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ABSTRACT:  Evolution of knowledge related to molecular Biology has been applied in different areas of clinical
Biology, Dentistry among them, allowing the use of these new advances in the treatment of offenses to the pulpal organ. The
use of bone morphogenetic proteins (BMPs) represents another possibility in the treatment of exposed pulps with no contact
with aggressive agents and free from undesirable effects to maintain pulp vitality.
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INTRODUCTION

Evolution of knowledge related to molecular
Biology has been applied in different areas of clinical
Biology, Dentistry among them, allowing the use of
these new advances in the treatment of offenses to
the pulpal organ. The use of bone morphogenetic
proteins (BMPs) represents another possibility in the
treatment of exposed pulps with no contact with
aggressive agents and free from undesirable effects
to maintain pulp vitality. Within this context, the authors
aim to review the literature on the subject.

Dentin-pulp complex. Pulpal tissue has a great
reparative capacity, proved by clinical studies and
histological cuts (Weinreb et al. 1967). This reparatory
capability of the pulp represents the main source for
dentin neoformation (Goldberg et al. 2003). Pulp
healing and repair through dentin tissue deposition,
happens as consequence of a complex cellular
process, sequential and inter-related, including
chemotaxis, proliferation, neovascularization,
extracellular matrix remodelation and cellular
differentiation, leading to the formation of reparative
dentin (Melin et al., 2000).

Direct pulp capping consists in the direct application of
a protective agent on the exposed pulp, aiming to help
pulp tissue reparation, maintain its vitality and protect
it from additional injuries, through stimulation and
development of a new dentin layer (Mondelli, 1998).
The ideal protective agent should be the one that is
completely reabsorbed, not affecting pulpal tissue
vitality in the healing process and not unleashing any
adverse effects when used.

Calcium hydrate. Calcium hydrate based compounds,
the paste specifically [Ca(OH)

2
], are the agents most

commonly used for direct pulp capping. By showing a
highly alkaline pH, around 12, bactericide activity and
promoting tissue repair by producing dentin bridge (Fo-
reman & Barnes, 1990). These compounds neutralize
the acid pH from the inflammatory tissue (Murray et

al., 2002) however, by being too alkaline, they create
obliteration zones and superficial necrosis by
coagulation of deeper areas, where reparative dentin
is beginning to be formed (Stanley, 1989). Structural
flaws present in the dentin bridge, formed after calcium
hydrate use, shows the presence of numerous
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porosities, called “tunnel defects”, which allows for
bacterial micro-infiltration and its toxins into pulp inte-
rior (Ulmansky et al., 1972 and Cox et al., 1996). These
flaws make dentin bridge an inefficient and
discontinuous barrier, incapable of stopping a new pulp
infection and bacterial contamination causing irrever-
sible damage to pulp vitality (Goldberg et al., 2003).
These materials have unstable physical properties,
which allow migration of their particles inside pulpal
tissue, eventually producing an inflammatory process
that leads to necrosis (Walton & Langeland, 1978).

Continuous cell stimulation in the dentin bridge
formation by using calcium hydrate compounds is
another factor that leads to excessive mineralized
tissue, with occasional closure of the pulp chamber and
its consequent obliteration. This particularity makes
internal circulation difficult, also affecting radicular
canals, causing atresia and toughening a later
endodontic treatment, if needed (Stanley, 1989).
Undesirable effects, inherent to Calcium Hydrate pas-
te action, caused improvements in the conventional
Calcium Hydrate cements composition, with more
acceptable biocompatibility characteristics (Costa et al.,

2000), a better defined pH, determinant factor in the
mild initial pulp inflammation (Negm et al., 1981) and
less chances of necrosis (Turner et al., 1987). Because
of the adverse effects caused by the use of calcium
hydrate base compounds directly over the exposed
pulp, other capping agents have been studied and
indicated by literature.

MTA (Mineral Trioxide Aggregate): MTA consists
in a material composed by hydrophilic particles, in which
the components are tricalcium silicate, tricalcium
aluminate, tricalcium oxide, silicate oxide and bismuth
oxide. MTA is used in Endodontics to repair pulp
chamber floor or furcation perforations, effectively
stimulating reparatory dentin formation and pulpal
healing after pulpotomy, without showing any adverse
effects (Ford et al., 1996; Faraco & Holland, 2001;
Tziafas et al., 2002; Dominguez et al., 2003; Aeinehchi
et al., 2003).

BMP (Bone Morphogenetic Proteins). Dentin and
pulp tissue formation has been made both “in vitro”
and “in vivo” using strategies applied in tissue
engineering. The great potential in applying this
technique is treating teeth with pulpal injury. Grafting
enamel matrix derivate has also been evaluated for
direct pulp capping suggesting that its use increases
the formation of reparatory dentin and effectively
producing the dentin bridge (Igarashi et al., 2003;

Matsumoto & Lyngstadaas, 2002). This technique was
evaluated by Ishizaki et al. 2003 where, after 4 and 8
weeks observation, through microscopic exam, an
increase in tertiary dentin was found, suggesting that
the material used influenced odontoblasts and
endothelial capillary cells to perform the role of
neoformed calcification tissue.

Urist and Strates (1971) designated the term
“osteoinduction” to a fundamental principle of osseous
regeneration unleashed by action of the BMPs, which
are indicated nowadays to repair exposed pulps and
belong to a super-family of growth transformation
factors (TGFb_). TGFb_ is a potent modulator of tissue
repair in different situations (Six et al., 2002; Goldberg
et al., 2003). Melin et al., (2000) saw the action of this
factor in human teeth for direct pulp capping, stating
that this material is capable to induce type I collagen
formation by pulp cells, suggesting that the same is
directly involved in regulating cell proliferation and
migration, and also in the production of extracellular
matrix in human dental pulp and consequently
influencing tooth repair process. Since the BMPs
belong to the growth factor super-family (TGFb),
Nakashima (1990) reports that these proteins can be
used, with great success, directly on exposed pulps,
without any adverse effect to the pulpal organ.

There are evidences suggesting that, if the
odontoblasts are lost due cavities, the formation of new
pulp cells can be stimulated by the presence of BMPs
(Kaigler et al., 2001). These proteins exist in
odontoblasts, ameloblasts and in the dentin matrix,
being capable to induce undifferentiated pulp cells into
odontoblast-like cells. The molecules that belong to the
BMPs group act as important signaling molecules, both
in dental development as in reparatory processes
stimuli in mature tooth tissue, being originally isolated
from the osseous cell matrix and having the capability
to induce ectopically osseous formation (Helder et al.,
1998; Lianjia et al., 1993).

Actuation of BMPs originated from several
animals was compared by verifying if, no matter the
animal specie which was extracted from, it promoted
osteoinduction (Bessho et al., 1992). On first studies,
human BMPs were extracted and purified from corpse’s
bones or dentinary matrix, with the risk of transmitting
infections (Caúla et al., 1999). In the present day, with
advances in tissue engineering, these molecules can
be synthesized, making them available for therapeutic
application in dental practice (Cohen et al., 1975).
BMPs production available for professionals nowadays
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offers a uniform and standardized product, of high
quality and with capability of reproduction which allows
for the production of large amounts (Caúla et al., 1999).
For clinical application, it is essential the efficiency of
the carrying material (transmitter), which should
promote bioaccessibility to the host tissues of the BMP
and assure its uniform and gradual distribution. Also,
this carrier must be reabsorbed as tissue formation
occurs, be biodegradable and biocompatible (Toriumi
and Robertson, 1993). Among the tested biomaterials
as carriers include various extracellular matrix
components, combined or isolated (collagen,
fibronectin, glucosaminoglycans), calcium hydrate and
calcium phosphate (Rutherford et al., 1994). The
physical structure or the molecular organization of the
carrier can contribute to cell guidance and facilitate the
reparatory and regenerating process in the newly
formed tissues (Goldberg et al., 2003).

Clarkson et al. (2001) reported that, of all
studies conducted on animals, with BMPs extracted
from purified and recombining BMP-7, these proteins
presented as capable of regenerating tubular and
intratubular dentin, when used on vital exposed pulp.
Lianjia et al. (1993), reported that a week after pulp
protection with BMP, a small sign of inflammation was
found; however, at the end of the second week, these
signs were gone and a substantial amount of dentin
and osteodentin was observed, being well
distinguished in two regions, in the osteodentin and
in the regular dentin surrounded by osteodentin areas.
In the last region, there was the presence of many
dentin tubes with well defined odontoblastic
processes. In the beginning of the third week, dentin
formation was inducted and the dentin bridge was
completely formed, and calcification process had
started. For the control group, capped with calcium
hydrate, only a small formation of osteodentin was
present in the fourth week after the treatment and
without formation of the dentin bridge, which shows
the main advantages of using BMPs as capping ma-
terial rather than calcium hydrate.
 

DISCUSSION

Advances in tissue engineering and studies with
bioactive molecules has provided new methods and
resources to preserve pulp vitality, which represents
the main source to produce reparatory dentin, without
compromising the lifetime of the tooth element and not
causing any dystrophic calcifications.

BMPs play an important role in cell differentiation
and consist in one of the most important agents in
odontoblasts induction when used as direct pulp
protectors (Lianjia et al., 1993), indicating the possibility
of its use as a substitute for materials commonly used
for direct pulp capping, such as calcium hydrate that
despite satisfying results, have effects of risking pulp
vitality (Rutherford et al., 1995; Stanley, 1989; Walton
& Langeland, 1978; Ulmansky et al., 1972; Cox et al.,
1996; Goldberg et al., 2003).

Lianjia et al. (1993) found that BMPs are also
responsible for dentinogenesis, inducing non
differentiated mesenchymal cells from the pulp to form
odontoblast-like cells, obtaining osteodentin and tubular
dentin deposition, when used as direct protectors. This
result was also shown by Nakashima (1990);
Rutherford et al. (1993).

Rutherford et al. (1993) saw that osteogenic
protein (OP-1) when applied directly on dentin, in
monkey teeth, stimulates the formation of reparatory
dentin significantly more than the calcium hydrate pas-
te, also presenting the carrier characteristic, collagen
in such case, completely reabsorbed and substituted
by a fibrous mineralized connective tissue, which is
different from calcium hydrate, that stays in the tooth
under the dentin bridge. This author also found that
the extension of tissue mineralization evaluated in
another work (Rutherford et al., 1994), followed in
periods of 1, 2, 4 and 6 weeks of healing time of the
exposed area, and covered with osteogenic protein-1
(hOP-1, BMP-7), ended with the formation of reparatory
dentin and its mineralization happened in a proportion
of 75% at the end of the first month and 95% after four
months.

Among studies found in Literature, they all
unanimously attested, according to each experiment
condition, that the pattern of formed dentin with the
use of calcium hydrate as a direct pulp protector was
different from the pattern achieved with the use of
BMPs, which provided higher quantity and more
homogeneous reparatory dentin with the presence of
many tubes with defined odontoblastic processes
(Nakashima, 1990; Lianjia et al., 1993; Rutherford et

al., 1995) which, according to Rutherford et al. (1994),
there is also a correlation between the amount of the
formed dentin and the quantity of BMP used; in this
last study, authors reported better results, obtaining a
larger amount of neo-formed dentin when 1-2mg of the
protein were used, which did not occur when calcium
hydrate was used.
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Lianjia et al., (1993) reported that, one week after
pulp capping with BMP, a small sign of inflammation
was found; however, at the end of the second week, a
small formation of osteodentin was present, without the
formation of the dentin bridge, thus showing one of the
main advantages of BMP use, as capping material.

Tissue engineering is a complex and
multidisciplinary field that uses knowledge from
biological and biochemical sciences, aiming to promote
induction, conduction and cell transplant with different
approaches and objectives (Kaigler et al., 2001). Within
this context, first questionings about processes that lead
to osseous neo-formation on sites not provided with
osseous tissues, are attributed to Urist & Strates (1971)
and, to them, a “main factor” would be responsible for
this effect. This factor was reported as a substance
inductor of osseous formation present in the collagen
osseous matrix. The authors also state that the inducing
cells and the inducted cells are from the host and that

these same inductive cells are descendent from mobile
histiocytes and cells from the perivascular conjunctive
tissue.
 

CONCLUSIONS

As found in Literature, the use of morphogenetic
proteins, especially BMP-7 or OP-1, are well indicated
to be used for direct pulp capping in vital teeth that
suffered from pulp exposure. As studies showed, the
capacity of stimulating pulp cells to produce high quality
of reparatory dentin, reporting better and more
promising results, when compared to results found with
the use of calcium hydrate compounds. However, more
clinical studies should be made and to prove with more
samples, their indication and to know the effects and
mechanisms by which BMPs stimulate pulp repair and
regeneration, with clarity and security.
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RESUMEN: La evolución del conocimiento relacionado a la Biología Molecular ha sido aplicado en diferentes áreas
de la Biología Clínica, entre ellas la Odontología, permitiendo el uso de esos nuevos adelantos en el tratamiento de agresio-
nes al órgano pulpar. El uso de proteínas óseas morfogenéticas (BMPs), representa otra posibilidad en el tratamiento de
pulas expuestas sin la presencia de agentes agresores, libre principalmente de los efectos indeseables a la mantención de
la vitalidad pulpar.

PALABRAS CLAVE: proteína ósea morfogenética, dentina reparadora, capeamento pulpar.
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