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Abstract
Background: One of the serious challenges in dental treatment is socket healing

after tooth extraction. Various researchers have attempted to develop efficient
therapies for healing and regenerating damaged tissues after extraction. Many tissue

engineering technologies have been used now a day to enhance tissue healing.

Aim: The present study was planned to evaluate the efficacy of epidermal growth

factor with synthetic hydroxyapatite powder in socket healing.

Methods: six-Thirty male rats were included in this study and their lower incisors
teeth were subjected to extraction. Animals were divided into the following three
groups according to socket treatment. (A) control, socket hole left to heal without
any application, (B)application of hydroxyapatite powder (HAP) in the socket, (C)
application of epidermal growth factor (EGF) with hydroxyapatite powder in the
socket. Histological evaluation for bone formation, bone cell and inflammatory cell
count with histomorphometry of bone trabeculae percentage had been done to all

study groups and for three periods (5,14 &28 days).

Results: Epidermal growth factor with hydroxyapatite group showed early bone
formation, more bone cell count, and less inflammatory cell infiltration in
comparison to the HAP group and control at periods (5,14&28 days) and with a
statistically significant difference (p<0.05).
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Bone trabeculae percentage was recorded to be high in the HAP&EGF group that

filled the socket hole at (14 ,28 days) intervals in comparison to hydroxyapatite and

control group. Complete re-epithelialization was observed only in the EGF&HAP

group.

Conclusions: Both the HAP&EGF group and the hydroxyapatite group show bone

formation and good socket healing, but the EGF&HAP group showed to be faster in

filling of boney socket hole with complete epithelization than hydroxyapatite group,

therefor using EGF with HAP is more efficient and suggested the material of choice

used for socket healing.

Keywords: Bone healing, Bone cells, Hydroxyapatite, Epidermal growth factor,

tooth socket.

Introduction

Socket healing is a complex biological

process  that  shows specific

regenerative and remodeling patterns

and involves changes in many

biological processes including the

production and release of several

important  molecules**®.  Healing
socket consists of three new tissue
connective

components;  epithelium,

tissue, and bone tissue. Interactive
dynamic changes take place between
these 3 components during healing
period . The wound socket healing is
influenced by wvarious molecules,
inflammation mediators, integrin the
growth  factors that act on
vascularization, new bone formation,
and finally reepithelization covering

socket surface®.
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The process of socket healing requires

involvement of cellular components

including inflammatory cells,
mesenchymal progenitor cells,
endothelial cells, osteoblasts,

osteocytes, and osteoclasts®”®. And
sharing of inorganic materials that are
important in  the  mineralization
process of bone, one of the most

important materials is hydroxyapatite.

Hydroxyapatite is a type of mineral
specifically, calcium apatite which
presents naturally. It is comprised
primarily of calcium and phosphate in
a chemical formula Ca5(P0O4)3(OH)
® It is found in crystalline-formed
cells and has two separate structures.
Hydroxyapatite interacts bio-
specifically with proteins®®. These

interactions are the important in
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formation and strength of the bone.
Many studies reported success of uses
of HA in

improving regeneration in orthopedic
g (1112)

tissue- scaffolds in

and craniofacial processe

Epidermal Growth Factor-EGF is a
polypeptide of 53-amino acid isolated
from the salivary glands of mice®?.
Epidermal Growth Factor has the
ability to stimulate epithelial cells to
differentiate and

grow and

reestablished the strength and the

tissues®®,

normality of injured
Epidermal Growth Factor can interact
with many molecules and illustrates
specific interaction with its receptor
(EGFR) that lead to trigger a complex
of biochemical processes and enhance
the cell cycle to continue™. EGF is
found to perform many functions
concerned with the healing of oral
their include

mucosa, functions

triggering cell proliferation, migration,

Materials
A. Experimental animals

Thirty-six male Sprague-Dawley (SD)
rats aged (3-3.5 months), weighing
(200-250 @), were included in this
study.  All

experiments were

performed according to ethical

approval from the ethical scientific
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and differentiation to specialized cells
%) Many studies found that low EGF
levels in wound area can be associated
with inflammation that attacks the area

and results in failure of healing "9,

Many investigations in both human
and animal models have been done on
bone matrix and its mineralization to

(1920 |

optimize socket healing
addition, HA can be used as a scaffold
in bone tissue regeneration and with
growth factors, it induces the release
of inflammatory molecules and
W These

provide direction for the present study

mediators researches
to use biological materials for the
enhancement of socket healing and

prevent its failure.

The study was designed to evaluate
the efficacy of epidermal growth
factor with synthetic hydroxyapatite

powder in socket healing.

Osol Aldeen

University College and under the

committee of the
National Council’s guide for the care
of laboratory animals (Study No. 247-
18/12/2022). The rats were kept in the
Animal Department of Iragi National
Center of Drug Control and after 2
weeks of acclimatization, right and left
lower incisors were extracted and

grouped according to material that
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applicated in socket holes and to a

subdivision  according to  post

experimental periods as follows,
Group control: right tooth socket hole
left to heal spontaneously;
HAP: left socket hole with HAP
application; Group HAP&EGF: left
with HAP&EGF

included

Group

socket hole

application.  Subdivision

periods (Days 5, 14, and 28)

postoperatively.

B. Hydroxyapatite Micron Powder
Purity: 99.5+%, Size: 3 um, 5 grams /
0.1 g Nanografi / Germany.

C. Recombinant human EGF protein
(Active) (ab285777), Lyophilized 10
ug (Abcam company)

Methods:

The rats were subjected to general
anesthesia with a mixture of 50 mg/kg
ketamine and 2.5 mg/kg xylazine.
Lower incisors tooth extraction were
done by application of labial and
lingual movements using pedodontics
forceps with minimal injury. After
extraction, the socket irrigated with
0.09% saline and then drained with a

sterile tampon. The left socket was

Histological and histomorphometric
evaluation

The sections were studied under a
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treated with either 1pg of HAP
powder or 1ug of lyophilized EGF
with HAP (18 in number for each
group), the

concerned the control and left to heal

while right socket
spontaneously without any application
(36 in number). The socket was closed
using (3.0 silk) stitches thread. The
animals were sacrificed by an
overdose of carbon dioxide gas after
surgical operation at the observation
time (Days 5, 14, and 28) (6 rats for
each period).
Specimens included socket with
surrounding tissue were excised with a
surgical saw and the excess tissue
were dissected, then the specimens
were removed with a 5-10 mm margin
of surrounding bone. The specimens
immediately were fixed into the 10%
then the

formaldehyde solution,

specimens were decalcified,
dehydrated, embedded in wax and

sliced in serial with 4-um thickness,

stained with H&E stain for
histological and histomorphometric
evaluation.

light microscope and analyzed for
bone cells and inflammatory cells that
were counted at 5 representative fields

with (X40) magnification ®V. Patterns
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of colt organization, visualization, new
bone formation and maturation, and
epithelization of socket surface were
observed for the control and
experimental groups. The Trabecular
areas were contoured and determined.
The percentage of the Trabecular bone
area of each group was gained by

dividing the trabecular area / total area

Results

The current results illustrate the

healing process on incisors rat’s
sockets at 5,14 and 28 days after

tooth extraction. All the histological
analyses of healing sequences
followed on the socket’s portions

included cervical, middle and apical.

In general, all the study specimens
showed the same histological features
for healing but in different grades. As
illustrated inflammation in early
period, formation of granulation tissue
& woven bone in mid period and bone
formation and reepithelization in last

period.

For the Control group the specimens
at 5 days showed a blood clot in the
cervical region of the socket. On the
middle and apical portions granulation
tissue was observed with intense
infiltration of inflammatory cells. A

number of blood vessels also detected,
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2 using the AxioVision,4.8 software
(Carl Zeiss).

Statistical analysis: all data were
entered into Excel spreadsheets for
evaluation with the Statistical package
Studies (SPSS)

states of

Social
IL,
America). The data were analyzed
using ANOVA test.

deal for

(Chicago, united

figure (1A).

After 14 days of extraction, the socket
showed woven bone formation on the
middle and apical portions, while

fibrous tissue was observed on
cervical region with inflammatory cell
infiltration, figure(1B). The last period
28 days of extraction illustrated thin
bone trabeculae formation with no
epithelization of the socket surface,

figure(1C).

For the HAP group, the specimens at
5 days showed a blood clot in the
cervical region of the socket. On the
middle and apical portions granulation
observed with mild

tissue was

infiltration of cell,

figure (2A).

inflammatory

After 14 days of extraction, the socket
showed bone trabeculae at apical
portion, figure(2B).
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The last period 28 days of extraction
illustrated bone formation on middle
and apical portions with the presence
of osteoblasts surrounding newly
formed bone, and fibrous tissue on the
mid half region of the middle portion
with incomplete epithelization of
socket surface were detected too,

figure(2C).

For the HAP&EGF group, the
specimens at 5 days illustrated early
detection of a numerous number of
osteoblast cells closely associated with
woven bone on the apical portion.
Fibrous tissue found in the middle

area, figure (3A).

After 14 days of extraction, the socket
recorded bone trabeculae filled apical
and middle portions of the socket with
enhanced osteoblasts surrounding the
trabeculae, also

osteocyte  was

detected trapped in bone matrix.
Fibrous tissue showed in the cervical

region, figures (3B and 3C).
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The last period 28 days of extraction
revealed a progressive bone formation
on the middle and the apical portions,
fibrous tissue on mid half region of the
middle portion followed by connective
tissue with complete epithelization of
the socket surface, figure(3D).

Histomorphometric evaluation
registered a statistically significant
difference (p<0.05) in the number of
osteoblasts mean count at study
periods (5,14&28 days) related to the
HAP&EGF group in comparison to
HAP &control groups, tables (1,2).
While, inflammatory cell mean count
difference

revealed a significant

related to a control group in

comparison to others, tables (3,4).

The percentage of bone trabeculae
formation of study groups at 14&28
days was estimated and the result
shows a significant  difference
(p<0.05) related to the HAP&EGF
group in comparison to HAP& control

groups, figure (4) & tables (5,6).



Figure (1) Microphotograph view for socket healing of control group at periods
(days 5, 14&28)

1A: Socket at 5th day shows, Blood clot (BC), Granulation tissue (GT), Alveolar
bone (AB), Inflammatory cells (arrows).H&E X20; 1B: Socket at 14th day shows,
Woven bone (WB), Fibrous tissue (FT), Inflammatory cells (arrows).H&E X20; 1C:
Socket at 28Th day shows, Bone trabeculae (BT), Alveolar bone (AB). H&E X10

Figure (2) Microphotograph view for socket healing of HAP group at periods (days
5,14&28)

2A: Socket at 5™ day shows, Blood clot (BC), Fibrous tissue (FT), Alveolar bone
(AB), Inflammatory cells(arrows).H&E X20; 2B: Socket at 14™ day shows, Bone
trabeculae (BT). H&E X20 ;2C: Socket at 28™ day shows, Bone (B), Fibrous tissue
(FT), Epithelia (EP), Osteoblast (red arrows). H&E X10
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Figure (3) Microphotograph view for socket healing of HAP&EGF group at periods
(days 5,14&28) 3A: Socket at 5™ day shows, Fibrous tissue (FT), Woven bone (WB),

Osteoblast (red arrows) .H&E X10

3B: Socket at 14™ day shows, Fibrous tissue (FT), Bone trabeculae (BT), Osteoblast (red
arrows). H&E X10; 3C: Magnifying view for (3B view) shows, Bone trabeculae (BT),
Osteoblast (red arrows), Osteocyte (blue arrows). H&E X20; 3D: Socket at 28" day
shows, Epithelia (EP), Connective tissue (CT), Fibrous tissue (FT), Bone(B). H&E X10

Table (1) ANOVA test for Osteoblast mean count at (2x2mm?) among study groups at
periods (5,14&28 days)

5 days 14 days 28 days
Groups
Mean +SD F P Mean +SD F P Mean +SD F P
value value value
Control 1.067+0.516 38.723 | 0.000 5.167+0.753 29.901 | 0.001 5.111+0.320 37.654 0.001
HAP 2.16710.753 * 7.667+0.816 * 7.888+0.250 *
HAP&EGF |4.33310.516 9.500+0.548 8.500+0.330

* Statistically significant at p < 0.05
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Table (2) Post hoc test (LSD) of Osteoblast mean count among study groups at periods
(5,14&28 days)

5 days 14 days 28 days
Groups P-value Sig P-value Sig P-value Sig
Control & HAP 0.046 S 0.034 S 0.031 S
Control & 0.009 S 0.008 S 0.006 S
HAP&EGF
HAP& HAP&EGF 0.021 S 0.025 S 0.015 S

* Statistically significant at p<0.05

Table (3) ANOVA test for Inflammatory cell mean count at (2x2mm?) among study
groups at periods (5,14&28 days)

5 days 14 days 28 days
Groups

Mean +SD F P value Mean SD F P Mean SD F
value

Control 20.037+0.316 12.130 0.000 16.160+0.453 | 10.136 0.001 4.022+0.420 (16.133( 0.001

HAP 9.133+0.443 * 6.667+0.416 * 2.888+0.320

HAP&EGF 4.333+0.234 3.50040.355 1.500+0.300

* Statistically significant at p < 0.05

Table (4) Post hoc test (LSD) of Inflammatory cell mean count among study groups at
periods (5,14 &28 days)

5 days 14 days 28 days
Groups P-value Sig P-value Sig P-value Sig
Control & HAP 0.000 HS 0.000 HS 0.029 S
Control & 0.000 HS 0.000 HS 0.000 HS
HAP&EGF
HAP& HAP&EGF 0.011 S 0.008 S 0.025 S

* Statistically significant at p<0.05
**P<0.001 High significant
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Figure (4) Bar chart for the percentage of bone trabeculae at 14&28 days

Table (5): ANOVA test for Percentage of bone trabeculae formation at (2x2mm?) among
study groups at (14&28 days)

14 days 28 days
Groups
% of F P value % of F P
trabeculae value trabeculae
Control 20.60046.22 45.500+3.32
HAP 35.500+ 2.25 27.430 0.001 60.700+3.25 22.502 0.001*
HAP&EGF 50.600+ 3.33 * 80.500+2.33

* Statistically significant at p < 0.05

Table (6) Post hoc test (LSD) of Bone trabeculae formation among study groups at periods
(14&28 days)

14 days 28 days
Groups P-value Sig P-value Sig
Control & HAP 0.045 S 0.017 S
Control & HAP&EGF 0.000 HS 0.000 HS
HAP& HAP&EGF 0.007 S 0.05 S

* Statistically significant at p<0.05
*P<(0.001 High significant
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Discussion

The present study was designed to find the efficacy of using a combination of EGF with
hydroxyapatite in comparison to application of hydroxyapatite alone and control for
evaluation of socket regeneration at periods (5,14&28 days). Bone cell count and
inflammatory cell were recorded in the present study for the three periods as recognized
easily, while estimation of bone trabeculae was done to periods (14&28 days) related to the

time of its formation.

The current results for histological and histomorphometric evaluation of the HAP&EGF
group show enhancement of proliferation of osteoblast, less inflammation and more
percentage of bone trabeculae formation. These results may be attributed to the presence of
an exogenous growth factor which is play an important role in bone restoration and increase
response to the injured site that improves healing outcome . Also angiogenic effects of
EGF acts a potent mitogen that triggered cell proliferation, migration and helps in the

specialization of progenitor cells % .

Present results reveal a low inflammatory cell infiltration in the socket of HAP&EGF group,
these results coincide with Fonseca et al 2018 who found that low EGF levels in wound
area can be associated with inflammation that attacks the area and resulted in failure of

healing.

Recent results observe complete re-epithelialization after the healing of the socket in the
HAP&EGF group more than in other groups, these results are in agreement with Kim et al.
2012 who investigated that EGF is important molecules associated with epithelization of

injured oral mucosa.

The Hydroxyapatite group presented woven bone at 5 days and bone trabeculae at 14 days
and incomplete epithelization at 28 days. These results are in agreement with Samadian, et
al. 2018% who showed a good result concerned to HA group which recorded a high rate of
collagen synthesis with re-epithelialization and new blood vessel formation. Elsayed et
al.2020% applied modified hydroxyapatite in wound healing and reported a high response
in the proliferation and growth of cellular components of wound. Furthermore, Wardhana, et
al. 2021 @ applied ellagic- hydroxyapatite to enhance bone healing by increasing the
number of osteoblasts and secretion of osteoprotegerin and osteocalcin proteins. The current
study suggests the use of EGF in the field of oral cavity regeneration and can be utilized
clinically to obtain good healing.
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Conclusion:

Epidermal growth factor application with HAP shows mitogen and

osteoinductive proprieties that might be considered a hopeful biomaterial to be used in

socket healing.

Ethical clearance: all work of this study had done according to the National Council’s

guide for the care of laboratory animals.

Conflict of Interest: The authors declare that they have no conflict of interest Funding: Self-

funding.
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