JDC SCIENTIFIC ARTICLE

Pulpal and Periapical Response of Dogs’ Teeth
after Pulpotomy and use of Recombinant Human
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ABSTRACT

Objective: The purpose of this study was to evaluate the pulpal and periapical response of dogs’
teeth after pulpotomy and the use of recombinant human bone morphogenetic protein-7 as
a capping agent.
Methods: Pulpotomy was performed in 60 teeth from 6 dogs, and the remaining pulp tis-
sue was capped with the following materials: (a) groups 1 and 5: recombinant human bone
morphogenetic protein-7 associated with recombinant human-like collagen; (b) groups 2 and
6: recombinant human-like collagen; (c) groups 3 and 7: calcium hydroxide; and (d) groups
4 and 8: zinc oxide and eugenol cement. After 7 days (groups 1-4) and 70 days (groups 5-8),
the animals were sacrificed and the pieces containing the teeth were removed and processed
for histological analysis.
Results: Seven-day period: according to the type of inflammatory infiltrate observed in the root
pulp tissue: (a) groups 1 and 2 were classified as severe with intense vascular proliferation; (b)
group 4 was classified as moderate; and (c) group 3 was classified as mild. No dentin bridge
formation was observed in any specimen, and the periapical region had normal appearance.
70-day period: groups 5, 6, and 8 showed no dentin bridge formation, and the remaining pulp
tissue presented necrotic areas with inflammatory cells in the periapical region as well as bone
and cemental resorption. In group 7, there was dentin bridge formation, absence of inflamma-
tion, and absence of mineralized tissue resorption.
Conclusion: The use of rHuBMP-7/rHuCollagen as a capping material after pulpotomy did
not show either satisfactory apical and periapical response or capacity of inducing deposition
of mineralized tissue. (] Dent Child 2007;74:79-84)
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consists of amputation of the coronal pulp and protection

of the vital root pulp tissue with a capping material to
preserve its vitality and integrity and stimulate the deposition of
reparative mineralized tissue.’

Compared to other endodontic procedures, pulpotomy is
considered a low-cost, definitive technique and has nearly a 96%
success rate for both primary and permanent teeth.”

For several years, Ca(OH), (calcium hydroxide) has been
the most widely accepted capping material for pulpotomy.

Pulpotomy is a conservative endodontic procedure that

Dr. da Silva and Dr. Assed are chair professors, Dr. Silva is post
doctoral student, and Dr. Leonardo is visiting professor, all

in the Department of Pediatric Clinics, Preventive and Social
Dentistry, School of Dentistry of Ribeirdo Preto, University of
Sao Paulo, Ribeirao Preto, Sao Paulo, Brazil.

Correspond with Dr. Silva at fwsilv58@estadao.com.br

Journal of Dentistry for Children-74:2, 2007

Pulpal and Periapical Response after Pulpotomy with rHuBMP-7

This is due to its excellent biological properties, such as
the capacity of inducing the formation of a mineralized tis-
sue barrier when placed in contact with the exposed pulp
tissue and its antimicrobial activity.”® Over the last de-
cades, however, in vitro and in vivo studies have investigated
other materials that would be capable of providing pulp
tissue healing in cases of pathological and accidental
exposure, including:
1. mineral trioxide aggregate (MTA)*’;

enamel matrix derivatives''; and
12-22

2. bioactive glasses’;

3. freeze-dried cortical bone?®;

4. hydroxyapatite’;

5. transforming growth factor-beta (TGF-beta)”'";
6. collagen®

7.

8.

bone morphogenetic proteins.
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Bone morphogenetic proteins (BMPs) comprise the largest
subfamily of TGF-beta and belong to a group of noncollagen
proteins. The BMPs are widely distributed in mineralized and
nonmineralized tissues and play an important role during embryo-
genesis.”>* They are responsible for several biological activities
involving tissue morphogenesis, regeneration, healing and cell
differentiation processes.”** When applied directly to the pulp
tissue, the BMPs dissolve in the tissue fluids within 2 weeks, thus
stimulating the mitosis of mesenchymal cells and cell differentia-
tion." BMP target-cells in the pulp tissue are undifferentiated
mesenchymal cells,”>>?¢ which present BMP-specific surface
receptors to which BMP bind and initiate a cascade of cellular
and biological events that culminate in cell differentiation and
production of reparative dentin.?*

Nevertheless, to exert its biological function, BMP should be
associated with a proper carrier because it is highly soluble if used
alone and disperses immediately after grafting.**** Due to its
important characteristics, such as ease of handling and hemostatic
property, collagen has been used as the carrier agent of choice and
promotes a controlled release of BMPs,!>16:182427

Therefore, the purpose of this study was to evaluate histological-
ly the pulpal and periapical response of dogs’ teeth after pulpotomy
and use of recombinant human bone morphogenetic protein-7 as-
sociated with recombinant human-like collagen as a capping agent.

METHODS

PREPARATION OF RECOMBINANT HUMAN BONE
MORPHOGENETIC PROTEIN ASSOCIATED WITH
RECOMBINANT HUMAN-LIKE COLLAGEN
Under aseptic conditions, recombinant human bone morphogenetic
protein-7 (tHuBMP-7; recombinant human bone morphogenetic
protein 7; ProSpec Tany TechnoGene Ltd, Rehovot, Israel, batch
no. 605BMP01) and recombinant human-like collagen (rHuColla-
gen; recombinant human like collagen; ProSpec Tany TechnoGene
Ltd, no. 605COLO01) were solubilized in pyrogen-free water (Milli-
Q Ultrapure Water Purification; Millipore Corporate Headquarters,
Billerica, Mass) and mixed to obtain a solution at a concentration
of 2.5 pg tHuBMP-7/mg rHuCollagen. The material was:
1. lyophilized (Speed Vac SC 100; Savant Instruments,
Inc, Ramsey, Minn) at 25°C for 2 hours; 2. sterili-
zed with ethylene oxide; and 3. stored at -20°C until use.

OPERATIVE PROCEDURES

The experimental protocol was conducted in compliance with the
specifications of the Animal Experimentation Ethics Committee of
the University of S3o Paulo, S3o Paulo, Brazil.

The second, third, and fourth mandibular premolars and the
second and third maxillary premolars of 6 12-month-old male and
female dogs of undefined breed, coming from the same litter and
weighing 8-10 kg, were selected for this study. A total of 60 teeth
(120 roots) were assigned to 8 groups, as described in Table 1.

The animals were anesthetized intravenously with 3%
sodium thiopental (Thionembutal, Abbot Laboratories, Rio
de Janeiro, Brazil; 30 mg/kg body weight). Supplementary
anesthesia was provided when required. Throughout the du-
ration of the procedures, the animals were maintained with
isotonic saline with the addition of 2.5% glucose (Glicolabor
Industria Farmacéutica Ltda, Ribeirao Preto, Sao Paulo, Brazil).

After placement of a rubber dam and disinfection with 3% hy-
drogen peroxide and 2% chlorhexidine digluconate, coronal access
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Table 1. Groups, Tested Materials, Number of Teeth Per
Group and Experimental Periods

No. of Experimental
teeth/roots period (days)

Group Material

1 Recombinant human 10/20 7
bone morphogenetic
protein-7 plus
recombinant human-
like collagen

2 Recombinant human- 10/20 7
like collagen

3 Ca(OH)2 (negative 5/10 7
control)

4 Zinc oxide and 5/10 7

eugenol cement
(positive control)

5 Recombinant human 10/20 70
bone morphogenetic
protein-7 plus
recombinant human-

like collagen

6 Recombinant human- 10/20 70
like collagen

7 Ca(OH)2 (negative 5/10 70
control)

8 Zinc oxide and 5/10 70

eugenol cement
(positive control)

was performed using air-/water-cooled, high-speed no. 1015 dia-
mond burs (KG Sorensen Industria e Comércio, Sao Paulo, Brazil).
The burs were replaced every 4 cavity preparations to ensure cut-
ting efficiency and avoid overheating. The pulp chamber was irri-
gated with sterile saline, and the coronal pulp was amputated at the
level of the root canal entrances using sharp curettes. Hemostasis
was obtained by copious irrigation of the pulp chamber with saline.

All experimental groups were tested in the same animal and
were performed in alternate quadrants in a change-over system
distributed at random. The materials were prepared according to
the manufacturer’s instructions.

The following materials were used as capping agents:

a. groups 1 and 5: 3 mg rHuBMP-7 /rHuCollagen
(2.5 pg rtHuBMP-7/mg rHuCollagen) mixed with 0.5 mL
saline;

b. groups2and 6: 3 mg rHuCollagen mixed with 0.5 mL saline;

c. groups 3 and 7: 0.5 g Ca(OH), pro analysis (chemically
pure). (Calcium Hidroxide zur Analyse, Merck, Darmstadt,
Germany) mixed with 0.5 mL saline;

d. groups 4 and 8: zinc oxide (ZnO) and eugenol
cement (IRM, Dentsply Industria e Comércio Ltda, Petrépo-
lis, Rio de Janeiro, Brazil; 1 gZnO mixed with 1 drop eugenol).

In all groups, the pulp-capping material was covered with a
commercial Ca(OH), cement layer (Dycal, Dentsply Industria e
Comércio Ltda) and the access cavity was restored with resin-mod-
ified glass ionomer cement (Vitremer, 3M/ESPE, St. Paul, Minn).

The dogs were sacrificed by anesthetic overdose 7 days (groups
1-4) and 70 days (groups 5-8) after pulpotomy. The maxillas and
mandibles were removed, and the anatomic pieces containing the
teeth were sectioned using water-cooled diamond disks.
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HISTOLOGICAL PROCESSING
The pieces were fixed in buffered 10% formalin for 72 hours at room
temperature and demineralized in an EDTA-based solution activated
in a microwave oven (Sharp Carousel, Sdo Paulo, Brazil).
After demineralization, the pieces were:
1. neutralized in 5% sodium sulfate (JT Baker,
Xalostoc, Mexico);
washed in running water for 24 hours;
dehydrated in ascending ethanol grades;
cleared in xylol; and
embedded in paraffin, according to the
standard processing.

The blocks were serially sectioned, and 5-pm-thick longi-
tudinal cuts were obtained and stained with hematoxylin and
eosin (HE), Mallory’s Trichrome and Brown and Brenn staining
technique for histological analysis under optical microscopy by

DA

only one blind examiner.

RESULTS

GROUP 1 (7 DAYS) - rHuBMP-7/rHuCollagen
(FIGURES 1A AND 1B)

G

The histological analysis of the remaining root pulp tissue 7 days
after pulpotomy showed that the capping material was partially
resorbed. A severe mixed inflammatory infiltrate—composed of
neutrophils, macrophages, and lymphocytes associated with inter-
stitial edema—was observed close to the remanents of pulp-capping
material. Adjacent to this inflammatory process at a farther site,
there was vascular proliferation and congestion in the pulp tissue,
fibril dissociation, and moderate presence of inflammatory cells
with loss of considerable amount of matrix.

No dentin bridge formation was observed in any of the speci-
mens. There was intense angioblastic proliferation with a more
consistent matrix, in spite of reduced cell population close to the
middle third and extending towards the apical third. At the root
apex, most canals of the apical delta were widened and presented
a reduced cell population. Close to the apex, the cemental surface
was regular presenting cementoblasts throughout its extension in
addition to fibers and absence of resorption areas. The periodontal
ligament was intact. There were no areas of alveolar bone resorp-
tion, and a large number of osteoblasts was observed. Presence of
bacteria was not detected in any specimen.

GROUP 2 (7 DAYS)—rHuCollagen (FIGURES 2A AND 2B)
In this group, the pulp-capping material was partially resorbed
and the pulp tissue indicated: (1) signs of severe inflammation; (2)
presence of a mixed, predominantly mononuclear inflammatory
infiltrate; (3) intense fibril dissociation; (4) small cell population;
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and (5) absence of dentin bridge formation. At the middle third, far-
ther from the capping material, there was: (1) vascular proliferation
and congestion; (2) intense hemorrhage with leakage of red blood
cells; and (3) areas of necrosis. The canals of the apical delta were
widened and, in many cases, filled with hemorrhagic cells. There
were no resorption areas on the apical cementum surface, which was
regular, in spite of the small cementoblastic population. Periodontal
ligament thickness was slightly increased with small hemorrhagic
spots. The alveolar bone was intact. Presence of bacteria was not
detected in any specimen.

GROUP 3 (7 DAYS)—Ca(OH), (FIGURE 3)

Seven days after pulpotomy, no dentin bridge formation was
observed close to the Ca(OH), capping in any specimen. Pulp
tissue adjacent to the material presented a slight mononuclear
inflammatory infiltrate and slightly increased number of vessels.
The radicular pulp tissue and the
odontoblastic layer were intact as
well as the apical and periapical
regions. There were no inflam-
matory cells in the periodontal
ligament, but intense presence
of cells and fibers were observed
originating from the cementum
and attaching to the alveolar
bone within a dense and vas-
cularized connective tissue. No
bacteria were observed in any of

this group’s specimens.

GROUP 4 (7 DAYS)-ZnO
AND EUGENOL CEMENT (FIGURE 4)

Pulp tissue close to the material presented a concentrated mixed
inflammatory cell infiltrate with few
areas of edema. Radicular pulp tis-
sue presented congested vessels and
accentuated vessel proliferation. At
the root apex, the canals of the delta
were widened and filled with intact
connective tissue. There were no
resorption areas on the cementum
surface. The periodontal ligament
showed a large number of collagen
fibers and intense angioblastic prolif-
eration. Alveolar bone was intact and

no bacteria were detected.
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GROUP 5 (70 DAYS)-rHuBMP-7/rHucCollagen
(FIGURES 5A, 5B, AND 5C)

No dentin bridge formation was observed in any of this group’s
specimens. The odontoblastic layer was not present along the
dentin walls. In all specimens, pulp remnant at the cervical and
middle thirds was necrotic and surrounded by inflammatory cells.
The cementum surface was irregular due to the resorption areas
that formed lacunae, some of which containing clast cells. In the
periodontal ligament, mononuclear and polymorphonuclear in-
flammatory cells were present. They were more concentrated close
to the root apex, forming one or more foci. There was generalized
edema, and scarcity of cells were noted. The alveolar bone showed
nonrepaired areas, which created an accentuated enlargement of the
periodontal space. No bacteria were found in any specimen.

GROUP 6 (70 DAYS)-rHuCollagen (FIGURES 6A, 6B,
AND 6C)

Seventy days after pulpotomy and
capping with rtHuCollagen, there
were no dentin bridge formation
in any of this group’s specimens.
Close to the capping material,
pulp remnants were disintegrated
orabsent. If present at the middle
and apical thirds, the pulp tissue
presented: (1) extensive necrotic
areas; (2) fibril dissociation; and
(3) almost total absence of cells.
At the root apex, there were
nonrepaired resorption areas on
the cemental surface, which was
irregular with no cementoblasts.
In the periodontal ligament, in-
flammatory cells were frequently
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observed, forming one or more dense mixed foci accompanied by
abscess formation in most cases. Fibril dissociation and edema were
observed throughout the periapical region. Periodontal space was
enlarged due to the extensively resorbed and nonrepaired alveolar
bone tissue. Presence of bacteria was not detected in any specimen.

GROUP 7 (70 DAYS)-Ca(OH), (FIGURE 7)

In this group, the response pattern observed was the presence of
dentin bridges of different thicknesses, sometimes thinner and
sometimes thicker, which completely obliterated the pulp expo-
sure area. Along all dentin extension, the odontoblastic layer was
within the normal standards. The apical and periapical regions were
intact. The connective tissue
was also intact and presented
a considerable fibroblastic and
collagen fiber population. The
apical cementum surface was
regular and contained a large
number of cementoblasts. The
periodontal ligament presented
dense connective tissue absence
of inflammatory cells and a
large number of collagen fibers
disposed perpendicular to the
cemental surface.

The alveolar bone did not
present areas of resorption, and
a large number of osteoblasts
was observed on its surface.
No bacteria were observed in

this group.

GROUP 8 (70 DAYS)-ZnO AND EUGENOL CEMENT
(FIGURE 8)

In this group, the formation of a mineralized tissue bridge was not
observed in any specimen. The pulp tissue was inflamed with a
moderate number of mononuclear inflammatory cells in all roots.
The presence of polymorphonuclear inflammatory cells, however,
was discrete. Areas of fibril dissociation were frequently observed
all over the extension of the radicular pulp tissue, together with
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edema and areas of necrosis. Apical cementum surface presented
nonrepaired resorption areas. The apical foramina were widened
and contained inflamed tissue remnants. The periodontal ligament
thickness was increased with the presence of moderate inflammatory
infiltrate and generalized edema. The alveolar bone was resorbed
and not repaired. No bacteria were detected in this group.

DISCUSSION

A dog model was chosen for this study because this is the most
widely used experimental model in biological research. It has been
shown that the pulpal, apical and periapical healing process in dogs
is similar to that in humans.®!>!

The first studies with bone morphogenetic proteins used
materials extracted from animal bone tissues.'>'”* Despite
the good results, there has been great concern regarding
the risks of disease transmission and immunological rejec-
tion when products of animal origin are employed.” Recent
advances in molecular and cellular biology have allowed ob-
taining pure proteins by use recombinant DNA techniques.
In spite of the current technology, collagen of animal origin
has still been used as a carrier agent. Therefore, the purpose of
this study was to evaluate the pulpal and periapical response of
dogs’ teeth after pulpotomy and capping of pulp remnant with
rHuBMP-7 associated with rHuCollagen Both materials were
obtained by recombinant DNA techniques (ie, a pure protein-
carrier combination).

It has been shown that bone morphogenetic proteins are
capable of inducing the formation of a dentin bridge after direct
pulp capping'®!® or pulpotomy.!*!%1* In the 7-day experi-
mental period of this study, however, the pulp tissue presented
signs of severe inflammation. In the 70-day period, in the absence
of bacteria (confirmed by Brown and Brenn staining method),
pulp necrosis and lack of dentin bridge formation occurred in
all specimens treated with this material. These findings do not
agree with those reported by Nakashima (1990),"* who observed
presence of dentin bridges 8 weeks after pulpotomy and the use
of bone morphogenetic proteins. Similar results were obtained by
other authors.!#1>17:1921.23

The differences of the present study’s findings compared to
other investigations might be related to the type of carrier used
(ie, tHuCollagen) which may have influenced rtHuBMP-7 bio-
compatibility. When collagen was used alone as a pulp-capping
material (groups 2 and 6), the remaining root pulp tissue showed
a severe inflammatory response in the 7-day experimental period
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and extensive necrotic areas, fibril dissociation, and almost total
absence of cells in the 70-day experimental period.

On the other hand, in all specimens of the Ca(OH), groups (3
and 7), there was mild inflammatory infiltrate in the pulp tissue
in the 7-day experimental period and formation of dentin bridge
obliterating the pulp exposure in the 70-day period.

These findings are consistent with those of previous studies
that used Ca(OH), as a capping material after pulpotomy and
also had results within the standard of normality.>*!#2! Ca(OH),
was the first agent used in pulpotomies that demonstrated capac-
ity to induce dentin regeneration.”” Besides the fact that some
authors believe that Ca(OH), leads to internal resorption, this
was not observed histologically in this study. The authors agree
with the studies that attribute the bad results of pulpotomy in
primary teeth to the technique used and the quality of the final
restoration.*?

Regarding the ZnO and eugenol cement, there was absence
of: (1) dentin bridge formation; (2) inflammartory infiltrate in the
pulp tissue; (3) increased thickness of the periodontal ligament;
(4) bone resorption; and (5) cemental resorption. These findings
agree with those of previous investigations.®®

According to the methodology employed in this study and
based on the results of the histological analysis, it may be concluded
that the use of recombinant human bone morphogenetic protein-
7 associated with recombinant human-like collagen for covering
the radicular pulp remnant after pulpotomy did not show either
satisfactory apical and periapical response or capacity of inducing
mineralized tissue deposition.
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