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Autogenous Demineralized Dentin Matrix for
Tissue Engineering Applications:
Radiographic and Histomorphometric Studies
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Purpose: This work evaluated the osteoconductive properties of autogenous demineralized dentin
matrix (ADDM) on surgical bone defects in the parietal bone of rabbits, using the guided bone regener-
ation technique and polytetrafluoroethylene (PTFE) membrane. Materials and Methods: Surgical bone
defects were created in 24 adult rabbits and repaired with either ADDM and PTFE (experimental
group) or PTFE alone (control group). The ADDM had been obtained from the central incisors of the
experimental rabbits. The rabbits were sacrificed after 15, 30, 60, and 90 days and the defects exam-
ined radiographically and histologically. Results: Radiographically, the defects in the experimental ani-
mals achieved radiopacity more quickly than the defects in the control group. Discussion: After 15, 30,
60, and 90 days of observation following surgery, the ADDM slices appeared to stimulate new bone
formation. The dentin slices were completely incorporated into the new bone tissue and were resorbed
during the bone repair. Conclusions: Bone repair was accelerated on the bone defects treated with
ADDM when compared to the control group. (INT ] ORAL MAXILLOFAC IMPLANTS 2002;17:488-497)
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he repair of bone defects in the facial skeleton

resulting from trauma, infection, or tumor
resection is a problem for surgical and orthopedic
professionals.!* In the literature, several works
claim the importance of decalcified dentin matrix as
an osteoinductive material.!”” The chemotactic,
mitogenic, and osteogenic potential of dentin
matrix is associated with bone morphogenetic pro-
tein (BMP) according to Bessho and coworkers,’
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Catanzaro-Guimaries,” and Gongalves and Catan-
zaro-Guimaries.? In addition to BMP, dentin matrix
is also rich in other growth factors, such as trans-
forming growth factor-beta (T GF-beta), fibroblast
growth factor (FGF), platelet-derived growth factor
(PDGF), and epidermal growth factor (EGF).1%8-11
Guided bone regeneration (GBR) has been
demonstrated to be successful in several clinical and
experimental models.!>'* The use of a membrane as a
mechanical barrier prevents undesirable cell invasion
of the bone defect during its repair, allowing prefer-
ential repopulation of this area with specific cells.'6
The aim of this work was to evaluate the osteo-
conductive properties of autogenous demineralized
dentin matrix (ADDM) in experimental surgical
bone defects in the parietal bone of rabbits occluded
with a polytetrafluoroethylene (P TFE) membrane.

MATERIALS AND METHODS

Twenty-four adult rabbits with 3.5 kg average
weight were divided into 2 groups, ie, experimental
(ADDM+PTFE) and control (PTFE only). The
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Fig 1a
tomy.

The ADDM (arrows) was placed in ice for freezing micro-

ADDM was obtained by extraction of the central
incisors in rabbits of the experimental group and
then prepared in slices, according to Catanzaro-
Guimarides and associates.® The pulp tissue was
totally removed by the retrograde technique and the
root was planed. After washing with sterile physio-
logic serum at 2°C, the teeth were immersed in a
0.6-N hydrochloric acid solution at 2°C until com-
plete demineralization was achieved. The specimens
were then washed during 3 hours in distilled water,
under constant agitation, for total acid removal.
After this process, the ADDM was cut into slices
approximately 8 pm thick with the aid of a freezing
microtome (Model CTD, International-Harris
Cryostat/International Equipment Company,
Needham Heights, MA) (Figs 1a and 1b). These
slices were immersed in a special box filled with
ethyl alcohol 70°/gentamicin (5 mL/0.2 sol) and
stored at 2°C until the time of implantation.

An intramuscular anesthetic agent with Rompum
(pre-anesthetic, Bayer AS, saide animal, Sdo Paulo,
Brazil) and Ketalar (anesthetic, Holliday-Scott SA,
Sdo Paulo, Brazil) was administered to the animals.
An incision was made in the sagittal plane of the
head, followed by muscular dissection, plane to
plane, and incision of the periosteum. Subsequently,
a surgical bone defect was created in the parietal
bone with the aid of a 5.0-mm trephine activated by
a micromotor. The bone defect had an elliptical
form, 1.0 X 0.5 c¢m, with a depth equal to the thick-
ness of the removed cortical bone. In the experi-
mental group, a PTFE membrane was positioned
on the floor of the bone defect, and ADDM was
placed in slices, internally and peripherally to the
bone defect. The external surface of the bone defect
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Fig 1b The ADDM was cut into slices of approximately 8 ym
thickness with the aid of the cryostat.

was completely covered by the PTFE membrane.
The periosteum and muscle were then sutured as
well as the skin (Figs 2a to 2d). In the control
group, PTFE membrane was placed on the floor
and the surface of the defect. Subsequently, the
periosteum, the muscle, and the skin were sutured.

Fifteen, 30, 60, and 90 days after surgery, 3 ani-
mals of each group were sacrificed. The bone con-
taining the surgical defect was removed en bloc,
fixed in 10% formalin, and submitted to digital
radiographic and light microscopic analysis for his-
tomorphometric study. To obtain digital radi-
ographic images of the specimens, a sensor-type
image plate was utilized, and the radiographs
exposed with 40-cm dff, 2 mAs, and 70 kVp. The
sensor plate images were read by a laser scanner
(DIGORA Digital System, Soredex, Helsinki, Fin-
land), and these images were transferred to a com-
puter, where they were analyzed visually and inter-
preted according to bone density features. The
sections were obtained in the longitudinal direction
and were about 8 pm thick. They were stained by
hematoxylin-eosin, Mallory trichrome, and
Schmorl."”

Histomorphometric Analysis:

Randomization of Histologic Fields

The central point of histologic section randomiza-
tion and selection for histomorphometric analysis
was accomplished arbitrarily, eliminating the occur-
rence of sampling bias. A Zeiss II reticule was placed
over a compensation ocular KPL 8X Zeiss micro-
scope (Zeiss, Thornwood, NY) to evaluate the bone
density (Bd). The reticule image was superimposed
on the desired histologic fields. The reticule points
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Fig 2c In the experimental animals, a PTFE membrane was
positioned on the floor of the defect and ADDM slices (arrows)
were placed peripherally to the defect.

Fig 3 Schematic drawing of the rabbit skull with the bone
defect divided into thirds. AT = anterior third; MT = middle third;
PT = posterior third.

490 Volume 17, Number 4, 2002

Fig 2d The periosteum and muscle (asterisk) were sutured.

(Ni) and the total number of points over the bone
defect (N) were counted. The bone density was
evaluated with the following formula'®!?: Bd = num-
ber of points in bone trabeculae (Ni)/total number
of points in the bone defect (IN).

During systematic randomization, histomorpho-
metric analysis was accomplished according to the
bone defect scheme (Fig 3). The chosen bone defect
was submitted for examination with serial
microscopy sections, from which approximately 100
sections were obtained. From these sections, 4 were
randomly chosen for morphometric analysis. Subse-
quently, 8 histologic fields from each section in the
surgical bone defect region were analyzed. At this
step, a 40X objective and an ocular KPL 8X of an
optical microscope (Olympus CH-2, Olympus,
Tokyo, Japan) were used. The objective showed a
100-point reticule corresponding to 7,840 pm? for
measuring the bone tissue area.
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Figs 4a to 4d Experimental group. Digital image of the bone defect (arrows) in the pari-
etal bone of rabbit.

Fig 4a (Left) Radiograph taken at 15
days.

Fig 4b (Right) Radiograph taken at 30
days.

Fig 4c (Left) Radiograph taken at 60
days.

Fig 4d (Right) Radiograph taken at 90
days.

RESULTS

Radiographic Features
The radiographic results were analyzed as depicted
in the diagram of the rabbit skull (Fig 3):
Experimental Group. During the 15-day observa-
tion period, a well-delineated and radiolucent area
suggestive of a bone defect was observed (Fig 4a).
At 30 days, a homogeneous radiopaque area around
the bone defect, with density similar to normal
bone tissue, was seen in the anterior and middle
thirds (Fig 4b). The middle third showed greater
radiopacity than the anterior third and the latter

greater radiopacity than the posterior third. At 60
days, a radiopaque tissue of variable density filled
the bone defect (Fig 4c). The areas around the sur-
gical defect showed visually greater density than the
central portion of the defect, as well as similar den-
sity to the normal bone tissue. At 90 days, the bone
defect region had been replaced by a radiopaque
area with a density similar to the normal bone tissue
around and on a digital image of the bone defect
area, where a normal trabecular bone arrangement
was observed (Fig 4d).

Control Group. During the 15-day observation
period, a radiolucent, homogeneous area involving
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Figs 5a to 5d Control group. Digital image of the bone defects (arrows) in parietal bone

of rabbit.

Fig 5a (Left) Radiograph taken at 15
days.
Fig 5b (Right) Radiograph taken at 30
days.
Fig 5¢  (Left) Radiograph taken at 60
days.
Fig 5d (Right) Radiograph taken at 90
days.

all of the bone defect, with less density than the
normal bone tissue, was apparent. The 3 sections of
the defect showed similar radiolucency. At 30 days,
a small radiopaque area with variable density was
observed around the bone defect in the middle and
posterior thirds. The anterior third showed lower
density than the middle and posterior thirds, and
the middle third presented greater density than the
posterior third and less density than the normal
bone tissue around the defect. The limits of the
defect were still irregular. At 60 days, the bone
defect area was radiopaque, with density similar to
normal bone tissue. On the anterior third, a dis-

492 Volume 17, Number 4, 2002

crete, irregular, and non-delineated radiolucent
image was also observed, with lower density than
the normal bone. The bone defect was no longer
delineated. At 90 days, the bone defect area was
radiopaque, with density similar to the normal bone
tissue. In addition, 2 radiolucent areas were present,
with different size and density, on the anterior and
posterior thirds (Fig 5).

Microscopic Features

Experimental Group. At 15 days, the bone defect
was filled by bone tissue with immature trabeculae
and osteogenic connective tissue (Fig 6). In certain
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Fig 6 Experimental sample at 15 days. The
bone defect (arrows) is filled by bone tissue with
immature trabeculae and connective tissue
(hematoxylin-eosin; maghnification X25).

Fig 7 Experimental sample at 15 days. Deposi-
tion of newly formed bone matrix on the surface
of the ADDM slices (asterisk) is evident (Mallory
trichromic; magnification X200).

Fig 8 Experimental sample at 30 days. The
bone defect (arrows) is filled by new bone forma-
tion characterized by homogeneous and exo-
phytic bone growth (hematoxylin-eosin; magnifi-
cation X25).

areas, intimate contact of the osteoblastic cells with
the ADDM slices, the deposition of bone matrix on
the surface of the ADDM slices surface, and their
incorporation with the newly formed bone trabecu-
lae, were observed (Fig 7). In addition, no rejection
reaction to the ADDM slices was noted.

At 30 days, in a panoramic view, it was evident
that the bone defect was filled by bone tissue char-
acterized by homogeneous and exophytic bone
growth (Fig 8). In the central region and at the
extremities of the defect, scarce osteogenic connec-
tive tissue with no inflammatory cell infiltrate was
observed. The bone tissue appeared to be either
immature or mature, either thick or thin and irreg-
ular. The presence of red bone marrow within
medullary spaces was found. The ADDM slices
located on the extremities of the defect were incor-
porated into the newly formed bone matrix. The
presence of odontoblastic processes inside the
dentinal tubule of the ADDM slices was noted.
Osteoblasts and osteoclasts populated the ADDM
slice surface. Osteoblasts were associated with bone

matrix in intimate contact with the ADDM slices

(Figs 9a and 9b). No inflammatory cell infiltrate was
found next to the ADDM slices.

At 60 days, the bone defect was totally filled by
bone tissue, showing mature and well-delineated
bone trabeculae. However, their distribution was
irregular, with large medullary spaces. The cortical
bone was poorly defined. During this period, no
presence of ADDM slices was seen. The medullary
spaces were large, with yellow bone marrow. In a
panoramic view, it was observed that the newly
formed bone tissue exceeded the limits of the pre-
existent cortical bone (Fig 10).

At 90 days, the bone defect had been replaced by
bone tissue, with many mature bone trabeculae and
large medullary spaces. In some areas, trabeculae with
many cells included were either thick or thin and
irregular. In a panoramic view, the defect area was
thicker than the surrounding regular bone (Fig 11).

Control Group. At 15 days, the surgical bone
defect was filled by connective tissue and some bone
trabeculae. The immature bone tissue appeared thin
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Figs 9a and 9b Experimental sample at 30 days. (Left) Bone matrix is in contact with ADDM (asterisk) and (right) odontoblastic
processes inside the dentinal tubules (white arrows) of the ADDM slices and osteocytes and osteoclasts (black arrows) on the surface of

the ADDM slice (Schmorl; magnification X200 and X400, respectively).

Fig 10 Experimental sample at 60 days. The
bone defect region (arrows) was totally filled by
bone tissue, showing mature and well-delineated
bone trabeculae and large medullary spaces
(Schmorl; magnification X25).

Fig 11 Experimental sample at 90 days. The
bone defect region (arrows) was replaced by
bone tissue, with many mature bone trabeculae
and large medullary spaces (hematoxylin-eosin;
maghnification X25).

Fig 12 Control sample at 15 days. The surgical
bone defect (arrows) was filled with connective
tissue and some immature bone trabeculae
located at the limits of the defect, toward the
central region (hematoxylin-eosin; magnification
X25).

and irregular and was located at the limits of the
defect, toward the central region of surgical bone
defect. The few bone trabeculae of the central
region were thinner compared with the trabeculae
at the periphery of the bone defect, characterizing
centripetal bone growth (Fig 12).

At 30 days, bone tissue and connective tissue
filled the defect. Microscopically, the presence of a
bone tissue mass was observed at the central portion
and connective tissue at the periphery of the bone
defect. There was no inflammatory cell infiltrate in
this connective tissue. In a panoramic view, imma-
ture bone trabeculae intermingled with connective

494 Volume 17, Number 4, 2002

tissue in the extremities of the defect were seen.
The newly formed bone tissue showed centripetal
growth (Fig 13).

At 60 days, bone tissue and connective tissue
filled the bone defect area. The bone tissue was less
mature in the central portion and more mature at
the periphery of the defect. In a panoramic view,
medullary spaces were evident (Fig 14).

At 90 days, the bone defect was totally filled by
mature bone tissue and large medullary spaces. In a
panoramic view, newly formed and well-defined
cortical bone was seen, similar to the cortical bone
level of the surrounding regular bone (Fig 15).
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Fig 13 Control sample at 30 days. The defect
region (arrows) was filled with bone tissue and
connective tissue (Mallory trichromic; magnifica-
tion X25).

Fig 14 Control sample at 60 days. The defect
region (arrows) was filled with bone tissue, con-
nective tissue, and medullary spaces (hema-
toxylin-eosin; magnification X25).

Fig 15 Control sample at 90 days. The bone
defect region (arrows) was completely filled with
bone tissue, with few mature bone trabeculae
and large medullary spaces (Mallory trichromic;
maghnification X25).

Fig 16 Representation of the volume of bone
trabeculae of bone tissue formed during the 0.6 B Experimental
process of bone repair in the different observa- p
tion times of the experimental and control 0.5+ M Control
groups. Bone density = number of bone trabecu- >
lae (Ni)/8%100-point reticule area (N). g 04
S 0.3
()
S 02
0.1
0.0
15 days 30 days 60 days 90 days
Histomorphometric Analysis DISCUSSION

The purpose of this analysis was to measure bone
density in the area of new bone tissue in the process
of evolution of bone repair after implantation of
decalcified dentin matrix into the bone defect,
according to the formula for determining the bone
density presented in the Methods section. The
analysis of the results, shown in Fig 16, demon-
strated that the bone defect implanted with ADDM
presented a larger quantity of bone tissue compared
to the control group at the time points of 15, 30,
and 90 days.

Many investigators have studied different types of
osteoinductive and/or osteoconductive materials
trying to find materials or substances that could
accelerate the bone repair process. Among the vari-
ous materials found in the literature, ADDM in
bone defects has shown excellent results, since it has
osteogenic properties and can be resorbed during
the bone remodeling process in the host area.!-+¢7
Osteoinduction has been described as a differen-
tiation phenomena of mesenchymal cells into
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osteoprogenitor or osteoprecursor cells and, there-
fore, the newly formed bone tissue can develop
through intramembranous ossification.?’ Some
research has shown the formation of cartilaginous
and bone tissue after implantation of demineralized
dentin in the intramuscular region of laboratory
animals. This phenomenon occurs as the result of
the presence of an osteoinductor substratum of the
dentin matrix.?!-** The preparation process for
ADDM followed in this work was recommended by
Gongalves,! Gomes and coworkers,? Carvalho,?
Gomes and associates,* Catanzaro-Guimaries and
colleagues,® Gongalves and Catanzaro-Guimaries,®
and Butler and coworkers.?? It probably did not
impair the activity of the BMP present in the
dentin matrix, as a higher volume of bone tissue
was verified in the experimental groups than in the
control groups.

The radiographic and histomorphometric results
showed that, during the 15-day period, the surgical
defect of the experimental group demonstrated
greater radiopacity, lesser radiolucency, and a larger
quantity of bone tissue with the presence of more
osteoblasts than the control group. This could be
related to the osteoinductive property of the ADDM
slices, which appeared to be well incorporated in the
newly formed bone matrix. These findings were pre-
viously reported by Gongalves,' Carvalho,’ Gomes
and coworkers,* and Catanzaro-Guimaries and asso-
ciates.® At the 30-day period, the experimental group
exhibited more homogeneous centripetal bone
growth with more radiopaque limits than the control
group. This occurred apparently because of the
presence of the ADDM, which probably provided a
stimulus to the osteogenic cells at the limits of the
bone defect. This might represent ADDM osteoin-
ductive activity, as observed by Gongalves,! Gomes
and associates,>* Carvalho,’ and Catanzaro-
Guimaries and coworkers.® ADDM slices appeared
to have stimulated new bone formation, producing a
greater amount of bone tissue in the experimental
group than in the control group. In a panoramic
view, it was observed that the tissue thickness of the
bone defect area of the control group was less than
that of the experimental group. In both groups, no
signs of inflammatory cell infiltrate were seen. Dur-
ing the 60-day period, in the experimental group,
the bone trabeculae were visually homogeneous and
the medullary spaces were larger when compared
with the control group. The bone defect was filled
by bone tissue, which was as evident as in the con-
trol group. During the bone remodeling process, the
ADDM slices had been resorbed. At the 90-day
period, the radiopacity of the defect treated with
ADDM was greater than in the control group.

496 Volume 17, Number 4, 2002

Microscopically, it was observed that the bone defect
was totally filled by bone tissue in both groups.

Throughout the observation period, the PTFE
membranes remained intact.

There was no rejection of ADDM in the present
study, as shown by Gongalves,! Gomes and cowork-
ers,* Catanzaro-Guimaries and associates,® and
Catanzaro-Guimaries.” According to Catanzaro-
Guimardes and colleagues,® Catanzaro-Guimaries,’
and Bang,’! this could be the result of the low anti-
genicity of ADDM.

ADDM may have presented chemotactic proper-
ties, attracting osteoprogenitor cells and osteoblasts
to the region where ADDM slices were present,
thus promoting acceleration of the bone repair.
According to Gomes and associates,* Catanzaro-
Guimaries and coworkers,® Gongalves and Catan-
zaro-Guimaries,® Robert-Clark and Smith,!" and
Urist and Strate,” such a phenomenon likely occurs
because of the release of BMP and other growth
factors from the dentin matrix, showing their possi-
ble properties as osteoinductive and osteoconduc-
tive material.

CONCLUSIONS

The ADDM slices showed osteoconductive proper-
ties. ADDM was completely incorporated in the
newly formed bone tissue and resorbed during the
bone remodeling process. Bone repair was acceler-
ated in the experimental group when compared to
the control group.
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