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The aim of the present study was to evaluate histologically the pulp response of anionic lyophilized collagen 
matrix with or without hydroxyapatite as a biomaterial pulp-capping agent in pulpotomy of dogs’ teeth. Sixty 
pre-molar roots from three dogs were used. After pulpotomy, the remaining pulp tissue was capped with one of 
the following materials: Group I (20 roots): anionic lyophilized collagen matrix; Group II (20 roots): anionic 
lyophilized collagen matrix associated with hydroxyapatite; Group III (10 roots): calcium hydroxide (p.a.) paste 
in saline; Group IV (10 roots): zinc oxide eugenol cement. After 90 days the animals were killed by anesthetic 
overdose and the teeth were removed and submitted to histological processing. According to the histopathological 
results, we concluded that the zinc oxide eugenol cement and anionic lyophilized collagen matrix with or without 
hydroxyapatite did not present satisfactory pulp response and that calcium hydroxide is the suitable material for 
pulpotomy.
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1. Introduction

Pulpotomy is a conservative treatment of the radicular pulp tissue 
used in deciduous and permanent teeth consisting of the removal of 
inflammatory coronal pulp tissue at the entrance of the root canal 
and subsequent placement of a material to protect the radicular 
remnant. This should preserve vitality of this tissue and stimulate 
the formation of mineralized tissue restoring pulp tissue function 
and normal structure.

Pulpotomy is considered biologically ideal when the radicular 
pulp remains vital and isolated from the coronal chamber by a layer 
of dentine1,2. Among the indicated materials for pulp regeneration, 
calcium hydroxide is mostly used due to its biological properties, 
such as stimulation of the formation of a mineralized barrier and 
bactericide action2,3.

New biomaterials are being tested in vitro and in vivo for pulp 
protection in pulpotomies, most notably the bone morphogenetic 
proteins (BMPs), osteogenic proteins (OPs), transformation growth 
factor β (TGF-β) and collagen4-8.

Collagen was been used for bone repair and reconstruction9-12, and 
associated with growth factors or other extra-cellular components to 
induce the formation of reparative dentine6. Some advantages of the 
use of collagen are the low immunogenic response13,14, availability and 
abundance in nature, homeostatic effect15,16, easy manipulation in dif-
ferent shapes and capacity to form fibers from soluble preparations. 

On the other hand, hydroxyapatite is a ceramic biomaterial, 
biocompatible, osteoconductor and classified as a ceramic composed 
of calcium phosphate crystals that are similar to the mineral portion 
of the bone tissue17. It acts as a frame for bone tissue growth18 and 
has been indicated for filling bone cavities19. Hydroxyapatite is not 
indicated for pulp protection of human teeth because the formation of 

a dentine bridge has not been observed20. However, its combination 
with other biomaterials is being amply used. 

The association of collagen and hydroxyapatite has been indicated 
as a collagenic biocompatible biomaterial21,22. It has been evaluated in 
laboratory animals19 and in humans20,23, and indicated for pulp cover-
age5,20, filling of surgical cavities in bone defects19,22, guided tissue 
regeneration24 and as a fixing agent for ceramic particles25.

In this histopathologic study, we evaluated the pulp response after 
protection with a collagen matrix associated or not with hydroxya-
patite in pulpotomies in dogs’ teeth. 

2. Material and Methods

2.1. Anionic lyophilized collagen matrix preparation

The collagen associated or not with hydroxyapatite was produced 
at the Department of Chemistry and Molecular Physics (São Carlos 
Chemical Institute, University of São Paulo, USP, Brazil).

The collagen matrix was prepared as previously described26,27. 
The electrically neutral tropocollagen molecule of collagen from 
the bovine pericardium was chemically modified into a negative 
molecule at physiological pH. The carboxamide groups of asparag-
ine (Asn) and glutamine (Gln) residues were converted by selective 
hydrolysis into carboxylic groups in 6% dimethylsulfoxide aqueous 
solution (m/v) in the presence of Ca(OH)

2
 and Na

2
SO

4
, NaCl, KCl 

and CaSO
4
 in alkaline medium during 48 hours. The final concentra-

tion of soluble collagen preparation was 0.7% (m/m), determined via 
hydroxyproline. Characterization of this preparation was performed 
by electrophoresis in polyacrylamide gel, amino acid analysis, in-
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frared spectroscopy, thermal stability (denaturation temperature and 
shrinking) and scanning electron and transmission microscopy.

2.2. Anionic lyophilized collagen/hydroxyapatite 
preparation

The synthetic hydroxyapatite ceramic used was composed of 
Ca(NO

3
)

2
. 4H

2
O and (NH

4
)

2 
PO

4
. The powder was divided into 64 µ 

particles, filtered and dried at 90 °C28. The anionic collagen used for 
the paste was obtained using 20:1 hydroxyapatite and homogenized 
collagen and 4.8% ciprofloxacin of the compound mass. The material 
was lyophilized and reorganized by the addition of PBS (1:1 on a 
mass base) as previously described29. The anionic collagen matrix and 
anionic collagen/hydroxyapatite were sterilized in ethylene oxide.

2.3. Operative procedures

The second and third maxillary premolars and second, third and 
fourth mandibular premolars of three mongrel dogs (both sexes; age: 
12-18 months; weight: 8-15 Kg), totaling 30 teeth (60 roots), were 
radiographed and selected for treatment. Two mL of Rompum (dihy-
drothizine chlorhydrate, Bayer S/A, SP, Brazil) was administered i.m. 
for pre-anesthesia (3.0 mg/Kg body weight). The animals were then 
anesthetized intravenously with 3% sodium thiopental (30 mg/Kg body 
weight; Thionembutal, Abbot Laboratories, São Paulo, SP, Brazil) and 
maintained with an isotonic sodium chlorate solution with 2.5% glu-
cose. Local complementary infiltrate anesthesia was also performed.

Crowns were cleaned, a rubber dam was placed and antisepsis 
with 2% chlorhexidine was performed. Coronal access on the occlusal 
surface was performed with high-speed #1013 and #1015 spherical 
diamond burs with cooling. 

After new antisepsis, the pulp chamber was irrigated with sterile 
saline followed by coronal pulp removal with sterile curettes until 
the root canal entrance. Homeostasis was obtained by irrigation of 
the pulp with saline solution, followed by compensating wear with 
a low-speed Endo Z bur, and final irrigation with saline for dentine 
chip removal. 

Because all variables should be tested in the same animal and in 
the different quadrants, each hemiarch was submitted in an alternate 
manner to the experimental protocols.

The pulp tissue was covered with either collagen matrix (Group I, 
20 roots) or collagen matrix associated with hydroxyapatite (Group II, 
20 roots). The materials from Group I and II were sectioned in slices 
of approximately 2 mm diameter with a #15 blade on a glass plaque, 
under aseptic conditions and adapted over the pulp tissue. In Group III 
(10 roots), calcium hydroxide p.a. paste (Merck) mixed with saline 
(Glicolabor Ind. Farm. Ltda., Ribeirão Preto-SP) in a clinical consist-
ence was used, and in Group IV (10 roots) zinc oxide and eugenol 
cement (S.S. White Artigos Dentários Ltda., Rio de Janeiro, RJ), 
manipulated according to manufacturer instructions was used.

In the 4 groups, the teeth were restored with silver amalgam 
condensed over a zinc phosphate cement base. Ninety days after the 
surgical procedure, the animals were killed by anesthetic overdose. 

2.4. Histologic processing

The maxillas and mandibles were removed, dissected and sec-
tioned to obtain individual roots. The roots were fixed in glutaralde-
hyde, sacarose and sodium cacodylate, and demineralized in EDTA, 
glutaraldehyde and sodium hydroxide activated by a microwave 
oven (Sharp, São Paulo, SP, Brazil). The roots were then washed 
in running water for 24 hours, dehydrated by increasing concentra-
tions of ethyl alcohol, cleared in xylol, and embedded in paraffin 
blocks. Serial 6-µm wide longitudinal sections were stained with 
hematoxylin and eosin, Mallory Trichrome, Masson Trichrome, and 
Brown and Brenn. 

During the histopathological analysis, the following parameters 
were evaluated and the subjective qualiquantitative results were 
graded according to a numerical scale: a) intensity of inflamma-
tory infiltrate: grade 1, absent, grade 2, mild; grade 3, moderate; 
grade 4, severe; b) type of inflammatory infiltrate: acute or chronic; 
c) thickness of the periodontal ligament: grade 1, normal; grade 2, 
slightly increased, grade 3, moderately increased; grade 4, severely 
increased; d) cementum resorption: grade 1, absent; grade 2, present; 
e) dentine resorption: grade 1, absent; grade 2, present; f) bone re-
sorption: grade 1, absent; grade 2, present; g) dentine bridge: grade 1, 
present; grade 2, absent; and g) periapical region: grade 1, normal; 
grade 2, altered. The histopathological analysis was performed by one 
examiner who was blinded to the group being evaluated. 

The results were analyzed statistically by the Mann-Whitney 
nonparametric test using GMC7.7 software (http://www.forp.usp.
br/restauradora/gmc/gmc.html).

3. Results 

3.1. Group I, collagen matrix (experimental)

After 90 days, there was no dentine bridge formation in the 20 roots 
of this group. In 13 roots, the pulp remnant showed tissue degeneration 
in the cervical third with necrotic apical pulp (when present) (Fig-
ures 1 and 2), and the presence of abscess with bacteria in 5 specimens. 

Figure 1. Group I (collagen). Absence of dentine bridge and degenerated pulp 
remnant in cervical third. HE; magnification, X24.

Figure 2. Group I (collagen). Detail of Figure 1. Middle third with tissue 
degeneration, fibrosis and areas of necrosis. HE; magnification, X40. 
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In the pulp there was inflammatory infiltrate predominantly mixed 
and mild in 13 cases, and moderate and severe in 4 and 3 specimens, 
respectively. Resorption areas on the surface of the root cementum with 
no cementoblasts were observed in all specimens (Figure 3). Between 
the fibers from the apical cementum there was a constant presence of 
inflammatory cells. In 8 roots, the alveolar bone presented active re-
sorption areas, lack of osteoblasts and in some specimens, osteoclasts 
in its surface. No dentine resorption occurred in any specimen. The 
periodontal ligament was mildly increased in 10 specimens, moder-
ately increased with a predominance of neutrophils in 7 and severely 
increased in 3. In this region, bacteria (cocci and bacilli) were present 
along the cavity walls, dentine tubules and interstitial connective tissue. 
In 3 roots in which there was fibrous bridge formation, the pulp tissue, 
periapical region and alveolar bone were normal.

3.2. Group II, collagen/hydroxyapatite (experimental)

In this group (20 roots), a dentine bridge was absent in all specimens. 
The pulp tissue was fibrotic and there were areas of necrosis in several 
specimens. In 10 roots, the periapical region presented mononuclear 
inflammatory cells in mild intensity. In 7 specimens, the inflammatory 
infiltrate was moderate and in 3 severe with accentuated vascular pro-
liferation and an abscess in 4 roots. In 11 roots, non-repaired resorption 
areas in the apical cementum were observed with few cementoblasts on 
the surface. Alveolar bone resorption was observed in 9 roots and no 
dentine resorption occurred in any specimen. The periodontal ligament 
was normal or slightly thickened in 6 roots, moderately thickened in 11 
and severely thickened in 3 specimens (Figures 4-6). 

3.3. Group III, calcium hydroxide (control)

In the 10 roots from this group, there was a dentine bridge obliter-
ating the exposed pulp area at the root canal entrance. Adjacent to the 
dental bridge, the connective tissue was normal and no inflammatory 
cells were found in any specimen. In all roots, the pulp connective 
tissue was normal, highly vascularized and with fibroblasts. The api-
cal surface was also intact, with cementocytes throughout the root. 
The periodontal ligament, composed of dense vascularized connec-
tive tissue was of normal thickness and there was no inflammatory 
infiltrate in any specimen. There were no areas of alveolar bone 
resorption and there were osteoblasts on its surface and osteocytes 
in its interior (Figures 7 and 8). 

Figure 5. Group II (collagen/hydroxyapatite). Middle third with fibrous pulp 
tissue and severe hemorrhage. HE; magnification X40. 

Figure 4. Group II (collagen/hydroxyapatite). Absence of dentine bridge and 
degenerated pulp tissue. HE; magnification X24. 

Figure 6. Group II (collagen/hydroxyapatite). Root apex with areas of cemen-
tum resorption. Moderately increased periodontal ligament thickness, with the 
presence of moderate inflammatory cells infiltrate. HE; magnification X24.

Figure 3. Group I (collagen). Root apex with evident areas of cementum 
resorption. Severely widened periodontal ligament space, with the presence 
of inflammatory infiltrate. HE; magnification, X24.
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Table 1. Results of the histopathologic analysis.

Parameters Materials

Collagen matrix 
(Group I)

Collagen + hydroxyapatite 
(Group II)

Calcium hydroxide 
(Group III)*

Zinc oxide and eugenol
(Group IV)

Inflamatory infiltrate Absent 0 0 10 0

Mild 13 10 0 2

Moderate 4 7 0 8

Severe 3 3 0 0

Thickness of
periodontal ligament

Normal 0 0 10 0

Slightly increased 10 6 0 2

Moderately increased 7 11 0 8

Severely increased 3 3 0 0

Mineralized tissue 
resorption

Cementum 20 11 0 8

Dentine 0 0 0 0

Bone 8 9 0 2

Dentine bridge Present 0 0 10 0

Absent 20 20 0 10

Periapical region Normal 3 0 10 2

Altered 17 20 0 8
Values are reported as number of roots. *p < 0.05, Group III was statistically different in all parameters evaluated from Groups I, II, and IV, which were 
statistically similar.

Figure 7. Group III (calcium hydroxide). Dentine bridge in direct contact with 
the pulp-capping material. Integral pulp tissue. HE; magnification X24. 

Figure 8. Group III (calcium hydroxide). Apical and periapical regions 
showing the periodontal ligament with normal thickness and absence of 
inflammatory cells infiltrate. HE; magnification X24.

Figure 9. Group IV (zinc oxide eugenol). Absence of dentine bridge. Degener-
ated pulp tissue. HE; magnification X24. 

3.4. Group IV, Zinc oxide and eugenol (control)

None of the 10 evaluated roots presented a dentine bridge and there 
was pulp tissue necrosis and abscess. The apical cementum was irregular 
due to extensive resorption in all samples. There was no dentine resorp-
tion in any root. The periodontal ligament was moderately thickened in 
all specimens. The inflammatory infiltrate was moderate in 8 specimens, 
with the predominance of neutrophils and absent/mild in 2 specimens. In 
most specimens, there were non-repaired resorption areas and a reduced 
presence of osteoblasts in the alveolar bone (Figure 9). 

The numerical results of the histopathologic analysis are reported 
in Table 1.

3.5. Statistical analysis

The inflammatory infiltrate, the thickness of the periodontal liga-
ment, resorption of mineralized tissues, periapical area and dentine 
bridge were statistically similar for Groups I, II and IV (p > 0.05) 
and different for Group III (p < 0.05).
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4. Discussion

In humans, the biological effect of pulp protection materials is 
evaluated fundamentally by the response of the pulp tissue and the 
periapical tissue after the use of these materials.

The acellular polyanionic collagen material used in this study 
is a biomaterial characterized by Bet et al.26 in 2001, and prepared 
by the selective and controlled hydrolysis of carboxyamides from 
asparagine and glutamine residues of type I collagen present in 
pericardium from bovine origin. 

The wide use of collagen in the field of biomaterials is associated 
to natural properties that include the low immune response, even 
when from heterologous sources, low toxicity, the ability to promote 
cellular growth and attachment, homeostasis30 and the ability of col-
lagen solutions to reconstitute in vitro into the microfibrillar structure 
found in natural tissues. It is used in a variety of physical forms as 
an hemostatic agent, for soft tissue augmentation, burn and wound 
dressing30,31, peripheral nerve growth support32, in the treatment of 
furcation lesions21 and in bone defect healing27, among others.

A collagen matrix acts as a molecular grid with channels and 
pores, which changes the original dense collagen structure of bovine 
pericardium into a sponge-like structure allowing cell migration. The 
compact material needs to be reabsorbed for repair, which extends 
this process19. The pore size is associated with the interconnection 
between them, which increases with larger pores, allowing tissue 
migration to the implant interior. The collagen matrix used in rat tibia 
bone defects, independent of pore size, has continuous and intercon-
nected pores similar to collagen. The efficiency of this structure allows 
early cellular migration. In bone tissue, this material is considered 
to be biocompatible and an osteoconductor, indicating that it is a 
promising material for cases in which bone formation is necessary, 
particularly in periodontics and minor oral surgeries12. Contrary to 
the results obtained in bone, neither collagen matrix resorption nor 
the formation of mineralized tissue occurred in pulp tissue in the 
present study. 

Some authors4,5 report that mineralized tissue formation over the 
pulp tissue is due to the infiltration of mesenchymal pulp cells in the 
collagen pores determining dentine juxtaposition. Another possible 
mechanism would be that the collagen fibers catalyze the crystalliza-
tion of calcium phosphate, in physiological concentration of calcium 
and phosphate ions. Also, the formation of the collagen frame in three 
dimensions is recognized by the cells as a frame for the initial repair 
process, similar to the fibrin coagulum observed in normal tissue 
repair, leading to dentine repair without tissue necrosis4. 

The results of the pulp tissue of Groups I (collagen matrix) and II 
(collagen/hydroxyapatite) did not agree with the literature, because a 
mineralized dentine bridge did not occur after direct pulp protection 
with these materials. The pulp tissue did not remain vital after protec-
tion leading to pulp fibrosis accompanied by cellular death, which 
was a frequent finding with these two materials in this study.

Our results cannot be compared to other studies due to the lack of 
research on the use of the association collagen/hydroxyapatite with 
pulp tissue. The results of the calcium hydroxide and zinc eugenol 
groups were similar to the results found in the literature1,33, i.e., 
calcium hydroxide preserved pulp remnant vitality and favored the 
formation of a mineralized tissue barrier. Histologically similar to 
other studies34,35, zinc oxide and eugenol in pulp tissue led to an inflam-
matory reaction varying from chronic to acute suppurative pulpitis, 
with the presence of lymphocytes and polymorphonuclear cells. 

5. Conclusion

The collagen matrix associated or not with hydroxyapatite was 
not biocompatible and did not present dentinogenic capacity after 

pulpotomy in dogs. Among the tested materials, only calcium hy-
droxide can be indicated for pulpotomies. 
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