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Abstract

The study aimed to reconstitute surgically induced large mandibular
bone defects by using different types of biomaterials in a dog's model. In
this study, forty-eight healthy stray male dogs, with a weight of (20 + 0.5)
kg and age of (2+0.6) years, were included. All animals were divided
equally into four groups. A circular mandibular bone defect of (14) mm in
diameter was created in the body of the mandible of all animals. In the first
group (control group), the defect was left without any treatment. In the
second group (QESCH group), the bone defect was filled with fabricated
calcium hydroxide powder of quail egg shells. In the third group (OSHA
group), the bone defect was filled with fabricated hydroxyapatite powder
of oyster shells. In the fourth group (PRF group), the bone defect was filled
with a prepared autologous platelets rich fibrin gel. Depending on the post-
operative evaluations like clinical signs, macroscopic, field emission
scanning electron microscopy (FESEM) radiological, histopathological,
and immunohistochemical at the different periods of the study to evaluate
the obtained results.

The clinical evaluation showed that all animals recovered well after
surgical correction without any complications. However, all animals in
treated groups showed normal signs of eating, chewing, and barking during
the first-week post-surgical operations. While the animals of the first group
showed varying degrees of ability to eat normally during the same periods.
Grossly, in all groups, the site of surgical wounds was healed normally by
first intention after surgical correction. In addition, the macroscopical
results in the treated groups during all the periods of the study appeared to
show a progressive reduction in the size of the mandibular bone defect
through new connective tissue formation, especially in the fourth group. In



contrast to the control group, the mandibular bone defect was still open
relatively at the end of the this study.

The radiological results of the mandibular bone defect in the control
group revealed little bone tissue formation with less or absent trabecular
bridging where the bone defect stilled open and radiolucent on day 60 post-
operation. While in the treated groups, the radiographic examination
revealed progressive disappearance in the size of the mandibular bone
defect through new bone tissue formation and trabecular bridging where
the bone defect appeared radiopaque and disappeared relatively and at the
end of the study restrictedly in the fourth group also. Additionally, the field
emission scanning electron microscopy revealed the closure of the
mandibular bone defect relatively with new connective tissue in a treated
group, especially in a fourth group, in contrast to the first group, where the
defect remained open.

The histopathological sections after filling the mandibular bone
defect with different biomaterials in all experimental animals showed
various degrees of new bone and granulation tissue formation. In addition
to the angiogenesis and infiltration of inflammatory cells. Generally, the
histopathological results in the treated groups showed a significant increase
with varying percentages in the proliferation of osteoblasts and osteocyte
formation with priority to the fourth group at (P<0.05) when compared
with the first group during the periods of the study after surgical operations.
Furthermore, the immunohistochemical results in the first group showed
weakly expressed alkaline phosphatase (ALP) in both cartilaginous and
ossification zones. In the second group, the expression of ALP appeared
mildly in the ossification zone and moderately in the cartilaginous zone. In
the third group, the ALP expression appeared mildly in the newly formed
bone trabeculae surface and moderate in the cartilaginous zone. In the
fourth group, the expression of ALP appeared highly in the center of the



bone defective area and moderately expressed in the surface of the newly
formed lamellar bone.

In conclusion, the filling of mandibular bone defects with fabricated
calcium hydroxide powder of quail egg shells, fabricated hydroxyapatite
powder of oyster shells, and platelets rich fibrin improved the healing
process of bone defect. It enhanced the closure of it, especially in the fourth

group when compared with the first group.
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Chapter One

Introduction

The mandibular bone plays an important role in supporting the lower
teeth and muscles, maintaining the structural integrity of the face,
providing masticatory forces during biting and animal eating, permitting
regular inhalation of air by keeping the mouth cavity open, and permitting
the tongue to move. A mandibular bone defect is the absence of normal
bone tissue in the mandible caused by many factors such as direct trauma,
infection, tumor, disease, surgery, or congenital abnormalities. If the bone
defect in the mandible is a large size, it can lead to difficulty in mastication,
salivation, barking, and even breathing (Balanta-Melo et al., 2019).
Normal bones can repair and regenerate, but in cases of large size defects,
which can be brought on by several circumstances, including advanced
age, car accidents, nonunion fractures, and removal of bone tumors, the
healing process cannot be accomplished independently (Alonzo et al.,
2021).

Large size bone defects refer to defects that cannot be healed
spontaneously and require further surgical intervention. The surgical
interventions aim to reconstruct the defective tissue, prevent any
amputation, provide sufficient functional outcomes, and control the healing
process of defective bones (Migliorini et al., 2021). In general, large size
bone defects remain a clinical challenge in orthopedic surgeries, especially
in the craniofacial surgery of animals, because there is limited evidence for
the treatment of large bone defects. Also, the constant movement of the
mandible during mastication, biting, and barking makes the bone healing
process difficult to achieve. Recently, bone grafts or substitute biomaterials
have been used as bone substitute materials to fill bone defects, reconstruct

large-size bone defects, and control the healing process of defective
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bones(Al Maruf et al., 2023). The ideal properties of bone substitute
biomaterial should be osteogenesis, osteoconduction, osteoinduction, and
biocompatibility, as well as being readily available and ready to use
without any risk of inflammatory or immunological reactions (Baldwin et
al., 2019).

The reconstructions for mandibular bone defects typically involve bone
grafting or bone regeneration procedures, which aim to induce new bone
tissue growth to fill the defect. The treatment recommendations are based
on several factors, including the defect's size, location, the animal's general
condition, and medical history. The gold standard for treating bone defects
is still autologous grafts, which are biocompatible and have
osteoconductive and osteoinductive properties. Unfortunately, they require
a second surgical procedure to harvest the tissue, which might be risky due
to potential consequences like donor site damage, a high rate of morbidity,
deformity, and the formation of fibrous tissue at the implanted site (Haugen
et al., 2019). Furthermore, it takes into account a costly operation that
carries a high risk of bleeding, inflammations, infections, and persistent
discomfort during surgery. Allografts have a more extended history of
failure and a greater potential for immunoreactions and infections spread
than autografts. When it comes to bone transplantation, allografts involve
the harvesting bone tissue from one individual and transplanting it to a
genetically different individual within the same species (Winkler et al.,
2018). The platelets rich plasma (PRF) is considered as an autologous
biomaterial product with a gelatinous matrix to promote osteogenic cellular
migration and proliferation, a greater leukocyte count and fibrin mesh both
have an antibacterial impact during tissue regeneration. (Caruana et al.,
2019). Because of its biological and clinical characteristics, PRF is

frequently used in medicine to treat skin ulcers and necrosis, as well as in
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cosmetic and reconstructive surgery to serve as reinforced material during
hernioplasty procedures (Zedan et al., 2022), as well as in the regeneration
of a large bone defect in the skeletal system (Pinto et al., 2018; Soares et
al., 2023).

The biological characteristics of bone substitute biomaterials include
the absence of the possibility of disease transmission and the host tissue's
immunological reactions following implantation (Knoéfler et al., 2016).
Also, they are capable of controlled biodegradability, bioactivity, and
biocompatibility (Haugen et al., 2019). Furthermore, bone biomaterials
need to not only bridge bone defects but also facilitate faster bone healing
and less tissue response (Gao et al., 2017). Therefore, many recent studies
have been interested in studying new bone substitute biomaterials made
from naturally derived and synthetic derived materials similar to the
organic or inorganic components of bone tissue (Sharifianjazi et al., 2021,
Barbeck et al., 2023).

Aimes of this study

1. Preparation of oyster shell hydroxyapatite powder and quail eggshell
calcium hydroxide powder as bone substitutes through modification
in the fabrication process.

2. Reconstruction the induced large mandibular bone defects in dogs
by filling the defect with oyster shell hydroxyapatite powder, quail
eggshell calcium hydroxide powder, and platelets rich fibrin gel.

3. Comparison between the effect of these biomaterials on the healing
of mandibular bone defect through study the clinical signs
postoperatively with gross and histopathological changes, in
addition to the study the radiographic, immunohistochemical and

field emission scanning electron microscopy results



Chapter Two

Review of literature

2-1: Anatomy of the bone

The bone tissue forms approximately 15% of the total weight of the
living body. The histology of bone tissue consists of two types of bone:
compact and spongy bone. The outer layer, which is the cortical or compact
layer, is characterized by high mechanical resistance, and the inner layer is

spongy or cancellous bone, which has high porosity.

The inorganic components of the bone consist mainly of calcium
and phosphate molecules, and these components make up approximately
65 to 70% of the dry weight of the bone (Dec and Pawlik., 2023). The
organic portion of the bone, about 30% of the total weight of the bone,
consists of proteins mainly of collagen (type 1), proteoglycans,
glycoproteins (osteonectin and osteocalcin), and various cellular
constituents. The organic components of the bone give the bone flexibility

and aid in the bone healing process (Luo and Amromanoh, 2021).

The structure of bone is formed by dense connective tissue, it acts as
a framework of body structure and also plays a main role in the protection
of the internal body structures and serves as the mineral preserver of the
body (Florencio et al., 2015). There are numerous ways to classify bones,
including size, consistency, shape, and placement (Safadi et al., 2009).
Bones that are tubular include the clavicles, the long bones of the limbs,
and the little tubular bones of the fingers and toes (metacarpals,
metatarsals, and phalanges). The diaphysis, a hollow shaft mainly
composed of dense cortical bone; the paired metaphyses, with their flared

ends, and the epiphyses, an area that holds the articular surface close to the
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metaphysis, are the three separate parts that make up their creation (Buck
and Dumanian, 2012).

The morphological characteristic of a bone comprises the cortex,
medulla, and periosteum. The outer layer of bones, except the articular
cartilage region, is covered by the periosteum. The periosteum is composed
of two layers: the dense, uneven connective tissue that makes up the thick
outer layer, often known as the "fibrous layer", and the is the inner layer,
called the “osteogenic layer”, which is composed of osteogenic cells.
(Duchamp et al., 2018).

The endosteum, which consists only of bone lining cells, coats the
inside surfaces of bones. Although its function is unclear, the endosteum is
believed to act as a barrier between the bone marrow and the bone (Kalfas,
2001). The osteoprogenitor cells and vasculature are present in the
comparatively cellular endosteum, which is in direct contact with the

marrow cavity (Buck and Dumanian, 2012).

The cortex, composed of osteons, is thicker along surfaces and is
located beneath the periosteum, particularly at the epiphyses, the interior
part of these bones is trabecular, which means beam-like and resembling a
meshwork. Additionally, it is occasionally called cancellous bone or,

somewhat inaccurately, "spongy" bone (Tzelepi et al., 2009).

Histologically, there are three main types of bone tissue: woven
bone, cortical bone, and cancellous bone. The woven bone is present both
during embryonic development and after fracture healing (callus
formation). It is composed of unevenly shaped vascular regions, collagen
bundles scattered randomly, and osteoblasts bordering it, usually, a new
layer of cancellous or cortical bone is laid over the rebuilt woven bone. The

vascular matrix infiltrates the periosteal and endosteal surfaces of the bone
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throughout embryonic development, reshaping it from woven bone into the
cortical, compact, or lamellar bone. It creates the external surfaces of long
bones and the internal and external surfaces of flat bones. characterized by
uniformly distributed osteocytes and bone matrix and densely packed
collagen fibrils in sheets. During the bone growth and the final phase of
bone development, the woven bone is entirely replaced by the lamellar or
compact bone. Lamellar bone becomes strong and inflexible because of its
consistency (Buck and Dumanian, 2012). Osteons, which are sometimes
called haversian systems, are the primary building blocks of compact bone.
The compact bone and most of the diaphysis are constituted of osteon,
which is a type of lamellar bone with a cylindrical shape that encircles
haversian canals that are aligned longitudinally around the vascular
channels. Volkmann canals are horizontally oriented channels that connect
adjacent osteons. The mechanical strength of cortical bone is determined

by the closely packed osteons (Lin et al., 2020).

The cancellous bone also called trabecular bone or spongy bone, it
located at the ends of long bones and within the vertebral bodies.
Trabecular bone has a higher porosity surface. It contains trabeculae called
spicules which consist of mineralized tissue. In mammalian animals, these
spaces between the spicules are filled with bone marrow (Reece and Rowe,
2017). Cancellous bone is thought to exhibit increased metabolic and
remodeling activity, as well as a rapid response to mechanical stress. This
is because the main bone cells are located on the surface of the bone,

beneath the circulating growth factors and cytokines. (Hart et al., 2020).

2-2: Cellular Components of the bone
There are three distinct cell types can be seen in the bone: osteocytes,
osteoblasts, and osteoclasts. The surface of the bone is considered the home

to these cells, which are derived from local mesenchymal progenitor cells
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(Lin et al., 2020). Mesenchymal cells differentiate into osteoprogenitor
cells during the formation of bone tissue, and these cells then proliferate to
differentiate into osteoblasts, these cells eventually develop into osteocytes
by depositing organic elements of the bone matrix (Shang et al., 2021).
Osteoblasts are cuboidal cells that can create new bone. They constitute 4-
6% of all resident bone cells. They run along the surface of the bone (Henry
and Bordoni, 2022). The two main steps in the process of osteoblasts
synthesizing bone matrix are the deposition of organic matrix and its
subsequent mineralization. The organic matrix is formed by the
proteoglycans, such as biglycan, and noncollagenous proteins, such as
osteonectin and osteopontin, which are secreted by the osteoblasts in the

first stage (Florencio et al., 2015).

The cells that make up the majority of bones (90-95%) are called
osteocytes, and they have a life span of up to 25 years. Their shape varies
depending on the tissue, and they are trapped in the calcified matrix within
lacunae, the shape of osteocytes from cortical bone is longer than that of
those from trabecular bone. (Riquelme et al., 2020). The morphology of
embedded osteocytes differs depending on the bone type. For example,
cortical bone osteocytes have an extended form, whereas trabecular bone
osteocytes are more rounded. A subset of osteoblasts turns into osteocytes
at the end of a bone formation, and these cells are integrated into the bone
matrix (Burr, 2019).

However, the osteoclasts are derived from hemopoietic stem cells
and are massive, multinucleated giant cells that belong to the monocyte-
macrophage lineage. The function of the osteoclast is to break down the
bone matrix, which is found on the periosteal surface under the periosteum
and on endosteal surfaces within the Haversian system. It has two to 100

nuclei per cell, but it typically has between 10 and 20 nuclei per cell. Its
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diameter can reach up to 100 um. It can also be found in deep resorption
spaces known as cutting cones, and it is essential to the remodeling and
repair of bone (Arnett and Orriss, 2018).

2-3: Anatomy of the mandible in dogs

The mandible mainly consists of two parts, the mandibular body and
the mandibular ramus. The right and left sides of the mandible joint
together anteriorly by fibrocartilaginous connective tissue joint called
intermandibular articulation (Voss et al., 2009). The body of the mandible
faces laterally the cheek, and is called the buccal surface, and faces
anteriorly by the lower lips and is called the labial surface. It faces medially
with the tongue and is called the lingual surface. The lingual surface of the
mandible has a wide, smooth, longitudinal ridge, which represents the
mylohyoid line which supports the mylohyoid muscle. The lateral surface
of the mandible is long, smooth, and of an equal width caudal to the
mandibular symphysis. Rostrally, it rotates medially and has a mental
foramen, which is two foramina in a dog, it is located between the first two
cheek teeth. A small mental foramen present caudal to the middle mental
foramen. The mental blood vessels and nerves emerge from these foramina
(Hermanson and DeLahunta, 2020).

Each mandible of the dog bears three processes at the proximal
portion: the condylar process, the coronoid process, and the angular
process. The condylar process articulates with the mandibular fossa of the
temporal bone at the temporomandibular articulation. The coronoid
process positioned between the zygomatic arch and the medial osseous
wall of the orbit, provides a surface area for the insertion of the powerful
temporalis muscle. The mandibular notch lies between the coronoid and
the condyloid processes. The angular process forming the caudoventral

portion of the mandible provides a point of insertion for another muscle of
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the mandible near the base of the coronoid process in the masseteric fossa

which acts as an area for the masseteric muscle insertion (Adams, 2004).

2-4: Blood Supply and Nerves

Some authors suggested that the mandibular bone in dogs was
supplied by periosteal vessels and supporting nutrient arteries enter the
cortex of the bone by a small accessory foramen at the lower edge of the
mandible (Kuwabara et al., 2018). Other authors showed that the inferior
alveolar artery was the major nutrient artery of the body of the mandibular
(Hellem and Ostrup, 1981). It is commonly known that the mandibular
alveolar artery, which enters the mandibular canal at the medial surface of
the mandible and supplies blood to the mandible's body as well as a portion
of the ramus, is the primary source of blood supply to the mandible. The
mandibular alveolar nerve and the mandibular vein are also transmitted
through the mandibular canal. The mandibular nerve innervates the
muscles involved in biting and feeding, giving the mouth motor function.
The sensation is supplied to the cheeks, tongue, mandibular teeth, lower

lip, and head skin by the mandibular nerve and its branches (Mills, 2013).

In addition, the mandibular nerve plays a vital role in the motor
function of the mastication muscles, particularly the masseter, digastric,
and temporal muscles. It forms several nerves such as the pterygoid nerves.
The buccal nerve supplies motor innervation to the temporal and masseter
muscles. The temporal nerve supplies motor innervation to the temporal
muscle. The masseter nerve supplies motor innervation to the masseter
muscle. The auriculotemporal nerve supplies motor innervation to the ear,
parotid gland, and temporomandibular joint. The mylohyoid nerve supplies
motor innervation to the mylohyoid muscle and digastric muscle. Finally,

the lower alveolar nerve that enters through the mandibular canal in the
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mandibular foramen gives branches to the mental nerves, which innervate

the nerves of the lower lips (Singh, 2018).

2-5: Muscular attachment of mandible

The muscles of the mandible serve to open, close, or move the jaw,
the muscles that are attached to the mandible include platysma, buccinator,
mentalis, masseter, temporalis, digastricus, mylohyoideus, and

genioglossus muscles (Hermanson and De Lahunta, 2018).

The platysma is a well-developed muscle sheet. It originates from
the mid-dorsal tendinous raphe present in the neck. In its longitudinal
fibers, it extends over the parotid and masseter regions toward the cheek
and commissure of the lips and inserted into the anterior border of the
mandible which it is radiates into the Orbicularis Oris muscle. the platysma

muscle acts to pull the commissure of lips cranially.

The buccinator muscle lies deep in the zygomaticus muscle between
the rostral margin of the masseter muscle and the caudal margin of the
Orbicularis Oris muscle it originates from the inner part of the Orbicularis
Oris. It functions to make the cheek taut. It is divided into two parts; the
buccal and molar parts. The buccal part which is the greater portion
originates from the mandible ventrally and maxilla dorsally deep to the
Orbicularis Oris. The molar part lies under the buccal part and is composed
of longitudinal fibers that originate from the ramus of the mandible and
extend rostrally to cover the cheek and blend with the buccal part as well

as the Orbicularis Oris (Hermanson and DelLahunta, 2020).

The mentalis muscle originates from the alveolar border and the
body of the mandible about the third incisor. The fibers connect with those
of the opposite side and radiate into the inferior lip. The function of this

muscle is to stiffen the lower lip in the apical region.
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Masseter muscle is a larger muscular mass located along the lateral
border of the ramus of the mandible ventral to the zygomatic arch. It

appears slightly beside the ventral and caudal surface of the mandible.

The Temporalis muscle originates from the temporal fossa of the
skull and inserts on the medial border of the coronoid process of the
mandible. Both the temporalis and the masseter muscle act to close the

mouth by elevating the lower jaw.

Digastricus muscle is located along the cauda-ventral surface of the
mandible, arises from the jugular process of the occipital bone, and inserts
on the caudoventral portion of the body of the mandible. The function of

this muscle is to open the jaw.

The mylohyoideus muscles are a thin sheet of transversely directed
fibers situated superficially between the body of the right and left

mandibles, and these muscles act as a sling ventral to the tongue.

The genioglossus muscle is a smooth, triangular muscle that is
located in the intermandibular space originating from the medial side of the
mandible, and insert into the body and root of the tongue (Evans and De
Lahunta, 2012). (Fig. 2-1 and 2-2).
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2-6: Bone Healing of Mandible

The mandible is considered the main portable bone of the facial
skeleton. Mandibular bone healing is considered a challenge for orthopedic
surgeons. Various components affect the healing process and are involved
in delaying this process, such as the mechanical stress during the animal's
mastication, the complex anatomical structure of the mandible, the less
appropriate soft tissue mass, the less blood supply, and the higher incidence
of inflammatory periodontal diseases, all these factors may decrease the
healing times of the mandible (Brown et al., 2016; Tatara et al., 2019).
Canine mandibles are different from long bones in that they don't have a
marrow cavity, and the mandibular cortex covers the mandibular canal,
which contains the inferior alveolar blood vessel structures but without
hematopoietic cells (Wilson, 2002). In the canine, the roots of the tooth
obtain a large volume of the mandible which directly affects the
consequence of the bone healing (Héarle and Boudrieau, 2012). In general,
bone defect repair is a difficult process to restoration of the normal
functional anatomy of the bone after fracture. These repairing events can
be categorized into two types; primary and secondary healing (Calcei and
Rodeo, 2019).

2-6-1: Primary (Direct) Bone Healing

Primary bone healing is the restoration of normal bone continuity
without callus formation. It happens if a fracture defect is strongly fixed
through reduction and rigid fixation without micromotion (Sheen and
Garla, 2022). The Primary healing of bone is also called direct bone
healing, which is determined by intramembranous ossification.
Furthermore, this form of bone healing takes place on a very small bone
defect size between (10-100 um). In contrast to intramembranous

ossification, where bone tissue is directly synthesized by osteoblasts
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generated by mesenchymal stem cell differentiation (MSC), endochondral
ossification involves the formation, calcification, and eventual replacement
of cartilage by bone. Bone abnormalities are frequent and come with a
heavy emotional cost. The treatment for these injuries is still debatable,
especially for those deformities that are large in size. (Schemitsch, 2017).
Based on the defects between the fracture fragments, there are two distinct
forms of direct (primary) bone healing: gap healing and contact healing
(Marsell and Einhorn, 2010).

2-6-2: Secondary (Indirect) Bone Healing

The most prevalent type of bone healing is secondary bone healing,
which is very similar to normal endochondral ossification during
development. This type of healing involves creating a cartilage template
and then having it entirely replaced by bone (Affshana and Priya, 2015).
Secondary bone healing is divided into three phases: inflammation,
reparative, and remodeling phase. The inflammatory phase starts
immediately after the fracture and forms a hematoma resulting from
damaged blood vessels in the medullary canal of the broken bone forming
the temporary frame for the subsequent healing process. Afterwards,
inflammatory cells such as polymorphonuclear leukocytes, macrophages,
and lymphocytes infiltrate the area and trigger angiogenesis through the
production of cytokines (Parvizi and Kim, 2010). Several growth factors
and cytokines, including tumor necrosis factor-o (TNF-a), IL-1, IL-6, IL-
11, and IL-18, are generated through the initial phase of inflammation.
These substances encourage the formation of new blood vessels (Marsell
and Einhorn, 2011). The release of cytokines and various growth factors
control the migration of mesenchymal stem cells from the periosteum and
endosteum to the defect site (Hak et al., 2014). The reparative phase

involves steps of chondrogenesis through chondroblast cell differentiation,
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and the development of a soft callus, a cartilaginous covering that connects
the two fragments of bone (Cheng and Shoback, 2019). The remodeling
phase involves the mineralization and expansion of the soft callus by
osteoclast cells through the process called endochondral ossification,
which involves replacing the woven bone with stronger lamellar bone
(Einhorn and Gerstenfeld, 2015).

2-7: Alkaline phosphatase

Alkaline phosphatase (ALP) or tissue nonspecific alkaline
phosphatase (TNAP) is a membrane-bound glycoproteins metalloenzyme
composed of several isoenzymes. It is a crucial inducer of mineralization
in bone and catalyses the dephosphorylation of pyrophosphate resulting in
the inactivation of this calcification inhibitor and providing phosphate ions
for hydroxyapatite crystal formation (Furmanik and Shanahan, 2018). The
importance of ALP in bone formation and mineralization was first
recognized by (Robison, 1923). ALP has been demonstrated
immunohistochemically in decalcified, paraffin-embedded bone and
cartilage sections (Tulli et al., 1992). Also, it is highly expressed in the
cells of mineralized tissue and plays a critical function in the formation of
hard tissue. There are four different varieties of alkaline phosphatase
identified by the tissues in which they are expressed: intestine, placental,
germ cell, and tissue nonspecific (Liver, Bone, Kidney) (Sharma et al.,
2014). Tissue-nonspecific alkaline phosphatase (TNAP) is found in
hypertrophic chondrocytes and osteoblasts cell membranes and often
concentrates in those cells on the membranes of matrix vesicles (Vimalraj,
2020).

The mechanisms through which ALP expression is regulated are

complex (Sterner et al., 2018). ALP is produced early in growth and is
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easily found on the cell's surface and in matrix vesicles of bones and
calcifying cartilages. Also, ALP was highly articulated in the extracellular
space, while cytoskeleton, mitochondria, peroxisomas, nuclei, endoplasms,
and lysosomes were moderately expressive. It starts with the formation of
hydroxyapatite crystals in the matrix of vesicles and then with the
distribution of hydroxyapatite to the extracellular matrix of the bone tissues
(Vimalraj, 2020).

2-8: Mandibular Defect

The mandibular defect is defined as the loss of a part of the lower
jaw. It includes the second most common facial mammalian fracture
skeleton (Akinbami, 2016). The defect of the mandibular body from the
canine teeth to the angle of the mandible is the most commonly reported
mandibular defect in the dog (Guzu and Hennet, 2017). Mandibular defects
are clinically defaulted for reconstitute due to the complex anatomy of the
jaw and defaulted for soft tissue repair (Tatara et al., 2019). It accounts for
nearly 59% of all facial defects, and its repair is complicated by
postoperative infections due to risk from oral flora ( Abdullaev et al.,
2021).

Other studies describe the mandibular defect by classification, such
as the (Jewer) classification (Jewer et al., 1989), that can be used to better
categorize mandibular abnormalities: The grade of a defect is (C) for the
central section, (L) for the lateral area that does not include the condyle,
and (H) for the condyle and lateral mandible combined. Because it is the
most common site of fracture in dogs, the mandibular body and particularly
the premolar region can sustain a broad range of injuries ( Castejon-
Gonzélez et al., 2022).
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Also, other various research classified bone defects into three types.
The first one is a segmental defect, where a part of the bone is missed,
causing the fractured bone end to be disconnected and unsupportive. In the
second kind, known as a penetrating defect, the whole thickness of the bone
tissue is torn away from the cortical bone while the adjacent tissue stays
linked and undamaged. The third kind of bone defect is called a burr hole
defect. In this type, the bone tissue is continuous on one side and forms an
incomplete hole on the other. Nonpenetration and non-segmentation are the
hallmarks of this defect type (Kumar et al., 2016; Xian et al., 2016;
Buchbender et al., 2018).

2-9: Etiology of Mandibular Defect

The most defects of mandible are caused by automobile or bite
wound trauma, loss secondary to severe periodontal or endodontic disease
(Paré et al., 2019), these causes shown in (Tablel). Causes such as cysts,
benign and malignant tumors, trauma, chronic osteomyelitis, tooth loss,
and abnormalities in the alveolar and basal jawbone can lead to impaired

chewing ability, the congenital causes are uncommon. (Lim et al., 2022).

Table 2-1: The most frequent etiologies of mandibular defects.

No. Causes Origin
of cases are squamous cell carcinoma, 95%
1. Tumors .sarcoma, or cancer of the salivary glands
Ameloblastoma is a benign tumor
2. Trauma Road accidents, and Gunshot
3 Osteonecrosis of Osteoradionecrosis, medication-related
' mandible Osteonecrosis
4. Osteomyelitis Dental infection, autoimmune disease
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2-10: Complications of mandibular defect

Complications of the mandibular defect healing process derived
from mandibular fractures include malunion or nonunion, malocclusion,
infections, and periodontal and/or endodontic disease. In addition, the other
most common complication related to the surgical approach is trauma and
damage to the trigeminal nerve and mental nerve but most injuries to these
nerves can be healed and animal restore their sensation without

complications ( Castejon-Gonzalez et al., 2022).

2-11: large Size Bone Defect

A Large-Size Bone Defect (LSBD) is the smallest type of bone
defect that cannot be repaired on its own within an animal's lifetime or with
conventional therapies (Haines et al., 2016). Generally, many studies have
been illustrated that the defect size length ranges from (5-20) mm. and
more than 30-50% loss of the circumference of the bone which considered
a large in size (Huh et al., 2005; Culla et al., 2022). Also, researchers have
used defects of (8) mm, and direct healing does not normally occur with
the natural process of bone healing (Meeson et al., 2019). There are many
factors that determine the size of large size bone defects depending on the
pattern of the bone loss, morphological, and anatomical location of the
defect (diaphyseal/metaphyseal/articular), infection, tumor resection, the
associated soft tissue losses including damage to the periosteum and
surrounding muscles, age, and presence of chronic diseases (Schemitsch,
2017). large sized defect also called large segmental bone defect directly
affects bone vascularization and tissue differentiation, which leads to the
development of non-union if it left without any interventions (Sela and
Bab, 2012).
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A recently created biomaterial's efficacy has been experimentally
used to evaluate the large size defect as a model. Research on bone
regeneration in various anatomical locations has made use of many animal
models of bone abnormalities, including those of the tibia, radius,
mandible, and skull (Liu et al., 2020; André et al., 2022).

2-12: Surgical Approaches to the Mandible

Different approaches have been reported to access to the mandibular
bone, including a ventral paramedian approach, ventral approach, and a
lateral approach (Cinti et al., 2021). The most preferable approach for
access to the mandibular defect and fracture is a ventral paramedian
approach (Rudy and Boudrieau, 1992). In this approach, the digastricus
(caudal), platysma (lateral), and mylohyoid (medial) muscles are seen. The
digastricus is a point of entry for a facial vein branch. Compared to clamp
fixation, this method allows for easier implant insertion and the capacity to
fix several tiny fragments from different angles using pins or screws with
smaller diameters. This is of utmost importance when it comes to smaller
dogs that have complicated fractures (Brinker et al., 1983). To expose the
mandible by this approach, the Orbicularis Oris and buccinator muscles are
bluntly separated from the ventral surface of the mandibular and retracted
laterally, and the mylohyoideus with genioglossus muscles are separated
from the medial border of the mandible and retracted medially. It is
recommended to preserve the attachment of the digastricus muscle to the
ventral border of the mandibular body because it is the only muscle that

serves to open the lower jaw (Johnson et al., 2005).

In the ventral approach, the patient is placed at dorsal recumbency
with the forelimbs extended caudally. The surgical preparation is
performed in the area between the mandibular rami and the cranial portion

of the neck. The neck is extended and elevated by placing a towel
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underneath. A ventral incision is made in the area between the midline of
the mandible and the mandibular ramus on the affected side, in the body of
the mandibular horizontal ramus. A blunt dissection through the
subcutaneous tissues and platysma muscle reveals the digastricus muscle,
which is followed by further cranial dissection along the sublingual

salivary gland to expose the body of the mandible (Johnson, 2013).

In the lateral approach, the patient is positioned in a dorsal
recumbent with extended forelimbs caudally, and bluntly dissected the
platysma muscle to reveal the digastricus muscle, then elevate the masseter
muscle from the ramus to present its lateral mandibular surface and angular
and coronoid processes (Fossum, 2018). This approach is commonly used
for exposure to the vertical ramus and temporomandibular joint (Risselada,
2020).

2-13: Biomaterials

During the consensus development conference in Chester, UK, in
the 1980s, the first definition of biomaterial was established. (David,
1986), where biomaterials are substances (not including drugs) that can be
used alone or in combination with other materials to treat, augment,
replace, or restore the function of any organ, tissue, or system in the living
body for an extended period (Ratner et al., 2020). During the international
consensus conference in 2018, the term biomaterials was redefined as “a
material designed to take a form that can direct, through direct interactions

with living systems (Zhang and Williams, 2019).

Biomaterials have a wide range of medical applications, especially
in tissue engineering, drug delivery, medical devices, and the treatment of
numerous diseases (Wang, 2013). The therapeutic outcomes of the
biomaterials have been established in the tissue regeneration by stimulants

healing process, promoting proliferation and differentiation of cells
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through incorporation within the cellular activities of the damaged tissues
(Moukbil et al., 2020). After implantation, the host responds in a variety of
ways to both natural and synthetic biomaterials. These reactions include
the construction of a provisional matrix, inflammation (both acute and
chronic), interactions between blood and the material, and the development

of granulation or fibrous tissues (Sarkar et al., 2017).

2-14-1: Natural Sources Biomaterials

Because of their incredible diversity, biomaterials derived from
plants, animals, and microbes are abundant and exhibit a wide range of
desirable characteristics (Insuasti et al., 2022). To be considered a natural
biomaterial, a substance must be not only renewable but also
nonimmunogenic, biocompatible, biodegradable, readily available,
inexpensive, and sterilizable. Many researchers still know very little about
biomaterials found in nature, but finding new ones from marine animals
that have surprising qualities could lead to improved healthcare options
(Khrunyk et al., 2020).

In general, natural biomaterials are prepared from natural
biopolymers, while synthetic biomaterials are made up of synthetic
polymers. The three main categories of biomaterials generated from natural
sources are proteins, polysaccharides, and decellularized tissue matrices
(Ige et al., 2012). The polysaccharides, that can be obtained from living
organisms. Natural polymers derived from polysaccharides, such as fibrin,
alginate, hyaluronic acid, and chitosan, have found widespread application
in tissue regeneration (Abbasian et al., 2019). Collagen, fibrin, gelatin, and
silk are all proteins that belong to a class of polymers derived from natural
sources (Klimek and Ginalska, 2020).
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On the other hand, the process of extracting cells from natural tissues
or organs allows for the creation of decellularized tissue matrices, which
are used as a source for the host extracellular matrix to stimulate healing
potentials when implanted in vivo (Sarkar et al., 2017). In tissue
engineering, natural biomaterials play a significant role due to their
bioactivity which mimics of natural extracellular matrix (ECM),
supporting cell infiltration, and differentiation (Ullah and Chen, 2020).
Moreover, the limitation of using natural biomaterials in the medical field
is related to their low mechanical properties, especially when used in hard
tissue regeneration (Haugen et al., 2019). According to recent research,
hybrid biomaterials, which combine natural and synthetic polymers, have
the potential to enhance the mechanical properties of natural biomaterials
while also supporting their physiochemical and biological functions (Lei et
al., 2019).

2-14-2: Synthetic Sources Biomaterials

Synthetic materials are known for their exceptional processing
properties, which make them readily available for purchase. On the other
hand, they have issues such as being "foreign" to cells, causing
inflammatory reactions, and not being able to integrate with host tissues or
comply with regulations (Ravi and Chaikof, 2010). Over the past century,
researchers have utilized synthetic materials to repair many organs and
tissues. At first, there were implanted materials that were mostly inert and
used for mechanical function replacement (Nardo et al., 2017). Synthetic
biomaterials are more predictable and controllable in terms of their
physicochemical, mechanical, and degrading properties; they are also easy
and cheap to make in large batches. In addition, synthetic materials are
known for their exceptional processing properties, which guarantee their

readily available stock. But they're not without their flaws, such as being
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"foreign” to cells, causing inflammatory reactions, and either not
complying with host tissues' requirements or not being able to integrate
with them (Sarkar et al., 2017).

Synthetic biomaterials primarily encompass polymers, metals or a
combination of both (Lam and Wu, 2012). Historically, surgical methods
have made use of metals dating back to the seventeenth century. Metals
have found widespread use in load-bearing applications because of their
superior mechanical qualities compared to other biomaterials (Samavedi et
al., 2014). Because of its superior mechanical qualities, metal implants
have long been the material of choice in orthopedics. The three most
common metals used for implants are stainless steel, titanium, and
chromium. The risks associated with metallic implants include allergic
reactions, metal discoloration, and implant failure (Prakasam et al., 2017).
Furthermore, erosion and toxicity are of most common problems uses of
the metals, which can release potentially harmful byproducts of

degradation into the body (Krishnakumar and Senthilvelan, 2021).

Among the many readily accessible synthetic biomaterials used in
bone tissue engineering are highly porous biological scaffolds. These
scaffolds can enhance cell adhesion, proliferation, and the creation of new
tissues and fluids with respect to bone defects. Surface erosion and bulk
erosion are two distinct pathways by which this scaffold degradation might
take place, named surface erosion and bulk erosion. The erosion that occurs
on a device's surface is known as surface erosion. In bulk erosion, the pace
at which body fluid penetrates the device surpasses the rate at which the
scaffold is transformed into water-soluble components, causing erosion
throughout the device. This causes the scaffold device to become thinner
over time while maintaining its bulk integrity (Doppalapudi et al., 2014).

The advantages of these scaffolds include their biodegradability, which
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allows them to break down alongside bone repair, and their
biocompatibility, which prevents unpleasant reactions. This process

continues until new tissue entirely replaces the scaffold (Idumah, 2021).

In addition, other synthetic sources of biomaterials were polymers
like Polyhydroxyalkanoates, polyetheretherketone, polycaprolactone,
polyurethane, polyethylene, and polysulfone are among the most typically
utilised biocompatible polymeric materials in orthopaedic surgery
(Dziadek et al., 2018). These polymers have advantages, including high
shear strength, elasticity and transparency, ideal bacterial resistance, and
the material’s prolonged shelf-life, low cost, flexibility, and easy
manipulation (Rey-Vinolas et al., 2019). In general, one of the main
disadvantages of synthetic biomaterials is that they require chemical
treatment to improve cell attachment, and they also do not have any cell-
binding sites (Ye et al., 2022), also the by-products of their breakdown can
cause acid buildup and induce tissue inflammation (Terzopoulou et al.,
2022). There are only a few significant uses for polymers in bone
replacement, and those include the articulating bearing surfaces of knee
and hip replacements and the interposition cementing substance that seals
the implant surface to the bone. In general, when choosing a polymer to
use as a biomaterial, it's important to make sure that its mechanical qualities
and degradation time are suitable for the purpose (Krishnakumar and
Senthilvelan, 2021).

2-15: Properties of the Bone Substitutes Biomaterials
Biomaterials used as bone substitutes have three main goals:
preserving the morphologic contour, restoring mechanical strength and
function, and eliminating dead space to decrease infection after surgery and
improve the healing process. (Ausenda et al., 2019). Because they improve

cell activity and function and provide a matrix for cell adhesion,
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proliferation, and differentiation, bone biomaterials are crucial in the repair
of bone fractures (Gao et al., 2017). Bone biomaterials, sometimes known
as bone graft alternatives, have seen a surge in popularity during the past
decade (Shadjou and Hasanzadeh, 2015). In an ideal world, biomaterials
used as bone substitutes wouldn't cause any harm, have no inflammatory
or immunological rejection effects, and cause very little fibrosis
(Abdulghani and Mitchell, 2019). In addition to being biodegradable under

control, they should be biocompatible and bioactive (Haugen et al., 2019).

Bone biomaterials should also enhance bone healing processes with
little tissue reactivity and minimal time required to fill bone deficiencies
(Gaoetal., 2017). Bone substitute biomaterials mainly act as a mechanical
support and osteogeneic function, which may involve the most important
biological elements of grafting: osteoconduction, osteoinduction, or
osteogenesis properties (Wang and Yeung, 2017; Kazimierczak and
Przekora, 2020).

Osteoconduction refers to a biomaterial's ability to facilitate the
migration and adherence of bone cells inside the graft's three-dimensional
structure. The term "osteoinduction™ describes the process by which a bone
transplant can encourage bone stem cells to become bone-forming cells.
The process of osteogenesis involves transforming stem cells from the host
or transplants into osteoblasts, which then differentiate into new bone
(Albrektsson and Johansson, 2001; Roberts and Rosenbaum, 2012).

2-16: Types of bone substitute biomaterial

Once implanted, bone biomaterials provide contact and interaction
between the biomaterials and the cells and tissues in the immediate
vicinity. Thus, a crucial step in preparing for optimum bone implants is the

selection of bone biomaterials. Bone biomaterials are typically chosen for
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their mechanical qualities, biodegradability, and biocompatibility
(Shamsoddin et al., 2019).

There is the development of large numbers of natural and synthetic
bone substitute biomaterials, such as demineralized bone matrix (DBX),
hydroxyapatite (HA) and its products such as tricalcium phosphate (TCP)
ceramics, and oyster-based substitutes, calcium-based biomaterials,
calcium phosphate (CaP) cement, bioactive glass (BG), and polymer, all
these bone biomaterials are approved by FDA biological bone substitutes
(Fernandez de Grado et al., 2018).

2-17: Bioceramic in Orthopedic Field

Bioceramics means biocompatible materials that can be used in the
medical or clinical fields. Calcium phosphates (CaP) are one type of
bioceramic, although there are other crystalline and amorphous varieties,
and the process of sintering moulded powders at high temperatures is
typically used to create crystalline bioceramic products (Best et al., 2008).
In 1892, Dressman published the first report on using plaster of Paris to
treat bone defects, marking the first usage of bioceramics. (Peltier, 1961;
Shaffer and App, 1971). In 1920, the first reliable application of tricalcium
phosphate was documented. In the 1960s, Hulbert and colleagues laid the
groundwork for what would become an interest in bioceramics. However,
between 1970 and the early 1980s, interest levels plateaued (Hench, 1991).
In 1963, Smith created the concept of bioceramics with his research on
Cerosium, a ceramic bone substitute. (Smith, 1963), their work
demonstrated that a porous ceramic made through a high-temperature
reaction may be as strong as bone while remaining in rabbit tissues.
However, bioceramic-coated implants were first found on the market in the
1980s, marking the beginning of bioceramics' usage in human surgery
(Muthutantri, 2009).
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The alumina, zirconia, bioactive glass, glass ceramics,
hydroxyapatite, and calcium phosphates are among the bioceramic
materials that can be categorized as either bioactive or bioinert, according
to their interaction with the surrounding bodily tissue (Cirstea et al., 2020).
The term "bioinert ceramics” refers to materials that are either not
biologically active or that when implanted in living tissue, do not cause the
desired physiological or biological reactions (Udduttula et al., 2019).
Alumina, zirconia, and titania are the three most common types of bioinert
ceramics, and they have found widespread use in orthopedics,

maxillofacial surgery, and dental implant procedures (Best et al., 2008).

The orthopedic surgery frequently employs bioactive ceramic
materials, categorized as resorbable or non-resorbable based on their
stability. These materials are utilized for joint or tissue replacements and
cover metal implants to enhance biocompatibility. The porous bioactive
ceramics, especially those containing calcium phosphate, have also found
extensive application as alternatives to traditional bone grafts (Xiao et al.,
2022). Bioactive ceramics which can form a direct chemical bond with

bone or even with the soft tissue of a living body.

In 1988, LeGeros was the first to use calcium phosphate as a
bioceramic restorative dental cement (LeGeros, 1988). Calcium
phosphates-based materials have been frequently used in medicine as
scaffolds to replace or regenerate damaged tissues, to control and
synchronize material resorption and stimulate bone formation. Numerous
studies have demonstrated that composition and textural property
manipulation, including nano-, micro-, and macro-surface porosity, is an
effective strategy (Ali et al., 2013; Islam et al., 2017; Sekar et al., 2021).
The bioactive calcium phosphates-based materials closely resemble the

composition and structure of the inorganic phase of the bone mineral and
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can be produced using low or high-temperature processing pathways
(Ginebra et al., 2018).

In addition, bioceramic materials containing calcium phosphate have
two primary benefits. First, the fact that they are biocompatible means that
the body's tissues won't reject them. Secondly, bioceramic materials can
improve bioceramics' setting qualities and produce an inorganic phase-like
crystalline structure and chemical composition, much like natural tooth and
bone (Kucko et al., 2019). Biologically, the calcium phosphate compounds
are ideal for use as a bone replacement material in orthopaedic procedures
because they contain the ions H2PO.* and PO+*~, which are naturally
present in the inorganic mineral phase of bones and teeth (Kucko et al.,
2019). The most widely used calcium phosphate-based material is calcium
hydroxide and its precipitation of hydroxyapatite (HA) bioceramics
(Malhotraetal., 2014; Chaikinaetal., 2019), which is used mainly in many

applications such as bone defects in dogs for repairing tibial defects.

2-17-1:. Oyster Hydroxyapatite

Hydroxyapatite (HA) has a typical formula of Caio(PO4) 6(OH). and
is structurally very similar to inorganic phases seen in both healthy bone
and teeth. Several studies involving HA as bone substitute materials with
a Ca/P ratio of 1.67 are underway due to this near closeness. The HA
powder is a white crystalline powder (Lopes et al., 2018). Because it is
composed only of calcium and phosphate ions, hydroxyapatite poses no
risk of local or systemic toxicity when implanted within bone defects. The
Ca/P ratio ranges from (1-1.67) considered nontoxic and not induce any
foreign body reaction which allows a newly formed bone to directly bind
to the bone-implant interface (Prathap et al., 2022). In addition, the trace
elements found in natural HA, such as Na*, Zn**, Mg*", K*, Si**, Ba*', and

F-, CO3, these ions can accelerate the process of bone healing (Naredla
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et al., 2022). A recent studies have highlighted the possibility of Zn** and
F~ ions having antibacterial properties against various bacterial pathogens,
including Streptococcus pneumonia, Bacillus subtilis, Escherichia coli,
Klebsiella pneumonia, Staphylococcus aureus, and Pseudomonas
aeruginosa. This property is particularly important in orthopaedics and
dentistry, where infections are common (Raji et al., 2022; Ressler et al.,
2022).

As an alternative, hydroxyapatite surfaces can promote osteoblastic
cell adhesion, development, and proliferation, facilitating the gradual
replacement of dead bone with newly grown bone. Additional functions of
hydroxyapatite include the transport of cytokines and growth factors (Sun
et al., 2017). Natural hydroxyapatite can be sourced from a variety of
biological materials, including animal bones (e.g., those of horses, camels,
and bovines), shells (e.g., those of clams, eggs, and seashells), plants,
algae, and minerals (e.g., limestone). Many authors have focused on
obtaining hydroxyapatite from marine waste and on its use for biomedical
applications because the conversion of oyster shells into this product which
considered as environmentally friendly and allows for the reduction, reuse,
and recycling of large quantities of these readily available materials
(Kattimani et al., 2016; Borciani et al., 2022).

An oyster shell is made of marine invertebrates from the sea that are
rich in calcium, phosphorus, and other trace elements. Seashells, also
known as coral shells, are the tough outer covering of the bodies of marine
mollusks, scallops, clams, snails, and cockles, among others. These shells
make materials based-hydroxyapatite (Yao et al., 2013). The majority of
oyster shell elements reported the presence of calcium oxide (CaO) rather
than CaCQO3 contents, this suggests that the oyster shell has a small amount

of organic materials (Yoon et al., 2003). Because of the macroscopic
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similarities of these structures to the inorganic phase of bone, these
structures can be appropriate for orthopaedic application. In addition,
natural oyster-based materials have considerable success in bone healing
due to their porous structure (porosity ranges from 100 to 500um), which
is similar to that present in the cancellous bone in morphology, which is
considered an essential factor that facilitates the ingrowth of fibrovascular
tissue within the bone defect area (Akyol et al., 2019). One unique feature
of coral skeletons is the synchronization of in situ resorption with
endogenous bone growth. Chemically, coral skeletons are in the apatite
family; mechanically, structurally, and crystallinity-wise, they are
comparable to normal living bone. One way to improve osteoconduction is
to hydrothermally convert oysters to calcium phosphate, which is

chemically similar to mammalian bone (Green et al., 2017).

The first coralline implant studied was reported by (Chiroff et al.,
1975), from the exoskeleton of the genus Poriles called coralline
hydroxyapatite Porftes (CHAP). After that, this material was developed by
Holmes (1979), who appeared with parallel interconnecting channels with
190 microns in size, which is similar to the microstructure of the bone and
then this material was applied in dog mandibles with a (2)mm defect
(Holmes, 1979). Recent research has shown that hydrothermal methods can
transform oyster shells into hydroxyapatite. This process involves
converting the calcium carbonate skeleton to calcium phosphate (Rocha et
al., 2005; Prathap et al., 2022). In general, oyster structures contain both
magnesium and strontium, which have a role in bone growth (Chou et al.,
2014). Also, many coral genera have already been used as bone graft
substitutes, such as Pocillopora, Acropora, Montipora, Porites, Goniopora,
Fungia, Polyphyllia, Favites, Acanthastrea, Lobophyllia and Turbinaria
(Cestari et al., 2020; Naredla et al., 2022). Other researchers have looked
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at oysters for potential medical uses due to their high carbonate content;
however, oysters are not readily available everywhere, and many oyster or

coral species are in danger of extinction. (Puspitasari et al., 2021).

2-17-2: Quail Eggshell Calcium Hydroxide

Bird waste is considered an important source of biomaterials, among
which the most common ones include collagen, gelatin, keratin, beak
bones, hyaluronic acid, chondroitin sulfate, and bioceramics. All bird
species share a common mineral composition in their eggshells: calcite, the
most common calcium carbonate mineral (Gautron et al., 2021). Research
on renewable materials that are both affordable and readily available has
already begun. Hence, it was determined that quail eggshells mimic oysters
regarding mineral content (Puspitasari et al., 2021). Due to its low protein
content, the eggshell of the quail (Coturnix coturnix) bird has a higher
calcium content than that of the hen or duck (Syafaat and Yusuf, 2018).
Also, the solubility of quail eggshell powder is higher than that of other
sources of calcium, like limestone, indicating higher bioavailability. Thus,
recently the quail shell became a renewable calcium source (Moura et al.,
2020).

Calcium carbonate (CaCOs), magnesium carbonate (MgCO:s), and
calcium phosphate (Cas(PO.).) make up the majority of the inorganic
components found in eggshells, which are seen as a potential natural source
for medical applications (Opris et al., 2020). One of the many benefits of
using eggshells as a source of calcium is the low level of toxic substances
they contain. Another advantage is that they are an excellent source of
calcium carbonate, an amorphous crystal that occurs naturally as calcite
(Cestari et al., 2021). Calcinating eggshells at high temperatures produces

a number of calcium precursors, including calcium oxide (CaO) and
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calcium hydroxide (Ca(OH)., from calcium carbonate (Goloshchapov et
al., 2013).

Calcium hydroxide has been used in endodontic surgery since 1920
by B. W. Hermann (Hawkins et al., 2015). Calcium hydroxide is white in
color with odorless powder with the formula Ca(OH). and a molecular
weight of 74.08m. It has low solubility in water, and it has a high pH level
(about 12.5-12.8) (Da Rosa et al., 2019). The highly alkaline nature of the
calcium hydroxide, which is bactericidal, especially against bacterial
affects the root canals through the hydroxyl ions that destroy the
phospholipid structure, which is the major component of the cellular
membrane of the bacteria (Vatankhah et al., 2022). Recently, calcium
hydroxide was used in root canal filling in cases of root resorption and for
the treatment of avulsed teeth (Al-Hiyasat et al., 2021). The ability of
Ca(OH): to enhance bone defect regeneration is related to the rise of
alkalization in the tissue in which the pH value of calcium hydroxide is
around 10.5. This alkaline environment has favorable differentiation and
osteoblast growth, stimulating bone regeneration in the defective area
(Kahler et al., 2018; Khosropanah et al., 2018).

2-18: Platelets Rich fibrin

Platelets rich fibrin (PRF), a platelet concentrate of the second
generation, is made by drawing blood samples through centrifugation and
removing anticoagulants from the process. (Dohan et al., 2006a; Kumar et
al., 2016). The methods for second-generation platelet concentrates are
easy, inexpensive, and quick (Giannini et al., 2015). Without the use of a
coagulation factor either during or after blood collection, the PRF
preparation is simply obtained by activating intrinsic coagulation pathways
on the inner surface of plan tubes (Yamaguchi et al., 2020). There is a short

turnaround time between blood sample collection and centrifugation
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because fibrinogen is concentrated in the tube's upper layer and is directly
transformed into fibrin upon contact with thrombin, which entraps the

platelets (Caruana et al., 2019).

A greater leukocyte count and fibrin mesh in PRF make it an
autologous biomaterial that can promote tissue regeneration by increasing
the migration and proliferation of osteogenic cells and by acting as an
antibacterial (Caruanaet al., 2019). Due to its useful biological and clinical
properties, PRF finds extensive medical application in the treatment of skin
ulcers and necrosis, as well as in plastic and reconstructive surgery as a
reinforcing material for hernioplasty (Zedan et al., 2022), Particularly in
musculoskeletal lesions, particularly those involving orthopedic surgery,
where abnormalities encountered during bone regeneration (Pinto et al.,
2018; Soares et al., 2023). In the last years, various procedures in oral and
maxillofacial surgery have made use of these autologous biomaterials,
including procedures for gingival recession, bone defects, post-extraction
filling of alveoli, and sinus elevation, and improving the quality of bone
regeneration (Hsu et al., 2013; Gollapudi et al., 2022).

The using of a glass stander tube instead of a plastic one allows for
the extraction of PRF since the silica in glass acts as a natural coagulation
inducer. Centrifugation at 2700 rpm for 12 minutes yields the final product
(Jianpeampoolpol et al., 2016). Also, there was another method for
obtaining PRF named advanced PRF, in which sterile plain glass-based
vacuum tubes (A-PRF) tube (10 mL; 1500 rpm for 14 minutes) were used
(Ghanaati et al., 2014). Another study illustrated that PRF protocol was
taken without anticoagulant in (10) ml tubes with centrifugation at 3000
rpm for 10 minutes (Dohan et al., 2006a). A recent study indicated that the
PRF tube produces approximately 200-250% smaller PRF clots than the
traditional glass tubes (Miron et al., 2020). On the other hand, research by
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(Miron et al., 2021) has shown that PRF tubes (silica-coated tubes) can
lessen clot size creation compared to plain glass tubes. The PRF tube
coated with silica microparticles is easily and quickly removed from the
inner surface of the tube and suspended in blood samples as blood is
aspirated into the tubes then the silica microparticles exist ubiquitously in
blood samples and quickly trigger the coagulation cascade, and the fibrin
fiber matrix is uniformly formed in the upper part of the tube (Yamaguchi
et al., 2020). Similarly, many previous studies confirmed that the silica-
coated tubes were recommended for PRF sample preparations (Dohan et
al., 2006a; Dohan et al., 2012).

Recently, many surgical procedures involving fractures, particularly
those involving the mandible, have highly used PRF as a biological
additive to speed up the healing process and encourage early bone
regeneration and soft tissue regeneration owing to the growth factors they
contain. (Elhamshary et al., 2023). Thus, the implantation process for
filling bone defect abnormalities can be enhanced by employing
autologous PRF in oral and maxillofacial surgery to promote bone healing
(Naik et al., 2013). A further finding was that PRF showed promise as a
new method of root covering for the treatment of gingival recession in the
front teeth of the mandible (Panda et al., 2020). Chemically, the PRF gel
is associated with small molecules, such as various cytokines and
leukocytes. These molecules have a direct ability to mesenchymal stem cell
migration and differentiations, promote fibroblast proliferation, increase
tissue vascularity, increase the rate of collagen synthesis, increase mitosis
of osteoblasts, induce the expression of phosphorylated extracellular-
related kinase along with enmeshes glycosaminoglycans resulting in great
support of bone healing process (Simonpieri et al., 2012; Faot et al., 2017).
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Chapter Three
Materials and methods

3-1: Experimental animals

The experimental design received approval from the institutional
animal care and use committee at the College of Veterinary Medicine,
Mosul University, under the registration number (UM.VET.2022.050). In
the current experimental study, 48 clinically healthy stray adult male dogs,
their weight and age were (20 + 0.5) kg and age were (2+0.6) years,
respectively. To be sure of being healthy, each animal was clinically
exanimated for any suspected diseases, and then all animals were
vaccinated against rabies (Zoetis Inc., Kalamazoo, M149007, USA), then
subcutaneously injected with lvermectin 1% (Promectin, Spanish) of
(0.3mg/kg) as a preventive drug for an external and internal parasite.
During the duration of the experiment, each animal was housed separately
in the animal house center, which is part of the College of Veterinary
Medicine at Mosul University. Each animal was housed, fed, and visited
according to the same institutional protocol and given unique cage

numbers.

3-2: Experimental design

The experimental animals were randomly divided into four equal
experimental groups (n=12):
. In the first group (Control group) : A circular mandibular bone defect of
(14) mm in diameter was created in the body of the mandible using a low-
speed bone drill under continuous irrigation with 0.9% sterile saline

solution and left empty without any treatment.
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I1. In the second group (QESCH group): The same mandibular bone defects

were created, and filled with four grams of prepared quail eggshell calcium

hydroxide powder.

[11. In the third group (OSHA group): The induced mandibular bone defects

were created, and also filled with four grams of prepared oyster shell

hydroxyapatite powder.

IV. In the fourth group (PRF group) : The same mandibular bone defects

were created and filled with a previously prepared autologous PRF gel. The

experimental design mentioned in (Fig.3-1).

Experimental Design
Animals N= 48

14 mm of a circular large
defects created in the right
side of the mandible bone

First group (Control)
N=12

Second group
(QESCH) powder
N=12

Third group (OSHA)
powder
N=12

Fourth group (PRF) gel
N=12

1

Clinical evaluations

Evaluations of results

Macroscopical
evaluations
7,15,30 days PS

Histopathological
evaluation
7,15,30 days PS

Radiographical
evaluation
15,30,60 days PS

Immunohisto
chemistry
30 day PS

FESEM at 30 days PS

Figure 3-1: The diagram of experimental design.
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3-3: Laboratory preparation of autologous PRF

The animals in the fourth group were restrained and sedated with 2%
xylazine (Interchemie, Holland) at doses (15 mg/kg), and the collection site
was shaved with an electric clipper that started distally at the base of the
neck and moved towards the head along the jugular groove and then
disinfected with 70% alcohol. The vein is raised by the application of finger
compression. About 10 ml of blood was withdrawn from the dog's jugular
vein of each animal used a 21-gauge needle syringe. The blood flow from
the vein was stopped by applying pressure with sterile gauze to achieve
hemostasis. The blood sample was then collected in a sterile PRF tube
(Bio-PRF, USA) and immediately centrifuged at 3000 rpm for 10 minutes
used (80-1, electric centrifuge, China) (Dohan et al.,2006a). After
centrifugation, the middle homogenous layer was carefully detached from
the inner surface of the PRF tube using a sterile stainless steel (double-
ended micro) spatula (Fig.3-2), and then directly applied to the previously

created mandibular bone defect.



- 38 -

Figure 3-2: Preparatlon of autologous PRF gel (A) After centrlfugatlon of
the blood sample, the PRF tube. (B) The PRF gel was detached from the
inner surface of the PRF tube. (C) Elevated the PRF gel with a stainless-

steel spatula. (D) PRF gel before use.

3-4: Preparation of quail eggshell calcium hydroxide powder

The calcium hydroxide powder was prepared according to a
modified technique described by (Chen et al., 2022). The uncrushed quail
eggs were collected from the local farmer in Tikrit City, Iragq. The quail
eggshell was cleaned with deionized water and boiled in water for about
30 minutes to remove any debris that may attach to it. The quail shells were
ground into a fine powder using an electrical mortar grinder (Retsch,
RM200, China), then calcined in a muffled furnace (Prothrom- Turkey) at
1200 °C for 2 hours. In this phase, the quail eggshell's calcium carbonate

(CaCOs) was converted into calcium oxide (CaO), as shown in the
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following equation. After that, the (CaO) powder was taken in a beaker and
directly dispersed in distilled water. The result of this reaction was a very
high liberated temperature with the formation of a white powder (Fig. 3-
3), which was a calcium hydroxide Ca (OH)2, as shown in the following

equations:

CCo, — Ca0 + CO,

A
CaO + H,0 - Ca(OH), + Heat

Figure 3-3: A, the quail eggshell before fabrication. B, the

fabricated calcium hydroxide powder from the quail eggshell.
3-5: Preparation of oyster shell hydroxyapatite powder

The preparation and synthesis method of oyster shell hydroxyapatite
powder was done by using a modified procedure described by Ismail et
al., 2021). Firstly, the oyster shells (Pectinidae) were purchased from the
local market in Basra City, Irag, and then washed using distilled water.
Later, the shells were boiled in a mixture of distilled water and ethanol to
remove organic residues and then dried in the oven at 100 °C for 30 h. The
dried shells were then ground to a fine powder using an electrical mortar
grinder (Retsch, RM200, China). The powder was calcined in a muffled
furnace (Prothrom- Turkey) at 1200 C for 2 hours to produce calcium

hydroxide powder. Later, an orthophosphoric acid solution (Ridel- Turkey)
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with 0.6 M was added to the Ca(OH): solution to justify the pH of the
solution at (8.5) used a pH meter (AD1000-Germany). The white
homogenous precipitate was observed at this point. The product was kept
at ambient temperature for 48 hours in order to aging, which allowed the
complete chemical reaction. The dried precipitation was calcined again at
1200 C for 2 hours in a muffled furnace. The white crystalline powder was
produced, indicating the presence of HA crystal powder (Fig.3-4) All the

chemical equations were mentioned below:

CaCo; — CaO+ CO, T

A
CaO + H,0 —» Ca(OH), + Heat

10 Ca(OH), + 6H5P0O, — Ca,,(PO,)4(OH), + 18H,0

Figure 3-4: A, the oyster's shells before fabrication. B, the

fabricated oyster shell hydroxyapatite powder

3-6: Evaluations of bone substitute biomaterials

The evaluations of bone substitute biomaterials were done in the
nanotechnology laboratories at the Ministry of Science and Technology in
Baghdad, Iraq, using the following parameters.
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3-6-1: X-ray diffractometer (XRD) analysis

The XRD analyses were performed to determine the crystal phase
and purity of quail eggshell calcium hydroxide Ca(OH). and oyster shell
hydroxyapatite powders samples. The XRD data were recorded within the
two theta (20) range from zero® to 80°, and intensity counts range from zero
to 900° used (Malvern Panalytical, Aeris, UK). The XRD data were
matched with the standard International Centre for Diffraction Data
(ICDD) databases, used Qualx software version (2.24, build data:22.11.18,

Italy).

3-6-2: Field emission scanning electron microscopy (FESEM)

The surface morphology is an important characteristic that
determines the biological properties of the samples. The surface
morphology, crystal size, and porosity of the quail eggshell calcium
hydroxide samples, the oyster shell hydroxyapatite, and the autologous
PRF samples were detected by the field emission scanning electron
microscope (FESEM) model (inspect f 50, fei, Holland). Before electron
microscopy, the samples were subjected to a gold covering to give the
necessary conductivity.

3-6-3: Energy dispersive X-ray Spectrometer (EDS)

The EDS analysis was used to determine the element's compositions
and the relative concentrations of the main trace elements, such as calcium,
phosphor, and oxygen, within quail eggshell calcium hydroxide and oyster
shell hydroxyapatite powder samples. It is also used to determine the
elements distribution mapping to reveal the surface topography of these
elements through the use of an energy-dispersive X-ray microanalysis
system model (inspect f50, fei, Holland) with an acceleration energy
voltage range from zero to 20 keV.
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3-7: Surgical procedure.

All dogs were operated under general anaesthesia using a protocol
of a mixture containing 10 % ketamine HCL (Alfasan, Holland) and 2%
xylazine (Interchemie, Holland) at doses (15 mg/kg) and (5 mg/kg)
respectively, through intramuscular injection (Mohammed et al., 2022).
Anesthetized animals were restrained on the lateral recumbency with an
extension of the neck. The operative region was aseptically prepared,
clipping hair with a delicate clipper, and vigorous disinfection was
achieved by applying 10% of povidone-iodine solution (Fig3-5). The
mouth gag was introduced between the upper and lower canine teeth, and
a skin incision approximately five cm in length was performed along the
premolar/molar region using surgical scalpels blade size (20), followed by
blunt dissection of the deep fascia between the masseter and digastric
muscle to expose the mandibular bone (Fig. 3-6). A circular mandibular
bone defect experimentally induced with a diameter of (14) mm in diameter
made in the of the mandibular body in all experimental animals, through a
full-thickness of bone tissue without perforation of the underlying buccal
mucosa, using a slow-speed electrical bone drill combined with a
cylindrical diamond hole saw (Juster, j3901, China) with continuous
irrigation with saline solution to prevent heat damage to the bone tissue
(Fig. 3-7).

In the control group, the bone defect was left empty without
treatment. In the second group, the defect was filled with fabricated quail
eggshell calcium hydroxide Ca(OH). powder. In the third group, the bone
defect was filled with fabricated oyster shell hydroxyapatite powder. In the
fourth group, the bone defect was filled with the PRF gel. After that, the
muscles were closed by a continuous suture pattern using polyglycolic acid

suture materials size 0. The skin was closed by a simple interrupted suture
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pattern using silk suture materials size 1. Then, the animals were
transferred to an X-ray room to identify the induced mandibular defects'
shape and location (Fig.3-8 and 3-9). Finally, during the immediate
postoperative period, the animals were transferred to a clean, warm cage

for smooth recovery.

3-8: Post operative care

All dogs immediately received postoperative analgesia of Metalgen
at a dose of (20mglkg) through intramuscular injection for five days to
relieve the pain. Also, a broad-spectrum systemic antibiotic consisting of
a combination of Pencilline-Streptomycine (Penstrep, Alfasan, Holland)
intramuscularly injected at the dose of (10,000 1U-15 mg/kg) for seven
days, to prevent any postoperative infections. The surgical skin wounds
were treated with local wound spray oxytetracycline 2.5% from a distance
of (15 - 20) cm, one time a day for seven days following surgery to prevent
wound infection. All animals were investigated twice daily during the

period of the current study.
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Figure 3-5: The site of surgical operation under aseptic surgical
technique.

Figure 3-6: The body of the mandibular bone.
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Figure 3-7: A bone defect was surgically created in the body of
the mandibular bone using a bone drill square under continuous
irrigation of saline solution.

Figure 3-8: the lateral plain radiographic image of the
mandibular bone defect immediately after surgery



Figure 3-9: The bone defect of the mandibular bone. (A), first group
(control). (B), second group (QESCH) powder. (C), third group (OSHA)

powder. (D), fourth group (PRF) gel.

3-9: Animal Sacrifices

The bone defect biopsies were obtained from the animals at
(7,15,30) interval days Ps. The biopsies were obtained by giving the animal
general anesthesia. After the skin incision, the subcutaneous tissues
muscles were bluntly dissected, followed by applying a bone drill
accompanied by a cylindrical diamond hole saw size (4) mm in diameter

from the normal and defective area.
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3-10: Evaluations of the results

The results of the study were evaluated clinically, macroscopically,
radiologically, histopathologically, and immunohistochemically with field
emission scanning electron microscopy during the experiment period.
3-10-1: Clinical evaluations

In all experimental animal groups, the animals were examined twice
daily during the first week after surgery for any signs of pain and the
presence of abnormal eating habits or excessive salivation.
3-10-2: Macroscopical evaluation

The biopsy samples of the mandibular bone defect were
macroscopically evaluated in all experimental animals at (7,15 and 30)
days PS used a Canon digital camera (EOS,70D, China) to inspect the
reduction in the size of the mandibular bone defect. In addition, inspect the
site of operation after repair by filling it with biomaterials.
3-10-3: Radiographical evaluation

The lateral view of the skull was taken in the radiological room at
the veterinary university hospital immediately post operation, and then at
(15,30,60) intervals days post-surgery used a plain X-ray machine
(Shimadzu, Japan) accompanied by the digital wireless detector (ltalray,
Italia) with exposure factors seated at 65 kV and 2.5 mAs, and 90 cm F.F.D.

to investigate the bone defects.

3-10-4: Histopathological evaluation

Bone biopsies were collected aseptically at (7, 15, 30) days after
surgeries from all groups. The samples were fixed in a fixing agent with
10% neutral buffer formalin (NBF) for 48 hr. to preserve the tissue. Later,
decalcification was done to remove calcium salt and minerals from the
bone tissue using ethylenediamine tetraacetate acid (EDTA) solution for

12 weeks, which was refreshed every week. In this stage, EDTA was used
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at a concentration of 10% by dissolving 10 grams of this substance in 100
milliliters of distilled water. The final solution was added to the bone
sample, and this solution was replaced daily until the calcium removal
process was completed (Yang et al., 2021). Once the tissue becomes easily
perforated or cut with a needle, it was deemed that the decalcification
process was complete. Dehydration, clearing, infiltration, and embedding
were the additional steps in processing the decalcified tissue until a firm

paraffin block containing the tissue was achieved.

Then, the samples were cut into 5 um thick sections using a standard
rotary microtome from (Leica Microsystems, Germany). After that, they
were stained using standard stains of hematoxylin and eosin. Finally, the
slide was examined under a light microscope from (AX80T, Olympus,
Japan). Also, the bone healing process and new bone formation at the site
of bone defects were evaluated as a semiqualitative analysis through the
use of histopathological healing score according to the modify (Lucaciu et
al., 2015) score that is shown in (Table 3-1).
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Table 3-1: The histopathological indices and scores according to modify
(Lucaciu et al., 2015).

Index Name

1.0Osteoblasts

2.0steocytes

3.0steoclasts

5.Mature
bone

6.Bone
bridge

Score
level

0

= o

Description

Absent
Present at
periphery

Present centrally
Present centrally
and at the
periphery

Absent
Present at
periphery

Present centrally
Present centrally

and at the
periphery
Absent
Present at
periphery
Present centrally
Present centrally
and at the
periphery
Absent

Present at
periphery

Present centrally

Present centrally
and at the
periphery

Absent
Narrow

Thick

Index Name

7.Bone
trabeculae

8. Inflammation

9. Granulation
tissue

10. New
formation of
blood vessels

Score
level

0
1

Description

Absent

Present at
periphery

Present centrally

Present centrally
and at the
periphery

Present

Absent

Present

Absent

Absent
Present at
periphery

Present centrally

Present centrally
and at the
periphery
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3-10-5: Immunohistochemistry (IHC) evaluation
Immunohistochemistry was achieved at 30 days after surgeries using
a modified avidin-biotin immunoperoxidase technique (Hsu et al., 1981).
The tissue sections underwent deparaffinization, rehydration, and
deactivation, then introduced into the immunohistochemistry protocol.
Endogenous peroxidase was blocked by a mixture of 3% hydrogen
peroxide-methanol solution for 7 minutes at ambient temperature. After
washing with PBS containing 0.01% thiomersal and 50% glycerol at pH
7.3, the sample was blocked with 10% normal goat serum for 30 minutes
at ambient temperature. Then, the slides were incubated with primary
antibodies for Alkaline Phosphatase (E-AB-93077, Elabscience, USA)
which is a rabbit Polyclonal antibody at dilution equal to 1:100 at 4 C° for
24 hr. followed by double times washing of slides with PBS for three
minutes., then incubated with polyperoxidase anti-rabbit IgG as a
secondary antibody with a dilution of 1:400 (Wuhan Fine Biotech, China)
for 30 minutes at room temperature, and finally rewashed with PBS.
Then, the stain was performed using the DAB substrate. Later, all
slides were allowed to be counterstained the nuclei with hematoxylin for
30 seconds at room temperature, rinsed with distal water, then dehydrated,
and covered with a cover slide. All slides were observed using a light
microscope (Leica, USA) and photographed with a digital video camera
(Leica ICC50, Leica, USA) in a standardized light condition. The results
of ALK expression were classified into four categories based on the
intensity of staining. The interpretation was made by the expert pathologist
who used the modified method described by (Cha et al. 2021). The
categories of expression were weak positive, mild positive, moderate

positive, and high positive.
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3-11: Statistical analysis

Statistical analysis was performed through the complete random
design (CRD) used SAS software version 9.4 (2002). All quantitative data
are expressed as the mean + standard error (M£SE). Statistical comparison
between the experimental groups was performed using Duncan’s test. A

probability of 0.05 or less (p< 0.05) was considered significant.
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Chapter four

Results

4-1: Evaluation of quail eggshell calcium hydroxide powder.
4-1-1: X-ray diffraction (XRD).

The results of XRD patterns of the prepared quail eggshell Ca(OH):
powder sample revealed that the typical intense peaks were in the two theta
(20) range from zero to 80. The main diffraction peaks that contain the
calcium hydroxide phase observed at (7.88°, 18.08°, 18.15°, 28.78°,
34.21°, 47.26°, 50.90°, 54.47°, and 62.70°) respectively, and associated
with the hexagonal crystalline shape of the calcium hydroxide powder
fabricated from the quail eggshell. All these peaks were matched with the
standard International Center for Diffraction Data (ICDD) database card
number (00-100-0045) (Fig.4-1).
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Figure 4-1: The XRD patterns of blue color indicate the fabricated quail eggshell
Ca(OH). sample, matching with ICDD reference card number: (00-100-0045)
red color.

4-1-2: Felid emission trance electron microscope (FESEM).
The FESEM images of the quail eggshell Ca(OH). powder sample
indicated that the surface morphology appears as spongy morphology with

particles appearing as polygons but with no uniform shape, and these
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particles are observed to be agglomerated. Some crystals grow as flower
petals around the central point and sometimes appear in a hexagonal shape
(Fig. 4-2).

Figure 4-2: The FESEM image of the fabricated quail eggshell Ca(OH),
powder obtained at the calcination temperature 1200°c for 2hr, used
magnification 15000X and 6000X.

4-1-3: Energy Dispersive X-ray (EDS) Spectrometer

The EDS spectrum of the fabricated quail eggshell Ca(OH). powder
sample shown in (Fig.4-3). The main peak values reveal the presence of
calcium (Ca) and oxygen (O) elements. The quantity values of these
elements measured in atomic and weight (%) were listed in (Table 4-1).
The EDS elemental mapping indicated that the particles contained calcium,
carbon, and oxygen, as shown in (Fig. 4-4). The EDS mapping analysis
appeared green, yellow, purple, and blue, indicating the distribution of

calcium, oxygen, carbon, and aluminium particles, respectively.
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Figure 4-3: The EDS spectrum peaks of the fabricated quail eggshell
Ca(OH). powder sample showed the elemental compositions of the
prepared powder sample.

Table 4-1: The contents values of the prepared quail eggshell Ca(OH),

powder sample.

Elements Weight % Atomic %
Ca 44.5 23.4
O] 46.4 61.2
C 8.5 15.0
Al 0.5 0.4

Figure 4-4: The EDS elemental mapping analysis of the fabricated quail

eggshell Ca(OH), powder sample.
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4-2: Evaluations of oyster shell hydroxyapatite.
4-2-1: X-ray diffraction (XRD).

The results of XRD patterns of the fabricated oyster shell
hydroxyapatite powder sample revealed that the typical intense peaks of
the hydroxyapatite were detected with high crystallinity at two theta (26)
range from zero to 90. The main diffraction peaks that represented the HA
phase were observed at (25.46°, 28.85°, 31.74°, 32.75°, 39.80°, 46.44°,
49.11°, 52.98°, and 76.51°) respectively associated with the hexagonal
crystalline shape of hydroxyapatite. All these peaks were matched with the
standard ICDD database card number (09-0432) (Fig. 4-5).
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— Experimental pattern (AL GHAZI HAYDRO AF )
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Figure 4-5: The XRD peaks patterns, in blue color, indicate that the fabricated
oyster shell hydroxyapatite powder sample matches with the ICDD reference

card number (09-0432) green in color.

4-2-2: Felid emission trance electron microscope (FESEM).

The surface morphology of oyster shell hydroxyapatite powder
sample heated at 1200 °C for 2h. appear as a spherical particle shape that
was regularly distributed within the sample with an average diameter of
(140) um (Fig. 4-6).
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Figure 4-6: FESEM images of the fabricated oyster shell hydroxyapatite
were obtained at the calcination temperature of 1200° for 2h at
magnification 130X and 1000X.

4-2-3: Energy Dispersive X-ray (EDS) Spectrometer

The EDS spectrum of the fabricated oyster shell powder shown in
(Fig. 4-7) the main peak values reveal the presence of calcium (Ca),
phosphor (P), oxygen (O), carbon (C), and potassium (K) elements. The
quantity values of these elements measured in atomic and weight (%)
were listed in (Table 4-2). The EDS elemental mapping of fabricated
oyster shell hydroxyapatite powder sample shown in (Fig. 4-8) were
green, blue, purple, and yellow colors, indicating the surface morphology
of distributed particles of the calcium, phosphor, carbon, and oxygen,

respectively.
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Figure 4-7: The EDS spectrum analysis of fabricated oyster shell hydroxyapatite

powder sample.

Table 4-2: The content values of the prepared oyster shell hydroxyapatite
powder sample.

Element Weight % Atomic %
C 13.4 21.5
@) 49.2 59.3
P 8.0 5.0
K 10.2 5.0
Ca 19.2 9.2

50 pm — i, : 50 pm —

Figure 4-8: The EDS elemental mapping analysis of the fabricated oyster
shell hydroxyapatite powder sample.
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4-3: FESEM of autologous PRF sample.
The FESEM image of the autologous PRF sample showed the
surface morphology of the sample, which appears as acellular dense,

smooth, homogenous surface morphology with a swirl-like appearance and

without any porosity (Fig. 4-9).

Flgure 4 9: The FESEMlmages of the prepared autologus PRF gel sample
at magnification 80X and 150X,

4-4: FESEM of mandibular bone defect samples after 30 days
post-surgery.

The FESEM images of the bone defect of the mandible bone samples
were obtained at 30 days post-surgery, as shown in (Fig. 4-10). In the
control group, the bone defect appeared partially open. The center of the
bone defect was filled with a homogenous, smooth matrix surrounded by
multiple aggregates of fibrous tissues, which was the predominant tissue
(Fig. 4-10, A).

In the second group, the bone defect was filled with an
unmineralized matrix surrounded by a thin layer of a mineralized matrix

that appeared to be light in appearance (Fig. 4-10, B).



-59 -

In the third group, the bone defect appears filled with a thick layer
of osteoid matrix, which appears as a light region beyond many
excavations of bone trabeculae that faces toward the center of the bone
defect (Fig. 4-10, C).

In the fourth group, the bone defect appears completely closed and
the center of the defect was filled with a thick layer of osteoid matrix,
which appears brighter in color. The bone defect was surrounded by thin

layers of newly formed bone crystal plates (Fig. 4-10, D).
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Figure 4-10: The FESEM images show the defective area of mandibular bone

defects obtained at 30 days post-surgery, using magnification 50X. A, control

group. B, second group. C, third group. D, fourth group.
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4-5: Clinical evaluations

The experimental animals in all groups recovered well from the
surgical procedures during the first week after surgery. the site of wounds
in all animals was healed by the first intention within 10-15 days after the
operation. Also, during the first three days post-surgery, all animals
showed varying degrees of food and water intake ability with tenderness to
the site of bone defect, especially in the first group. Then, the animals
returned to the normal food intake without the appearance of any
complications.

4-6: Macroscopical evaluations

The macroscopical appearance of the mandibular bone defect was
evaluated before gently dissecting the bone samples for histopathological
examinations. The macroscopical findings at seven days after surgery. In
the first group, the bone defect appeared as a circular defect with well-
defined defect margins and was filled with tiny tissue without a reduction
in the size of the defect. In the second, third, and fourth groups, the bone
defects appeared congested and slightly reduced in size with the presence
of new soft tissue formation when applying pressure by a stainless-steel
pointed needle. (Fig.4-11).

At 15 days after surgery, in the first group, the bone defect was filled
with excessive tissue formation without reduction in its size. While in the
second, third, and fourth groups, the bone defect revealed varying degrees
of size reduction, with the presence of a small amount of semi-firm tissues
that had variable consistently when applying pressure by a stainless-steel
pointed needle within the defective area and the defective margins started
becoming rounded and facing toward the center of the defect (Fig. 4-12).

At the 30 days after surgery. In the first group, there was a continuous

presence of soft tissue formation that easily perforated by applying a
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stainless-steel pointed needle, and the size of the defect likely appeared to

be the same diameter as it appeared in seven and 15 days. In the second,

third, and fourth groups, the size of bone defects decreased in size

obviously, especially in the third and fourth groups. Also, there were

varying degrees of hardness tissues within the center of the bone defect that

appeared difficult to penetrate when applying a stainless-steel pointed

needle, and the margins of the defects became more rounded and facing
toward the center of the defect (Fig. 4-13).

First group
Group

Second

Third

Fourth
group

Group

Group

-

Figure 4-11: The macroscopical findings of the mandibular bone defect

defects in different groups at seven days post-surgery.

First group Second Third Fourth
Group Group Group group
T =

Figure 4-12: The macroscopical findings of the mandibular bone defect

defects in different groups at 15 days post-surgery.
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Figure 4-13: The macroscopical findings of the mandibular bone defect

defects in different groups at 30 days post-surgery.

4-7: Radiographical evaluations.
4-7-1: Radiography of the first group.

The radiographic findings of the mandibular bone defect in the first
group on day 15 post-surgery appeared to be a well-defined circular
radiolucent bone defect with a relatively very slight increase in opacity,
which exhibited in the center of the defective area that represented early
little bone tissue formation, but without any trabecular bridging (Fig.4-14).
Whereas at 30 days post-surgery, the defective area clearly outlined
indicated a tiny radiopaque area related to the bone tissue formation that
occurred in the center of the defect (Fig. 4-15). Finally, at 60 days post-
surgery, the radiographical finding showed that the bone defect margin
remained radiographically outlined. The defect was still open and
radiolucent and showed a slightly radiopaque zone extended from the
edges of the bone defect towards the center, which represents a new callus

formation without a complete trabecular bridging (Fig. 4-16).




Figure 4-14: A lateral radiographical image of the first group at
15 days PS.

Figure 4-15: A lateral radiographical image of the first
group at 30 days PS.
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Figure 4-16: A lateral radiographical image of the first
group at 60 days PS.

4-7-2: Radiography of the second group.

In the second group, at 15 days after the operation, the radiographic
findings that the surrounding margins of the defective area of the
mandibular bone clearly outline with a slightly blurry area in the center of
the defect indicated the new bone tissue formation representing early callus
formation. However, it is still radiolucent (Fig. 4-17). At 30 days post-
surgery, the defect bone defect of the mandibular bone appeared to reduce
in size as well as regression in its radiolucency, and its margins appeared
irregularly outlined, with relatively increased density observed throughout
the defect, representing a developing callus (Fig.4-18). At 60 days post-
surgery, the defective site of the mandibular bone showed nearly a
complete opacification of the bone defect, representing a maturating callus
with increased opacity and slightly complete trabecular bridging (Fig. 4-
19).



Figure 4-17: A lateral radiographical image of the
second group at 15 days PS.

Figure 4-18: A lateral radiographical image of the
second group at 30 days PS.
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Figure 4-19: A lateral radiographical image of the
second group at 60 days PS.

4-7-3: Radiography of the third group.

The radiographical finding in the third group at 15 days after the
operation, the bone defect shows a well-defined, circular bone defect, and
its margin is clearly outlined. The center of the defect becomes blurry in
appearance, with a relative increase in the opacity seen throughout the
defect, representing early callus formation (Fig. 4-20). At 30 days post-
surgery, the defect bone defect of the mandibular bone reduced in size and
exhibited a slightly definite circular defect size as compared with the
control group. Also, a slight radiopaque area appeared throughout the
center of the defect related to the progressive bone formation (Fig. 4-21).
At 60 days after the operation, the radiographical findings showed a
partially defined semicircular, slightly translucent bone defect area with a
relative increase in opacity seen throughout the center of the defect,

representing the maturing callus formation (Fig. 4-22).
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Figure 4-20: A lateral radiographical image of the third
group at 15 days PS.

Figure 4-21: A lateral radiographical image of the third
group at 30 days PS.
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Figure 4-22: A lateral radiographical image of the third group
at 60 days PS.

4-7-4: Radiography of the fourth group.

The radiographical finding of the fourth group at 15 days after the
operation, the radiographical findings showed a considerable increase in
opacity throughout the defect, which became blurry in appearance,
representing a new callus formation (Fig.4-23). At 30 days post-surgery,
the defect bone defect of the mandibular bone was reduced in size as
compared with the control group and became semicircular. It looked like a
small elongated and slightly increased opacity of the defect, an
opacification seen throughout the defect that represents the early
maturating callus (Fig.4-24). At 60 days post-surgery, the defective area
disappearance (complete opacification) of the bone defect represents a

mature callus formation and complete trabecular bridging (Fig. 4-25).



Figure 4-23: A lateral radiographical image of the fourth
group at 15 days PS.

Figure 4-24: A lateral radiographical image of the fourth
group at 30 days PS.
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Figure 4-25: A lateral radiographical image of the fourth
group at 60 days PS.

4-8: Histopathological evaluations
4-8-1: Histopathological evaluation of the first group

The histological section of the mandible bone in the control group at
seven days Ps. showed the site of the defect hole was composed of blood
clots, surrounded by a large area of granulation tissue, which clearly
separated from the edge of the normal mandible bone (Fig.4-26). At 15
days after surgery, the histological section showed the site of a hole with
hemorrhagic clot, with highly granulation tissue formation and new
woven bone with newly formed blood vessels (Fig. 4-27). At 30 days after
surgery, the histological sections of the mandible bon showed the site of a
bone hole greatly filled with mature connective tissue that was rich in
vascularity, and also the presence of a small area of newly formed woven

bone that surrounded the edge of the mandible bone (Fig. 4-28).



-71 -

4-8-2: Histopathological evaluation of the second group

The histological section of the mandible bone of the second group
at seven days after surgery showed the site of a hole appeared surrounded
by newly formed connective tissue, with a new woven bone formation that
contained a large number of osteoblast cells (Fig. 4-29). At 15 days after
surgery, the histological section of the mandible bone showed the site of
a hole partially occluded by highly mature connective tissue and new
woven bone formation (Fig. 4-30). At 30 days after surgery, the
histological sections of the mandible bone showed the site of a hole
occluded by highly mature connective tissue with high vasculature and

well-developed new woven bone formation (Fig. 4-31).

4-8-3: Histopathological evaluation of the third group

The histological section of the mandible bone in the third group at
seven days showed the site of a hole surrounded by highly mature
connective tissue, highly new woven bone formation, with high vasculature
at the edge of the mandible bone (Fig. 4-32). At 15 days after surgery, the
histological sections of the mandible bone showed the site of a hole
partially occluded by highly mature connective tissue, and the new woven
bone formation continued from the margins of the defect towards the
center, with the edge of the mandible bone (Fig. 4-33). At 30 days after
surgery, the histological section of the mandible bone of showed the site of
the hole was occluded by highly mature connective tissue with high
vasculature, and well-developed new trabecular bone formation,
surrounded by large numbers of osteoblasts cells with deeply embedded

osteocytes (Fig. 4-34).

4-8-4: Histopathological evaluation of the fourth group

The histological section of the mandible bone of the fourth group at

seven days after surgery showed the site of the hole, with remaining PRF
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surrounded by highly mature connective tissue and new woven bone
formation at the edge of the mandible bone (Fig. 4-35). At 15 days after
surgery, the histological section of the mandible bone showed the site of
the hole with the remaining PRF, occluded by mature connective tissue
immature bone formation, and adult bone (Fig. 4-36). At 30 days after
surgery, the histological section of the mandible bone showed the site of
the hole, occluded by immature bone formation (black arrow) and well-

developed mature bone (Fig. 4-37).
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Figure 4-: Histolgical section of the mandible bone
of the first group (7 days) showing the site of the hole
(«>) with severe hemorrhage or blood clot (black
arrow), surrounding by granulation tissue (red arrow)
and the edge of the mandible bone (yellow arrow).
H&E stain, 100X.
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Figure 4-27: Histological section of the mandible bone
of the first group (15 days) showing the site of the hole
(«») occluded with hemorrhagic clot (black arrow),
highly granulation tissue with high connective tissue
(red arrow), and vasculature or new blood vessels
(yellow arrow). H&E stain, 100X.

Figure 4-28: Histological section of the mandible bone
of the first group (30 days) showing the site of the hole
(«>) with highly mature connective tissue (black arrow)
and new woven bone formation (red arrow), with the
edge of the mandible bone (yellow arrow). H&E stain,
100X.
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Figure 4-29: Histological section of the mandible
bone of the second group (7 days) showing the site of
the hole («), surrounded by highly mature
connective tissue (red arrow), new woven bone
formation with osteoblasts (blue arrow). H&E stain,
100X.
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Figure 4-30. Hlstologlcal sectlon of the mandible bone
of the second group (15 days) showing the site of the
hole (<) with highly mature connective tissue (black
arrow) and new woven bone formation (yellow arrow).

H&E stain, 100X.
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Figure 4-31: Histological section of the mandible bon

of the second group (30 days) showing the site of the
hole (<) with by highly mature connective tissue with
high vasculature (black arrow) and well-developed
new woven bone formation (red arrow) with high
osteoblasts numbers (yellow arrow). H&E stain, 100X.

A e M Y RO
Figure 4-32: Histological section of the mandible bone
of the third group (7 days) showing the site of the hole
(«») surrounded by highly mature connective tissue
(black arrow), highly new woven bone formation (red
arrow), and the edge of the mandible bone (yellow
arrow). H&E stain, 100X.
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the third group (15 days) showing the site of the hole (<)
occluded by highly mature connective tissue (black arrow)
and well-developed new woven bone formation (yellow
arrow). H&E stain, 100X.
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Figure 4-34: Hlstolg

ical section of the mandible bone
of the third group (30 days) showing the site of the hole
(<) occluded by mature connective tissue (black
arrow) and very well-developed new woven bone
formation (red arrow), with high osteoblasts numbers
(yellow arrow). H&E stain, 100X.
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Figure 4-35: Histological section of the mandible bone
of the fourth group (7 days) showing the site of the hole
(«») with remaining PRF (black arrow) surrounding by
highly mature connective tissue (red arrow), new
woven bone formation (blue arrow) with high
vasculature (yellow arrow). H&E stain, 100X.
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Figure 4-: Histological ecion of the manie b

one
of the fourth group (15 days) showing the site of the
hole (<) with the remaining PRF (black arrow),
occluded by mature connective tissue (red arrow)
immature bone formation (blue arrow), and mature
bone (yellow arrow). H&E stain, 100X.
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Figure 4-37: Histological section of the mandible bone
of the fourth group (30 days) showing the site of the
hole (<) occluded by immature bone formation (black
arrow) and well-developed mature (lamellar) bone
formation (red arrow), with the edge of the mandible
bone (yellow arrow). H&E stain, 100X.
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Table 4-3: The mean values of the histopathological score used Duncan's test.

79

9.

|NO.

10.

Time
parameter name

Osteoblast
Osteocytes
Osteoclast
Immature bone
Mature bone
Bone bridge
Bone trabeculae
Inflammation

Granulation tissue

Groups

First
group
0.25+0.13
B
0.16+0.11
C
0.66+0.28
B
1.91+08
A
0.33+14
A
0.41+0.14
B
0.08+0.08
B
0.00+0.00
C
0.50+0.15
AB

Seven days after surgery

Second
group
0.25+0.13
B
0.16+0.11
C
1.41+0.31
AB
1.85+0.14
B
0.16+0.11
A
0.41+0.14
B
0.58+0.14
A
0.16+0.11
BC
0.16+0.11
B

New formation of (1.22+0.013 1.50+0.15

blood vessels

*Values are mean +SE.
*Different letters mean a significant difference of Duncan grouping (P<0.05) in the same row.

C

BC

15 days after surgery
Third Fourth First Second Third
group group group group group
0.75+0.13 | 1.83+0.29 10.58+0.14| 1.75+0.21 | 2.08+0.22
B A C B AB
1.00£0.17 | 1.50+0.23 |0.41+0.14 0.75+0.13 |1.00+0.17
B A C BC AB
1.83.00+0.29/1.91.00+0.25 1.66+0.22 | 2.00+£0.21 | 1.41+0.33
A A AB A AB
1.00+0.0 | 1.33+0.14 1.75+0.13| 0.66+0.14 ' 0.75+0.13
C B A B B
0.+25.13 | 0.50+0.15 0.41+0.19| 0.25+0.13 |1.41+0.19
A A B B A
0.91+0.14 | 1.25+0.13 /0.25+0.13| 0.66+0.14 | 1.25+0.17
A A B B A
0.75+0.13 | 0.75+0.13 /0.33+0.14| 1.16+0.24 | 1.41+0.14
A A B A A
0.41+0.14 | 0.66+0.14 10.41+0.14| 0.66+0.14  0.91+0.08
AB A B AB A
0.66+0.14 | 0.83+0.11 /0.41+0.14| 0.83+0.11 | 1.00+0.0
A A B A A
1.83+0.20 & 2.58+0.19 |1.58+0.19  2.08+0.19 |2.25+0.21
B A B AB A

Fourth
group
2.41+0.19
A
1.41+0.19
A
1.08+0.28
B
0.41+0.14
B
1.50+0.15
A
1.58+0.14
A
1.50+0.19
A
0.91+0.08
A
1.00£0.0
A
2.50+0.26
A

First
group
1.41+0.14
B
0.83+0.16
B
1.58+0.22
A
0.58+0.19
B
0.33+0.14
C
0.33+0.14
B
0.66+0.14
C
0.83+0.11
A
0.66+0.14
B
1.33+0.25
B

30 days after surgery
Second Third | Fourth
group group group
2.41+0.22 | 2.66+0.14 2.66+0.14
A A A
1.83+0.19 | 2.08+0.16 [2.16+0.24
A A A
1.08+0.19  0.75+0.17 |0.75+0.17
AB B B
0.83+0.20 | 1.33+0.14 1.66+0.14
B A A
2.08+0.19 | 2.41+0.14 2.58+0.14
B AB A
1.33+0.14 | 1.66+0.14 [1.75+0.13
A A A
1.83+0.20 | 2.50+0.15 [2.50+0.15
B A A
0.91+0.08 | 1.00+0 | 1.00+0
A A A
1.00+0.00 | 1.00+0 | 1.00+0
A A A
2.16+0.27 | 2.08+0.22 2.75+0.25
A A A
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4-9: Immunohistochemistry

The IHC sections in the control group showed that the ALP
expression activity appeared weakly expressed in both the cartilaginous
and ossification zones. In contrast, the connective tissue zone, which
located in the center of the defective area, did not exhibit any enzyme
activity (negative expression) (Fig.4-38). In the second group, the ALP
activity was mildly expressed in the ossification zone and showed a
moderate expression in the cartilaginous zone which located in the center
of the defective area. However, the distribution of ALP activity showed a
progressive increase in ALP expression activity, being weakest in the
ossification zone and higher in the cartilaginous zone (Fig.4-39). In the
third group, the ALP activity was mildly expressed on the surface of the
newly formed bone trabeculae. Also, no ALP activity could be detected in
deeply embedded osteocytes, calcified bone matrix, or compact bone.
While the ALP activity was moderately expressed in the cartilaginous zone
(which is located in the center of the defective area) (Fig.4-40). In the
fourth group, the ALP activity was highly expressed in the center of the
defective area and moderately expressed in the surface of lamellar bone,
on the newly embedded osteocytes of compact bone, and the Haversian

canal respectively (Fig.4-41).



Figure 4-38: Immunohistochemical staining for expression of the ALP
activity under the light microscope in the mandible bone defect area in the
first group at 30 days PS appeared as (golden-brown) stain, indicating a
weakly expressed in both the cartilaginous zone (black arrow) and the
ossification zone (red arrow), while the connective tissue zone did not
exhibit any enzyme activity (negative expression). Hematoxylin stain,
scale bar: 200.



Figure 4-39: Immunohistochemical staining for expression of the ALP
activity under the light microscope in the mandible bone defect area in the
second group at 30 days PS appeared as (golden-brown) stain indicating a
mildly expressed in the ossification zone (red arrow) and showed a
moderate expression in both cartilaginous zone (blue arrow). Hematoxylin
stain; scale bar:200.
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Figure 4-40: Immunohistochemical staining for expression of the AL
activity under the light microscope in the mandible bone defect area in the
third group at 30 days PS appeared as (golden-brown) stain indicating
moderately on the cartilaginous zone (blue arrow) and mildly expressed on
the surface of newly formed bone trabeculae (black arrow) and the compact
bone (red arrow) respectively. Hematoxylin stain; scale bar:200.
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Figure 4-41: Immunohistochemical staining for expression of the ALP
activity under the light microscope in the mandible bone defect area in the
fourth group at 30 days PS appeared as (golden-brown) stain indicating a
highly expressed in the center of the defective area (blue arrow), and
moderately expressed on the surface of lamellar bone (black arrow), on the
newly embedded osteocytes of the compact bone, and the Haversian canal
respectively (red arrow). Hematoxylin stain; scale bar:200.
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Chapter five

Discussion

5-1: Induced the large size mandibular bone defect in dogs’

models.

Bone tissue can regenerate small losses to its structure, but surgical
intervention is required in the case of large-size bone defects. The ” large
size bone defect” is defined as a defect that does not heal with the normal
process of bone healing; it heals primarily with fibrous tissue formation
(Piotrowski et al., 2019). Various studies have reported different data on
identifying large size defects in the mandible of dogs (King et al., 2002;
Arzi et al., 2016). In vivo studies have been conducted to determine the
size of the large bone defect in dog models and the surgical interventions
that follow, including substitute biomaterials. Although some bone defect
models have been developed in long or calvarial bones (Liu et al., 2019).
Our study found that a bone defect diameter of approximately 14 mm failed
to heal bone defects spontaneously through the normal bone healing
process, as seen in the evaluation of the control group. Unlike the treated
groups, it recovered by creating fibrous tissue instead of forming new bone

tissues.

Therefore, this study found that bone defects with a diameter of
14mm are considered large in size for dog models. Thus, our results
disagree with the recent research, which clarifies that a 4 mm diameter is
large in a dog model (Rashid et al., 2021). The current study disagrees with
the study that showed that 6 mm penetrating defects did not heal
spontaneously in dog mandibles (Hjgrting-Hansen and Andreasen, 1971).
Another study has found that the large size bone defect for mandibular

bones in dogs is 10 mm (Chao et al., 2021). Also, our current study
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disagrees with recent research that used the standardized bone defect model
in the mandibular bone because they failed to determine large size defects
in dogs. They found spontaneous bone healing activity even at 4, 6, and 8

mm in size, respectively (Liu et al., 2019).

5-2: Clinical evaluations

During the present study, we established that the surgical wounds
were healed with the first intention in all groups without signs of swelling,
infection dehiscence, or wound exudation. Therefore, we suggest that the
lateral surgical approach of the mandibular bone used in this study is
considered surgically under aseptic conditions and suitable for rapid
exposure to the lateral border of the mandibular bone with minimal soft
tissue trauma. Therefore, we agree with the recent study that reported the
lateral approach to the mandible in the dog was associated with less wound-

related complications (Cinti et al., 2021).

The typical clinical manifestations, indicated that the surgical
technique and instruments used to induce a large size defect in the
mandibular bone through continuous irrigation with saline solution were
safe without adverse clinical reaction nor infectious complications or
excessive soft tissue trauma. It appears that bone cooling is essential during
surgical osteotomies or drilling procedures to prevent these problems,
which is in line with our clinical results and the conclusions mentioned by
(Anesietal., 2020). Also, thermal necrosis's adverse effects typically occur
shortly after surgical procedures. Many orthopedic surgeons attempt to
prevent the heating of bone during surgery because a high level of heat
generation can kill bone cells and damage the surrounding bone tissue.
Thus, heating is considered a real clinical problem in orthopedic surgeries.
Recent research shows that cooling is highly effective in limiting

temperature elevations and preventing thermal necrosis that typically
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occurs shortly after surgical procedures (Mediouni et al., 2019). Moreover,
our clinical findings demonstrate that the drilling procedure can be
successful when drilling parameters, such as the drill machine, tool used,
force applied, angle, and speed, are carefully controlled, resulting in the
induce of a large size defect in the mandibular bone of dogs without

causing damage to the bone tissues.

Moreover, in the past, orthopedic surgeons added antibiotics to
control bacterial infections. However, recent research has shown that
calcium-based biomaterials and even autologous PRF have potential
antibacterial effects (Feng et al.,, 2020; Rupp et al., 2022). The
physicochemical properties of natural bone biomaterials influence can
promote immune cells (e.g., macrophages) by regulating the expression of
chemokines and inflammatory factors that are released by these cells that
contribute to the differentiation of bone mesenchymal stem cells (BMSCs),
leading to successful osteogenesis (Tang et al., 2021). Thus, the natural
bone substitute biomaterials interact with bone cells rather than induce
immune rejection or foreign body reactions. That's why they are
biocompatible. Therefore, our outcomes match with (Moshiri et al., 2020),
those who mentioned that biomaterials have superior cytocompatibility.
Furthermore, biomaterials derived from either natural or synthetic sources
that serve as bone substitutes, as an alternative to metallic bone implants,
are utilized to repair large size bone deficiencies without adverse side effect
(Pina et al., 2018). Furthermore, these biomaterials can fill defects of any

size or shape without requiring additional surgical procedures.

5-3: X-ray Diffraction (XRD)
In this study, the XRD diffraction peaks of both oyster shell HA. and
quail eggshell Ca(OH). show the main peaks with high purity that appeared

as sharp and narrow diffraction peak patterns. These findings come in
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contact with the previous studies had demonstrated the XRD pattern of the
natural source oyster shell HA. and quail eggshell Ca(OH). powder
obtained through calcination method at 1200C° (Pal et al., 2017; Khan et
al., 2019). Nevertheless, in this study, the hydrothermal method used in the
synthesis of biomaterials impacted the control of its particle size, chemical
composition, and morphology. This process is often regarded as an eco-
friendly option due to its low cost, ability to produce products with high
crystallinity, and easily controllable chemical reactions (Earl et al., 2006;
Zhou and Lee, 2011; Sunil and Jagannatham, 2016). Therefore, the
crystallinity of the fabricated bone substitutes is dependent on the method
of fabrication, so the hydrothermal method can be obtained from the high
stoichiometric compounds. Compared with the other fabricated methods,

they produced a low crystallinity product (Sunil and Jagannatham, 2016).

Typically, when the calcination temperature is high. It produces a
crystalline structure with higher phase purity and particles with uniform
shapes and sizes in their final morphology (Fiume et al., 2021). Thus, the
appearance of the sharp narrow peaks of our XRD patterns in both the
QESCH and third groups agrees with previous findings seen that the degree
of sharpness of peaks increases gradually with increasing the calcinated
temperature (Esmaeilkhanian et al., 2019). Therefore, the hydrothermal
method is considered a successful and simple way to fabricate calcium-

based biomaterials.

5-4: Energy dispersive X-ray spectroscopy

The EDS spectra of the bone substitute biomaterials analyzed in this
study showed the presence of Ca, P, C, and O elements. These are the major
elements found in calcium phosphate-based biomaterials, except carbon.
The appearance of carbon in the EDS spectra of the fabricated bone

substitute biomaterials is believed to be due to the absorption of CO- by
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the samples during atmospheric exposure. It occurred immediately after the
synthetic process had finished, resulting in a partial carbonation of the
samples. Our hypothesis is supported by the findings presented by (Chavez
et al., 2017), who concluded that once the container has been opened, the

fabricated sample undergoes partial carbonation.

Many studies have suggested that these mineral elements can rapidly
incorporate with the host tissues and enhance biocompatibility, new bone
production, and regeneration through their physicochemical responses
(Zhou and Lee, 2011; Shao et al., 2015; Damia et al., 2019). These
minerals undergo ionic dissolution into calcium and hydroxyl ions,
contribute to bone mineralization, and have antibacterial activity (Bhalla
and Chockattu, 2021). In addition, these minerals mimic the mineral
compositions of living bones and teeth and have the ability to form a
chemical bonding with the bone tissues through the dissociation of calcium
(Ca™), phosphate (PO+*"), and hydroxyl (OH") ions that are present in the
chemical structure of both HA and Ca(OH).. Furthermore, many studies
explain that these minerals act as a biomineral medium for multipotent
stem cells, which support their differentiation into chondrocytes or
osteoblasts, and subsequently responsible for the growth of bone, and also
promote the formation of bone structures, facilitate the production,
consolidation, and mineralization of fibrillar collagen (Cordonnier et al.,
2011; Ressler et al., 2021; Gaidash et al., 2022).

A recent study illustrated that the inorganic trace minerals observed
in the EDS analysis were under-degraded and then dissociated into ions
and ion groups after being implanted within the bone defects (Mu et al.,
2023). In this way, there were two mechanisms responsible for ionic
dissolution. The physical process involves ions reacting with the

surrounding bone tissue, causing materials to dissolve and form a bone-
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like apatite layer on the biomaterial surface. Osteoblasts then deposit new
bone on top of this layer, and the process continues until the material is
entirely replaced by new living bone. This process is called bio integration
of biomaterials via the deposition of this layer (Atiyah et al., 2021). The
second mechanism is the biological response, many studies illustrated that
the biomaterial ions that directly interact with immune cells (e.g.,
neutrophils and macrophages) lead to the activation of cells and then
release of inflammatory mediators, which gives rise to an increase in the
expression and production of biological materials such as cytokines,
growth factors and activate enzyme pathway. These materials then attract
and encourage MSCs to differentiate into osteoblasts, which impact bone

development and regeneration (Velard et al., 2013; Wang et al., 2016).

5-5: Field Emission Scanning Electron Microscopy (FESEM)

Many studies have demonstrated that SEM is most suitable for
imaging the surfaces of the bones. It has long been recognized that bone
surface morphology can provide high-resolution bone surface images of
both the hard and soft components of bones (Shah et al., 2019). On the
other hand, the FESEM can provide nanometer-level resolution of a
sample's surface. Additionally, it is a valuable tool for scanning the entire
surface of the bone and offering information over hundreds of micrometers.
Also, understanding the shape and size of mineralized tissue, arrangements
of minerals with collagenous matrix, and investigating the ultrastructural
organization of bone tissue to provide information for future studies. The
ultrastructure of the newly formed bone tissue includes the unit crystals,
the crystal platelets, the mineralized matrix (osteoid), the collagen fibril,
and the fibril bundles (if the fibrils have been organized in bundles)
(Schwarcz et al., 2017). The synthesis technique, processing parameters,

and crystal structure of the materials dictated the surface morphology of
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the manufactured powder samples. To improve the clinical results of bone
tissue regeneration, it is essential to understand the surface morphology of
biomaterials in order to design it to facilitate cell adhesions, proliferations,
and differentiations (Zhou et al., 2023).

Based on the FESEM images, the oyster shell HA in this
investigation was found to be non-aggregating spherical particles ranging
in size from 8 to 140um. The spherical morphology of the oyster shell HA.
Powder related to a synthesis method, which requires more time for aging
through continuous rotation force by using the magnetic stirrer to reach the
reaction PH 8, results in disaggregated particles and leads to the slow
growth of homogeneously non-agglomerated spherical particles. Due to the
quick reaction time that did not require pH correction or magnetic stirrer
forces, the quail eggshell Ca(OH). does not seem to have irregular
agglomerated particles in the FESEM images (Zhou and Lee, 2011). Thus,
the FESEM images of fabricated oyster shell HA., the Particles appeared
more stoichiometric and regular in shape than fabricated quail eggshell
Ca(OH): particles. There was a strong relationship between particle size,
particle morphology, and particle stoichiometry of fabricated inorganic

biomaterials in response to bone healing (Atayde et al., 2015).

On the other hand, the FESEM images in the fourth group showed
that the surface morphology of the PRF gel appears homogenous without
any porosity. This is related to the preparation procedure that used a high-
speed centrifugation method, which allows a dense fibrin matrix to form
(Dohan et al., 2006a; Kosmidis et al., 2023). Additionally, we used a PRF
glass tube for the PRF preparation. This tube has been shown to rapidly
activate blood coagulation during centrifugation time, thus forming a large
volume of a solid PRF gel. Therefore, the large volume of PRF gel obtained

IS related to the PRF tubes, which contained a significant amount of silica
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microparticles within the inner surface of these tubes, which allowed the
rapid activation of the coagulation cascade. As a result, the fibrin matrix of
the prepared PRF samples appeared homogenous and uniformly shaped
like a swear in the FESEM images. As a result, this procedure is considered
very simple, and it requires little time to achieve a solid fibrin matrix,
which is suitable for use as an autologous injectable scaffold inside the
bone defects. In addition, this procedure allows homogenous distribution
patterns of the growth factors, mediators, and granulocyte cells, especially
neutrophils, within the matrix during centrifugation protocol. Also, it
increased the incorporation of cytokines within the fibrin matrix (Dohan et
al., 2006b; Wong et al., 2020).

Recently, a new procedure for the preparation of PRF has been
developed using low-speed centrifugation. In this procedure, the fibrin
matrix shows a more porous structure that appears as a fiber bundle
network (Ghanaati et al., 2014). However, this process takes longer to
obtain the PRF product, which could lead to protein denaturation of the
sample. Thus, many studies have illustrated that the PRF gel is considered
a natural bioscaffold and contains platelets, leukocytes, cytokines, growth
factors, and fibrin matrix such as fibrinogen. It can promote cell migration
and enhance cell adhesion, particularly for osteoblasts, when used as an
injectable scaffold (Liu et al., 2019; Caramés J et al., 2022; Farshidfar et
al., 2022).

5-6: Field Emission Scanning Electron Microscopy (FESEM)

at 30 days after surgery.

At 30 days post-implantation, the examined FESEM images showed
that the most bone tissue formation occurs in the second, third, and fourth
groups respectively, compared to the control group. In the control group,

they appeared to have excessive fibrous tissue formation around the bone
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defect. Also, the FESEM images in the control group showed disorganized
immature bone with no signs of compact or trabecular bone formation
associated with excessive fibrous and vascular tissue ingrowth.
Furthermore, the defect surface appears hematogenous without the
appearance of a mineralized matrix or crystal plates or structures in or
around the defective area of the bone, and the most prominent structures
were the fibrous matrix. These results indicated that the mandibular defect
in the control group failed to heal spontaneously on its own during the
current experimental study. It has similarly been reported by (Elliott et al.,
2016), who mentioned that infected, larger-sized, or highly displaced bone

contributes to failure to heal properly.

Furthermore, the FESEM images of the QESCH showed the growth
of an unmineralized surface matrix surrounded by a thin layer of
mineralized tissues, which indicated that calcium hydroxide possesses the
ability to promote and enhance bone formation. These findings were
supported by many researches that illustrated that high levels of calcium
and hydroxyl ions released by calcium hydroxide can induce osteoblast
proliferation, differentiation, and matrix mineralization through enhanced
osteoblast cell adhesion and proliferation (Tan et al., 2018; S. Wang et al.,
2018).

The Ca(OH): has a higher alkalinity than other compounds, and it
works by causing the calcium and hydroxyl ions to dissociate when they
come into touch with watery solution. Many researchers have shown that
adding calcium hydroxide powder to the root canal can release hydroxyl
ions and create a highly alkaline environment on the root surface. Thus, the
most harmful bacteria cannot survive in alkaline conditions of slowly
dissolving calcium hydroxide (Kahler et al., 2018; Khosropanah et al.,
2018; Dako et al., 2020; Paula-Silva et al., 2021). Also, the alkaline pH
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influences cellular processes, such as cell membrane metabolism, changes

in the cell’s shape, cell proliferation, and growth.

The high pH level provided by calcium hydroxide has bactericide
effects, but on the other hand, it inhibits osteoclastic cell viability,
migration, and differentiation and stimulates fibroblast cells, which can
lead to fibrous tissue formation. Thus, an alkaline environment can
decrease the rate of new bone formation (Guex et al., 2021). Moreover,
normal bone healing rates can be achieved, and tissue mineralization can
be enhanced by adjusting the pH of the tissue environment to a non-
alkaline environment. In addition, other researchers mentioned that the
high pH level of calcium hydroxide causes superficial tissue necrosis with
a mild inflammatory response and hard tissue formation (Eick et al., 2014;
Khosropanah et al., 2018). However, the underlying mechanism of the
calcium hydroxide induces bone mineralization is still unclear (Chen et al.,
2016; Y. Liu et al., 2023).

The analysis of the FESEM images of the third group showed an
increase in the mineralization surface, especially in the center of the defect,
compared with the surface morphology of the control group. In addition,
the surrounding surface of the defect shows the growth of the matrix, which
is characterized by well-organized trabecular bone formation with the
deposition of osteoid matrix. Our results agree with (Linset al., 2017), who
showed that the size of HA larger than 75nm in diameter was well tolerated
by body fluid and tissue for up to 42 days after implantation. These
particles can accelerate the bone healing process. Upon observation of the
FESEM images, it was noted that the bone matrix formed around the center
of the bone defect area, consisting of well-defined lamellar bone. This
result was supported by a previous study that showed that hydroxyapatite

was in direct contact with the bone and included in the bone matrix (Lins
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etal., 2017). In addition, the appearance of organic bone matrix deposition
indicates good cellular biocompatibility (Lei et al., 2019). Furthermore, the
surface of hydroxyapatite can facilitate the attachment, growth, and
multiplication of osteoblastic cells, which enables the development of new
bone through the creeping substitution from the surrounding bone tissues
(Kaneko et al., 2020).

In addition, hydroxyapatite is rich in Caz" and PO4* ions, which are
considered the most important ions for tissue mineralization. Therefore,
our in vivo study intersected with an earlier in vitro study that discovered
these elements could modulate bone metabolism, control the activity of
osteoblasts and osteoclasts, promote the osteogenic differentiation of
mesenchymal stem cells, and regulate cell adhesion, migration, and
proliferation by activating calcium receptors. They could also stimulate the

formation of new bone (Mocanu et al., 2021).

However, in this work, the most mineralization surfaces in the bone
substitute biomaterials groups appear in the fourth group. The FESEM
images showed numerous mineralization crystals-like structures
surrounded by osteoid in the center of the defect. On the other hand, the
mineralized collagen fibrils are formed by the combination of collagen
fibrils and bone mineral crystals. At this point, the crystals appear as
platelets surrounding the bone defect area. Thus, we agree with the
previous studies that indicated the formation of the crystal plates on the
surface of the bone defect tissue is either intra or extra-fibrillar. When
collagen fibrils have intrafibrillar crystals linked to their defective regions
and extra-fibrillar crystals in the space around them, leading to the
development of thick platelet surfaces (Rosen et al., 2002; Georgiadis et
al., 2016; Buss et al., 2022). Consequently, A protective layer of biological

apatite is formed as bioactive chemicals break down slowly in live tissues.
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When they reach the bone, they connect to it directly. Resorbable materials
disintegrate without harming the bone, allowing new tissue to develop
within (Ribeiro et al., 2008).

The mineralization surface results in the fourth group are supported
by the study, which concluded that PRF can promote osteoblastic
maturation and calcification (Wang et al., 2022). As a result, the formation
of a large area of mineralization that appeared in the FESEM images
indicates that the PRF has excellent biocompatibility, a superior biological
response, and great potential for bone formation as compared with other
treated groups (Farshidfar et al., 2022). The outstanding biological
response of the autologous PRF related to the rapid release of the growth
factors during the early time of implantation within the tissues starts on the
first day post-implantation (Fernandez-Medina et al., 2019). For this
reason, our FESEM results show that the newly formed bone tissues in the

fourth group appeared faster than in other treated groups.

These biological qualities aren't the only ones that have caught the
attention of researchers lately, who have mentioned that the PRF gel also
has anti-inflammatory, antibiofilm, and anti-microbial characteristics
(Jasmine et al., 2020; Zhang et al., 2020). This is due to the abundance of
cytokines, platelets, leukocytes, and stem cells in the PRF. Primarily
utilized for maxillofacial and oral bone restoration, it has a reputation for
being excellent in bone regeneration. Therefore, the use of PRF alone can
promote newly formed bone tissue. Thus, our findings agree with the
previous work, showing that the use of the PRF alone can enhance bone
formation when used in the mandibular molar extracted socket area. It
showed a significantly higher bone formation in beagle dogs (Neiva et al.,
2016). In general, the FESEM results of the newly grown bone tissue in all

treatment groups were consistent with the previous research that noted the



-97 -

biomaterials facilitate the directed ingrowth of bone-forming cells that
migrate from the natural bone tissue surrounding the defect (Barbeck et al.,
2020).

5-7: Macroscopical evaluations

In all treatment groups, we observed that the newly formed bone
tissue filled the defect areas at the macroscopic level, but in the control
group, we observed that the bone defects healed with fibrous tissue rather
than bone tissue. Generally, more new bone tissue could be visually
observed in the fourth group, which is filled with hard, firm tissues that fill
the defective area, as compared with the second group and the third group,
partially filled with hard tissue. These outcomes indicate that all
biomaterials used in the present study enhance bone tissue formation in
different clinical conditions. Therefore, our macroscopical findings agreed
with previous observations that considered the use of bone substitute
biomaterials stimulated osteoblast proliferation and can induce the
formation of new bone with no immunological or inflammatory reaction to
the biomaterial implanted in the large size bone defects (Manchén et al.,
2015; Oryan and Alidadi, 2018; Zhang et al., 2019).

In particular, the surrounding mandibular bone tissues in all groups
observed had no signs of osteonecrosis that resulted from the thermal
effect, osteomyelitis due to infection, or even crack formation. These
results indicated that the osteotomy technique used in the present study was
a suitable and safe method for creating mandibular bone defects, resulting
in the successful surgical procedure to induce the large size mandibular
bone defects in dog models. Also, our results show no signs of immune
reactions. At this point, we agree with a recent study that focused on the

use of biomaterials for repairing and reconstruction of mandibular defects
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bone to promote bone induction and healing without foreign body reactions

or immune rejections (Zhang et al., 2019).

5-8: Radiographical evaluations

The radiographical findings in the control group of the present study
indicated that the bone defect has incomplete ossification and healed with
fibrous tissue. Also, the defect opacity was still radiolucent in the center
and the peripheral area of the defect from the beginning of the current study
until the end period study. The results indicated incomplete bone healing
occurred. The results show that extracellular matrix deposition, granulation
tissue proliferation, fibrocartilaginous tissue replacement, osteoid tissue
development, ossification, maturation, and remodeling occurred as part of
the secondary bone healing mechanism, our radiographical findings in the
control group were in accordance with the current FESEM and
macroscopical findings respectively. From a clinical point of view, these
findings agree with the previous study, which reported that an increase in
the radiographical density in the experimentally induced large-size bone

defect may take longer (Mabrouk et al., 2021).

The radiographical observation in the second group showed the
healing process of the mandibular defect without osteomyelitis or
excessive callus formation, suggesting that quail shell Calcium hydroxide
has anti-bacterial effects related to a high PH value which is about ( 12.5-
12.8) (Mohammadi and Dummer, 2011; Nirwana et al., 2021), the higher
pH level is considered to be unsuitable for a wide variety of microbes. The
hydroxyl ions (OH-), which contribute to calcium hydroxide's alkaline pH
and are powerful, reactive, and bioactive radicals, are essential to the
compound's action mechanism. The cytoplasmic membrane, proteins, and

DNA of bacteria are all susceptible to denaturation and destruction by
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hydroxyl ions, which is why these ions can kill bacterial cells (Stojanovié¢
etal., 2018).

According to the current radiographical evaluations through our
research, we found that the mandibular defect in the second group filled
faster compared with the control group through an increase in the defect
density, which indicates that calcium hydroxide has good biocompatibility
and can induce bone repair through the formation of newly mineralized
bone tissue without immune reaction. These findings align with those
mentioned by Liu et al. (2023), who demonstrated that calcium hydroxide's
alkaline properties can neutralize the acidic environment in a bone defect
area. This, in turn, promotes the proliferation and migration of osteogenic
cells, ultimately stimulating bone tissue formation. Although, in the second
group, the radiology of the mandibular bone defect did not wholly become
radiopaque at 60 postoperative days, the significant decrease in the bone
bridge formation may be related to the formation of a coagulative necrosis
zone in the region of contact of this biomaterial with the bone tissue, may
be due to the increase in alkalinity, which has similarly been reported by
(Benetti et al., 2019). Furthermore, a recent study mentioned that tissue
irritation caused by a high alkaline Ph level of calcium hydroxide could
stimulate fibroblast proliferation and lead to excessive fibrous tissue

formation along the defect margin (Pribadi et al., 2020).

In addition, the radiographical images also showed there were no
bone resorption or any noticeable changes in bone osteomyelitis; these
results were in agreement with the results mentioned by (Nelson-Filho et
al., 2002), whose radiographically studied the effect of calcium hydroxide
on apical and Periapical tissues of dogs, and concluded that calcium
hydroxide effectively detoxifies the bacterial endotoxin from the tissue (

Best et al., 2021), also, these radiographical findings accordance with
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current macroscopical results of this study, that showed formation of
fibrous tissue around the bone defect as compared with oyster shell HA and

fourth groups.

The radiographical observations of the third group revealed an
increase in bone density and great bone formation (radiopaque images) at
60 days after surgery when compared with the second group, suggesting
that HA has excellent bone conductive properties due to similar chemical
and crystallographic structure with that of natural bone (Mahfuri et al.,
2022). In addition, Anitha et al (2017) discovered that hydroxyapatite is
considered a resorbable filling material that contains no organic material
and, hence, does not induce any allergic reaction (Anitha et al., 2017).
Another study suggested hydroxyapatite shows faster osteoconductive
properties than other calcium phosphate-based biomaterials (Geus et al.,
2020). Furthermore, a study demonstrated that the body's extracellular
fluid induces the disintegration of the hydroxyapatite granules, allowing
the gradual growth of bone tissue into the defect without the interposition
of fibrous tissue (Kwon et al., 2013).

Additionally, there was a gradual rise in the density observed in the
third group, starting from day 15 after the operation until the end of the
current experiment. This suggests that new bone formation increased
alongside the proliferation of osteoblasts, which was strongly influenced
by the high concentrations of calcium, phosphate, and hydroxyl ions
present in the chemical formula of hydroxyapatite. Subsequently, these
ions are adsorbed on the host surface, and they can promote cell adhesion
and directly affect osteogenesis. In agreement with this idea, a previous
study showed that hydroxyapatite possesses a potential regenerative
property in the cortical bone of the mandible in mature pigs (Vdoviakova
et al., 2023).
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In the fourth group, the radiographical observations showed bone
healing through a progressive rise in radiopacity until the end of this study,
which showed nearly complete closure of the mandibular bone defect in
this group. a study showed that many growth factors are released by the
PRF gel, like PDGF, TGF- B, and VEGF. PDGF and TGF- support bone
regeneration by promoting cell proliferation, cell differentiation, and
motility (Revathy et al., 2018). Another study suggested that the fibrin
matrix of the PRF provides a scaffold to carry cells like platelets,
leukocytes, and circulating stem cells into the matrix that are important to
protect growth factors from proteolysis and assist in tissue regeneration
(Bahammam and Attia, 2021). In this study, the fourth group showed a
more radiopaque appearance in the mandibular defect 30 days after
surgery. This indicated that the defect was filled with newly formed bone.
At 60 days, the defect was completely closed and difficult to distinguish
from the native bone compared to the other groups. These findings were in
agreement with the previous study, which found an increase in the opacity
of the tibial bone in dogs treated with PRF (El-shafey et al., 2022).

5-9: Histopathological evaluations

According to the histopathological perspective, the healing process of
a bone fracture is as intricate as the cellular and molecular mechanisms
involved in endochondral ossification and intramembranous bone
formation (Xian et al., 2004; He et al., 2011). Histological investigation is
the gold standard for the examination of bone development in bony defects.
Nevertheless, there are some drawbacks to this method. For example, the
histological sections only display a small portion of the cross-section.
Therefore, it might not entirely depict the defect (Schortinghuis et al.,
2003). On the other hand, bone tissue healing is directly affected by the

location and size of the bone lesion and mechanical stresses applied to the
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injury. As a result, small lesions can heal on their own in a short amount of
time, but larger defect sizes necessitate further surgical procedures to

encourage the regeneration of bone tissue (Monfoulet et al., 2010).

Several techniques for inducing bone fractures have been validated in
animal studies. Therefore, many clinical studies suggested that the bone
defect models must be experimentally easily accessible with low
postoperative complications to thoroughly investigate the mechanisms of
histopathological healing processes of the bone (Campbell et al., 2003; Cui
et al., 2006). Thus, a study suggested that drill-hole bone defects are a
relatively recent method used to investigate the histology of the bone
healing process (Bromer et al., 2022). According to many types of
research, especially in dental, endodontic, and maxillofacial surgeries,
bone necrosis surrounding the hole location is mainly caused by increased
temperatures that result from the cutting process, which may affect the
bone-healing process and lead to impaired response action of bone to
implanted materials and even cause tissue necrosis or hemorrhage (Alam
etal., 2019; S. Lietal., 2021).

Consequently, across all groups, our histological sections have
revealed no clear indications of tissue necrosis or abnormal cellular activity
(such as distraction of osteocytes) in the area of bone defect. This suggests
that the drilling force caused neither heat production nor bone crack
damage. Furthermore, osteocytes, considered the mechano-sensing cells of
the bone matrix, are sensitive to mechanical strain around them. The typical
appearance of osteocytes within the lacune in the native bone margin also
indicated that mechanically loaded force was absent in the bone during the
drilling technique (Alam et al., 2019).

The histopathological scores showed a significant increase (P<0.05) in

osteoblast, osteocytes, osteoclast formation, and bone trabeculae in the
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fourth, third, and second groups compared to the control group at intervals
of (7, 14, 30) days following surgery. Also, when comparing the fourth,
third, and second groups with the control group, the histopathological score
results revealed significant differences (p < 0.05) at the beginning of
immature and mature bone development at seven days post-surgery. In
contrast to the second and third groups, the fourth group had much more
bone maturation. These differences may related to the presence of growth
factors within the PRF gel that differentiate the MSC into active osteoblasts
and stimulate the production of further growth factors from surrounding
blood vessels and can improve the osteogenesis process (Su et al., 2018;
Sadek et al., 2023). Nevertheless, the PRF gel does not contain BMPse,
which is considered the most important osteoinductive factor. Thus, we
suggested that bone regeneration in the fourth group occurs through the

osteoconductive properties of the PRF matrix's growth factors.

Furthermore, the presence of a large number of osteoblast cells around
the newly formed woven bone tissue in both the third and fourth groups
starts at the earlier period. Many recent studies indicated that the PRF
matrix is rich in growth factors that have a direct effect on the proliferation
of MScs and then allow them to transform into osteoblasts, which in turn
develop into osteocytes (Strauss et al., 2020; de Lima Barbosa et al., 2023).
Hence, the current histopathological findings showed a high amount of
mature bones formed in the last period of the present study. Accordingly,
the histopathological results of the present investigation were consistent
with the recent study that established the platelets and leucocytes, besides
macrophages and cytokines present in the PRF matrix, have the potential
effect of stimulating bone formation and contributing to the regeneration
of mineralized tissue (Liu et al., 2019). Also, this result agrees with the

recent works that concluded that bone tissue improves with the use of PRF
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gel when used in mandibular surgery (Castillo et al., 2017; Sharma et al.,
2020).

Whereas, in the third group, the hydroxyapatite directly releases
phosphate and calcium ions into the surrounding tissue, which can control
osteoblast functions, causing a local ions supersaturation, increasing the
number of binding sites for osteoblast cell receptors, and helping with the
adsorption and retention of circulating osteogenic factors like BMPs,
which are involved in osteogenesis. Accordingly, we agree with Polini and
his colleague, who explained that calcium hydroxide ions provide a
favorable environment with the ability to differentiate into osteoblasts and
stimulate the osteogenesis process by gradually degrading the chemical
dissolution of ions and finally replacing the newly formed bone tissue
(Polini et al., 2011). For this reason, we agree with recent studies that
mention the process of bone formation begins with the implantation of
apatite materials into the defect site. Over time, the apatite materials
undergo degradation due to the chemical dissolution of ions and cell
absorption. Eventually, the newly produced bone tissue takes its place
(Schroter et al., 2020). In addition, both in vitro and in vivo studies showed
that hydroxyapatite suppressed osteoclastic bone resorption, increased
proliferation and differentiation of osteoblasts, sped up bone remodeling in
osteoporotic conditions, and improved osseointegration (Quan et al.,
2018). For instance, in the third group, the histopathological patterns
showed more osteoconductive properties and less osteoinductive activity.

As a result, the current histopathological scores demonstrated that the
bone was started bridged at seven days after surgery with a thin or loose
woven bone in both the third and fourth groups. At the same time, there
were no significant differences in the bone bridged formation in both

QESCH and control groups. For this reason, we agree with the previous
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study that observed the calcium hydroxide takes a longer time to activate
osteoblasts, and the process begins with a gradual increase in tissue
alkalinity to a PH of about (10.5), causing the osteoblasts to differentiate
and grow (Kaskos, 2006). Also, many studies observed that the calcium
hydroxide requires about (15-30) days after treatment to start calcification
of the pulp root canals in experimental dogs (Holland et al., 1982;
Ammons, 2020). Researchers are wary of using calcium hydroxide on its
own due to the strong alkaline environment and the severe cytotoxic effects
of the pure powder of Ca(OH).. Consequently, some authors preferred to
use calcium hydroxide combined with other materials to enhance rapid
osteogenic activity. Li etal. (2018) suggested using the calcium hydroxide
with ethyl cellulose encapsulated Ca(OH): to eliminate the cytotoxic effect
of calcium hydroxide in the adjacent tissue and enhance fast osteogenic

properties with prolonged antibacterial activity.

Moreover, many studies showed a strong correlation between
fabricated biomaterial content, the size of particles size, and particle
morphology (Figueiredo et al., 2010; Coathup et al., 2013; Ryabenkova et
al., 2017). Thus, the significant decreases in the amount of bone tissue and
bone bridge formation in the QESCH compared with the third and fourth
group may be related to the fabricated calcium hydroxide particles, which
appeared in large, irregular morphology, which may affect the amount of
bone formation. Our results are supported by the previous study that
clarified that the large particles leave less space for the formation of new
bone (Hruschka et al., 2017).

Alternatively, the histopathological score showed no significant
differences between different groups in the inflammatory response at 15
and 30 days after surgery, although it may have been present earlier in all

groups. This indicated the surgical technique was under aseptic technique.
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Besides, the selected site of the defect was suitable for evaluating the
healing effect of experimentally large size bone defects. Thus, we agree
with (Scelza et al., 2016), who illustrated that the lowest inflammatory
response maxillofacial surgery indicated that there is no potential source of
irritation or cytotoxicity. The response to the inflammatory processes
depends on the implant's surface, the implant's composition, and the
manner of the bone defect (Velnar et al., 2016). For this reason, when
implanted, biomaterials integrate correctly with the surrounding tissue;
however, the inflammatory process can resolve quickly (Xiao et al., 2022).
On the other hand, our histopathological section showed a prolonged
inflammatory process in the control group related to the mechanical factor
in which the mandibular bone defect was left empty without any filling
materials, which immediately filled with hematoma rich in the
inflammatory cells, and then gradually replaced with dense granulation
tissue. Thus, we agree with the previous studies that illustrated that bone
hematoma rich in Platelets, neutrophils, monocytes, and lymphocytes
elevates the expression of the inflammatory mediators (Schmidt-Bleek et
al., 2014; Shiu et al., 2018).

Furthermore, compared with the control group, the second, third, and
fourth groups showed a marked significant difference in the distribution of
newly formed bone tissue and blood vessels throughout the bone healing
area, with an abundance of proliferating capillaries confined to the defect
margin. These results were in agreement with many previous studies that
showed that the blood vessels support newly formed trabecular bone
formation during the bone defect process. Also, these researchers found
that new blood vessels were highly located at the surface of trabecular

bones during bone healing (Wang et al., 2017). In addition, a study found
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that impaired blood flow to the bone site can cause endochondral

ossification to take longer or not happen at all (Lienau et al., 2009).

During the 30 days after surgery, the histological sections
demonstrated that the bone defect in the control group was caused by
immature bone tissue formation, which was related to cartilaginous callus
formation. While in the treated groups, the histological sections showed
that the bone defect was filled with varying amounts of mature bone
formation. Also, the histopathological results demonstrated that the
regenerated process of the mandibular bone defect occurs with
endochondral ossification. Therefore, the histopathological outcome was
in agreement with a recent study that mentioned the large bone defect
healing via endochondral ossification (Vasileva and Chaprazov, 2023).
The histopathological sections of the control group showed fibrous tissue
filling the defect, which separated it from the surrounding normal bone
tissues. This layer remained until the end of the current study, while in the
second, third, and fourth, it started to disappear at 15 days and entirely

disappeared by the end of the present study.

5-10: Immunohistochemistry

The immunohistochemical evaluations provide an additional level of
evidence related to the early response of biomaterials following
implantation. ALP is a marker enzyme produced by progenitor or maturing
osteoblasts. Also, several osteoblasts lining the trabecular bone showed
positive immunostaining for alkaline phosphatase on day 25 after the bone
defect, and some cells lining the bone bridge expressed alkaline
phosphatase (Xian et al., 2004). There are many isoforms of bone ALP, all
of which function as enzymes. The (B1x) isoform is typical of healthy
bone. Isoforms B1 and B2 (Haarhaus et al., 2009; Steinerova et al., 2023).

for example, exhibit varying degrees of enzymatic activity in various bone
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tissues; for example, trabecular bone exhibits higher levels of B2 activity
than cancellous bone, while the cortical bone exhibits higher levels of B1
activity (Magnusson and Farley, 2002). Thus, ALP was also detected
around the remaining bone substitute particles, the surface of cartilage, and
the surface of the newly formed bone (Cha et al., 2021). Therefore, any
positive expression that appeared on the surface of the bone indicated the
osteogenic activity of ALP (Li et al., 2018).

Conversely, ALP has also been shown to be expressed by other cells
in the defect area of the bone, including granulocytes, especially in the
secretory vesicles of osteoblast or on the plasma membrane of neutrophils,
which is a product of the nonspecific bone ALP during an inflammatory
process (Garattini and Gianni, 1996). Therefore, in the control group,
during 30 days after surgery, the immunohistochemistry results showed a
very weak ALP expression related to the presence of the granulocytes in
the connective tissue. In the second group, the mild positive expression of
ALP may be related to high calcium hydroxide PH in the bone tissue,
inhibiting the ALP activity (Rajan et al., 2008). While in the third group,
we found a moderate positive expression of ALP activity. We agree with
the previous result that suggested the ALP function may require large
amounts of extracellular calcium and phosphate. Thus, the presence of
hydroxyapatite can enhance ALP expression activities (Vimalraj, 2020);
while other study suggested that the positive expression of ALP
phosphatase in the bone defects area treated with calcium phosphate-based
biomaterials were considered inductive materials for ALP activity (Walsh
etal., 2017).

On the other hand, the increase in the positive expression of ALP in
the fourth group agrees with the previous study that demonstrated that the

PRF gel can increase the expression of osteocalcin in osteoblasts and can
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stimulate the osteoblast proliferation and finally increase the expression of
ALP (Nugraha et al., 2018), indicated that PRF can promote osteogenic
proliferation and differentiation. Consequently, we agree with the previous
work that clarified that the PRF gel possesses excellent biocompatibility

without inducing any cell apoptosis or cell death (Wang et al., 2018).



- 110 -

Conclusions

. Natural bone substitutes fabricated from recycled oyster shells and
quail egg shells by using the hydrothermal method are easily
available, economical, and environmentally friendly.

. The different biomaterials, which include, fabricated calcium
hydroxide powder of quail egg shells, fabricated hydroxyapatite
powder of oyster shells, and platelets rich fibrin were showed the
ability to repair the large mandibular bone defect.

. The ability of FESEM images to clearly identify the osteoid matrix
and the fibrous tissue deposited in the defective area.

. According to the analysis of obtained results, the filling of
mandibular bone defect with PRF gel was considered very better
rather than fabricated calcium hydroxide powder of quail egg shells

and fabricated hydroxyapatite powder of oyster shells.
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Recommendations

. Investigate the efficacy of using PRF gel in conjunction with
calcium hydroxide from quail eggs or hydroxyapatite from oysters
in the form of gelatin sponges for the filling of bone deficiencies.

. Add other bioactive materials to calcium hydroxide, such as
concentrated growth factors, to improve its osteoconductive
characteristics.

. Add natural source fabricated biological polymer such as (collagen,
cellulose, or hyaluronic acid) to the PRF gel to increase its
consistency and provide its solidity when applied to the segmental
bone defects.

Preparation of gelatin sponge loaded with PRF and coated with
calcium hydroxide or hydroxyapatite as a scaffold for reconstruction
of segmental bone defects.

. Adding the potassium and phosphor minerals to calcium hydroxide

powder to enhance its bone healing activities.
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