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RESUMO

Objetivo: Avaliar a resposta pulpar e periapical de dentes de cdes apds
pulpotomia e uso de Derivados de Matriz de Esmalte (EMD) como agente de
capeamento. Métodos: A pulpotomia foi realizada em 40 dentes de 4 cdes e o
tecido pulpar remanescente foi recuperado com os seguintes materiais: Grupos |
e IV: EMD (Emdogain®); Grupos Il e V: hidroxido de célcio; Grupos Il e VI: cimento
de 6xido de zinco e eugenol. Apos 7 dias (Grupos |, Il e lll) e 70 dias (Grupos IV, V e
VI), os animais foram eutanasiados e os dentes foram removidos e processados
para analise histolégica; foram analisados pelo teste de Kruskal-Wallis, seguido
pelo teste de Dunn ou Mann Whitney (.= 0,05). Resultados: Periodo de 7 dias: no
Grupo |, observou-seinfiltrado inflamatério leve a moderado e intensa proliferacdao
vascular, enquanto o Grupo Il apresentou infiltrado inflamatoério leve e tecido
pulparintacto (p<0,05). O grupo lll apresentou infiltrado inflamatério moderado
agrave. Periodo de 70 dias: os grupos IV e VI mostraram, na formagdo da ponte
dedentina, que o tecido pulpar remanescente apresentava areas necréticas com
células inflamatoérias na regido periapical, reabsorcédo 6ssea e de cemento (p>
0,05). No Grupo V, houve formacéo de ponte de dentina, auséncia de inflamacao
e auséncia de reabsorcéo tecidual mineralizada (p <0,05). Conclusao: O EMD
como material de cobertura apds pulpotomia ndo mostrou resposta tecidual
satisfatoria ou capacidade de induzir deposicéo de tecido mineralizado na polpa
dentaria.

ABSTRACT

Objective: To evaluate the pulpal and periapical response of dogs’ teeth after
pulpotomy and use of Enamel Matrix Derivative (EMD) as capping agent.
Methods: Pulpotomy was performed in 40 teeth from 4 dogs and the remaining
pulp tissue was recovered with the following materials: Groups | and IV: EMD
(Emdogain®); Groups Il and V: calcium hydroxide; Groups Il and VI: zinc oxide and
eugenol cement. After 7 days (Groups I, I, and lll) and 70 days (Groups IV, V, and
V1), the animals were euthanized and the teeth were removed and processed for
histological analysis; were analyzed using Kruskal-Wallis test followed by Dunn
test or Mann Whitney test (@=0.05). Results: 7-day period: in Group |, it was observed
a mild to moderate inflammatory infiltrate and intense vascular proliferation
while Group Il presented a mild inflammatory infiltrate and an intact pulp tissue
(p<0.05). Group Il presented a moderate to severe inflammatory infiltrate. 70-
day period: Groups IV and VI showed no dentin bridge formation, the remaining
pulp tissue presented necrotic areas with inflammatory cells in the periapical
region and bone and cementum resorption (p>0.05). In Group V, there was dentin
bridge formation, absence of inflammation and absence of mineralized tissue
resorption (p<0.05). Conclusion: EMD as a capping material after pulpotomy did
not show either satisfactory tissue response or capacity of inducing deposition of
mineralized tissue in dental pulp.
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INTRODUCTION

The objective of pulpotomyisto induce a dentinogenic
reparative response after amputation of inflamed dental pulp.
Although calcium hydroxide and mineral trioxide aggregate
are the materials of choice for this procedure, mostly because
the ability to forms a dentine bridge completely, several
bioactive agents have been developed for pulp capping,
including enamel matrix derivative (EMD).* Some studies
have suggested that EMD stimulates odontoblastic
differentiation and subsequent collagen matrix
mineralization®* to achieve dentinogenesis. >¢

Emdogain’is a gelthat consists of EMD in a vehicle of
propylene glycol alginate (PGA), used to induce biological
regeneration in cases of loss of insertion of the periodontal
ligament via promoting proliferation, migration and
differentiation of fibroblasts from the periodontal ligament
(PDL). ™8 This formulation contains an extract of enamel
matrix proteins of low molecular weight, mainly amelogenin.
Emdogain®is produced by heat of EMD and PGA to reduce
the risk of microbial contamination.® Clinical evaluations
have demonstrated that Emdogain”induces regeneration of
cement, insertion of PDL fibers, and bone repair. #1015

Although Emdogain® have been evaluated regarding
the capacity of induce dentin repair after direct pulp capping,*
61617 the results have been divergent.’® Some authors described
that EMD induces the deposition of a newly formed “dentin-
like” tissue.>»>% 17 On the other hand, other authors
demonstrated that the ability to form a structural barrier to
protect the pulp is unlikely, since the EMD induces the
formation of disorganized islets of mineralized tissue. 218192

Although the enamel matrix derivative (Emdogain’)
has been widely evaluated for PDL regeneration, few studies
have been aimed to evaluate the use of this material in the
conservative therapy of pulp tissue. Therefore, the purpose
of this study is to evaluate the pulpal and periapical response
of dogs’ teeth after pulpotomy and use of EMD as capping
agent, comparing with others materials.

Response of enamel matrix derivative as a capping agent
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MATERIALAND METHODS
Operative procedures

The experimental protocol was conducted in
compliance with the specifications of the Animal
Experimentation Ethics Committee of the University of Sdo
Paulo, Brazil (#2008.1.87.53.9) and according to International
Organization for Standardization 7405:2008.%

The second, third and fourth mandibular premolars,
and the second and third maxillary premolars of 4 twelve-
month-old male and female dogs of undefined breed, coming
from the same litter and weighing 15 kg were selected for
this study. A total of 40 teeth (80 roots) were assigned to 6
groups asdescribedin (Table 1).

The animals were anesthetized intravenously with
Neozine (1 mg/kg body weight; Aventis Pharma Ltda,
Souzano, Brazil). Supplementary anesthesia was provided
when required. The animals were maintained with isotonic
saline plus 2.5% glucose (Glicolabor Industria Farmacéutica
Ltda, Ribeirao Preto, Brazil). Periapical radiographs were
taken prior to the operative procedures and 7 and 70 days
post-operatively using a custom-made film-holding device
for standardization of the radiographic technique in dogs. %

After placement of a rubber dam and disinfection
with 3% hydrogen peroxide and 2% chlorhexidine
digluconate, coronal access was performed using air / water
cooled high-speed #1015 diamond burs (KG Sorensen
Industria e Comércio, Sdo Paulo, Brazil). The burs were
replaced every 4 cavity preparations to ensure cutting
efficiency and avoid overheating. The pulp chamber was
irrigated with sterile saline and the coronal pulp was
amputated at the level of the root canal entrances using
sharp curettes. Hemostasis was obtained by copiousirrigation
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 manufactures’ instructions.

Table 1: Material used in this study, number of teeth per group and experimental periods.

Group Material

I EMD (Emdogain®)

Il Calcium hydroxide (Negative control)
n Zinc oxide and eugenol (Positive control)
\Y) EMD (Emdogain®)

v Calcium hydroxide (Negative control)
VI Zinc oxide and eugenol (Positive control)

Number of teeth [ roots Experimental period
12/24 7days
4/8 7days
4/8 7days
12/24 70days
4/8 70days
4/8 70days
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Chart 1: Results from histopathological analysis of dental pulp and periapical area, regarding presence of dentin barrier, inflammatory response,
pulpal hemorrhage, focal osteodentinogenesis, pulpal necrosis, external root resorption and periodontal ligament thickness. Values are expressed
in number of teeth.

7 days 70 days
] "
Parameter Score Emdogain Cakcinm Zine Oxide and Emdagain’ T Zinc Oxlde and Comparison between periods
(n=12) Hydroxide (n=4) Eugenol (n=4) (n=12) Hydroxide (n=3)"’ Eugenol (n=3)"’
0 (None) 10 4 4 S 0 2 EMD S
1 (Thin) 0 0 0 S 1 1 CH p =0.0357*
JDentin barrier 2 (Medium) 0 0 0 * 1 0 ZOE p =0.0384%
thickness 3 (Thick) 0 0 0 L 1 0
Not evaluated® 2 0 0 0 0 0
(Comparison among groups p =005 p =0.0975
[rnammatory 0 (None) 2 3 0 s 1 0 EMD s,
response |
1 (Mild) 6 1 1 * 2 3 CH p =0.1535
2 (Moderate) 4 0 1 L 0 0 ZOE p=00111%
3 (Severe) 0 0 2 ! 0 0
Not evaluated® 0 0 0 0 0 0
p =0,0002*
(Comparison among groups EMD * CH =p <0.05% EMD * ZOE =p > 0.05; CH P =0.1740
ZOE =p < 0.05*
JHemorrhage 0 {Absent) 0 4 4 * 3 3 EMD -
1 (Present) 12 0 0 L 0 0 CH p =005
(Comparison p <0.0001* P
) EMD = CH=p <0.05% EMD = ZOE =p < 0.05% CH = p =005 ZOE p =005
jarmong groups
ZOE =p >0.05
| =
osteod entinogenes 0 (Absent) 4 4 4 ey 3 3 EMD ey
is
1 (Present) 6 0 0 - 0 0 CH p =0.05
Not evaluated® 2 0 0 0 0 0 ZOE p =005
(Comparison p <0.0001*
q"wrtm - EMD = CH =p <0.05% EMD = ZOE =p < 0.05% CH = p =005
& Erou Z0E=p =0.05
JPulpal necrosis 0 (Absent) 12 4 4 0 3 3 EMD p <0.001*
1 (Present) 1] 0 0 12 0 0 CH p =005
(Comparison p <0.0001*
p =0.05 EMD = CH =p < 0.05% EMD = ZOE=p < 0.05% CH = ZOE p =005
Jamong groups o
ZOE =p > 0.05
Ve ternal root 0 (Absent) 12 4 4 1 3 1 EMD p <0.0001*
resorption 1 (Present) 0 0 0 11 0 2 CH p =005
p =0.0004
(Comparison among groups p =005 EMD = CH =p < 0.05% EMD = ZOE=p >0.05;, CH = ZOE p =0.0025*%
ZOE=p< [E]S"‘ -
W 0 (None) 12 T 1 0 2 0 EMD P <0.001*
ligament - - -
hickness 1 (Mild) 0 0 0 2 1 1 CH p =03123
2 (Moderate) 0 0 0 7 0 2 ZOE p < 0.006*
3 (Severe) 0 0 0 3 0 0
Not evaluated® 0 0 0 0 0 0
—
p =0.0007
(Comparison among groups p =005 EMD = CH=p < 0.05% EMD = ZOE=p >0.03, CH =
ZOE=p <005~

Note: & tooth lost during histological preparation; ¢ tooth not evaluated due to incorrect histological sectioning; -* pulpal necrosis; parameter
could not be evaluated; *statistically significant; EMD (enamel matrix derivative, CH (calcium hydroxide), ZOE (zinc oxide and eugenol

cement).
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The following materials were used as capping agents:
Groups | and IV: Enamel matrix derivative (Emdogain’ - Biore
AB - Malmo - Sweden), available in the form of a gel
containing 30 mg / ml EMD in PGA recovered with gutta-
percha; GroupsIland V: 0.5 g calcium hydroxide p.a. (Calcium
Hydroxide zur Analyse; Merck, Darmstadt, Germany) mixed
with 0.5 mL saline recovered with a calcium hydroxide cement
layer (Dycal?; Dentsply Industria e Comércio Ltda;Brazil);
Groups Il and VI: zinc oxide and eugenol cement (IRMS;
Dentsply Indistria e Comércio Ltda,Brazil;1 scoop of powder
zinc oxide mixed with 1 drop of eugenol). In all groups the
access cavity was restored with amalgam (Velvalloy; SS White
Dental Articles Ltda, Rio de Janeiro, Brazil).

The dogs were euthanized by anesthetic overdose 7
days (Groups|, Il, and lll) and 70 days (Groups IV, V, and VI)
after pulpotomy. The maxillas and mandibles were removed
and the anatomic pieces containing the teeth were sectioned
using water-cooled diamond disks.

Histological processing

The pieces were fixed in buffered 10% formalin for 72
hours at room temperature and demineralized in an
etilenediaminetetracetic acid (EDTA)-based solution
activated in a microwave oven (Sharp Carousel; Sdo Paulo,
SP, Brazil). After demineralization, the pieces were
neutralized in 5% sodium sulfate (JT Baker, Xalostoc, Mexico),
washed in running water for 24 hours, dehydrated in
ascending ethanol grades, cleared in xyloland embedded in
paraffin, according to the standard processing.

The blocks were serially sectioned and 5-um-thick
longitudinal cuts were obtained and stained with hematoxylin
and eosin (HE), Mallory’s Trichrome and Brown & Brenn
staining technique for histological analysis under optical
microscopy by one blind examiner. Slides were analyzed
subjectively and semi-quantification evaluation was
performed according to presence of dentin barrier,
inflammatory response, pulpal hemorrhage, focal
osteodentinogenesis, pulpal necrosis, external root resorption
and periodontal ligament thickness. Scores were attributed to
each parameter, according to our research group previously
(Chart 1), and data were analyzed by means of Kruskal-Wallis
and Dunn’s post test or Mann-Whitney test (@=0.05), using
Graph Pad Prism 5.0 Software (San Diego, EUA).?3242>

RESULTS
Group | (7 days) - Emdogain’

At the interface with the material, the pulp tissue
presented a mixed inflammatory infiltrate composed of
polymorphonuclear neutrophils and mononuclear
inflammatory cells. Inside some cells, granules of a dark

Response of enamel matrix derivative as a capping agent
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material were found, indicating that macrophages migrated
to the pulp tissue to phagocyte the material. No signal of
dentinogenesis and dentine barrier were found, evenin the
lateral walls in the middle third of the root canal pulp tissue,
away from the cut surface. In some specimens, foci of
osteodentin, characterized by bone matrix permeated by
osteoblast-like cells, wereirregularly distributed, creating an
area similarto a primary immature bone. In the middle third
ofthe root pulp tissue, it was observed an intense hemorrhage
with exuberant erythrocytes irregularly and diffusely
distributed throughout extracellular spaces. Close to the apex,
the cementum surface was regular presenting cementoblasts
throughoutits extension in addition to fibers and absence of
resorption areas (Figure 1).

Figure 1: Emdogain® (7 days). (A, B) Cervical and medium third of the
root canal demonstrating hemorrhagic dental pulp tissue (20x). (C, D)
Higher magnification of A and B (40 and 60x). (E) Apical third
demonstrating intact odontoblastic layer and periapical area (20x).
(F, G) Normal periodontal ligament: absence of inflammatory cells and
intense presence of fibers (20 and 40x) (L- periodontal ligament; P- pulp;
Arrow (Sharpey fiber).(H) Conventional periapical radiographic
showing intact lamina dura and bone tissue.
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Group Il (7 days) - Calcium hydroxide

At the interface of the material with the pulp tissue it
was observed a zone of coagulative necrosis. The pulp tissue
presented an infiltration of neutrophils and mononuclear
leukocytes in some specimens. In others, the pulp tissue
presented a new odontoblastic layer, with odontoblastic cells
aligned with dentin walls, although no dentin barrier
formation had been observed. Pulp tissue adjacent to the
material presented a slight mononuclear inflammatory
infiltrate and a slightly increased number of vessels. In some
areas a new advanced organization of odontoblastic layer
was found. The periodontal ligament wasintact. There were
no areas of alveolar bone resorption and a large number of
osteoblasts were observed.

Group Il (7 days) - Zinc oxide and
eugenol cement

Pulp tissue close to the material presented a
concentrated mononuclearinflammatory cellinfiltrate with
few areas of edema. Root canal pulp tissue presented
congested vessels and accentuated vessel proliferation and
no dentin barrier formation. At the root apex, the apical
delta canals were widened and filled with intact connective
tissue. There were no resorption areas on the cementum
surface. Periodontal ligament showed a large number of
collagen fibers and intense angioblastic proliferation.

Group IV (70 days) - Emdogain’

In this period, all specimens showed necrosis of the
pulp tissue and apical periodontitis. No dentin bridge was
observed in any specimen of this group and odontoblastic
layer was absent along dentin walls. Cementum surface was
irregular due to resorption areas, with resorption lacunae
containing or not clastic cells. In the periodontal ligament,
inflammatory cells of mononuclear and polymorphonuclear
type were more concentrated close to the apex, forming one
or more foci. Generalized edema and scarce presence of
cells was observed. Alveolar bone resorption areas
determined an increase in apical periodontal ligament
thickness (Figure 2).

Group V (70 days) - Calcium hydroxide

The pulp at the interface with the material presented
normal characteristics, with an organized and mature
odontoblastic layer and production of reparative dentin, well
organized inits deeper layers. In the superficial layers of the
dentin barrier, there was some cellular inclusions and

Response of enamel matrix derivative as a capping agent
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Figure 2: Emdogain® (70 days). (A, B) Dental pulp tissue with necrosis
and no dentin bridge formation (20 and 40%). (C) Medium third of the
root canal demonstrating tissue necrosis (20x). (D) Apical and periapical
areas showing a widened periodontal ligament with inflammatory cells,
generalized edema and fibrous dissociation. Bone and cementum
present areas of resorption with clastic cells (circle) (60x). (E)
Conventional periapical radiograph showing disruption of lamina dura
and presence of radioluscent areas indicating apical periodontitis.

invagination of pulp tissue. At the apical and periapical
regions, cementum was regular; periodontal ligament
showed a dense connective tissue, no inflammatory cells and
intense presence of collagen fibers. The alveolar bone
showed high presence of osteoblasts aligned on its surface.

Group VI (70 days) - Zinc oxide and
eugenol cement

In this group, formation of mineralized tissue bridge
was not observed in any specimen. The pulp tissue was
inflamed with moderate number of mononuclear
inflammatory cells in all roots. Areas of fibers dissociation
were frequently observed along the extension of the root
pulp tissue, concomitantly with edema and areas of necrosis.
Apical cementum surface presented non-repaired resorption
areas. The apical foramina were widened and contained
inflamed tissue remnants. The periodontal ligament thickness
was increased with presence of moderate inflammatory
infiltrate and generalized edema. Alveolar bone was resorbed
and non-repaired.
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DISCUSSION

Our results, comparing the effects of enamel matrix
derivative and calcium hydroxide on the pulp tissue in
pulpotomy are similar to those reported by Olsson et al.*’
and Darwish et al. ** and divergent to results found by
Nakamuraetal.®

At 7 days, there was no sign of dentinogenesis in teeth
treated with Emdogain®, although foci of osteodentin,
characterized by bone matrix permeated by osteoblast-like
cells,wasirregularly distributed creating an area similar to
primary immature bone. Likewise, in enamel matrix
derivative-treated teeth it has been reported that mineralized
tissue forms as isolated masses inside the dental pulp. >2°
These authors reported thatislands of hard tissue that formed
in response to enamel matrix derivative, at 12 weeks after
pulpotomy is unlikely to provide a structural barrier to protect
the pulp as those bridge-like structures formed in calcium
hydroxide-treated teeth. This difference may in part be due
tothe vehicle (PGA) used, since this materialis a geland does
not leave a solid coating over the amputated dental pulp as
would be done by calcium hydroxide.

However, we observed severe hemorrhage in the pulp
tissue in contact with Emdogain’ within 7 days following
pulpotomy. Possible reason for thatis the consistency of the
gel, which facilitates its diffusion into the extracellular matrix,
causing bleedingin the pulp tissue by diapedesis. Also, it has
been speculated that PGA as vehicle may not be appropriate
for pulp capping procedure due to it physical nature. *" Total
lack of pulpal healing could be seen at 70 days, when we
observed the necrotic pulp tissue and apical periodontitisin
all specimens. Although EMD induced early dentin bridge
formation, pulpalinflammation followed by tissue necrosis
were observed later on (at 3 months).°

On the other hand, in all specimens of the calcium
hydroxide groups (Il and V), 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, as previously
demonstrated.’*?**2These findings are consistent with those
of previous studies that used calcium hydroxide as a capping
material after pulpotomy and also had results within the
standard of normality. 2632

Overall, the unsatisfactory results obtained with zinc
oxide and eugenol in our study are in agreement with the
literature, *3%32 as was demonstrated by the absence of
dentin bridge formation in most specimens, the moderate
inflammatory infiltrate in the pulp tissue, the periodontal
ligament thickness moderately increased, and the resorption
of cementum and bone.

Response of enamel matrix derivative as a capping agent
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Our results show that enamel matrix derivative in PGA
vehicle (Emdogain®) did not show either satisfactory apical
and periapical response or capacity of inducing mineralized
tissue deposition when used to recover the root canal pulp
remnant after pulpotomy.
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