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Histologic Evaluation of the Osteoinductive 
Property of Autogenous Demineralized Dentin 

Matrix on Surgical Bone Defects in Rabbit 
Skulls Using Human Amniotic Membrane for 

Guided Bone Regeneration
Mônica Fernandes Gomes, MD, DDS1/Mário James da Silva dos Anjos, MD, DDS2/

Terezinha de Oliveira Nogueira, MD, DDS3/Sérgio Augusto Catanzaro Guimarães, MD, DDS4

The aim of this investigation was to evaluate the osteoinductive property of autogenous demineralized
dentin matrix (ADDM) on experimental surgical bone defects in the parietal bone of rabbits using the
guided bone regeneration (GBR) technique incorporating human amniotic membrane (HAM). Thirty-six
rabbits were divided into 2 groups, HAM and ADDM+HAM. It was possible to conclude that HAM did
not interfere with bone repair and was resorbed. Slices of ADDM induced direct bone formation and
were incorporated by the newly formed bone tissue and remodeled. The bone defects healed faster in
the ADDM+HAM group than in the group with HAM only. (INT J ORAL MAXILLOFAC IMPLANTS 2001;
16:563–571)

Key words: autogenous demineralized dentin matrix, biologic dressings, bone repair, guided tissue
regeneration, human amniotic membrane

Many studies have been performed attempting
to accelerate bone repair using different

osteoinductive materials, such as autogenous
demineralized bone matrix,1–3 autogenous deminer-
alized dentin matrix (ADDM),4–7 and bone growth
factors.3 The guided bone regeneration (GBR)

technique promotes the increase of osteoblastic
proliferation and synthesis of bone matrix. The
whole process is controlled by complex molecular
interactions that act upon mesenchymal cells, pro-
ducing their proliferation and differentiation.6

Previous investigations have shown that proteins
associated with bone matrix have chemotactic, mito-
genic, and osteogenic potential.3,5,8 These effects
have been seen as well with dentin matrix.5,6 The
chemotactic and osteogenic potential of bone and
dentin matrix are associated with bone morpho-
genetic proteins (BMPs).5 Bone matrix is the greatest
source of growth factors among mineralized tissues.
Some of these factors are produced by osteoblasts,
eg, insulin growth factor (IGF), transforming growth
factor (TGF), fibroblastic growth factor (FGF), and
platelet-derived growth factor (PDGF). However,
additional factors are produced by other cells related
to bone tissue, such as macrophages, which produce
interleukin (IL) and tumor necrosis factor (TNF).
Dentin matrix contains significant amounts of these
growth factors.3,5,7,9,10 The importance of ADDM as
an osteoinductive implant material has been verified
in the literature.2,4,7
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Clinical and experimental studies with GBR have
shown positive results of the technique in different
biologic models.11,12 The technique is based on the
theory that different types of cells adjacent to a
wound area produce different types of tissues at dif-
ferent times.9,13–15 Bone repair could be optimized by
using a membrane as a barrier to obstruct the invasion
of undesirable cells at the bone healing area. This
technique permits the preferential repopulation of
specific cells at specific places, which will then be able
to regenerate the type of bone tissue lost in the area.16

Since the beginning of the 19th century, human
amniotic membrane (HAM) has been used as a bio-
logic dressing in wound areas.17–19 Studies indicate
that the use of this membrane is mainly associated
with the early induction of the repair process, as
well as the promotion of pain relief and hemosta-
sis.20,21 Other publications indicate the existence of
angiogenic and growth factors in the amnion, which
stimulate the repair process.18,22 Antibacterial prop-
erties of this membrane have also been reported
when it is applied to infected wounds.23 It is
believed that the antibacterial property of HAM is
related to the presence of lysozyme present in amni-
otic fluid.24 According to Needham25 and Talmi and
coworkers,23 lysozyme is a powerful bactericidal
enzyme in high concentration in HAM, and it acts
against many gram-negative microorganisms. Some
authors have suggested that HAM is relatively well
tolerated when used as a self-graft.26,27

The purpose of the present investigation was to
evaluate the osteoinductive activity of ADDM
together with a GBR technique incorporating the

use of HAM in experimental surgical bone defects
in the parietal bone of rabbits. 

MATERIALS AND METHODS

Thirty-six adult rabbits with an average weight of
3.5 kg were used and divided into 2 groups, experi-
mental (ADDM+HAM) and control (HAM). The
ADDM was obtained by extraction of the central
incisor of the rabbits used in the experimental group
and prepared in slices, according to the technique of
Catanzaro-Guimarães and associates.4 The extracted
teeth were processed by the following techniques.
The tooth pulps were extirpated by a retrograde
technique and the residues of the periodontal liga-
ment were removed by scaling of the root. The
teeth were washed with sterile physiologic serum at
2°C and then immersed in a 0.6 N hydrochloric acid
solution at 2°C until completely demineralized. The
specimens were then washed in distilled water under
constant agitation for 3 hours for total acid removal.
After this process, the ADDM was cut into slices of
approximately 8 µm thickness with the aid of freez-
ing microtomy. These slices were immersed in a
closed container containing ethyl alcohol 70°/gen-
tamicin (5 mL/0.2 sol) and stored at 2°C until the
time of implantation (Fig 1).

The HAM was obtained by cesarean section
from selected human subjects. Acceptable condi-
tions for utilization of the membrane were: absence
of previous membrane rupture, no history of sexu-
ally transmitted diseases or infectious/contagious

Fig 1 The ADDM slices were immersed in a closed container
containing ethyl alcohol 70°/gentamicin (5 mL/0.2 sol). 

Fig 2 Macroscopic aspect of the lyophilized human amniotic
membrane.
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diseases, no pelvic inflammatory disease, no 
toxemia, and absence of abnormal amniotic
fluid.27,28 This membrane was lyophilized and steril-
ized with ethylene oxide (Fig 2).

The animals were anesthetized intramuscularly
with Rompum (pre-anesthetic, Bayer SA, São
Paulo, Brazil) and Ketamina (anesthetic, Holliday-
Scott SA, São Paulo, Brazil). The pre-anesthetic
agent was applied 5 minutes before administration
of the anesthetic. An incision was made in the
median sagittal plane, followed by muscular dissec-
tion, plane to plane, and incision of the periosteum.
Subsequently, a surgical bone defect was created,
with the aid of a 5.0-mm trephine activated by a
surgical micromotor. The bone defect had an ellip-
tic form (1.0�0.5 cm), with a depth equal to the
thickness of the removed cortical bone.

In the experimental group, HAM was positioned
on the floor of the bone defect and ADDM was
placed in slices, internally and at the periphery of
the bone defect. The superficial surface of the bone
defect was completely recovered by HAM. Immedi-
ately afterward, the periosteum was sutured, as well
as the skin. In the control group, HAM was placed
on the defect floor and on the surface of the surgical
bone defect and the defect was filled with blood
clot. Then, the periosteum and the skin were
sutured (Fig 3).

Thirty, 60, 90, and 120 days after the surgery, 3
animals in each group were sacrificed. The bone
containing the created defect was removed en bloc,
fixed in 10% formalin, and submitted to light
microscopic analysis. The sections were obtained in

longitudinal direction and showed about 8 µm of
thickness. The sections were stained by hema-
toxylin-eosin, Mallory trichrome, and Schmorl. 

RESULTS

Defects at 30 Days
In the experimental group (ADDM+HAM), the
region of the bone defect showed immature bone
tissue throughout the defect and, in some areas at
the surface, the presence of osteogenic connective
tissue could be observed. This tissue showed a dis-
crete infiltration of mononuclear inflammatory cells,
with a predominance of lymphocytes. Above the
surgical bone defect, HAM and some mononuclear
inflammatory cells were observed in direct contact
with the HAM surface. In a panoramic view, a
greater number of immature bone trabeculae were
seen at the extremities of the surgical bone defect
than in the central part, characterizing a centripetal
growth pattern. The ADDM slices, implanted at the
limits of the defect, were incorporated into the
newly formed bone matrix (Fig 4). In some areas,
osteoclastic cells and numerous osteoprogenitor
cells were observed on the surface of the ADDM
slices (Fig 5).

In the control group (HAM), the defects were
filled with bone tissue and osteogenic connective
tissue. The newly formed bone trabeculae were
immature and extended from the limits of the
defect to the central part of the surgical bone
defect, characterizing centripetal bone growth.

ADDM

Experimental group Control group

HAMHAM

Fig 3 Transverse incisions of the defect in rabbit parietal bone. HAM = human amniotic mem-
brane; ADDM = autogenous demineralized dentin matrix.
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Newly formed bone and a discrete infiltrate of 
lymphocytic inflammatory cells were observed in
contact with the HAM, along with intense osteo-
clastic activity, characterizing a resorption phenom-
enon (Fig 6). In a panoramic view, it was noted that
the thickness of the newly formed bone trabeculae
was thinner in comparison to the thickness of the
original bone trabeculae. No evidence of HAM
rejection was observed in either control or experi-
mental sites (Figs 7a and 7b).

Defects at 60 Days
In the experimental group, the surgical bone defect
was completely filled by mature bone tissue, with
thick and well-defined bone trabeculae and areas of
newly formed bone. At one of the defect extremities,

the presence of an exophytic bone growth was veri-
fied, with numerous bone trabeculae and reduced
medullary spaces. The absence of HAM was also
observed, and ADDM slices incorporated in bone
matrix were resorbing during the bone remodeling
process (Fig 8). In the control group, the region of
the surgical bone defect was completely filled with
bone tissue. This tissue showed red and yellow bone
marrow with wide medullary spaces. On the floor of
the defect, the presence of HAM was still seen in
contact with mononuclear inflammatory cells and
immature bone trabeculae. No signs of the rejection
of HAM were evident in either control or experi-
mental sites (Figs 9a and 9b).

Defects at 90 Days
In the experimental group, the surgical bone defect
was filled with bone tissue, with numerous bone tra-
beculae and wide medullary spaces present. The
bone trabeculae were mature, thick, and well
defined. However, there were areas of newly formed
bone showing trabeculae with many osteoblasts. In
a panoramic view, the newly formed bone tissue
presented discrete variations in thickness in com-
parison to the original cortical bone level. In the
control group, almost the entire bone defect was
filled with mature bone tissue. At one of the lateral
limits of a defect, the discrete presence of
osteogenic connective tissue was observed. In this
area, HAM remnants were still present in contact
with this membrane, along with macrophages, char-
acterizing a resorption phenomenon. Adjacent to
the HAM, few newly formed bone trabeculae were
seen. In the panoramic view, the area of the bone

Fig 4 Experimental group at 30 days. Autogenous demineral-
ized dentin matrix slices (asterisk) have been incorporated into
the newly formed bone matrix (Mallory trichrome; magnification
�200).

Fig 5 Experimental group at 30 days. Numerous osteoprogeni-
tor cells can be seen on the surface of the autogenous deminer-
alized dentin matrix slices (asterisk) (hematoxylin-eosin; magnifi-
cation �200).

Fig 6 Control group at 30 days. Newly formed bone is in con-
tact with human amniotic membrane (arrow) (hematoxylin-eosin;
magnification �200). 
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Figs 7a and 7b Photomicrographs of the
bone defect region after a period of 30 days:
(Top) Autogenous demineralized dentin matrix
with human amniotic membrane and (bottom)
human amniotic membrane only. Limits of the
surgical bone defect are indicated by arrows
(hematoxylin-eosin; magnification �25).

Fig 8 Experimental group, 60 days. Autoge-
nous demineralized dentin matrix slice is
incorporated in bone matrix (asterisk) and is
being resorbed during the bone remodeling
process (Schmorl; magnification �200).

Figs 9a and 9b Photomicrographs of the
bone defect region after a period of 60 days:
(Top) Autogenous demineralized dentin matrix
with human amniotic membrane and (bottom)
human amniotic membrane only. Limits of the
surgical bone defect region are indicated by
arrows (hematoxyl in-eosin and Mallory
trichromic; magnification �25).

*

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.



defect had increased in thickness in both control
and experimental sites in comparison to the pre-
existing bone area (Figs 10a and 10b).

Defects at 120 Days 
In the experimental group, the region of the surgical
bone defect was totally filled with mature bone tis-
sue. In a panoramic view, it could be seen that the
newly formed bone was thicker in the central region
than on the limits of the defect, demonstrating an
exophytic bone growth. In the central region, the
presence of a small amount of mature bone trabecu-
lae with wide medullary spaces and yellow and red
bone marrow was observed. In the control group,

the region of the surgical bone defect was filled by
mature bone tissue, with regular medullary spaces
and yellow and red bone marrow. The newly formed
cortical bone was well defined (Figs 11a and 11b).
The healed parietal bone was thinner in the control
group than in the experimental group.

DISCUSSION

The search for ideal characteristics of an osteoinduc-
ing implant material constitutes a continuous chal-
lenge in biomedical research. Biocompatibility, mate-
rial storage without loss of viability, ease of obtaining

568 Volume 16, Number 4, 2001
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Figs 10a and 10b Photomicrographs of the
bone defect region after a period of 90 days:
(Top) Autogenous demineralized dentin matrix
with human amniotic membrane and (bottom)
human amniotic membrane only. Limits of the
surgical bone defect region are indicated by
arrows (hematoxyl in-eosin and Mallory
trichromic; magnification �25).

Figs 11a and 11b Photomicrographs of the
region of the bone defect in the period of 120
days: (Top) Autogenous demineralized dentin
matrix with human amniotic membrane and
(bottom) human amniotic membrane only.
Limits of the surgical bone defect region are
indicated by arrows (hematoxylin-eosin; magni-
fication �25).
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the material, cost/benefit relationship, and, mainly,
osteoinductive potential, have been the parameters
for various studies of osteoinductive biologic materi-
als.6 Osteoinduction has been observed using materi-
als such as hematopoietic bone marrow, fresh spon-
gious bone, compact fresh bone, bone matrix,
demineralized dentin, hydroxyapatite, and others.
These materials have been used in reconstructive
surgery to replace the loss of large amounts of bone
tissue in situations involving craniofacial deformities,
multiple trauma, orthopedic and oncologic surgery,
neurosurgery, and periodontal surgery.2,4,6,7,10,30–39

Some studies have shown the formation of bone
tissue and cartilage after implantation of demineral-
ized dentin in the intramuscular regions of experi-
mental animal groups.4,7 These phenomena occur
because of the presence of an osteoinducing substra-
tum—BMPs that have osteoinductive proper-
ties.30,34,40,41 The process of preparation of the
ADDM used in this study4,40 probably did not jeop-
ardize the activity of the existing BMP in the dentin,
since a greater amount of bone tissue was seen in
the experimental group than in the control group.

In recent years, researchers have used growth
factors such as IGF, PDGF, BMPs, and others in
combination with occlusive membranes to acceler-
ate the bone repair process.42,43 Some authors
reported the presence of these growth factors in
bone matrix and dentin matrix, explaining in this
way the osteoinductive activity of ADDM.3–6

No membrane of embryonic origin such as HAM
had been used previously with the GBR technique.
Knowing its antibacterial properties,23 the presence
of angiogenic17 and growth factors,22 and the
absence of rejection of HAM by the rabbits,44,45 it
was the authors’ primary purpose to investigate the
influence of its application in the repair of surgical
bone defects. A second purpose was to observe its
behavior in the host tissue when associated with the
osteogenic material dentin matrix.

In this study, microscopic results showed that in
the 30-day period, a greater amount of bone tissue
was formed in the experimental group than in the
control group. In a panoramic view, the control
group showed a thinner layer of bone tissue in com-
parison to the experimental group, and the amniotic
membrane had been phagocytosed by macrophage
cells, characterizing a resorption phenomenon. This
process was also seen in the studies of Gomes and
associates.45 The absence of bacterial colonies in both
groups was also observed. This may have been the
result of the antibacterial activity of HAM, in accor-
dance with the findings of Needham,25 Robson and
coworkers,28 Colocho and colleagues,24 Matthews
and associates,20 and Talmi and coworkers.23

After 60 days, bone formation was more exuber-
ant in the defects in which ADDM slices had been
implanted. At this point, ADDM slices were no
longer evident. In the control group, the presence
of this membrane on the surface of surgical bone
defects was still observed.

After 90 days, bone formation was also more exu-
berant in the experimental group than in the con-
trol group. In the experimental group, HAM and
ADDM slices were no longer seen. In the control
group, remnants of HAM were still observed on the
surface of the surgical bone defect.

After 120 days, in the experimental group, the
amount of mature bone trabeculae was greater in
comparison to the control group. In the control
group, the presence of HAM was no longer
observed on the surface of the region where the sur-
gical bone defect had been created.

The biocompatibility of HAM and ADDM evi-
denced in these results associated with the
osteogenic effect of ADDM corroborate the results
of Norris and associates,46 Catanzaro-Guimarães
and coworkers,4 Fishman and colleagues,47 Gage
and associates,19 Badawy and coworkers,44 Catan-
zaro-Guimarães,6 and Gonçalves.7 According to the
observations of Trelford and associates48 and Catan-
zaro-Guimarães and coworkers,4 this is a result of
the low antigenicity of HAM and ADDM.

On the other hand, in this investigation, it was
also verified that ADDM has chemotactic proper-
ties, attracting osteoprogenitor cells and osteoblasts
toward its region, promoting acceleration of the
bone repair process at the surgical bone defect.
According to Urist and Strates,8 Catanzaro-Guima-
rães and associates,4 and Gonçalves,7 these phenom-
ena occur because of the release of growth factors
from ADDM—more evidence of its osteoinductive
and osteoconductive properties, which were also
observed in these studies. From the results seen at
60 days, the ADDM was already in a complete
resorption phase and the remodeling process
occurred simultaneously with this phase.

In this investigation, there was no control group
without HAM, since regular bone repair in surgical
defects in the rabbit skull, without inclusion of any
material or substances, has already been studied
extensively.11,12

CONCLUSION 

It was concluded that the HAM did not interfere
with bone repair and bone resorption processes in
the healing of parietal defects in rabbits. The
ADDM slices stimulated new bone formation and
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were completely incorporated into the newly
formed bone tissue, having been resorbed during
the bone remodeling process. Bone repair appeared
to be faster in the experimental group (sites with
ADDM slices) than in the control group (no
ADDM slices).

ACKNOWLEDGMENT

This study was supported by grant 1996/3203-2 from Fun-
dação de Amparo a Pesquisa do Estado de São Paulo (FAPESP).

REFERENCES

1. Urist M. Formation by autoinduction. Science 1965;50:
893–899.

2. Alper G, Bernick S, Yazdi M, Nimni ME. Osteogenesis in
bone defects in rats: The effects of hydroxyapatite and de-
mineralized bone matrix. Am J Med Sci 1989;298:371–376.

3. Bessho K, Tagawa T, Murata M. Comparison of bone
matrix-derived bone morphogenetic proteins from various
animals. J Oral Maxillofac Surg 1992;50:496–501. 

4. Catanzaro-Guimarães SA, Catanzaro-Guimarães B, Garcia
RB, Alle N. Osteogenic potential of autogenic demineralized
dentin implanted in bony defects in dogs. Int J Oral Maxillo-
fac Surg 1986;15:160–169.

5. Bessho K, Tagawa T, Murata M. Purification of rabbit bone
morphogenetic protein derived from bone, dentin, and
wound tissue after tooth extration. J Oral Maxillofac Surg
1990;48:162–169.

6. Catanzaro-Guimarães SA. Possibility to reinforce bone
repair with decalcified dentin matrix. In: Gesellschaft für
orale Implantologie (eds). Jahrbuch für orale Implantologie.
Berlin: Quintessenz, 1993:33–34.

7. Gonçalves EAL. Study of the Process of Bone Repair in Sur-
gical Defects Implanted with Demineralized Autogenous
Dentin Matrix in Radius of Dogs [thesis]. Bauru: University
of São Paulo, 1997.

8. Urist M, Strates BS. Bone morphogenetic protein. J Dent
Res 1971;50:1392–1406.

9. Buser D, Dahlin C, Schenk RK. Guided Bone Regeneration
in Implant Dentistry. Berlin: Quintessence, 1994.

10. Tziafas D.  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.

11. Hämmerle CHF, Schmid J, Olah AJ, Lang NP. Osseous
healing of experimentally created defects in the calvaria of
rabbits using guided bone regneration. Clin Oral Implants
Res 1992;3:144–147.

12. Hämmerle CHF, Schmid J, Lang NP, Olah AJ. Temporal
dynamics of healing in rabbit cranial defects using guided
bone regeneration. J Oral Maxillofac Surg 1995;53:167–174.

13. Bluhm AE, Laskin DM. The effects of polytetrafluoroethyl-
ene cylinders on osteogenesis in rat fibular defects: A pre-
liminary study. J Oral Maxillofac Surg 1995;53:163–166.

14. Karring T, Nyman S, Gottlow J, Laurell L. Development of
the biological concept of guided tissue regeneration—Ani-
mal and human studies. Periodontol 2000 1993;1:26–35.

15. Nyman S, Lang NP. Guided tissue regeneration and dental
implants. Periodontol 2000 1994;4:109–118.

16. Nyman R, Magnusson M, Sennerby L, Nyman S, Lundgren
D. Membrane-guided bone regeneration: Segmental radius
defects studied in the rabbit. Acta Orthop Scand 1995;66:
169–173.

17. Faulk WP, Stevens PJ, Burgos H, Matthews R, Bennett JP,
Hsi BL. Human amnion as an adjunct in wound healing.
Lancet 1980;1:1156–1158.

18. Burgos H. Angiogenic factor from human term placenta:
Purification and partial characterization. Eur J Clin Invest
1986;16:486–493.

19. Gage FH, Blaker SN, Davis GE, Engvall E, Varon S, Man-
thorpe M. Human amnion membrane matrix as a substratum
for axonal regeneration in the central nervous sistem. Exp
Brain Res 1988;72:371–380.

20. Matthews RN, Faulk WP, Bennett JP. A review of the role of
amniotic membranes in surgical practice. In: Winn RM (ed).
Obstetrics and Gynecology Annual. New York: Appleton-
Century-Crofts, 1982:31–58.

21. Balbi C, Balbi GC. Riepitelizzazione di ectropion con apli-
cazione locale de una membrana amniotica a lunga conser-
vazione. Minerva Ginec 1989;41:145–148.

22. Burgos H. Angiogenic and growth factors in human amnio-
chorion and placenta. Eur J Clin Invest 1983;13:289–296.

23. Talmi YP, Sigler L, Inge E, Finkelstein Y, Zohar Y. Antibac-
terial properties of human amniotic membranes. Placenta
1991;12:285–288.

24. Colocho G, Grahan III WP, Greene AE, Matheson DW,
Lynch D. Human amniotic membrane as a physiologic
wound dressing. Arch Surg 1974;109:370–373.

25. Needham J. Biochemistry and Morphogenesis. London:
Cambridge University, 1950. 

26. Akle C, Welsh KI, Adinolfi M, Leibowitz S. Immunogenic-
ity of human amniotic epithelial cells after transplantation
into volunteers. Lancet 1981;2:1003–1005.

27. Bennett JP, Matthews R, Faulk WP. Treatment of chronic
ulceration of the legs with human amnion. Lancet 1980;1:
1153–1156.

28. Robson MC, Krizek TJ, Koss N, Samburg JL. Amniotic
membrane as a temporary wound dressing. Surg Gynecol
Obstet 1973;136:904–906.

29. Bose B. Burn wound dressing with human amniotic mem-
brane. Ann R Coll Surg Engl 1979;61:444–447.

30. Yeomans JD, Urist MR. Bone induction by decalcified den-
tine implanted into oral, osseous and muscle tissues. Arch
Oral Biol 1967;12:999–1008.

31. Bang G. Induction of heterotopic bone formation by demin-
eralized dentin in guinea pigs: Antigenicity of the dentin
matrix. J Oral Pathol 1972;1:172–185.

32. Knudsen GE, Bang G, Kristoffersen T. Implanting of allo-
genic demineralized dentin in human gingival tissue. J Clin
Periodontol 1974;1:153–159. 

33. Nordenram A, Bang G. Reconstruction of the alveolar
process by implantation of allogenic demineralized dentin.
Oral Surg Oral Med Oral Pathol 1975;40:48–50.

34. Gould TRL, Westbury L, Tillman J. Dentin matrix gelatin
(DMG) as possible “universal” grafting material in perio-
dontics. J Periodontol 1981;53:22–25.

35. Strates BS, Stock AJ, Connoly JF. Skeletal repair in the aged:
A preliminary study in rabbits. Am J Med Sci 1988;296:
266–269.

36. Veis A, Sires B, Clohis Y. A search for the ostegenic factor in
dentin. Rat incisor dentin contains a factor stimulating rat
muscle cells in vitro to incorporate sulfate into an altered
proteoglycan. Connect Tiss Res 1989;23:137–144.

37. Nade S. Stimulating osteogenesis. Injury 1994;25:577–583.

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.



38. Nakashima M. An ultrastructural study of the differentiation
of mesenchymal cells in implants of allogeneic dentine ma-
trix on the amputated dental pulp of the dog. Arch Oral Biol
1994;35:277–281.

39. Nakashima M. Induction 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.

40. Butler WT. Noncollagenous proteins of a rat dentin matrix
possessing bone morphogenetic activity. J Dent Res 1977;56:
228–232.

41. Kawai T, Urist MR. Bovine tooth-derived bone morpho-
genetic protein. J Dent Res 1989;68:1069–1074.

42. Becker W, Lynch S, Lekholm U, Becker BE. A comparison
of e-PTFE membranes alone or in combination with
platelet-derived growth factors and insulin-like growth fac-
tor-I or demineralized freeze-dried bone in promoting bone
formation around immediate extraction socket implants. J
Periodontol 1992;63:929–933.

43. Busch O, Solheim E, Bang G, Tornes K. Guided tissue
regeneration and local delivery of insulin like growth factor I
by bioerodible polyorthoester membranes in rat calvarial
defects. Int J Oral Maxillofac Implants 1996;11:498–505.

44. Badawy SZA, Baggish MS, Elbakry MM, Baltoyannis P.
Evaluation of tissue healing and adhesion formation after an
intraabdominal amniotic membrane graft in the rat. J
Reprod Med 1981;34:198–202. 

45. Gomes MF, Nogueira TO, Sousa SCO, Navarro MFL,
Consolarp A. Implantation of human amniotic membrane on
dental socket wound healing process in rats [abstract]. J
Dent Res 1996;75:224. 

46. Norris MA, Cohen MS, Warren MM, Becker SN, Baur PS
Jr, Seybold HM. Bladder reconstruction in rabbits with glu-
taraldehyde-stabilized amniotic membranes. Urology 1982;
19:631–635.

47. Fishman IJ, Flores FN, Scott FB, Spjut HJ, Morrow B. Use
of fresh placental membranes for bladder reconstruction. J
Urol  1987;138:1291–1294.

48. Trelford JD, Hanson FW, Anderson DG, Mendel V.
Implanted amniotic membrane as an autograft and as an
allograft. J Med 1975;6:169–180.

The International Journal of Oral & Maxillofacial Implants 571

GOMES ET AL

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.


