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ABSTRACT
Background: Enamel matrix-derived proteins (Emdogain)
stimulate the proliferation of periodontal ligament cells,
contributing to their regeneration.
Aim: This study was to perform histometric assessment of root
surface resorption in replanted teeth with the use of Emdogain®.
Materials and methods: Male Wistar rats (Rattus norvegicus),
weighing 180 to 200 gm, were anesthetized, subjected to
extraction of the upper right incisor tooth, which was then
replanted into the alveoli with the following treatment: (a) control
group - tooth with root canal filled with calcium hydroxide paste
and (b) treated group - tooth with root canal filled with enamel
matrix-derived protein. The animals were sacrificed 25 days
after tooth replantation. The maxilla was processed to obtain
thin sections (6 µ) and stained with hematoxylin and eosin. The
resorption volume percentage of each dental element was
calculated from the cementoenamel junction to the apex.
Results: Quantification of resorption revealed that Emdogaintreated teeth showed a lower percentage of resorption (31.58%)
compared to controls (80.48%) (statistically significant values –
t-test p-value = 0.0431).
Conclusion: It was concluded that Emdogain used as root canal
filling has properties capable of showing a lower percentage of
resorption in replanted teeth.
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INTRODUCTION
Dental replantation has been the subject of much research
in the dental field because of the large number of tooth
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losses caused by traumatic avulsions. Despite several
studies, failures in dental replantation techniques are still
very numerous. Most often, root resorption is the main
cause, which can lead to complete destruction of the root
portion.1,2
For most authors, the success of tooth replantation
depends on maintaining the vitality of the periodontal
ligament.3-13 Without the biological protection of the
periodontal ligament, cementum becomes replaced by bone
tissue, and the root can be replaced completely by this
tissue.13,14 On the other hand, remaining necrotic periodontal
ligament can be replaced by bone or initiate a process of
resorption.13-15
When most of the periodontal ligament appears
degenerated, even in the presence of a vital radicular pulp
tissue or necrotic but sterile tissue, the occurrence of
ankylosis is inevitable.16,17
In order to reduce dental root resorption and ankylosis,
several substances have been used for the treatment of the
root surface of teeth to be replanted, such as simple or
acidulated fluoride solution,18,19 thyrocalcitonin,20 calcium
hydroxide paste associated with para-monochlorophenol
methylcellulose,21 polylactic acid,22 but without significant
results.
In this context, enamel matrix-derived proteins have
shown good results in periodontal regeneration techniques,
promoting the formation of new bone, periodontal ligament
and cementum.23-27
When applied on the root surface, these proteins provide
a niche for mesenchymal cells and stimulate cell
differentiation into cementoblasts, osteoblasts and
fibroblasts, thus promoting periodontal regeneration.25
The aim of this study was to analyze histometrically the
effect of EMD application on replantation-associated
resorption.
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MATERIALS AND METHODS
All procedures were conducted in accordance with the
ethical principles of animal experimentation (register
number 05186402-III). For this study, we used 16 Wistar
male rats (Rattus norvegicus), aged 50 to 70 days and
weighing between 180 and 200 gm, from the vivarium of the
Unisul University Dental School. The rats were housed in
individual cages and kept under controlled lighting conditions
(12 hours light/dark cycle) and temperature (21-25°C), and
fed with balanced food pellets and water ad libitum.
The animals were anesthetized with sodium thiopental
injected intraperitoneally at a dose of 0.3 ml per 100 gm of
body weight. They were divided into control group (CG)
and treated group (TG) as follow:
Group I (Control-CG)
After extraction of the right upper incisor of each animal,
using instruments specially adapted for that purpose, the
teeth were placed in containers with a saturated solution of
sodium chloride. After 45 minutes, they were involved in
gauze soaked with saline solution, and the tooth canals were
retrograde instrumented with a #15 Kerr file (Les Fils d’
Auguste Maillefer SA, Switzerland). Then, they were
retrofilled with calcium hydroxide paste and immediately
replanted in the alveoli. None drugs, analgesics or
antibiotics, postreplantation were used.

structures. The right hemimaxillae were immersed in 10%
formalin for fixation, decalcified for 4 days in a 20% sodium
citrate solution and 30% formic acid, washed in running
tap water for 24 hours, dehydrated, cleared, embedded in
paraffin and positioned so as to permit longitudinal cuts at
a thickness of 6 µ, stained with hematoxylin and eosin.
Twenty sections were obtained at 50 mm intervals apart
from each other.
Histometric Analysis
The sections were examined using a stereoscope (Carl Zeiss,
Gottingen, Germany); image capture and quantitative
analysis of the periodontal tissues were performed using
Image J© system (Research Services Branch, National
Institute of Mental Health, Bethesda, Maryland, USA). For
histometric analysis, we selected a picture of each animal
by determining the amount (perimeter) of resorption of each
dental element from the cementoenamel junction to the apex.

Group II (Treatment with Enamel
Matrix Protein-GT)
The same procedures were followed for this group, and tooth
canals were filled with enamel matrix-derived proteins
[Emdogain® (EMD), Biora AB, Ideon/Malmo, SE-205 12
Malmö, Sweden].
The commercially available formulation shows that these
proteins are made up of 90% amelogenin and 10% of other
proteins derived from pig enamel matrix.24,27 In addition to
these proteins, it has propylene glycol alginate as a vehicle,
which turns into viscous substance at room temperature and
acidic pH. After application, at body temperature and neutral
pH, the enamel matrix-derived protein precipitates in the
form of insoluble spherical complexes that remain at the
application site for 2 weeks.
Twenty-five days after surgery, the animals were
sacrificed by an anesthetic overdose of thiopental sodium.
Their mandibles were separated from the maxillae with the
use of scissors, and the right maxilla was separated from
the left through an incision at the midsagittal plane following
the intermaxillary suture. A cut tangent to the distal surface
of molars using a straight scissors allowed the collection of
the portion of the replanted tooth and its associated

Fig. 1: Calcium hydroxide: histological picture showing the surface
of root resorption in teeth filled with calcium hydroxide. Hematoxylin
and eosin staining

Fig. 2: Emdogain group: histological picture of intact root surface
in teeth filled with Emdogain. Hematoxylin and eosin staining
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Comparisons of data obtained in the histometric analysis
were performed using parametric t-test (p-value = 0.0431).
RESULTS
The histological evaluation demonstrated extensive tooth
resorption on the root surfaces of teeth that were filled with
calcium hydroxide (Fig. 1) and less extensive resorption
when intracanal Emdogain was applied (Fig. 2).
Table 1: Descriptive statistics of the resorption percentage of the
total root surface perimeter: for each group (N = 8), mean, standard
error (SE) and result of the significance test (a, b)
Group

N

Emdogain
Calcium hydroxide

Mean
a

8
8

31.58
80.48b

SE

p-value

3.123
6.266

0.0006

*In mean column; different letters are statistical significance at 5%

The histometric analysis provided quantitative data of
the root resorption process following the use of intracanal
calcium hydroxide and EMD. As showed in Table 1,
quantification of resorption revealed that EMD-treated teeth
showed a lower percentage of resorption (31.58%)
compared to controls (80.48%) (statistically significant
values– t-test p-value = 0.0431).
The percentage of root surface resorption of analyzed
teeth for each animal in the different groups can be observed
in Table 2, where Emdogain group have the best behavior
in all of them.
DISCUSSION
Emdogain is a commercial compound derived from
amelogenin, a protein that is the main component of the
enamel matrix. It was suggested as an alternative to bone
grafts and membranes in the treatment of periodontal
defects 14 and has shown good results in periodontal
regeneration techniques, promoting the formation of new
bone, periodontal ligament and cementum.22,27
EMD has shown to be effective in stimulating the
formation of acellular cementum on traumatized root,24,25
and the proliferation of periodontal ligament cells, thus
promoting periodontal ligament regeneration.2,23,26
The histological results of this study showed that, when
applied intracanal, EMD has biocompatibility and was
integrated into the periodontal tissue, decreasing the
production of dental resorption compared with the use of
calcium hydroxide. These results suggest that matrix

proteins in EMD have characteristics that make it capable
of interfering with the resorption process of replanted
teeth,28,29 probably by acting on clasts in a still unclear
mechanism. However, further studies are needed to better
understand the properties of this material and its interaction
with the cell bodies in which they are intended to be used.
What can be suggested is that due to the ability of EMD
to stimulate the proliferation of periodontal ligament cells
on the root surface as well as the differentiation of
mesenchymal cells into osteoblasts and cementoblasts, the
inflammatory process may have decreased, and
consequently, the root resorption. This interaction can be
explained by cell adhesion that is mediated by cell surface
receptors interacting with EMD proteins, forming a
monoadhesive layer. Then, macrophages are activated to
produce growth factors of cytokines that are important to
induce the tissue repair process. The platelet-derived growth
factor (PDGF), transforming growth factors (TGF),
interleukin (IL)-1 and other stimulators of cell migration
exacerbate the inflammatory process at the lesion site, while
the fibroblast growth factor (FGF) and vascular endothelial
growth factor (VEGF) induce the angiogenesis process.
Have been suggest that EMD promotes proliferation of
mesenchymal cells and inhibits epithelial cell, and that the
release of autocrine growth factors in periodontal ligament
cells exposed to EMD, among which TGF-1, IL-6 and
PDGF-AB, contributes to periodontal tissue repair and
regeneration in a process similar to what occurs during
normal root development.28,29
Calcium hydroxide was chosen as one of the filling
materials because it reduces resorption and stimulates bone
formation, due to its bactericidal potential. It also inactivates
osteoclast stimulation due to the increase in the pH that in
some situations can go up to as high as 10,30 being a good
parameter for comparison with EMD, not yet used as filling
material.
Although EMD has been placed inside the root canal
simulating an intracanal medication, it has not similar action
to calcium hydroxide, which, due to dissociation of the
hydroxyl ions, reaches the resorption area through the
dentinal tubules.31 Because EMD was placed as the apical
foramen when the specimens were replanted, there was a
leakage of the material that settled in the space between the
cementum and alveolar bone, thus explaining its action in
the periodontal ligament and cementum.
The results showed a lower percentage of resorption in
the EMD group than in the CG, possibly due to the property

Table 2: Percentage of root surface resorption of analyzed teeth for each animal in the different groups

Emdogain
Calcium hydroxide
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R1

R2

R3

R4

R5

R6

R7

R8

48.45
80.32

47.31
75.67

27.92
94.66

30.23
81.33

32.92
100.00

26.26
100.00

27.92
54.08

38.16
57.79
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to stimulate the proliferation of periodontal ligament cells,
allowing the formation of new cementum and bone tissue,23
and then suggest that the enamel matrix-derived proteins
have properties that can reduce root resorption of replanted
teeth. However, the study does not explain exactly the
intrinsic mechanisms involved in this process.
CONCLUSION
It was concluded that Emdogain used as root canal filling
has properties capable of showed a lower percentage of
resorption in replanted teeth.
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