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Purpose: The aim of this work was to evaluate the bone-repair process after implantation of homoge-
nous demineralized dentin matrix (HDDM) slices in surgical defects created in the parietal bones of
rabbits with alloxan-induced diabetes. Materials and Methods: Forty-eight rabbits were selected and
divided into 4 groups of 12 rabbits: the control group, diabetic rabbits (D), diabetic rabbits with a PTFE
barrier (D-PTFE), and diabetic rabbits with a PTFE barrier and with slices of homogenous demineral-
ized dentin matrix (D-PTFE+HDDM). The diabetic animals received a single dose of alloxan monohy-
drate (90 mg/kg) intravenously on the marginal ear vein, and their blood glucose was verified daily.
The rabbits were sacrificed after 15, 30, 60, and 90 days. The histologic findings show both better
bone structure and significantly greater bone density, as determined by histomorphometric analysis,
for the D-PTFE + HDDM group than for the other 3 groups (P <.01). It was also observed that the mean
bone density increased gradually from 15 to 90 days (except in the D-PTFE group). Conclusion: It was
concluded that the HDDM was biocompatible with the bone repair of diabetic rabbits and that HDDM
slices stimulated bone tissue formation. Facilitation of bone repair with HDDM could be useful in dia-
betic patients. INT J ORAL MAXILLOFAC IMPLANTS 2007;22:939-947
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For bone tissue regeneration at least 3 components
are necessary: osteoprogenitor and osteoconduc-
tive cells, growth factors, and absence of local infec-
tion. It is assumed that the osteoinductive cascade
begins with chemotaxis of bone progenitor cells,
mitogenesis, angiogenesis, and bone cell differentia-
tion.The cell recruitment, division rate, and differentia-
tion of these cell lines is under the direct control of
growth factors, including bone morphogenetic pro-
tein (BMP) and transforming growth factor-p (TGF-
B).”"*Homogenous demineralized dentin matrix
(HDDM),>>% is a biologically active tissue capable of
delivering BMP. Recent studies have shown that
HDDM slices stimulate new bone tissue formation
and that they are being resorbed during the bone
remodeling process.>>~°

For the present research, it was decided to induce
diabetes in rabbits using alloxan, a well-known
inducer of diabetes and hyperglycemia,'®"'? for use
as an animal model. According to Fiorellini et al,'3
diabetes mellitus is included in a group of metabolic
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diseases characterized by hyperglycemia. As a result
of this metabolic disease, the level of glucose in the
blood becomes elevated, a condition referred to as
“high blood sugar.” Glucose metabolites form after
many cell biochemical processes and during tissue
formation. They are a class of irreversible molecules
that have been termed advanced glycosylation end-
products (AGEs). These irreversible metabolites accu-
mulate over a period of years in the extracellular
and/or intracellular macromolecules, such as proteins
and lipids. AGEs cause qualitative and quantitative
changes in extracellular matrix components such as
collagen, proteoglycans, laminin, and vitronectin.
These changes in the extracellular matrix cause spe-
cific alterations in bone formation and bone remod-
eling. Bone tissue turnover has been shown to be
suppressed; studies have shown decreases in the per-
centage of osteoclasts and osteoblasts as well as a
decrease in osteocalcin synthesis.'3-1°

According to Nevins et al,’ the streptozotocin-
induced diabetic model produced altered blood glu-
cose levels to allow the study of the effects of dia-
betes on the osseointegration of titanium implants.
Diabetes was predictably induced and maintained,
and osseointegration was consistently found in dia-
betic and control specimens. The rate of new bone
formation in a 250-ym zone circumscribing the
implants was similar for diabetic and control animals.
However, bone-implant contact was significantly
reduced for the diabetic group compared to the con-
trol group. It is important to recognize that the model
used in this study was a model of uncontrolled dia-
betes. The results imply that patients with elevated
glucose levels should not be treated with dental
implants. Future investigations should aim to better
understand the role of insulin control, the molecular
mechanisms involved in diabetic bone wound heal-
ing,and endosseous implant osseointegration.

Among the complications associated with type-1
diabetes in humans is inadequate bone formation,
which can result in osteopenia and delayed fracture
healing. To investigate the mechanisms by which dia-
betes affects bone formation, a bone marrow ablation
model has been used. Mice were made diabetic by
administration of multiple low doses of streptozo-
tocin.The animals were killed after 0,2,4,6,10,and 16
days of bone marrow ablation. Histologic analysis
demonstrated that the amount of immature mes-
enchymal tissue was equivalent in both the experi-
mental and control animals on day 4.0n day 6 a burst
of bone formation occurred in the control group;
bone formation in these mice was significantly
greater than in the day-6 diabetic mice. This deficit
was evident at the molecular level, as shown by
diminished expression of osteocalcin and collagen
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Type |. When transcription factors were examined,
core-binding factors alfa 1 (Cbfa1), runt domain factor
2 (Runx2), and human homolog of the drosophila dis-
tal-less gene (DIx5) expression were substantially
reduced in the diabetic mice compared with the con-
trol group on days 4 and 6.C-fos but not c-jun expres-
sion was also suppressed in the diabetic group,
although it is not closely linked to bone formation.
Insulin treatment substantially reversed the effect of
diabetes on the expression of bone matrix osteocal-
cin, collagen Type |, and transcription factors Cbfa,
Runx2, and DIx5. These results indicate that diabetic
animals produce sufficient amounts of immature
mesenchymal tissue but fail to adequately express
genes that regulate osteoblast differentiation, which
in turn leads to decreased bone formation.'?

The aim of this work was to evaluate the bone
repair process after implantation of HDDM slices in
surgical defects created in the parietal bones of rab-
bits with alloxan-induced diabetes. Polytetrafluoreth-
ylene (PTFE) barriers were used in some experimental
groups to accomplish a guided bone regeneration
technique. A secondary purpose was to verify
whether HDDM can be helpful for bone consolidation
and repair in fractures in patients with diabetes.

MATERIALS AND METHODS

Forty-eight New Zealand adult rabbits with an aver-
age weight of 3.5 kg were divided into 4 groups: the
control group, diabetic rabbits (D), diabetic rabbits
with a PTFE barrier (D-PTFE), and diabetic rabbits
with a PTFE barrier and with slices of homogenous
demineralized dentin matrix (D-PTFE+HDDM). All
animals received humane care as defined by the cri-
teria of the National Research Council, and the study
protocol was approved by the Committee for Animal
Use of the Sdo José dos Campos School of Dentistry
of the Séo Paulo State University (UNESP).

Induction of Diabetes Mellitus and

Blood Glucose Measurement

Diabetes mellitus was induced in 36 of the rabbits by
a single intravenous injection of the toxic monohy-
drate alloxan at a dose of 90 mg/kg (Sigma-Aldrich,
St Louis, MO). The drug was dissolved in 5 mL of NaCl
(0.15 mol/L) and immediately administered to the
anesthetized rabbit via the marginal ear vein. Ani-
mals received 10% glucose in drinking water for the
first 24 hours for the transient hypoglycemia devel-
oped after alloxan treatment and were then placed
on regular rabbit chow and water. In this study, a
blood glucose level greater than 200 mg/dL was con-
sidered to indicate hyperglycemia. NPH Human
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Figs 1ato 1c Bone defect accomplished in the parietal bone in (a) the D group, (b) the D-PTFE group, and (c) the D-PTFE+HDDM group.

Insulin (Humulin N-100; Eli Lilly do Brasil, Sdo Paulo,
Brazil) and Regular Human Insulin (Biohulin R-100;
BioBRAS, Minas Gerais, Brazil) were administered sub-
cutaneously to maintain a stable serum glucose level
between 200 mg/dL and 350 mg/dL. The blood glu-
cose level was monitored with Onetouch Ultra (LifeS-
can/Johnson & Johnson, Milpitas, CA) 24, 48, and 72
hours after alloxan treatment and 3 times a day
thereafter until sacrifice.

HDDM

The HDDM was obtained by extraction of the central
incisor of the rabbits of control group. HDDM was
then prepared in slices as previously described.>® The
pulp tissue was totally removed using a retrograde
technique. Tooth root was planed and washed with
sterile physiologic serum at 2°C. The teeth were
immersed in the 0.6N-hydrochloric acid solution at
2°C until complete demineralization. The specimens
were then washed for 3 hours in distilled water under
constant agitation for total acid removal. After this
process, the HDDM was cut into slices of approxi-
mately 8 uym thickness with frozen microtomy (Model
CTD; International-Harris Cryostat/International
Equipment, Needham Heights, MA). These slices were
immersed in a box filled with ethyl alcohol 70° ethyl
alcohol/gentamicin (5 mL alcohol/0.2 mL of gentam-
icin) and stored at 2°C until implantation.

Bone Defect Creation and Postoperative Phase
The animals were anesthetized intramuscularly with
Rompum (0.1 mg/dL; Bayer, Sédo Paulo, Brazil) as a

preanesthetic solution and Ketalar (0.25 mg/dL; Holli-
day-Scott, Sédo Paulo, Brazil) for complete anesthesia.
An incision was made in the sagittal plane of the
head, followed by muscular dissection, plane to
plane. An incision was then made in the periosteum.
Subsequently, a circular bone defect was surgically
created in each parietal bone with the aid of a 8.0-
mm trephine and irrigated with 0.9% sterile saline
solution. The depth of the bone defect was equal to
the thickness of the removed cortical bone. HDDM
was placed in slices within the bone defect around
the periphery of each defect. In the D-PTFE+HDDM
group, the PTFE barrier was positioned on the bone
defect floor, and HDDM was then placed. The exter-
nal surface of the bone defect was completely recov-
ered by the PTFE barrier. In the D-PTFE group, the
PTFE barrier was placed on the floor of the defect
and on the surface of the surgical bone defect. In the
control and diabetic groups, the bone defects were
quickly filled with blood clot. Subsequently, the
periosteum, muscle, and skin were closed with a
suture (Fig 1).

The animals were treated with antibiotics (ben-
zylpenicillin [Pentabiotico]; 0.1 mL/kg; Fort Dodge
Saude Animal, Sao Paulo, Brazil) 24 hours before and
1 hour after the surgery. Five days after surgery an
anti-inflammatory medication was administered (2.8
mg/kg; celecoxib [Celebral, Pfizer Pharmacia, Sao
Paulo, Brazil). These drugs were injected intramuscu-
larly in all animals. Animals were sacrificed 15, 30, 60,
and 90 days after surgery; 3 animals of each group
were sacrificed each time. The bone content of the
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Figs 2a to 2d The surgical defect region after 15 days. The lim-
its of the surgical bone defect are indicated by arrows. The bone
defect was filled by new bone formation in the (a) control group,
(b) D group, (c) D-PTFE group, and (d) D-PTFE+HDDM group
(hematoxylin-eosin; original magnification X50).

created defect was removed in bloc, fixed in 10% for-
malin for 72 hours, decalcified in Plank-Rychlo solu-
tion (AICI,6H,0 [126.10 g], HCI [85 mL], HCOOH 88%
[52 mL], and distilled water [500 mL]),and embedded
in paraffin. The histologic sections were cut with a
thickness of approximately 6 ym and were stained
with hematoxylin-eosin and Schmorl’s stain.

Histomorphometric Analysis

Randomization, as previously described,>® was used
for the selection of sections for histomorphometric
analysis to eliminate sampling bias. A Zeiss Il reticule
was placed over a compensation microscope (10X;
W-PI; Carl Zeiss, Oberkochen Germany) to evaluate
the bone density. The reticule image was superim-
posed on the desired histologic fields. The reticule
points (Ni) and the total number of points over the
bone defect (N) were counted. The bone density was
evaluated with the following formula: bone density =
Ni/N. Approximately 100 sections were obtained
from each bone defect selected for examination. Of
these sections, 4 were randomly chosen for histomor-
phometric analysis. Subsequently, 8 histologic fields
from the surgical bone defect region were analyzed.
At this step, a 20X objective (A-Plan, Carl Zeiss) and
an ocular 10X (W-PI, Carl Zeiss, Germany) of an opti-
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cal microscope (Axioskop 40, Carl Zeiss, Germany)
were used. The objective showed a 100-point reticule
encompassing a bone-tissue area of 7,840 um?,

Statistical Analysis

The histomorphometric results were submitted to
analysis of variance (ANOVA) and to the Tukey test
with the aid of the GraphPad InStat software version
3.00 for Windows 95 (GraphPad Software, San Diego,
CA).The level of significance used was P < .05.

RESULTS

Microscopic Features

15 Days. The histologic sections of the control group
showed the bone defect filled with osteogenic con-
nective tissue and with discrete and immature bone
trabeculae. The connective tissue consisted mainly of
osteoprogenitor cells and collagen fibers, which were
parallel to each other, as well as a few mononuclear
inflammatory cells. The immature bone trabeculae
were delicate and irregular. Many cells were localized
in the periphery of bone defect, growing toward the
central portion of it. Some histologic sections also
showed muscle and adipose tissue in the bone
defect area (Fig 2a).

In the D group, an area of bone defect was filled
by osteogenic connective tissue, with few immature
bone trabeculae. This connective tissue consisted of
osteoprogenitor cells and collagen fibers parallel to
each other, with some moderate inflammatory infil-
trate of mononuclear cells. The immature bone tra-
beculae were mostly at the periphery of bone defect
growing toward its center. The invasion of muscle
fibers in the bone defect area during bone repair was
also observed. The band of newly formed bone was
thin compared to the original cortical bone (Fig 2b).

In the D-PTFE group, the histologic features were
the same as those described for the D and C groups.
However, there were numerous newly formed bone
trabeculae compared with the D group. In some sec-
tions, the bone trabeculae showed various shapes in
the central portion of the defect. In addition, there
were areas of interstitial hemorrhage, and some
mononuclear inflammatory cells were observed.
Again there was a band of bone tissue in the defect,
but unlike the band observed in the D group, this
band was about the same thickness as the original
cortical bone (Fig 2¢).

In the D-PTFE+HDDM group, the bone defect was
completely filled with bone tissue, although there
were still some immature trabeculae.On a panoramic
view of the defect, the newly formed bone appeared
regular and exophytic (Fig 2d). In some areas, inti-
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Figs 3a and 3b (a) Intimate contact of the osteoblastic cells with the HDDM slices (arrow), and (b) deposition of newly formed bone
matrix (asterisk) on the surface of the HDDM (arrow; Schmorl’s and hematoxylin-eosin; original magnification X200).

mate contact between the osteoblastic cells and the
HDDM slices and deposition of bone matrix on the
surface of the HDDM slices was observed, as well as
the incorporation of the HDDM slices with the newly
formed bone trabeculae (Figs 3a and 3b). There was
no sign of rejection of the HDDM slices.

30 Days. At this observation time, the bone defects
of the control group were filled by immature bone
tissue and osteogenic connective tissue. The bone
trabeculae were mature and thick at the periphery
and immature in the central portion of the defect;
centripetal bone growth was observed. The
osteogenic bone tissue was moderately infiltrated by
mononuclear inflammatory cells, mostly in the cen-
tral portion of the defect. The band of newly formed
bone was thinner than the original cortical bone.

In the D group, the bone defect was filled by
immature bone tissue and osteogenic connective tis-
sue. The bone trabeculae were mature and thick at
the periphery and immature in the central portion of
the defect (ie, the histologic features were very simi-
lar to those of the control-group sections). In the D-
PTFE group, the bone defect was filled by immature
bone tissue and osteogenic connective tissue. The
bone trabeculae were mature and thick at the
periphery and immature in the central portion of the
defect (again, as in the control group). Bone trabecu-
lae grew toward the central portion of the defect, fol-
lowing the space left beneath the PTFE barrier. This
demonstrates the osteoconductivity of the barrier.

More trabeculae were observed in the D-PTFE
group than in the D or control groups. The
osteogenic connective tissue was well organized,
and the collagen fibers were parallel to each other.In
addition, a moderate and diffuse infiltrate of
mononuclear inflammatory cells was observed. In

some histologic sections it was possible to verify the
presence of bone marrow tissue, mainly in the
periphery of the defect, and the band of newly
formed bone tissue had about the same thickness as
the original cortical bone.

In the D-PTFE+HDDM group, the bone defect was
completely filled by bone tissue. A few areas of
osteogenic connective tissue remained, but no inflam-
matory cells were observed. Mature and immature
bone trabeculae of various thicknesses were observed.
Bone marrow tissue was also observed; the marrow
spaces were reduced. At the periphery of the defect,
slices of HDDM had been incorporated into the newly
formed bone matrix. The presence of some odonto-
blastic fibrils in the dentinal tubules of the slices of
HDDM was verified with Schmorl’s stain. Osteoblasts
and osteoclasts populated the slices of HDDM; there
was bone matrix over some HDDM slices.

60 Days. In the control group, the bone defect was
filled with regularly distributed mature trabeculae, but
some osteogenic connective tissue remained. The
newly formed bone exhibited haversian canals, and
bone growth inside the defect was still centripetal,
with some osteoclastic cells starting bone remodel-
ing.The band of newly formed bone tissue was similar
in thickness to the original cortical bone.

In the D group, there was still osteogenic connec-
tive tissue. Discrete bone trabeculae were observed.
This tissue was disorganized, and the collagen fibers
were irregularly distributed. The bone trabeculae
were mature at the periphery of the defect but
immature in the central portion of the defect. Less
bone tissue was observed in the D group than in the
control or D-PTFE groups. In some sections, invasion
of muscle and adipose tissue to the interior of the
defect was observed.
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Figs 4a to 4d The surgical defect region after 90 days. The lim-
its of the surgical bone defect are indicated by arrows: (a) control
group, (b) D group, (c) D-PTFE group, and (d) D-PTFE+HDDM
group (hematoxylin-eosin; original magnification X50).

In the D-PTFE group, the defect was filled with
bone tissue and disorganized osteogenic connective
tissue. The bone trabeculae were mature at the
periphery but immature in the central portion of the
defect. The trabeculae were homogenous and regu-
larly distributed and were characterized by cen-
tripetal growth, which demonstrates the osteocon-
ductivity of this barrier. The band of bone tissue at
the periphery was about the same thickness as the
original cortical bone.

In the D-PTFE+HDDM group, the bone defect was
totally filled by bone tissue with mature trabeculae,
well delimited and irregularly distributed, and with a
large bone marrow space. The cortical bone was not
well structured. Some slices of HDDM were still
apparent. The bone marrow spaces were large and
filled with yellow bone marrow. A panoramic view
showed that the limits of the newly formed bone tis-
sue were greater than the limits of the original corti-
cal bone.

90 Days. In the control group, the bone defect was
filled by mature bone tissue with regular and irregu-
lar bone trabeculae, and in some areas there was
fibrous connective tissue that had not calcified, form-
ing a relatively thick fibrous capsule, although an
insignificant number of newly formed bone trabecu-
lae permeated some areas (Fig 4a).
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In the D group, the fibrous connective tissue in
the bone defect was permeated by small, thin, irreg-
ular, mature bone trabeculae. At the periphery
mature bone tissue grew toward the center of the
bone defect. The amount of tissue in this group was
very low compared to the other 3 groups. The D
group revealed very few haversian systems. In all sec-
tions of the D group, there was undesirable tissue
(Fig 4b).

In the D-PTFE group, the bone defects were filled
by regular mature bone trabeculae, but there was
also fibrous connective tissue as well as osteogenic
connective tissue.The cortical bone was preserved in
all sections observed in this group.The bone marrow
spaces were very large, with red bone marrow. The
PTFE barrier was dislocated in the histologic sections
examined. The quality of bone tissue was well orga-
nized, with thick, regular bone trabeculae uniformly
distributed within the bone defect (Fig 4c).

In the D-PTFE+HDDM group, the bone defect was
completely filled by mature bone tissue, with regular
bone marrow spaces, which were predominantly red.
HDDM was well accepted by the host and was totally
incorporated into the newly formed bone tissue (Fig
4d). Degradation of the HDDM slices during the bone
remodeling process was still seen (Figs 5a and 5b).On
a panoramic view, an area of exophytic bone tissue
was observed within the bone defect in comparison
with the adjacent areas. The structure of the bone tis-
sue in this group was superior histologically.

Histomorphometric Analysis

The histomorphometric analysis measured bone den-
sity in the area of newly formed bone tissue according
to the aforementioned formula for bone density.
Analysis of the results (Table 1 and Fig 6) demon-
strated that the D-PTFE+HDDM group presented a
significantly higher (P < .01) quantity of bone tissue
compared to other groups at each of the 4 time
points. At 15 days of observation, there was a statisti-
cally significant increase in the volume of bone matrix
compared with the D group and D-PTFE groups (P <
.001). After 90 days of observation, the D-PTFE+HDDM
group showed significantly greater bone density
compared with the D group (P < .001; Table 1).

DISCUSSION

In the literature reviewed no work was found that
utilized HDDM in diabetic patients. However, many of
the chronic complications of diabetes mellitus are
related to changes in bone metabolism, which may
impair any healing process.’®'” According to Lu et
al,’®> who investigated the mechanisms that interfere
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Figs 5a and 5b

(a) Incorporation of immature bone matrix (asterisk) on the surface of an HDDM slice (arrow) and (b) degradation of the

HDDM slices during bone remodeling in the center of the defect (arrow; Schmorl’s and hematoxylin-eosin; original magnifications of X200

and X400, respectively).

Table 1 Histomorphometric Analysis of Newly Formed Bone

Days after

surgery Control D D-PTFE D-PTFE+HDDM
15 31.66 +2.478 18.48 + 4,843 17.60 £ 0.208 50.80 £ 1.528
30 39.96 + 0.430 30.43 + 15.06 36.70 +4.107 54.20 +1.239
60 45,60 + 4.095 36.44 + 7.937 32.74 £ 0.924 59.91 +3.322
90 53.24 £ 5.090 4410 £ 17.52 51.93+1.204 78.99 + 1.343

Means + SDs are shown.

Fig 6 Bone density at each of the 4 time
points as determined by histomorphometric
analysis. 80
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with the bone repair process of diabetic patients,
such patients are missing a certain gene that regu-
lates osteoblastic differentiation and directly affects
bone formation. Recently, researchers have associ-
ated growth factors, such as insulin growth factor,
platelet-derived growth factors, BMPs, and other
noncollagenous proteins,®8'8 and occlusive barriers
with acceleration of the bone repair process. Some
authors have reported the presence of these growth
factors on bone matrix and dentin matrix.">~7/8

The search for an ideal osteoinductive material for
implants has been the subject of many biomedical
studies. Biocompatibility, storage requirements, facil-
ity of acquisition, cost in relation to benefits,and most
importantly, potential for osteoinductivity have led
researchers to consider biologic materials.'® Osteoin-
ductivity has been tested with bone marrow, fresh
cancellous bone, fresh compact bone, dentin, and
bone matrix. These elements have been applied in
various conditions at bone defects in many contexts
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(eg, in craniofacial deformities, in polytraumatized
patients, and in oncologic, orthopedic, neurologic,
and periodontal surgeries).>>-818-20 Researchers have
turned to some of the same materials in their search
for an ideal graft material, a material that would accel-
erate bone regeneration and also increase the vol-
ume of bone tissue to remodel the impaired area of
bone to normal conditions. Bone graft materials can
eliminate the necessity of a donor, which can be a
tremendous advantage. However, it is important to
emphasize the importance of the biocompatibility of
those graft materials in order to avoid immune prob-
lems or immunologic incompatibility, which would
also impair bone regeneration.>

In this present study, the results of the D-
PTFE+HDDM group showed that HDDM was well
accepted by the host and that HDDM was totally
incorporated into the newly formed bone tissue.
These results corroborate the findings obtained by
Catanzaro-Guimaraes et al,”'® Goncalves,? Gomes et
al,>® Abreu et al,® and Carvalho et al.8 The present
study also verified that demineralization of HDDM
slices did not destroy its osteopromotive properties,
since it contributed to the acceleration of bone
repair.The HDDM is a reservoir of biochemical factors
that induce cellular proliferation as well as cell differ-
entiation and chemotaxis (IGF-I and II, TBF-B, and
BMPs).1381819 The aquthors believe that demineraliza-
tion of dentin matrix slices even facilitated the access
of polypeptides to the area and stimulated the bone
matrix molecules to help bone repair.

The results observed in all time periods of study, as
in the control group, D group, D-PTFE+HDDM group,
showed gradual and progressive increases in the aver-
age bone density, as determined by histomorphomet-
ric analysis, confirming results reported by Gomes et
al,>® Carvalho et al,® and Abreu et al.? However in D-
PTFE group, the histomorphometric analysis showed
a decrease in bone density between 30 and 60 days
after surgery.

The PTFE barrier has been observed to have an
osteoconductive property when well applied and
maintained on bone defects in diabetic rabbits. How-
ever, its dislocation created difficulties for bone
repair in some animals, which could justify the worst
results at 15 and 60 days after surgery in histomor-
phometric analysis (Table 1). In the D-PTFE+HDDM
group, significantly greater bone density was
observed in comparison to the other groups (Fig 6
and Table 1).

Some authors believe that the use of slices of
HDDM as a graft induces a neovascularization inside
the bone defect and that undifferentiated mes-
enchymal cells in the perivascular region of the
newly formed vessels could be induced to differenti-
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ate into osteoblasts by the induction of growth fac-
tors such as BMP from the HDDM.>6&19

The presence of numerous osteogenic cells over
the particles of HDDM after 15 and 30 days of obser-
vation corroborates results reported by Catanzaro-
Guimaraes et al,” Gomes et al,>¢ Carvalho et al,8 and
Abreu et al,’ whose analysis of particles and/or slices
of HDDM suggested that this kind of material could
be used as a graft as well as a suitable surface for fix-
ation of undifferentiated mesenchymal cells, proba-
bly because of the larger contact surface for the
deposition of bone matrix offered by demineraliza-
tion of the dentin. After 60 days of observation, the
bone defect in the D-PTFE+HDDM group, unlike the
other 3 groups, was totally filled with bone tissue
with the presence of bone marrow, which again
demonstrates the osteopromotive property of the
dentin matrix.

The absence of rejection of the HDDM corrobo-
rates the previously reported results of Carvalho et
al 8 This appears to be a consequence of the low anti-
genicity of HDDM.>6°

HDDM stimulated the proliferation and activity of
osteoblastic and osteoclastic cells as late as 90 days
postsurgery.The greater amount and the better qual-
ity of bone tissue in the group with HDDM compared
with the other groups demonstrates the effects of
HDDM.The bone tissue at this group was more regu-
lar and uniform in extension as well as in the central
region of the bone defect. Thus, the results suggest
that HDDM may be suitable as a graft material for
humans.

CONCLUSION

HDDM is biocompatible with the bone of diabetic
rabbits. The HDDM slices showed osteopromotive
properties. They were completely incorporated in the
newly formed bone tissue and were resorbed during
bone remodeling process. The D-PTFE+HDDM group
showed significantly greater bone density than the
other 3 groups at all time points examined (P < .01).
In addition, the D-PTFE+HDDM group evidence bet-
ter structural bone quality when compared with the
other groups of this study. Facilitation of bone repair
with HDDM could be useful in diabetic patients.



Fernandes Gomes et al

ACKNOWLEDGMENTS

This research was supported by the State of Sao Paulo Research
Foundation (FAPESP; grant number 2003/01515-2). The authors
would like to thank Paulo Roberto Donaire Del Rio (Production
Manager, OneTouch Ultra, LifeScan), Roberto Honorio Correa
(Director, Quality Assurance and Compliance), Maria Alzira da
Silva Martins, MSc, PhD (Sterilization Science and Microbiology
Laboratory), Nancy Mesas do Rio Bacelar Lopes (Regulatory
Affairs Manager), and Rosangela Aparecida Monteiro Pereira
(Department of Sales, OneTouch Ultra, Lifescan) of the Johnson &
Johnson MD&D Latin America Manufacturing Company Brazil for
the donation of the surgical materials, OneTouch Ultra blood test
strips and machine (LifeScan, Johnson & Johnson).

REFERENCES

1. Bessho K, Tagawa T, Murata M. Purification of rabbit bone mor-
phogenetic protein derived from bone, dentin, and wound tis-
sue after tooth extraction.J Oral Maxillofac Surg
1990;48:162-169.

2. Gongalves EAL. Study of the Process of Bone Repair in Surgical
Defects Implanted with Demineralized Autogenous Dentin
Matrix in Radius Dogs [thesis]. Bauru, Sdo Paulo, Brazil: Univer-
sity of Sao Paulo, 1997.

3. Goncgalves EAL, Catanzaro-Guimaraes SA. Proteinas morfo-
genéticas 6sseas: Terapéutica molecular no processo de
reparo ésseo.Rev Odont Universidade de Séo Paulo
1998;12:299-304.

4. Derner R, Anderson AC.The bone morphogenic protein. Clin
Podiatr Med Surg 2005;22:607-618.

5. Gomes MF, Silva MJS, Nogueira TO, Catanzaro-Guimaraes SA.
Histologic evaluation of the osteoinductive property of auto-
genous demineralized dentin matrix on surgical bone defects
in rabbit skulls using human amniotic membrane for guided
bone regeneration. Int J Oral Maxillofac Implants
2001;16:563-571.

6. Gomes MF, Anjos MJS, Nogueira TO, Catarranzo-Guimaraes SA.
Autogenous demineralized dentin matrix for tissue engineer-
ing applications: Radiographic and histomorphometric stud-
ies.Int J Oral Maxillofac Implants 2002;17:488-497.

7. Catanzaro-Guimaraes SA, Catanzaro Guimaraes B, Garcia RB,
Alle N. Osteogenic potential of autogenic demineralized
dentin implanted in bony defects in dog.Int J Oral Maxillofac
Surg 1986;15:160-169.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Carvalho VAP, Tosello DO, Salgado MAC, Gomes MF. Histomor-
phometric analysis of homogenous demineralized dentin
matrix as osteopromotive material in mandibular of rabbits.
Int J Oral Maxillofac Implants 2004;19:679-686.

Gomes MF, Abreu PP, Morosolli ARC, Aratjo MM, Vilela-Goulart
MG. Densiometric analysis of the autogenous demineralized
dentin matrix on the dental socket wound healing process in
humans. Braz Oral Res 2006;20:324-330.

Gerritsen M, Lutterman JA, Jansen JA.Wound healing around
bone-anchored percutaneous devices in experimental dia-
betes mellitus.J Biomed Mater Res 2000;53:702-709.

Park K, Ahn K, Chang JS, Lee SE, Ryu SB, Park YI. Diabetes
induced alteration of clitoral hemodynamics and structure in
the rabbit.J Urol 2002;168:1269-1272.

Margonar R, Sakakura CE, Holzhausen M, Pepato MT, Alba RC
Jr,Marcantonio E Jr.The influence of diabetes mellitus and
insulin therapy on biomechanical retention around dental
implants: A study in rabbits. Implant Dent 2003;12:333-338.
Fiorellini JP, Nevins ML, Norkin A, Weber HP, Karimbux NY.The
effect of insulin therapy on osseointegration in a diabetic rat
model. Clin Oral Implants Res 1999;10:362-368.

Nevins ML, Karimbux NY, Weber HP, Giannobile WV, Fiorellini
JP.Wound healing around endosseous implants in experimen-
tal diabetes mellitus. Int J Oral Maxillofac Implants
1998;13:620-629.

Lu H, Kraut D, Gertenfeld LC, Graves DT. Diabetes mellitus
interfere with the bone formation by affecting the expression
of transcription factors that regulate osteoblast differentia-
tion. Endocrinology 2003;144:346-352.

Claro FA, Lima JR, Salgado MAC, Gomes MF.Porous polyethyl-
ene for tissue engineering applications in diabetic rats treated
with calcitonin: Histomorphometric analysis. Int J Oral Maxillo-
fac Implants 2005;20:211-219.

Guyton AC, Hall JE. Insulin, glucagon, and diabetes mellitus. In:
Textbook of Medical Physiology, ed 11. Philadelphia: Elsevier,
2006:827-840.

Catanzaro-Guimardes SA. Possibility to reinforce bone repair
with decalcified dentin matrix. In: Gesellschaft fir orale
Implantologie. Jahrbuch fiir Orale Implatologie. Berlin: Quin-
tessenz, 1993:33-34.

Nakashima M. Introduction of dentine in amputated pulp of
dogs by recombinant human bone morphogenetic proteins-2
and -4 with collagen matrix. Arch Oral Biol
1994;39:1085-1089.

Tziafas D, Alvanou A, Panagiotakopoulos N, et al. Induction of
odontoblast-like cell differentiation in dog dental pulps after
in vivo implantation of dentine matrix components. Arch Oral
Biol 1995;40:883-893.

The International Journal of Oral & Maxillofacial Implants 947



