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This study evaluated the clinical, radiographic, and histologic response to Bio-Oss
porous bone mineral when used alone or in combination with Bio-Gide bilayer
collagen membrane in human pericdontal defects. Four infrabony periodontal
defecis were Ireafed: two received Bio-Oss alone and two were freated with a
combination of Bio-Oss and Bio-Gide. Radiographs, clinical probing depths, and
attachment levels were obtained preoperdtively and 6 fo 9 monihs postopera-
five, and feeth and surrounding fissues were biopsied. Both freafments significant-
ly improved clinical probing depths and attachment levels, and the radiographic
appearance suggested osseous fill. Histologic evaluation revealed that both
freatments produced new cementum wiih inserting collagen fibers and new
bone formation on the surface of the graft particles; this regenerative effect was
more pronounced using the Bio-Oss/Bio-Gide combination, which resulted in 7
mm of new cementum and pericdontal ligament and extensive new bone
incorporating the graft. The membrane was infact at 7 months and partially
degraded by ¢ menths after freatment, This human histologic study demonstrates
that the porous bone mineral matrix used has the capacity to stimulate substan-
fial new bone and cemenfum formation and that this capacity is further
increased when the graft is used with a slowly resorbing collogen memibrane.
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Numerous bone substitutes are
currently available for use in
periodontics. It is important to
assess these materials accord-
ing to standardized criteria prior
to widespread clinical use. A
hierarchy of evidence assists in
the crifical evaluation of puta-
tive bone regenerative materi-
als.'2 According to these crite-
ria the relative importance of
evidence, from least fo most
important, is derived from the
following sources:

1. Animal sfudies using surgi-
cally induced bone loss

2. Animal studies using natural
disease

3. Human studies measuring
clinical and radiocgraphic
parameters

4, Human studies measuring
clinical and radiographic
parameters including those
obtained during reentry

5. Human studlies including his-
tologic evaluation of the
type of wound healing that
hos occurred, ie, repair or
regeneration
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The aim of this study was to
determine the type of healing
that oecurs in human intrabony
periodontal defects following
placement of porous bone
mineral (Bio-Oss, Osteohealth)
alone or in combination with a
collagen bilayer membrane
(Bio-Gide, Osteohealth). The
porous bone mineral is pro-
duced by extracting all protein
from bovine cancellous or cor-
fical bone. The resultant bone
mineral matrix has been re-
ported to be highly similar to
the mineral matrix of human
bone.? The ability of this mater-
ial to enhance bone regenera-
tion has been evaluated in ani-
mal and human clinical studies
with promising results, 42 but its
effect on the healing of human
periodontal defects has not
been previously reported.

A bioresorbable collagen
bilayer membrane has been
recently developed for guided
bone regeneration. It is com-
posed of collagen types | and
Il from porcine sources. This
membrane appears fo main-
tain its barrier function for 4 to 6
months, significantly longer than
other currently available mem-
branes.’® A prospective human
clinical frial and a nonhuman
primate study have demon-
strated its ability to provide
results comparable fo expand-
ed polytetraflucroethylene (e-
PTFE) membranes when used
in guided bone regeneration
procedures around endos-
seous implants.”-'% However, this

membrane’s potential fo inhibit
the migration of the epithelium
along the root surface following
periodontal surgery and its
potential for promoting perio-
dontal regeneration have not
been previously evaluated.

The primary objectives of
this study were: (1) to deter-
mine the type of healing that
occurs following the place-
ment of Bio-Oss porous bone
mineral info human periodon-
tal defects and (2) to deter-
mine if the collagen mem-
brane Bio-Gide can exclude
the epithelium and enhance
periodontal regeneration when
used in combination with
porous bone mineral. The sec-
ondary objectives were: (1) to
determine the biccompatibility
of the materials evaluated and
(2) to determine the osteoccon-
ductive potential of the porous
bone mineral in human intra-
osseous periodontal defects.

Method and materials

Four anterior teeth with infra-
bony periodontal defects were
selected for treatment. Two clini-
cians not involved in the study
judged these teeth fo have a
hopeless prognosis. Initial prepa-
ration consisted of complete-
mouth scaling and root planing
4 weeks prior fo surgical freatf-
ment, and oral hygiene instruc-
tions. In addition, an amalgam
restoration was placed on the
surface of each tooth coronal

to the defect area to serve as A
fixed reference point for relative
attachment level measure-
ments. Pocket probing depth
and attachment level measure-
ments were obtained immedi-
ately prior to surgery.

Following administraticn of
local anesthesia, full-thickness
mucoperiosteal flaps were ele-
vated. Granulation fissue was
carefully removed from the
osseous defects and the feeth
were thoroughly scaled and
root planed with hand instru-
ments. The walls of the osseous
defects were perforated ap-
proximately three times with a
one-half round bur. The defects
were then filled with cancellous
porous bone mineral (Bio-Oss).
In two freatment sites a slowly
resorbing bilayer collagen
membrane (Bio-Gide) was
adapted to the tooth and cov-
ered the graff. No sutures were
used fo fix the membrane
because it appeared to natu-
rally adhere to the tooth sur-
face. The tissues were then
sutured fo achieve primary clo-
sure over the test site. A peric-
dontal dressing (CoePak) was
placed; it remained for 2 weeks.
Patients received penicillin VK (1
g per day for 7 days) and were
instructed to rinse with 0.12%
chlorhexidine digluconate twice
daily for 8 weeks.

Postoperative examination
and cleansing of the surgical site
with chlorhexidine cccurred at 7,
14, and 21 days. Oral hygiene
assessment and supragingival
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Table 1 Clinical measurements (mm)
Pocket depth Clinical attachment level
Case Treatment Preop Postop Change Preop Postop Change Recession
1 Bio-Oss 9 5 4 9 i3} 4 0
2 Bio-Oss 10 4 6 10 (5 15 1
3 Bio-Oss & Bio-Gide 11l 3 8 11 4 7 1
4 Bio-Oss & Bio-Gide 10 5 5 10 6 4 1

scaling were performed 28 and
42 days and 3, 4.5, and 6 months
postoperative.

Clinical measurements
were repeated and radio-
graphs were obtfained be-
tween 6 and 9 monfths post-
operative. Following local
anesthesia the region of the
original osseous defect and
adjacent tooth structure
were removed en bloc as
previously described.!! The
marginal gingiva and osseous
tissue to the base of the origi-
nal periodontal defect were
included, with a minimum of
extra tissue. After block ex-
traction the residual defect
was graftfed with a bone
autograft or allograft as indi-
cated, and barrier mem-
branes were placed to re-
construct the region for
future insertion of endosseous
implants.

The biopsies were fixed in
10% buffered formalin, subse-
quently dehydrated in step

gradients of alcohol, and infil-
trated and embedded in
methyl methacrylate. Serial sec-
tions were obtained in a
mesiodistal plane.

The following qualitative
histologic parameters were
evaluated:

1. Overall assessment of fissue
health

2. Degree of inflammation
associated with the graft
and membrane as deter-
mined by the presence or
absence of inflammatory
cells, eg, neufrophils and
macrophages

3. Infegrity of collagen mem-
brane

4. Location of junctional epi-
thelium in relation fo new
bone

5. Integrafion of porous bone
mineral particles in new
bone versus fibrous fissue

The following quanftitative
parameters were evaluated:

1. Length of new cementum, in
mm

2. Length (height) of new
bone, in mm

3. Percentage of each major
tissue type filing the original
defect (eg, bone, periodon-
tal ligament (PDL), marrow
vasculature, graft), mea-
sured as: the cross-sectional
area of each tissue type
divided by the cross-sec-
tional area of the original
defect

Results

All sites healed uneventfully.
There were no clinical signs of
inflammation except those
cusfomary during the first few
weeks dffer surgery. Presurgical
and postsurgical pocket
depths and clinical attach-
ment levels for each patient
are shown in Table 1. Each
case is described in the Case
reports section.
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Fig la Preoperative radiograph
revealing a substanfial intfrabony perio-
donfal defect. A Michigan O probe is
placed fo the base of the defect.

Fig 1b  Six-millimeter introbony defect
on the mesial aspect of the maxillary
left canine. The defect has three walls
and is confined fo the mesial surface of
the canine.

Table 2 Qualitative histologic analysis

Fig 1c Intrabony defect graited with
Bio-Oss.

Tissue Membrane
Case Treatment health Blocompatibility integrity
1 Bio-Oss Excellent Excellent —
2 Bio-Oss Excellent Excellent —
3 Bio-Oss & Bio-Gide Excellent Mild inflarnmation adjacent fo membrane Partial
4 Bio-Oss & Bio-Gide Excellent Excellent Complete

The junctional epithelium was coronal to the alveolar crest in all cases.

Case 1

Case 1 consisted of a 6-mm
three-wall infrabony lesion on
the mesial aspect of the maxil-
lary left canine treated with
porous bone mineral alone (Figs
la to 1c). After @ months, the
attachment level increased by
4 mm. There had been no
recession. The tissues were firm

and pink with no clinical signs of
inflammation. Radiographically,
the area of the original lesion
exhibited increased radiopacity
with no clear delineation be-
tween the grafted area and sur-
rounding bone (Fig 1d).
Histologically, there were no
signs of inflammation associ-
ated with the graft material:
the tissue health appeared

excellent as determined by the
lack of any histologic markers
of inflasmation, eg, neutrophils
and macrophages (Table 2).
New bone had grown info the
grafted area. The bone mineral
parficles adjacent to the os-
seous walls were completely
embedded in dense compos-
ite lamellar and woven bone.
Towards the root surface, new
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bone was beginning fo form on
the particle surfaces and some
particles were bridged by new
bone. Near the root surface
and at the coronal aspect of
the grafted area, however,
some particles were also sur-
rounded by connective tissue
(Figs 1e and 1f). A new cemen-
tum-like substance was present
on the root surface adjacent to
the bone graft. The area of
new cementum was 5.2 mm in
length, representing 69% of the
depth of the ariginal defect
(Table 3). The fissue filling the
original osseous lesion was 24.9%
bone, 26.2% bone mineral, and
48.9% PDL and marrow vascular
tissue. The height of new bone
was 4.8 mm (Table 3).

Fig 1d (left) Nine-month postopera-
tive radiograph showing fill of the bony
defect.

Fig 1e (right) Histologic section of the
maxillary left canine ¢ monfhs after
graffing. The area graffed with Bio-Oss is
invaded with new bone. New bone for-
mation is beginning on the graft particle
surfaces apically. New cementum (dark
pink black arrows) is present on the root
surface. The apical extent of the epithe-
fiumn is denoted by the white arrow
Graff particles were not observed in
direct contact with the root surface.
(Original magnification x 3.2: hema-
toxyiin-eosin stain.)

Fig 1f  Higher magnification shows a dense ingrowth of new bone (*) incorporating
Bio-Oss particles af the base and verfical walls of the bony defect. New bone formation
Is beginning on the graft parficle surfaces (white arow) near the root surface. New:
cementum is apparent on the roof surface (black arow). (Original magnification

X 12.5: hematoxylin-eosin stain.)
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Table 3 Quantitative histologic analysis

Tissue distribution

Length of Helght of New Bone Soft fissue
new cementum  new bone bone rinercil (PDL, marrow,
Case Treatment (mm) (mim) (%) (%) vasculature, efe) (%)
1 Bio-Oss 52 4.8 24,9 26.2 48.9
2 Bio-Oss 5.1 4.2 31.6 33.7 34.7
3 Bio-Oss & Bio-Gide 7.0 B 257 33.8 40.5
4 Bio-Oss & Bio-Gide 7.6 4.5 52 31.5 63.4
Case 2 the graft were embedded in canine measuring 7 mm in

Case 2 was a 6-mm three-wall
intrabony lesion on the distal
aspect of the mandibular left
lateral incisor. Inifially there was
10 mm of relative attachment
loss and a pocket depth of 7
mm. The defect was treated
with Bio-Oss alone. At 6 months
postoperative, there was a min-
imal 1 mm of recession and a
clinical attachment gain of 5
mm. The tissues appeared
healthy with no signs of inflam-
mation. Radiographically, the
original defect was barely visi-
ble by 6 months.

Histologically, the graft was
completely biocompatible;
new bone had invaded the
bone mineral parficles from the
walls and the apical border of
the defect. Bone mineral parti-
cles in the coronal portion of

connective fissue that was par-
tially anchored in new cemen-
tfum. The junctional epithelium
ended coronal to the osseous
crest, A widened area of more
longitudinally oriented fibers in
the coronal third of the lesion
suggested tooth mobility during
healing. The new cementum
was 5.1 mm in length, represent-
ing 85% of the original osseous
lesion. The fissue filing the origi-
nal osseous defect was 31.6%
new bone, 33.7% bone mineral,
and 34.7% PDL and marrow vas-
cular tissue. The height of new
bone was 4.2 mm.

Case 3
Case 3 was a three-wall intra-

bony lesion on the distal as-
pect of the mandibular right

depth (Figs 2a and 2b). There
was an 11-mm loss of clinical
attachment level. The combi-
nation of Bio-Oss and the Bio-
Gide membrane was used fo
treat the defect (Fig 2c). At 7
months posttreatment there
was @ 7-mm gain in clinical
attachment and 1 mm of
recession (Fig 2d). All fissues sur-
rounding the defect appeared
healthy. Radiographically there
appeared to be complete fill
of the original osseous lesion
(Fig 2e).

Histologically, there was
robust new bone formation
throughout the majority of the
grafted site (Figs 2f to 2i). New
cementum formation was pre-
sent along the entire root sur-
face adjacent to the criginal
osseous defect. Collagen fibers
were organized perpendicular
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to the root surface and ap-
peared to interdigitate with the
collagen fibers of the mem-
brane. The resorbable barrier
membrane appeared to be
intact, although resorption was
beginning to occur. The junc-
tional epithelium ended coro-
nal to the membrane (Fig 2g);
the barrier had thus performed
its function of inhibifing epithe-
lial downgrowth.

The graft particles were
almost entirely embedded in
new bone (Fig 2i). The new
bone formation appeared to
begin on the surface of the
graft particles and often fol-
lowed their contour. The porous

"bone mineral particles thus
served as a nidus for bone for-
mation. There was new dense
bone adjacent to the original
bony walls of the defect; it was
less pronounced toward the
root surface and membrane.

New collagen fibers insert-
ing info the new cemenfum
were present (Fig 2h). These
inserfing collagen fibers ex-
tended from the base to the
coronal extent of the criginal
osseous defect and corres-
ponding inferior surface of the
membrane. The length of the
new cemenfum was 7 mm, rep-
resenting 100% of the depth of
the original defect. The tissue fill-
ing the original osseous defect
was 25.7% new bone, 33.8%
bone mineral, and 40.5% PDL
and marrow vascular fissue.

Case 4

Case 4 exhibited a two-wall, 7-
mm infrabony defect on the
mesial aspect of the maxillary
right canine. There was 10 mm
of clinical aftachment loss pre-
operatively, which was treated
with the combination of porous
bone mineral and collagen
membrane. The 92-month post-
operative examination re-
vedled a 4-mm gain in clinical
attachment and 1 mm of
recession. The lesion exhibited
increased radiopacity radio-
graphically, but the grafted
area was still discernable.

Histologic examination re-
vealed that the membrane was
partially degraded. The defect
was completely filled with graft
particles that were ingrown with
new bone in the apical extent
of the lesion. The graft material
near the root surface and in the
coronal half of the lesion was
surrounded by connective tis-
sue. A mild inflammatory re-
sponse was noted between the
coronal extent of the graft and
the membrane. Similar to case
3, new cementum was present
on the root surface throughout
the entire length of the original
defect (7 mm), representing
100% of the original defect. The
tissues filling the defect were
5.2% new bone, 31.5% bone
mineral, and 63.4% PDL marrow
vasculature, and connective
tissue.
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Fig 2a Precperative radiograph show- Fig 2b Seven-millimeter intrabony Fig 2¢c Infrabony defect graffed with
ing a significant infrabony lesion. A derfect on the distal aspect of the cancelious Bio-Oss, 0.25 to 1.0 mm.
Michigan O probe is placed fo the mandibular right canine. The defect has A Bio-Gide membrane was trimmed
base of the infrabony defect. Pocket three walls and is confined fo the distal and placed over the graft material
depthis 11 mm surface of the canine. and adapted to the root surface. No

sufures were used fo fix the membrane.

Fig 2d Tissues oppear very healthy at Fig 2e Seven-month postoperafive
7 months postoperative. There is 2 1o 3 radiograph showing fill of the bony
mm of probing depth with minimal defect.

recession.
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Fig 2 (left) Histologic section 7 months
after grafting with Bio-Oss and Bio-Gide.
The grafted area is nearly completely
invaded with new bone. New bone is
present on the surface of the Bio-Oss
granules apically. The membrane is still
present (*). The apical extent of the
epithelium (black arow) is coronal to
the membrane. The apical extent of the
root planing is denoted by the white
arrow. New cemenfum Is present along
the enfire roof surface adjacent fo the
original defect, Collagen fibers are ori-
ented perpendicular to the root sur-
face. No graft particles were observed
in direct contact with the root surface.
(Original magnification = 3.2: herna-
toxylin-eosin stain.)

Fig 2g (right) Higher magnifcation of
coronal box from Fig 2f shows apical
extent of junctional epithelium (arrow).
(Original magnification % 50; hema-
toxylin-eosin stain.)

Fig 2h Higher magnification of middle
box from Fig 2f clearly shows new
cemenium (dark purple. arrow) with
perpendicularly oriented inserting colla-
gen fibers. (Original magnification x 50;
hematoxyiin-ecsin stain.)

Fig 2i A dense ingrowth of new bone (arrows) around and between the Bio-Oss par-
ticles (*) is apparent (from the apical box in Fig 2f). The new bone is most dense on the
surface of the Bio-Oss porticles, suggesting that the graft performs as an ostecconduc-
tive material. (Criginal magnification % 12.5; hematoxylin-eosin stain.)
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Discussion

A multitude of new materials
are being tested for their ability
to promote periodontal wound
healing. To improve the uniform-
ity with which these materials
are evaluated, and conse-
quently facilitate proper evalu-
ation by the clinician, a hierar-
chy of evaluation criteria has
been established.! The most
stringent of these criteria is the
documentation of new cemen-
tum, periodontal ligament, and
bone by histologic methods
based upon human samples. To
date, only aufogenous bone
and demineralized freeze-dried
bone allografts (DFDBAS) have
demonstrated the ability o pro-
mote the restoration of all three
components in humans.!' One
report from a human study sug-
gests that barrier membranes
can also enhance the forma-
tion of new cementum with
inserting collagen fibers; how-
ever, limited amounts of new
bone were observed.!?

The present study demon-
strates that the porous bone
mineral tested (Bio-Oss) is highly
osteoconductive. Many of the
graft particles were incorpor-
ated info newly formed bone.
The particles offen appeared to
serve as a nidus for bone forma-
fion. Bone formation appeared
to be initiated on the surface of
the mineralized graft particles
and often connected the parti-
cles, forming a dense area of
new mineralized fissue. The

amount of bone regeneration
was further increased In the sites
evaluated in this study by the
use of the collagen membrane.
This is in confrast to the only pre-
viously published human histo-
logic report using synthetic bar-
riers alone, in which littfle new
bone was observed.

Surprisingly, new cemenfum
was also present on the roof sur-
face adjacent fo the graft parti-
cles. Similar to the observations
on bone, the presence of
new cementum was further
enhanced by the use of the
collagen membrane. In the sites
that received both the mem-
brane and the graff, 7 mm of
new cementum was observed.
This degree of new cementum
formation is considerably great-
er than fthat reported by
Gottlow et al'? in the only
human histologic report using a
synthetic membrane without
graft particles.

In a series of landmark stud-
ies, Bowers and coworkers!!-13
demonstrated that DFDBA has
the capacity to enhance peric-
dontal regeneration based
upon human histologic data.
Nonetheless, Its use and pre-
dictability have been gues-
tioned.'41% Some lots of com-
mercial DFDBA have been
shown to be osteoinductive
when implanted intramus-
cularly, while other batches
from the same or different tis-
sue banks exhibited little or
no inductive capacity. No
batches contained significant

ostecinductive potenfial when
implanted subcutaneously.'® It is
not known at this fime whether
the periodontal lesion repre-
sents a cellular environment
more similar to an intframuscular
or subcutaneous implantation
site. The previous study'® con-
cluded that DFDBA may func-
tlon primarily as an osteocon-
ductive matrix.

Conclusion

In summary, the porous bone
mineral matrix and cocllagen
membrane were both blocom-
patible. The porous bone min-
eral appeared to act as a
frue osteoconductive matrix;
new bone was often initially
observed forming on fthe sur-
face of the graft particles.
There was also new aftach-
ment formatfion consisting of
collagen fibers inserting into
new cementum adjacent to
the graft. At 7 months the colla-
gen membrane remained in-
tact in one specimen and par-
tially infact in the second
specimen. The memibrane inhitb-
ited epithelial downgrowth and
promoted new cementum for-
mation with perpendicularly ori-
ented inserting collagen ficers.
Although the limited sample
size in the present study does
not allow a statistical compari-
son between the results seen
here and those observed in
the previous human histologic
study evaluating demineralized
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freeze-dried bone allograft, the
results presented here clearly
demonstrate that the porous
bone mineral matrix Bio-Oss has
the capacity to stimulate new
bone and cementum forma-
tion and that this capacity is
increased when Bio-Oss is used
in combinafion with the colla-
gen membrane Bio-Gide.
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