horizon-
tally. The attachment loss measured

Fig 2c  In some sections, the new calcified
material completely covered the enamel,
while in others it partially covered the
enamel, with the remainder of the enamel
covered with dense collagen fibers orient-
ed longitudinally (toluidine blue-basic
fuchsin stain; original magnification X 25).
EP = enamel projection/pearl.

9 mm on the palatal aspect. The site
was treated with 1.0 mg/mL
rhPDGF-BB in allograft. Postopera-
tive healing was uneventful and
appeared to be enhanced. Nine
months later, there was a gain of 4
mm in clinical attachment, no addi-
tional recession, a vPD of 2 mm, and
an hPD of 2 mm. The gingival tissues
surrounding the defect were pink
and firm.

Histologically, the defect site
appeared healthy, without the pres-
ence of inflammatory cells. Peri-
odontal regeneration was present,
with new bone and adjacent new
PDL and new cementum filling most
of the original defect. The new ce-
mentum was present continuously
from one root surface to the other,
including throughout the fornix of
the furcation.

Volume 23, Number 3, 2003
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Fig 3a  Nine-month biopsy from case 4
shows complete periodontal regeneration
within furcation. New bone (NB) formed in
continuity with original bone, and new PDL
is indistinguishable from original PDL apical
to original defect. PDL fibers are perpen-
dicular, traversing between new cementum
(NC) and bone (NB) (toluidine blue-basic
fuchsin stain; original magnification X 6.3).

Case 4

The final case in this series was a 34-
year-old woman who presented with
a vPD of 5 mm, hPD of 6 mm, and
attachment loss of 7 mm on the lin-
gual surface of a mandibular second
molar. Flap reflection revealed a 5-
mm vertical, 5-mm horizontal, uncon-
tained osseous defect. Following
debridement and root preparation,
the site was treated with 1.0 mg/mL
rhPDGF-BB in allograft. Healing was
uneventful and rapid. Nine months
after treatment, the vPD and hPD
were 3 mm and 2 mm, respectively.
There was 1 mm of recession. The
gingiva was pink and firm, with no
clinical signs of inflammation.

Figs 3b and 3¢

Higher magnifications of boxes from Fig 3a show that tooth roots (TR) are

continuously lined with new cementum (NC). There is no epithelium within the furcation.
Robust angiogenesis is present, as evidenced by numerous new blood vessels (BV) present
within the new periodontal ligament (PDL) and bone (NB) (toluidine blue-basic fuchsin
stain; original magnifications X 25 [Fig 3b] and 16 [Fig 3c]). OB = original bone; arrow =

base of calculus notch (Fig 3b).

Histologically, complete peri-
odontal regeneration was ob-
served, including new bone, ce-
mentum, and PDL coronal to the
root notches (Fig 3). New cemen-
tum formation was continuous and
progressed from just apical to the
notches in both roots completely
across the fornix, without disconti-
nuity (Figs 3a and 3c). The adjacent
PDL was well-organized and
mature, with collagen fibers tra-
versing primarily horizontally from
the bone and inserting into the new
cementum (Fig 3b). The bone was
formed in such a manner that the
normal PDL space was maintained,
even in the fornix of the furcation
(Fig 3c). There was no ankylosis or

root resorption. The new PDL could
not be distinguished from the orig-
inal PDL present apical to the orig-
inal osseous defect.

There was also extensive new
bone formation that was the same
density as the preexisting alveolar
bone. The bone was mostly lamel-
lar, with small areas where the
woven bone was still remodeling.
Revascularization (angiogenesis)
was present to the same degree as
in the original alveolar bone and lig-
ament. There was no long junctional
epithelium, even though a barrier
was not used. The new periodon-
tium appeared completely regen-
erated and healthy in all respects
analyzed.
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Discussion

Effective treatment of advanced
furcation defects continues to be
one of the most challenging, and
least predictable, areas of peri-
odontal therapy. Current peri-
odontal regenerative materials,
including bone allograft, bone sub-
stitutes, barrier membranes, root
conditioning agents, enamel matrix
derivatives, and various combina-
tions thereof, have not been shown
to lead to regeneration in human
furcations.’

Clinically successful therapy, as
assessed by clinical measurements,
has certainly been reported. Ex-
panded polytetrafluoroethylene (e-
PTFE) barrier membrane—treated
Class Il furcation defects show a sig-
nificant gain in clinical attachment
and decreased probing depth com-
pared to debrided controls.8"" An
enhanced clinical effect is demon-
strated using e-PTFE membranes in
combination with root conditioning
and composite osseous grafting
(autogenous bone mixed with either
DFDBA or TCP) in furcations.'? A 5-
year follow-up of that study indi-
cated that grafted sites retained clin-
ical attachment, while nongrafted
sites lost previously gained at-
tachment.'® A subsequent study
confirmed these findings, showing
greater regeneration with the
combined therapy of e-PTFE
and DFDBA compared to e-PTFE
alone.’ Resorbable barrier mem-
branes alone and in combination
with various graft materials have also
been reported to improve clinical

outcomes.>23

Although clinical studies may
demonstrate significant improve-
ment in clinical parameters, to estab-
lish true periodontal regeneration,
which is considered the ideal goal of
regenerative therapy, there must be
histologic evidence of new alveolar
bone, PDL, and cementum forma-
tion on the root surface coronal to
the apical extent of calculus at the
time of surgery.?* Materials meeting
these criteria when used for treat-
ment of interproximal, intrabony
defects include autogenous
bone,?>-27 DFDBA,282? DFDBA with
osteogenin,® certain barrier mem-
branes (which demonstrated the for-
mation of new cementum with
inserting collagen fibers but limited
amounts of new bone),3132 citric acid
root conditioning,®? bovine-derived
xenograft,3*3> and enamel matrix
derivative.3¢-38 However, these
results are limited to interproximal
intrabony defects, and no prior
materials have demonstrated regen-
eration in furcation-type defects.

PDGF, among other growth fac-
tors thought to be important to tis-
sue repair, is released by activated
platelets, among the first cells to
reach an injured site. PDGF is a 25-
to 30-KDa heat- and acid-stable
dimeric protein. It is present in rela-
tively high concentrations during
early fracture repair, where it acts to
stimulate osteoblast cell prolifera-
tion (mitogenesis) and recruitment
(chemotaxis). In addition, it stimu-
lates osteoblast type | collagen syn-
thesis, the predominant component
of bone matrix. In addition to
platelets, PDGF is made by endo-
thelial cells, mesenchymal stem cells,
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osteoblasts, chondrocytes, and
osteoclasts present in the later
stages of fracture repair. Recent data
demonstrate that hPDGF-BB causes
osteoblasts to produce vascular
endothelial growth factor (VEGF),
one of the most potent mediators of
new blood vessel formation, ie,
angiogenesis.®? In vivo, localized
application of rhPDGF-BB to frac-
tures in animals results in quicker
healing of the fracture site.?? Sys-
temic application of rhPDGF-BB in
an osteoporotic animal model results
in increased bone formation, tra-
becular bone density, and strength in
both long bones, eg, tibia and
femur, and flat bones such as the
vertebrae.*!

In the periodontal environment,
PDGF stimulates proliferation and
chemotaxis of PDL cells and has led
to robust periodontal regeneration
in numerous studies in dogs, non-
human primates, and other mod-
els.44> A plethora of cell culture
studies have shown that PDGF is
probably the most potent of the re-
combinant growth factors for stimu-
lating PDL cells, and that it enhances
wound healing in vitro.4446-47 | ike-
wise, many animal studies have
shown that rhPDGF-BB, alone and in
combination with IGF-1, enhances
periodontal regeneration.4>46:50-52
An earlier phase /Il human clinical
trial also indicated that rhPDGF-BB
and rhIGF-l, delivered in a methyl
cellulose gel, improve bone fill in
intrabony periodontal defects.>

While rhPDGF-BB appears to
hold great promise for improving
wound healing and clinical out-
comes in periodontics and other

fields, results can likely be improved
by combining this potent growth
factor with osteoconductive graft
materials and bone substitutes. An
osteoconductive bone void filler
physically fills bone defects, provid-
ing a matrix or scaffolding for bone
formation. By filling the defect, it
also prevents collapse of the soft
tissues into the bone defect and, if
appropriately porous, facilitates sta-
bilization of the blood clot and
ingrowth of new blood vessels. If
the product is similar to natural bone
in macroscopic structure and chem-
ical and physical properties, it can
integrate into the newly formed
bone and improve its volume and
strength. The addition of rhPDGF-
BB to an osteoconductive graft
material would be expected to
improve the beneficial effect of
these materials by accelerating cel-
lular ingrowth and revascularization
of the wound site.

A combination of rhPDGF-BB
and an osteoconductive graft has
its basis in the principles of tissue
engineering.>® Tissue engineering
is based on using the combination
of growth factors and modulators,
scaffolds, and cells to regenerate
tissues and organs either in vivo or
ex vivo. By combining signaling
molecules such as PDGF with con-
ductive scaffolds and cells, tissue
regeneration may be possible to
achieve in situations in which it was
not previously possible.

In the current study, purified
rhPDGF-BB was combined with
DFDBA to increase the level of
growth factors in this matrix and
thereby improve upon the stimula-
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tory effect of DFDBA. This tissue
engineering—based therapy was
used in an attempt to achieve regen-
eration in an anatomic site where it
has not been previously reported,
ie, human Class Il furcation defects.
The study demonstrated that: (1) at
both the clinical and microscopic lev-
els, there was a favorable tissue
response to the rhPDGF-BB-
enhanced allograft; (2) new calcified
tissue with inserting collagen fibers
can occur over enamel projections
within furcations; and (3) for the first
time, complete periodontal regen-
eration, documented histologically,
was achieved in advanced Class |I
furcation defects.
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