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Effect of enamel matrix derivative on bone formation around 
intraosseous titanium implant: An experimental study in canine 
model
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ABSTRACT

Background: The purpose of this study was to perform a histological, histomorphometrical, and 
immunohistochemical evaluation of the effect of Enamel matrix derivative (EMD) on bone formation 
around titanium dental implant.
Materials and Methods: In this animal study, 12 implants (10 × 3.8 mm) were inserted in the tibia 
bone of three dogs of Iranian breed. Two implants were placed in each tibia with EMD only on the 
left side. The dogs were sacrificed 2, 4, and 6 weeks after implantation. Following decalcification of 
the implants’ surrounding tissue and preparation of 4 μm thick sections, they were stained with 
hematoxylin and eosin (H and E) and immunohistochemical (IHC) stain for osteopontin (OPN) 
marker. Histomorphometric evaluation was performed via measurement of the percentage of 
the woven, lamellar, and total generated bone. Light microscopy osteoblastic intensity of OPN in 
osteoblasts and bone matrix was also evaluated Data were analyzed by Wilcoxon signed Ranks, 
and Mc Nemar tests.
Results: In both control and EMD‑applied groups, bone formation was recognized around the 
implants at the 4th week postimplantation. The percentage of total generated bone in the test group 
was higher than the control group, although being not statistically significant (P value = 0.917). 
Osteoclasts exhibited significantly higher proliferation activity compared the control group when 
stimulated by EMD (P value = 0.027). On average, the staining intensity in osteoblasts and extracellular 
matrix of bone, in EMD‑applied subjects was higher than those of the controls (P value = 0.167 
and P value = 0.414, respectively).
Conclusion: EMD enhanced bone formation around dental implants, but this increase was not 
significant.
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INTRODUCTION

The use of dental implants has become an accepted 
treatment in many clinical situations these days. It 

has been proven by a vast amount of evidence that 
implant therapy is a safe and efficient option. In spite 
of the brilliant success of dental implant therapy, yet, 
one of the causes of failures is the low bone quality 
and unpredictability of ossteointegration.[1,2]

Various materials and techniques for bone regeneration 
have been suggested in the field of tissue engineering. 
For instance, transforming growth factor‑β1 (TGF‑β1), 
bone morphogenetic proteins (BMPs), and platelets 
derived growth factor (PDGF) can be counted as 
biomaterials in cell biology techniques.[3]
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Enamel matrix derivative (EMD) has been used 
in regenerative periodontal treatments. There are 
numerous studies and reports that indicate the increase 
of regeneration, differentiation, and migration of 
osteoblasts and other periodontal cells (cementoblasts 
and fibroblasts) following the use of EMD.

Accordingly, based on this potentiality of tissue 
regeneration, EMD has been used not only to 
regenerate bone and periodontal membrane around teeth 
but recently to treat gingival recession.[3‑9] Amelogenin 
constitutes the major portion of EMD whereas enamelin 
and ameloblastin are other included proteins.[7]

Amelogenin possibly acts as a growth factor through 
stimulating, differentiating, and regenerating the 
periodontal ligament cells and increasing intercellular 
junction. This protein enhances the activity of 
ameloblasts, fibroblasts, and osteoblasts, and regulates 
gene expression of bone multicellular units (BMUs) 
collagen type  1, oseteocalcin, bone sialoprotein, 
alkalin phosphatase, and osteopontin.[4]

It has been shown by a vast series of experiments, 
in  vivo and in  vitro, that EMD and amelogenin 
stimulated periodontal tissue regeneration and 
synthesis of Tumor necrosis factor (TNF), TGF‑β, 
insulin‑like growth factor I and II (IGF I and II), 
Platelet derived growth factor (PDGF)‑AB‑BB, and 
Interleukin 6 (IL6) growth factors.[4,10] After insertion 
of EMD in periodontal lesions, this material creates a 
layer on the denuded dentin and causes new acellular 
cementum and alveolar bone formation.[6] Since 1997, 
animal histological studies have reported contrary 
results about the effect of EMD on osteogenic cells, 
bone regeneration, promotion of the integration of 
new bone to implant and the surrounding bone.[11‑16] 
Therefore, our purpose was to study the effect of 
EMD on the quality and quantity of the surrounding 
bone of dental implants in the dogs’ tibia.

MATERIALS AND METHODS

In this animal experimental study, three healthy male 
3‑year‑old Iranian mixed breed dogs with identical 
weights (25  kg) were selected. The dogs were 
quarantined for 2  weeks with identical feeding diets. 
All surgeries were performed in animal operating 
room of Torabinejad Research Center, Isfahan 
University of Medical Sciences, Isfahan, Iran. The 
experimental protocol of this study was approved 
by the Animal Ethics Committee of the Isfahan 
University of Medical Sciences.

Surgical procedure
The dogs were tranquilized with intra‑muscular 
injection of 1% Cepromazine (Woerden, Holland, 
Neuroran: Alfasan) with dosage of 0.02  ml/kg, and 
were then anesthetized with 10% Ketamine (Woerden, 
Holland, Ketamine: Alfasan) with dosage of 
0.04 mg/kg. The anesthesia went on using oxygen and 
Halothone BP, Nicholas primal India (Limited India) 
through endotracheal intubation, Dextrose saline was 
infused to maintain fluid and electrolytes balance and 
to keep the vein open for possible medication. Atropin 
1% (alfasan, Woerden Holland) was also injected to 
regulate heart rhythm.

Under complete anesthesia, skin of medial proximal 
metaphysis of both tibias were shaved, washed with 
betadine 7.5% and draped by sterilized cover for 
surgery.

Primarily, a vertical incision was made to expose 
the bone. Then, two 10  mm deep osteotomies with 
a diameter of 3.8  mm were made 20  mm apart. 
Normal saline was used to prevent overheating and 
bone necrosis during all steps of osteotomy before 
placing the submerged/smile master (SM) implants 
from DIO system (Dsi: Dong seo Inc, Korea). In 
the left osteotomized sites, the cavities were filled 
and implants were covered with EMD (Emdogain, 
strauman Switzerland).

In the right tibia, the implants were inserted without 
EMD.

Finally, Periosteum, the muscles, fascia, and skin were 
closed carefully with continuous suturing. At the end of 
surgery, intra muscular sedatives and antibiotics were 
injected. The samples took Penicillin‑Streptomycin 
40,000 IU/kg (Vasr pharmaceutical Co. Fariman, Iran) 
for 1 week after surgery. The dogs received intensive 
care during the postsurgical period.

Two weeks after surgery, one of the dogs was 
randomly selected and sacrificed by vital perfusion 
with 10% formalin under complete anesthesia. Then, 
tibias were amputated from under tuberosity. Caput 
tibiae and metaphysis including the inserted implants 
were soaked in 10% buffered formalin. At the fourth 
and sixth week, two other dogs were sacrificed and 
processed as above.

Histological sample preparation
After preparation of bone blocks accompanied with 
implants (13 × 13 × 13 mm) and formalin fixed, samples 
were kept in separate coded dishes containing 10% 
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ethylenediaminetetraacetic acid (EDTA) for 8  weeks. 
The decalcified and softened paraffin embedded 
blocks were precisely cut in the middle by scalpel 
and the implants were removed by close care with no 
tissue damage. Samples were processed and framed in 
paraffin. Four micro meter thick sections were prepared 
by microtome (Accu‑cut SRM 200, Sakura Fihetek, 
Europe BN, Holland) and coded. The final slides 
were stained by Hematoxylin and eosin (H  and  E). 
The immunohistochemical staining (IHC) method was 
done for osteopontin (OPN) marking (NCLO‑Pontin 
Novacastra, New Castle upon tyne, UK).

Histological and histomorphometric 
examinations
The prepared slides were sent to the oral and 
maxillofacial pathology laboratories at the school 
of dentistry, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. Under light microscopy 
(Olympus CX21FS, Olympus Corporation, Tokyo, 
Japan) with magnification of 40× and 400×, the 
number of osteoclasts in the bone adjacent to the 
implant with a radius of 1  mm was counted. The 
slides were evaluated for type of bone.

After photomicrography (Nikon Corporation, Tokyo, 
Japan) the total percentage of bone around the implant, 
and the woven lamellar bone in mentioned radius 
were calculated by Iranian HMMA ver. 1 (invented in 
the department of oral and maxillofacial pathology, to 
evaluate histomorphometry). The pathologist and the 
technician were not aware of samples’ contents in all 
steps of the process.

Immunohistochemical examination
In the stained slides, the staining intensity of OPN 
in osteoblasts and bone matrix was assessed under 
light microscopy. No staining (‑), mild staining (+), 
moderate staining (++), and hotness staining (+++) 
were recorded in sample‑related forms.

Statistical analysis
In the present study, the difference between the studied 
variables of experimental and control groups were 
calculated at the end of the second, fourth, and sixth 
weeks postsurgery. Finally, the data were analyzed 
by Wilcoxon signed Ranks and MC Nemar tests and 
significance level was predetermined as P ≤ 0.05.

RESULTS

In histomorphometric evaluations, generally, the 
percentage of bone increased at the end of the fourth 

week in both groups. In fact, it was more obvious 
in EMD group. Mean percentage of woven bone 
increased from the second week to the fourth week 
and decreased through the sixth week [Figures  1 
and 2]. Mean percentage of the lamellar new bone 
decreased to the fourth and then increased through 
the sixth week (Table  1 shows mean percentage of 
total bone P = 0.917, mean percentages of the woven 
bone, and the lamellar bone P  =  0.6). Histological 
examinations of the prepared specimens showed 
that mean number of osteoclasts in both groups had 
increased from the second through the fourth weeks 
[Figure  2], but during the third two weeks, the mean 
value of this variable decreased in both experimental 
and control groups. The number of these cells in the 
experimental group was more than that of the control 
group at all three intervals [Table  2]. On an overall 
basis, the mean number of osteoclasts showed a 
significant difference in both groups (P = 0.027).
Microscopic observations showed the existence of 
osteoblastic rim in all samples in both groups, except 
in one sample in control group at the end of the 
second week [Figure 3].

Immunohistochemical examination showed that 
staining intensity of osteoblasts in EMD group was 
high in two samples (at the end of the second and 
sixth weeks) [Figure  3], average in three samples 
(one sample in each interval), and poor in just one 
sample. In control group, all samples had poor 
staining intensity, except for one which was ranked 
high [Figures  1 and 2, Table  3]. The difference was 
not significant anyhow (P = 0.161).

Figure 1: Histological image taken under a light microscope in 
EMD group in the fourth week. (H and E, magnification ×200). 
OBS: Osteoblastic rim, RL: Reversal line, FT: Fibrotic tissue. 
IS: Implant surface, WB: Woven bone, LB: Lamellar bone


