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Abstract 

The aim of this study was to evaluate the role of selenium 

nanoparticles (Se-NPs) on the healing of distal radial fracture in dogs. 

Twenty four clinically healthy adult male dogs have been used in this 

study, weighing (25 ± 0.5) kg and aged (2 ± 0.5) years. The experimental 

animals were divided randomly into two equal groups. Under general 

anesthesia all experimental animal has been submitted to induced 

transverse fracture at the distal part of radial bone by using wire saw. 

 In the first group (control group) the transverse fracture was left 

without adding any material, then was reduced and fixed by fiber glass 

cast tape and left to heal without adding any material, the Second group 

(treated group) was treated by pouring the selenium nanoparticles (Se-

NPs) on the fracture line, reduction and fixation by fiber glass cast tape 

was done.  The impact of Se-NPs on the fracture healing is evaluated by 

clinical observation, radiographical examination, histopathological 

examination and histochemical examination at 2nd, 4th, 6th and 8th week 

post operation. 

 The clinical examination of dogs revealed a more rapid return to 

the normal function in the treated group compared to the control one, as 

evidenced by earlier resolution of lameness and earlier weight-bearing on 

the affected limb. The radio-graphical examination has showed better 

fracture healing in the treated group and faster than in control group by 

increase periosteal reaction in early stages, then adequate in callus 

formation and faster remodeling in treated group in contrast to control 

one. The microscopical examination has shown superiority of treated 

group by good response to fracture healing, the microscopical 

examination has shown increase of fibrocartilaginous tissue at early stage, 
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then increase of osteoblasts at middle stages with decrease of osteoclasts 

with formation of haversian system with arrangement of osteocytes 

around the canal of haversian system and at the last stages appeared of  

formation of compact lamellar bone, mature bone contain osteocytes in 

their lacunae. 

 The conclusion of this study is that Se-NPs can accelerate and 

enhance the healing of distal radial bone fracture. 
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Chapter One 

Introduction 

Orthopedists are troubled by the critical issue of delayed or failed 

bone union which is the challenges that face them; in fact, over 70% of 

patients with catastrophic injuries require at least one orthopedic surgery 

(Li et al., 2019). One of the most common fractures that challenge 

orthopedists in dogs are the radius and ulna fractures which are 

considered the third most prevalent fractures (Watrous & Moens, 2017). 

Radius is the forelimb bone in dogs that bears the most weight, and 

according to statistics fractures of the radius make up 43.1% of long bone 

fractures and 36.5% of total fractures (Popovitch et al., 2019). The distal 

radial fractures are accounted for 85% of radial fractures (Harasen, 

2003a). So, in most forearm fractures the distal part of the antebrachium 

is mostly damaged because its relatively little soft tissue coverage and 

poor vascularization (Kim & Kim, 2024). The most prevalent fractures 

causes are car accidents, height falls and fighting between dogs 

(Libardoni et al., 2016). 

Delay or failure of the bone union which is present in the distal 

radial fractures occurs in small breeds that having decreased density of 

intraosseous and extraosseous blood supply (Harasen, 2003b). The most 

common technique used for fracture repair is the external fixation, 

however such technique has no avail in small breeds because delay union 

when compared with large breed (McCartney et al., 2010). 
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Advanced discovery of new materials nano sciences and 

nanotechnology are driving a global technological revolution (Bindhu et 

al., 2016). Nanomedicine, the specialized use of nanotechnology in the 

healthcare system, has arisen to offer fresh approaches to the unresolved 

side effects of medicine (Kargozar and Mozafari, 2018). 

In many fields, selenium (Se) has paid a lot of attention. Trace 

amounts of this element are necessary for life. As an antioxidant, 

selenium plays a crucial role in the regulation of reactive oxygen species 

(ROS) and is known to influence several physiological processes, such as 

cell differentiation and anti-inflammatory properties (Lee et al., 2021).  

Histopathological techniques are valuable for confirming the 

examination observations so, histochemistry achieved by special stains 

such as Masson Trichrome, which is used to differentiate between 

collagen and muscle fiber, Alizarin red stain for the detection and 

visualization of mineralized tissues, particularly calcium deposition in 

bone, and Alcian blue stain is used to detect cartilaginous tissue (Soyab, 

2020; Salian, 2021).  

Regarding medical use of Nano particles, Selenium enters 

metabolic pathways within the body to form proteins called Seleno-

proteins which are composed of a group of amino acids, these proteins 

differ in their functions and physiological actions, some of which act as 

antioxidants, selenium transporters stores protein (Seleno-proteins) in 

addition to their role in calcium metabolism and thyroid hormone 

(Sreelatha et al., 2018; Kang et al., 2020). 
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Yang et al 2022 mentioned that one of the major challenges that 

there are a limited studies on the therapeutic effects of Se-NPs on 

pathological conditions associated with bones. This study evaluates the 

role of Se-NPs as a stimulating and accelerating factor for the healing 

process of the radius bone in dogs. Selenium can improve immune 

surveillance, control bone marrow mesenchymal stem cells (BMSC) 

differentiation and proliferation, and shield BMSCs from oxidative stress-

related damage (Zeng et al., 2013), also, Se deficit increases bone 

resorption, which is harmful to bone microarchitecture (Cao et al., 2012).  

To overcome the problem of delayed or non-healing of radius bone 

fractures and in order to benefit from the stimulating advantages for 

bioactive materials in stimulating healing, this study is designed and aims 

at: 

Evaluation of selenium nanoparticles activity on the healing of distal 

radial fractures by using the following parameters: 

1- Clinical evaluation at all periods of study. 

2- Radio-graphical evaluation at two, four, six and eight weeks. 

3- Histopathological evaluation at two, four, six and eight weeks. 
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Chapter Two 

Literature Review  

2.1 Anatomy of bone  

Bone (osseous tissue) is the body's hardest tissue, it is a highly 

vascularized, mineralized connective tissue, most vertebrate’s skeleton is 

made of bones which provide mechanical support, its stable under tension 

and compression, and deformation resistance. They maintain their 

maximum weight and enable effective movement when paired with 

muscles, tendons, and ligaments (Blumer, 2021).    

Generally, a solid cortical bone is the outer layer of bone, while the 

interior spongy bone structure, is known   as cancellous or trabecular 

bone. Different trabeculae organized in a honeycomb arrangement 

constitute the trabecular bone. The skeletal segments and their functions 

determine the relative proportion of cortical and trabecular bone. The 

major difference between cancellous and compact bone lies in their 

porosity that ranges from 30% and 90% in the cancellous bone, while 

between 5% to 30% in the compact bone. Three sections make up the 

long bones (as the femur and humerus): diaphysis, which is the center 

shaft; epiphysis, which is the bulbous extremities; and metaphysis, which 

is situated in between the two. A medullary (marrow cavity), is located in 

the center of the shaft, it holds in infancy stage the red bone marrow 

which responsible for hematopoiesis and in adulthood stage hold more 

yellow marrow which responsible for energy storage (Tozzi et al., 2016).  
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The special stiffness and strength that allow bone to sustain 

physiological loads without breaking are a result of both the material 

characteristics of bone and the structure of entire bones, furthermore bone 

serves as a storehouse for numerous vital minerals, including calcium and 

phosphate, and it is crucial for controlling the amounts of ions in 

extracellular fluid and also the “mesenchymal stem cells” (MSCs) which 

consider pluripotent cells that present in the bone marrow that have 

ability to differentiate into (bone, cartilage, tendon, muscle, dermis, and  

also fat) (Mistry and Mikos, 2005). 

2.2 Anatomical feature of dog antebrachium region 

The ante brachium region is the part of forelimb that extends from 

elbow joint to carpal joint and consist of radius and ulna bones. The most 

blood supply of the ante brachium is from median artery, ulnar artery and 

the radial artery, while the nerve supply is from radial nerve and ulnar 

nerve in addition to median nerve (Levine et al., 2007). The fore limb of 

dog has possessed accessory structures such as olecranon process and 

anconeal process (Shapiro, 2008). 

There are two groups of muscles in antebrachium region, the 

extensor and flexor muscles, the extensor group include Extensor carpi 

radialis, Ulnaris lateralis, Lateral digital extensor muscle, while the flexor 

muscles include, Flexor carpi radials muscle, Flexor carpi ulnaris muscle, 

Deep digital flexor muscle and Superficial digital flexors muscle (Evans 

and Alexander, 2017). 
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2.3 Radius bone in the dog 

Dogs have rather long ulnas and radiuses that articulate with one 

another at their extremities to create a small interosseous gap that allows 

for some movement. With a concave surface for articulation with the 

humerus above and a convex marginal area for the ulna posteriorly, the 

proximal extremity of the radius is tiny. The ulna's concave facet is 

located laterally, and the distal extremity is broad with a medial border 

that extends downward to produce the styloid process of the radius (Belu 

et al., 2021). 

2.3.1 Radial bone blood supply 

       The main source for the radial bone blood supply is the nutrient 

artery, in addition to its related branches and the metaphyseal arteries in 

two extremities of the radius, the radius bone possesses only one nutrient 

foramen in the proximal part and from this foramen the nutrient artery 

inters the bone then branch out toward the diaphyseal bone's ends within 

the marrow cavity and extend distal to elbow joint (Sim and Ahn, 2014), 

and because of the present of nutrient foramina in the proximal part only, 

this led to make the distal part of the bone poor with blood supply (Della 

Nina et al., 2007; Decamp et al., 2016). Also, significant intracortical 

anastomoses exist between the outer periosteal and inner medullary 

arteries (Shapiro, 2008). 

2.3.2 Nerve supply of radial bone 

       The brachial plexus extends from the 5th cervical vertebra to the 1st 

thoracic vertebra and give many branches, one of these branches is the 

radial nerve which derived from the posterior part of plexus and supply 

the superior portion of radius bone, then extend to the triceps muscle of 
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fore arm, anconeus muscle, posterior extensors muscle, and also supply 

the carpal joint and dorsal part of antebrachium (Latef et al., 2018; 

Gragossian and Varacallo, 2020).  

The radial nerve supply combined with the blood supply and 

divided to three types of nerves such as sensory nerves, sympathetic 

nerves and parasympathetic nerves which have a role in regulation of the 

bone cells blood supply in addition to its specific role in perception of 

pain also play role in growth of bone by network formation in highly 

metabolic area in the bone (Zhang et al., 2016).  

2.4 Histology and physiology of bone 

The multipotent mesenchymal stem cells can be differentiated into 

the osteoprogenitor cells throughout embryogenesis. These cells are 

either the osteoblasts which make the bone, or the chondrocytes that serve 

as the model for the endochondral ossification. Homeostasis and 

development of bone depend on several types of cells. The tissue of bone 

contains, osteocytes, osteoblasts and also the osteoclasts (Hernandez-Gil 

et al., 2006). 

The osteoid matrix is joined by non-collagenous proteins which 

promote calcium and phosphate adhesion, resulting in the mineralization 

and organization the forming new bone tissue. when mineralization takes 

place, the osteoblasts transform into osteocytes if they are present within 

the osteoid matrix (Kini and Nandeesh, 2021). 

  Central to the osteon main components are osteocytes, which can 

use canaliculi to transfer mechanical stresses to neighboring osteocytes 

and cells lining the bone (Dutta and Dutta, 2013; Brannigan and Griffin, 

2016). It is believed that this intercellular connection promotes mineral 



-8- 

  

 

 

 

transport between blood and bone as well as bone resorption and 

production (Kini and Nandeesh,2012). 

The differentiated macrophages stimulated by cytokines are called 

osteoclasts (Bernstein, 2011), they are found near the surface of the bone 

(James et al., 2011), they resorb mature bone by secreting enzymes that 

break down proteins and acids (Dutta and Dutta, 2013), the pace at which 

minerals from this breakdown are transferred from the bone into the 

bloodstream is controlled by bone lining cells (James et al., 2011; 

Brannigan and Griffin, 2016).  

The endochondral formation of bone process, which is shown at 

the embryogenesis of both types of bone (short and long bones), is the 

primary pathway for bone creation. As chondrocytes mature, they 

generate a matrix rich in collagen. When these cells reach maturity, they 

stop dividing and start to make proteins that cause the matrix to become 

calcified. Phagocytes are responsible for the cartilaginous matrix's 

resorption )Brannigan and Griffin, 2016). 

2.4.1 Histopathological techniques 

 Histopathological techniques such as a routine stains as H&E stains 

to detect nucleus and cytoplasm, histochemical staining by using special 

stains  such as Masson Trichrom which used to detect collagen fiber, 

Alizarin red stain which is used  to detect calcium deposition, Alcian blue 

stain which is used to detect cartilaginous tissue, while 

immunohistochemical staining  is used to detect specific  epitope of target 

protein of interest, either intracytoplasmic or intra nuclear (Borch et al., 

2019; Soyab, 2020; Salian, 2021). 

  



-9- 

  

 

 

 

2.5 Fractures 

Fracture can be defined as a disruption or deformation of the 

normal architecture and continuity of the bone, fracture can be acute, 

subacute or chronic. Subacute and chronic fractures, while frequently 

needing treatment, can often be managed on an ambulatory basis and do 

not require emergent care. Acute fractures can be differentiated 

radiographically from older fractures by the identification of sharp, well-

defined edges of the fragments. Sever callus development and a blunting 

edge may be visible in older fractures (Dowson et al., 2022). 

The fracture may be complete or incomplete and sometimes 

segmented to many fragments in severe cases. Disruption may be 

extended to soft tissue in variable degrees such as bruise of muscles and 

disruption of blood vessels and skin. Fracture can be occurred due to high 

stress during pressing or wrong movement, also occur due to the 

pathological conditions as osteoporosis, osteosarcoma and osteogenesis 

imperfect. The value of radial and ulnar fracture about 17% from the 

general fractures in dogs, which occur due to fall from the height sites or 

car accident (Astur et al., 2016; Witmer et al., 2016). 

2.5.1 Classification of fracture 

To choose the correct method of fracture treatment, we must know 

the type of fracture, so fractures can be classified according to the 

following: 

2.5.1.1 According to the skin involvement 

a. Closed fracture: in this type of fractures the skin is intact 

without disruptions. 
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b. Open fracture: the skin in the fracture site disrupted and affected       

with open wounds, and the bone sometimes protrude from the 

wound and contact with external environment (Oryan et al., 

2013). 

2.5.1.2 According fracture causes  

a. Traumatic fracture : it occurs due to car accidents, falling 

injuries and fighting between animals.  

b. Pathologic fracture: caused by some pathological affection of 

the bone tissue such as osteosarcoma, osteoporosis and other 

systemic diseases such as hormonal disturbance of parathyroid 

gland (Oryan et al., 2013). 

2.5.1.3 According to bone displacement  

a. Displaced: no alignment of fracture segments at the fracture 

line. 

b. Non-Displaced: alignment of fracture line without displacement 

(Kellam et al., 2018). 

2.5.1.4 According to fracture orientation 

a. Linear type fracture: the fracture line is parallel to bone axis. 

b. Transverse type fracture: the line of fracture is perpendicular to 

bone longitudinal axis. 

c. Oblique type fracture: the line of fracture is obliquely to the axis 

of bone. 

d. Spiral type fracture: the line of fracture is spiral with twisting of 

the bone.  
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e. Comminuted fracture: occur due to sever direct force and the 

fractured bone has more than two fragments (Oryan et al., 2013; 

Ali, 2013). 

2.5.1.5 According to bone tissue damage severity 

a. Incomplete fracture: it is also called greenstick type fracture 

occur in cases of the bone cracks and bone bends but does not 

completely break. 

b. Complete fracture: it is breaking the bone to separated pieces 

(Oryan et al., 2013). 

2.5.1.6 Anatomical long bone location 

A fracture is classified according to its location in the bone body, 

such as proximal fracture, distal fracture, diaphyseal, metaphyseal, 

epiphyseal and growth plate fractures (Bennour et al., 2014; Kellam et 

al., 2018). 

2.5.2 Fracture healing 

Fracture healing is a tissue regeneration mechanism in which a 

series of events take place after bone fracture which result in the 

restoration and preservation of the bone's mechanical and physical 

characteristics to restore state that extremely similar to that before bone 

damage. Modulating these factors and developing innovative methods 

and therapies to treat nonunion and delayed unions have been made 

possible by understanding the cells that involved in this process and the 

role of growth factors, with their interactions with the extracellular matrix 

scaffold, and the mechanical stability at the site of fracture that 

influencing on the type of tissue which made up between the fracture 

bone segments (Shenoy and Pillai, 2017). 



-12- 

  

 

 

 

In the histological classical terms, fracture healing can be divided 

into two types including primary fracture healing (direct) and secondary 

healing (indirect) (Oryan et al., 2015). 

2.5.2.1 Direct (Primary) type of fracture healing 

Primary healing of fracture is considering a faster healing process 

that occur after using a specific devices of bone fixation (bone plates with 

screws) which are used for make up the fracture sites approximated 

firmly. Direct healing occurs when necessitates rigid fixation is present, 

and it can be occurred only in complete absence of motion under 

physiological load on both ends of fractured bone. Lamellar bone begins 

to synthesized by osteoblasts action, beginning parallel to the bone 

longitudinal axis across the site of fracture, without showing any signs to 

callus formation. Gap healing and contact healing are two distinct forms 

of direct healing of bone that rely on the voids between fracture 

segments. An anatomically accurate and biomechanically competent 

lamellar bone structure is attempted to be immediately restored in both 

procedures (Marsell and Einhorn, 2011; Giganti et al., 2014; Oryan et al., 

2015). 

2.5.2.2 Indirect (Secondary) type of fracture healing 

There are more than one terms for indirect fracture healing such as, 

secondary healing, endochondral ossification and callus healing. Steps of 

indirect healing are beginning by impaction respected by inflammation, 

development primary soft callus, mineralization of callus, and remodeling 

of callus. It’s usually arising after intramedullary nailing and external 

fixation techniques, and it is usually happening when there might be any 

micro-motions occur between the ends of fracture. The motion usually 

promotes this kind of healing of fracture, while it is inhibited by tight 
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immobilization, the secondary model of fracture healing involves the 

intramembranous and endochondral bone healing (Dimitriou et al., 2005; 

Marsell and Einhorn, 2011; Myo et al., 2016). 

  Secondary fracture healing can be divided into (inflammatory 

phase, proliferative phase and remodeling phase, these stages may be 

overlapped and had an impact on one another when the fracture healed 

(Cottrell et al., 2016). 

2.5.2.2.1 Inflammatory phase 

The first step occurs immediately after fracture, which is the 

hematoma formation in the fractured bone (Mountziaris and Mikos, 

2008). Hematoma occurs due to bleeding from injured bone and the 

periosteal injured vessels that are formed beneath the periosteum and 

within the medullary canal. The degranulated platelets that present in the 

hematoma release potent vasoactive mediators by activated coagulation 

system (Schell et al., 2017). 

Within the first week following the injury, there is a large increase 

in a number of inflammatory mediators, including cytokines like 

interleukin-1 (IL -1), interleukin -6 (IL -6), interleukin- 11 (IL -11), 

interleukin -8 (IL-18), and tumor necrosis factor -α (TNF-α) (Mountziaris 

and Mikos, 2008). After that, platelets continue to aggregate and new 

blood vessels (angiogenesis) begin to form (Dimitriou et al., 2005). 

 Following to vascular injury the fracture site suffered from 

hypoxia, so the osteocytes at the margin of the fracture site undergo 

malnutrition, degeneration and necrotic changes (Geris et al., 2008). 
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The macrophages release signaling factors to phagocytize the 

necrotic regions and promote the regeneration stage. There are many 

types of growth factors such as insulin -like growth factor (IGF), 

transforming growth factor -β (TGF-β), platelet -derived growth factor 

(PDGF), and bone morphogenic proteins (BMP -2, BMP -5, BMP -7) are 

important and necessary for these steps, so the cells migration, 

recruitment, proliferation, and the differentiation of mesenchymal stem 

cells into, fibroblasts, chondroblasts, angioblasts and osteoblasts 

are triggered by these growth factors (Lastayo et al., 2003).  

The fracture gap filled by participation of, fibroblasts, endothelial 

cells and osteoblasts that formation the granulation tissue (Goldhahn et 

al., 2012). Osteoblasts have a role in communicating with vascular 

endothelial cells and thus have an effect not only in the formation of 

osteogenic matrix but also stimulates the formation of blood vessels 

(angiogenesis) which work to transport oxygen and nutrients to the 

renewed bone tissue as osteoblasts secrete factors that stimulate the 

formation of blood vessels such as vascular endothelial growth factor 

(VEGF) and erythropoietin, also osteoblasts secrete the factor CXcl 9 that 

mediates the communication between osteoblast and endothelial cells 

during bone regeneration and thus the accelerate of angiogenesis leads to 

accelerating the process of bone healing (Rankin et al., 2012; Huang et 

al., 2016). 

2.5.2.2.2 Proliferative phase 

Essentially, the way by which the fracture hematoma is organized 

has been used to characterize the proliferative or fibroplasia phase. 

Necrotic bone resorption occurs during the fibroplasia phase and is 

mediated by osteoclasts, and this osteoclast are generated from 
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monocytes in the circulation and the monoblastic precursor cells which 

arising from bone marrow locally (Sheen et al., 2023).  

Callus formation, persistent of vascular ingrowth, secretion of 

osteoid, and the presence of collagen fibers are the hallmarks of the 

fibroplasia phase (Pilitsis et al., 2002). The recent woven bone created by 

intramembranous or endochondral bone production gradually replaces the 

periosteal response, which includes angiogenesis, formation of 

connective tissue and formation of soft callus (Goldhahn et al., 2012) 

 

The mesenchymal stem cells can be differentiated into 

chondroblasts which are the cells responsible for cartilage formation and 

mechanically stabilize of the fracture site by soft callus that gradually 

take on the appearance of cartilage. The formation of intramembranous 

bone tissue distal to the fracture area occurs by osteoblasts, which are 

gradually replaces the cartilaginous tissue through endochondral 

ossification resulting in formation of hard callus which increases the 

stability of the osteotomy or the fracture site (Lastayo et al., 2003).  

 

Bone development requires complete vascularization, so it is not 

surprise that many growth factors have both mitogenic and angiogenic 

primary actions (Albrektsson and Johansson, 2001). Furthermore, 

replacements work in concert with growth factors to stimulate the cells 

recruitment, development, and differentiation progenitor cells of bone 

(Lauzon et al., 2012). The application of growth factors significantly 

accelerated the healing of fractures (Schmidmaier et al., 2002). 
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2.5.2.2.3 Remodeling phase 

The third phase involves the formation and mineralization of the 

callus and replacement of the mineralized callus with mineralized bone 

and sculpting of the bone back to its original shape, size, and 

biomechanical competency via modeling and remodeling. This phase can 

also be referred to as secondary bone formation and involves converting 

the irregular woven bone callus into the lamellar bone. In this phase, 

osteoclasts resorb the newly woven bone and osteoblasts replace this 

matrix with the lamellar bone. The important functional outcome of the 

remodeling phase of fracture healing during homeostatic remodeling is 

the restoration of mechanical strength and stability (Oryan et al., 2015).  

 

Osteoclasts become polarized and adhere to the mineralized 

surface and continue remodeling of bone. They form a ruffled border, 

which is sealed off and acid and proteinases are pumped into the 

resorption domain, and bone resorption by osteoclasts creates erosive pits 

on the bone surface known as ‘Howship’s lacuna.’ Once completed, 

osteoblasts are able to lay down new bone on the eroded surface 

(Schindeler et al., 2008).  

 

Numerous pro-inflammatory signals, including IL -1, IL -6, and  

IL -11, as well as increased levels of TNF -α, IL -12, and interferon -γ  

(IFN -γ), control this remodeling phase. Parathyroid hormone and Growth 

hormone both play important roles in this stage, accelerating the 

fractured callus's repair and strengthening (Mountziaris and Mikos, 

2008).  
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The callus's size must be large enough to compensate for the 

primitive bone’s relatively low strength, and bone lamellae must be 

aligned parallel to the longitudinal axis of the greatest force. Adequate 

loading is also necessary to promote osteogenesis and guide the ideal 

osteons geometric configuration, which will improve strength and 

stability at the site of fracture (Lastayo et al., 2003). Adequate strength 

may take six months to reach, and the remodeling phase can take months 

or even years (Pilitsis et al., 2002).  

 

2.5.3 Fractures healing complications 

        The complications of fracture healing are classified into three 

groups:  

2.5.3.1 Immediately complications 

Injury to major vessels, injury to muscles and tendons, injury to 

joints injury to viscera (local) and hypovolemic shock (systemic) can be 

associated with fracture healing (Oryan et al., 2015). 

2.5.3.2 Early complications 

Septicemia in open fracture, aseptic traumatic fever, fat embolism 

syndrome, adult respiratory distress syndrome deep vein thrombosis, 

crush syndrome, pulmonary syndrome (systemic), infection, and 

compartment syndrome (local). This type of complication occurs during 

fracture treatment or immediately after treatment ends (Oryan et al., 

2015). 
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2.5.3.3 Late complications 

This type of complication can occur after a period of time from 

fracture treatment which include: delayed union, malunion, cross union 

and nonunion (imperfect fracture union) and osteonecrosis, shortening, 

sudeck's dystrophy, joint stiffness, osteomyelitis, ischemic contracture, 

osteoarthritis, and myositis ossificans. Another complication includes 

nerve damage, constant pain, wound problems and vascular injury that 

need a further surgical intervention (Allison et al., 2011). 

2.6 Nanotechnology  

The study of extremely small structures which defined as those 

smaller than 100 nm, is known as nanotechnology and it is generally 

regarded as nanoparticle (NPs). Due to their different electrical and 

physicochemical properties, the nanoparticles have more attention in the 

fields of biotechnology, electronics, aerospace engineering and the 

medical and agricultural field. According to their important contribution 

to the medical field NPs are mainly used as a drug new delivery system, 

DNA, monoclonal antibodies and proteins. The NPs are prepared from 

their bulk counterpart materials such as metallic and non-metallic, mono 

polymers etc., whereas, liposomes, polyethylene glycol and dendrimers 

are widely theragnostic using (Bahadar et al., 2016).  

  The main properties of the NPs which are the high surface area, 

solubility, small size, surface charge and multi functionality makes them 

unique.  Due to their application in various fields these NPs have been 

used in clinical practice and medical researches employed for the 

diagnosis, treatment, monitoring and control of biological systems as it is 

known as nanomedicine. Many of the pharmacokinetic (PK) problems 

that may associate with many drugs that has been used in a variety of 
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disease classes can solved by the NPs by delivering of the therapeutic 

molecules, NPs have been proved as a carrier of drug.  

There are different types of nanoparticles which can be used as 

delivery carriers of drug and therapeutic agents such as, liposomes, 

polymers dendrimers and metallic NPS such as selenium (Se), silicon 

(Si), titanium (Ti), silver (Ag), gold (Au), cerium (Ce), ferrous (Fe) and 

zinc (Zn) (Khurana et al.,2019). 

 2.7 Selenium (Se) 

Selenium is an element whose present in trace amounts but it’s 

essential for life and has gained a considerable attention in technical, 

human and agricultural fields of science due to its photoelectrical, 

piezoelectric and semiconducting properties. Selenium element is a key 

player in the control of reactive oxygen species (ROS) by action as an 

antioxidant and is known to regulation of many physiological processes, 

including cell differentiation and anti-inflammatory activities (Lee et al., 

2021). 

  Selenium is very significant in the domains of biology, chemistry, 

and physics. Clinical research showed that the bones contain the second-

highest proportion of selenium in the body (Zachara et al., 2001). 

deficiency of Selenium leads to degeneration of many tissues and organs, 

for example disorders related to joints, heart muscle, prostate cancer, 

thyroiditis and asthma (Kieliszek and Błażejak, 2016). 

Selenium is found in nature in both forms: organic such as 

(selenocysteine and selenomethionine) and inorganic form as (selenate 

and selenite), also, selenium can be found in both crystalline and 

amorphous polymorphism forms (Zhu et al., 2019). 
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Globally, delays or failures in bone union pose a serious 

therapeutic problem. However, BMSCS have been suggested as a 

potentially effective treatment for accelerated bone fracture repair. 

Selenium has the ability to control BMSC differentiation and 

proliferation. Se-treatment inhibits the production and differentiation of 

the mature osteoclasts while promoting osteoblastic development of 

BMSCs (Li et al., 2019). 

2.8 Selenium Nanoparticles (Se-NPs) 

  In mammals, at least 30 seleno-proteins have been identified in the 

body tissue and it has been found that play important roles in the body 

(Majeed et al., 2018), seleno-proteins containing selenium in the form of 

selenocysteine which are critical for bone remodeling (Kim et al., 2021). 

In comparison to inorganic and organic selenium molecules, nano 

selenium has greater bioavailability and biological activity (Kondaparthi 

et al., 2019). Se-NPs are considered to be healthier and less toxic when 

compared with many metal-based nanomaterials due to the generation of 

reactive oxygen species from another metals, especially heavy metals 

(wang, 2015). Se-NPs have possessed catalytic activities with its 

bioactivity (Cavalu et al., 2018). 

 

Because metals, especially heavy metals, produce reactive oxygen 

species, Se-NPs are thought to be safer and less harmful than many 

metal-based nanomaterials, and when are compared to their elemental 

form, researchers discovered that the Se-NPs are less toxic than the 

elemental form. For instance, in a previous studies conducted on mice, it 

is found that the LD50 of seleno-methionine is 25.6 mg Se/kg, whereas 

the Se-NPs' LD50 was 92.1 mg Se/kg. (Wang et al., 2007).  
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Se-NPs are characterized by having high bioavailability and 

several therapeutic effects owing to their anti-inflammatory, antioxidant 

and neuroprotective and for treatment of an inflammation-mediated 

diseases, including cancer, nephropathy, diabetes and arthritis 

(Kondaparthi et al., 2019; Liu et al., 2022), also act as anticonvulsant to 

prevent neuronal loss by oxidative damage (Yuan et al., 2020). 

 

The Se-NPs have been used for the medical purposes such as 

antimicrobial uses for inhibition of bacterial growth (Tran and Webster, 

2011), also it can be used as osteo-inductive by promote mesenchymal 

stem cells differentiation to osteoblast (Fatima et al., 2021). Se-NPs 

promotes osteogenic differentiation of bone marrow mesenchymal stem 

cell and migration of cells to fracture site to accelerate bone fracture 

healing (Li et al., 2019), also used to prevention and treatment of 

osteoporosis (Li et al., 2023; Zhou et al., 2023). Se-NPs can be used to 

enhance adhesion of osteoblast to play a role of anticancer in orthopedic 

application (Tran et al., 2008). A medication may be transported to the 

site of action by the Se NPs which acting as a carrier (Kondaparthi et al., 

2019). 

Se-NPs can be used in coating of implant to prevent infection of 

bone (Tran et al., 2019; Alheeti and Fatalla, 2021). The Se-NPs can be 

used for cranioplasty by coating of titanium mesh (Cavalu et al., 2018), 

also, Se-NPs have an antifungal property (Lara et al., 2018). The use of 

Se-NPs as clear indicators of hepatotoxicity is thought to mitigate the 

liver damage that caused by high doses of Se. When Se-NPs are coupled 

to distinct Se species (selenite, organic selenium and selenium), they can 

display increased anticancer efficacy and decreased toxicity (Kondaparthi 

et al., 2019). 
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2.8.1 Se-NPs synthesis 

Se-NPs are synthesized through three types of methods which are: 

chemical methods, physical methods and the biological methods. 

2.8.1.1 Chemical methods  

This less safe approach of synthesizing selenium nanoparticles 

included the use of high temperatures, hazardous chemicals, and an acidic 

pH for the catalytic reduction of ionic selenium (Wadhwani et al., 2016; 

Gunti et al., 2019).  

2.8.1.2 Physical methods 

The using of pulsed laser ablation (PLA) or deposition consider 

one of the physical methods for Se-NP creation (Quintana et al., 2002) 

such as, phyto-thermal associated synthesis, electrodeposition techniques 

and microwaves synthesis and these methods of synthesis are less 

common use than the chemical methods (Quester et al., 2013). 

2.8.1.3 Biological method  

The most effective method for Se-NP creation is the biological 

methods, on which yeast, algae, fungi and plants are used as biological 

catalysts for nanoparticles synthesis. Because of its lower cost, fast 

growth rate of microorganisms and plants, lower toxicity, common 

procedures for culturing, and eco-friendly production of nanoparticles it 

is consider advantageous over the other two methods (Quester  et al., 

2013; Murugesan et al., 2019). 
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Chapter Three 

Materials and Methods 

3.1 Ethical approve 

The experimental design has received approval from the 

institutional animal care and use committee at the College of Veterinary 

Medicine, Mosul University under the registration number 

UM.VET.2023.105. 

3.2 Experimental animals 

24 clinically healthy adult male dogs have been used in the 

experimental study, weighing (25 ± 0.5) kg and aged (2 ± 0.5) years 

Animals were examined clinically before the experiment is conducted, to 

ensure that they are free from diseases. The experimental animals housed 

separately (every animal in one cage) in the animal house of the College 

of Veterinary Medicine in the University of Mosul. A subcutaneously 

injection of ivermectin 1% (vermectin, vapco, Jordan) at a dose of  

(0.2 mg/kg) is given to control the external and internal parasite if 

present. Before the operation, animals are left in their cages two weeks 

for adaptation and they provided feed, water according to the same 

institutional protocol. Animals are monitored all over the periods of 

experiment and all data are recorded. 

3.3 Experimental design 

 The experimental animals were divided randomly into two equal 

groups (n= 12): 
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1. First group (control group): On which a transverse fracture was 

made in the distal radial part using wire saw and the fracture site 

leaved without adding any material, then reduction and fixation by 

fiber glass cast tape was done.   

2. Second group (treated group): On this group as in the first group a 

transverse fracture was made, then treated by pour with selenium 

nanoparticles (Se-NPs) on the fracture line, reduction and fixation 

by fiber glass cast tape was done. Then follow-up evaluation was 

acheived by using clinical, radio-graphical, histological and 

histochemical evaluations on 2, 4, 6 and 8 weeks post-operation as 

show in (Figure 3). 

 

Figure 3.1 Photographic images show the Illustration of the experimental 

design of the study. 
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3.4. Selenium nanoparticles 

3.4.1 Evaluation of selenium nanoparticles 

 One of the evaluations methods for Se-NPs identification and 

determination the grain size is the X-ray diffraction analysis (XRD) as 

shown in figure 3.2 according to (Saeed et al., 2019). 

 

Figure 3.2 Photographic images show XRD pattern of selenium 

nanoparticles. 
 

3.4.2 Preoperative nano-selenium preparation  

The preparing of nano selenium for operation has been done by 

using a sensitive balance  to weight 1250 µg from nano-selenium powder 

(50 nm, Sigma Aldrich company, USA) on test tube, then adding to the 

weighted powder 10 ml of distilled water, and by shaking the test tube a 

suspension of selenium nanoparticles was obtained at a dose of 125 µg/ml 

(El-Sayed et al., 2023) which was placed around the fracture site. 
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3.5 Surgical procedures 

3.5.1 Anesthesia 

The surgical operations of all dogs have been conducted under 

general anesthetic protocol which is done using of a mixture containing 

10% ketamine HCL (Alfasan, Holand) at doses (15 mg/kg) and xylazine 

HCL 2% (Nita Farm, Russia) at doses (5 mg/kg) through intramuscular 

injection (Mohammed et al., 2022). 

3.5.2 Surgical operation 

The site of operation is prepared for aseptic surgery from elbow 

joint to the carpal joint by clipping and shaving, then restrain the animal 

at lateral recumbency on the right side with extension of right limb 

foreword and the left limb pulled posteriorly to give best surgical 

approach, then the head, neck, shoulder and right forelimb is covered 

with surgical towels except the operation site leaved open (Figure 3.3A). 

Povidone-iodine solution 10% (Sakaria, Turkey). was used as antiseptic 

on the site of operation. Skin incision is performed about 4-5 cm in length 

by surgical blade (size 22) in cranio-medial approach which consider the 

best site to reach the distal extremity of the radius bone with low 

invasiveness (Thanoon et al., 2019; Thanoon, 2019), then blunt dissection 

of subcutaneous fascia and connective tissue are done by blunt ends 

surgical scissor and curved hemostatic forceps to separate and display the 

radial bone (Figure 3.3B). After reaching the radius bone the common 

digital extensor tendon is separated and pulled out by using towel clamp 

to prevent iatrogenic tenotomy during radial fracture creation by wire saw 

(Figure 3.3C). Wire saw is inserted around the radial bone by using 

curved hemostatic forceps and suture material surgical needle which 
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passed around the bone and pulled the connected wire saw (Figure 3.3D), 

and by moving the wire saw around the bone a transvers fracture is 

conducted (Figure 3.4A). 

In the control group, the fracture site is left without any addition 

and the muscles and subcutaneous tissue are closed by simple continuous 

pattern using polyglycolic acid suture (No. 1) (Yingmed, China), then 

skin is closed by simple interrupted technique using silk suture (No. 2) 

(Greetmed, China). External fixation by using fiber glass cast tape (size 

No. 3) (Jiangsu Senolo Medical Technology Co., Ltd, China) is done with 

leaving an open window above the site of operation for daily wound 

dressing by povidone-iodine solution 10%. 

While in treated group, 1 ml of selenium nanoparticles suspension 

at a dose of (125 µg/ml) is applied at the fracture site (Figure 3.4B), then 

muscles, subcutaneous tissue and skin are closed by same method like in 

the control group (Figure 3.4C). External fixation with fiber glass cast 

tape is also done as in control group (Figure 3.4D). 
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Figure 3.3 Photographic images show (A)preparing the site of operation, 

(B) the distal part of radial bone, (C) separation of tendon from radial 

bone, (D) insertion of wire saw around the radial bone. 
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Figure 3.4 Photographic images show (A) transverse radial bone fracture, 

(B) application of nano-selenium suspension around the fracture site, (C) 

closer of skin with silk using simple interrupted pattern, (D) placing of 

fiber glass cast tape with window over the operation site. 
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3.6 Postoperative care 

After surgical operation, the animals were observed and monitored 

for the entire duration of the 8-weeks study. All dogs are submitted to 

postoperative protocol by injection of analgesics drugs like dipyrone 

(Uvedco, Jordan) at a dose of (25 mg/kg) intramuscularly for five days to 

relieve the pain (Silva et al., 2021), and injection of penicillin-

streptomycin (Pensrep, Interchem, Holand) intramuscularly as broad-

spectrum systemic antibiotic at a dose of (Penicillin 10,000 IU- 

Streptomycin 15 mg/kg) for five consecutive days. The skin wound is 

managed through fiber glass cast window with local application of 10% 

povidone-iodine solution two time daily for 5-7 consecutive days to 

prevent infection of the wound. 

3.7 Experimental evaluations 

The effect of selenium nanomaterial on the fracture healing is 

evaluated clinically, histopathological and radiographically.  

3.7.1 Clinical evaluations 

All dogs in both groups have been monitored daily in first week, 

then intervals every week to check any abnormal change in the life  

signs such as appetite, pain signs, gate and weight bear on the  

fractured limb by grades application of visual assessment of gait 

according to (Carr and Dycus,  2016) which described in (Table 3.1). 
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Table 3.1 Example of a Numerical Rating Scale for Visual Assessment of 

Gait. 

 

3.7.2 Radiographical evaluations 

Immediate post-operative radiographic assessment of the fractured 

bone was conducted utilizing standardized mediolateral and craniocaudal 

X-Ray projection to evaluate the adequacy of fracture reduction and 

alignment. Subsequent serial radiographic evaluations were performed at 

2, 4, 6 and 8 weeks post-operatively to monitor fracture healing 

progression, assess callus formation and evaluate the integrity of the 

fracture union, utilizing plain radiography imaging modalities. All 

radiographic images were acquired using computed radiography (CR) 

technique, which provides high-resolution digital images with enhanced 

diagnostic accuracy. Radiographic images taken in X-ray room in the 

University Veterinary Hospital using the plain X-ray machine (Shimadzu, 

Japan) accompanied by the digital wireless detector (Italray, Italia) with 

exposure factors seated at 58 kV, 3.2 mAs and 90 cm focal-film distance 

(FFD) to estimate the bone healing stages of the fractured bone. 
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3.7.3 Histopathological evaluations 

The bone biopsies collection has been conducted at intervals of 2, 

4, 6 and 8 weeks post operations from all experimental animals, then 

fixed by neutral buffer formalin (NPF) at concentration of 10% for 72 hr., 

then all samples are submitted to decalcification by formic acid to 

facilitate the following series processes of histological techniques which 

are start with fixation in neutral buffer formalin (NPF) at concentration of 

10%, then dehydration by different concentrations of alcohol(50%, 

70%,90% and 100%), then clearing by using xylene, then embedding in 

paraffin wax, then cutting by microtome, then put the section in water 

path to facilitate mounting on slide, then using of xylen to remove 

paraffin wax, then dehydration by different concentrations of alcohol, 

then  staining by both routine staining (hematoxylin and eosin) and 

special staining (Masson Trichrome and Alizarin / Alcian blue) (Suvarna 

et al., 2018). The histological sections were analyzed based on semi-

qualitative system as shown in (Table 3.2). A descriptive catalog was 

designed to estimation of the histochemical staining by Masson Trichrom 

as shown in (Table 3.3). 
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Table 3.2 Semi-qualitative analysis of radius bone fracture healing. 

 

Table 3.3 Histochemical analysis of Masson Trichrom stain. 

 

 

 

 

3.8 Statistical analysis 

Computer package (Sigma plot V12.0 / SYSTAT software) has 

been  used to conduct the parameter analysis.  Data have been presented 

as means   ± standard error (SE) and were analyzed using one-way analysis 

of variance (ANOVA) and t-test with the significant level set on P ≤ 0.05 

and the differences among the groups are determined by Duncan’s 

multiple range test (Petrie, 2013). 
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Chapter Four 

Results  

4.1 Clinical evaluations  

 The experimental animals in both groups have been monitored 

daily for first two weeks post operation, then in interval every week 

which has showed tenderness in the first and second day with partial loss 

of appetite then gradually return to the normal appetite. 

  Assessment of experimental animal’s gait post operation that 

showed the following: At the 1st week the control group observed disuse 

of the fractured limb with non-weight-bearing lameness occupy grade Ⅵ, 

while the treated group start to touch the ground with the affected limb 

with lameness occupy grade Ⅴ. At the 2nd week the control group start to 

touch the ground with lameness occupy grade Ⅴ, while the treated group 

appeared significant weight bear with lameness occupy grade Ⅳ. At the 

3rd week the control group starts to weight bear significantly with 

lameness occupies grade Ⅳ, while the treated group appeared weight 

bearing lameness with head bob which occupy grade Ⅲ. At the 4th week 

the control group still weight bear significantly wit lameness occupies 

grade Ⅳ, when the treated group appeared mild weight bearing lameness 

occupy grade Ⅱ. At the 5th week the control group showed weight bearing 

lameness with head bob which occupy grade Ⅲ, while the treated group 

still mild weight bearing lameness occupy grade Ⅱ. At the 6th week the 

control group showed weight bearing lameness with head bob which 

occupy grade Ⅲ, while the treated group showed mild lameness at trot 

which occupy grade Ⅰ. At the 8th week the control group occupy grade Ⅱ, 

while the treated group occupy grade Ⅰ as show in (Table 4.1).   
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Table (4.1) Show the grades of lameness in the two group of the 

experimental animals. 

 

4.2 Radiographical evaluations 

 The radio-graphical investigation has been conducted of all 

experimental animals at intervals (2nd, 4th, 6th and 8th) weeks post-

operation to estimation the degree of fracture healing that showed the 

following: 

In the control group at the second week post-operation the fracture 

line was clear, radiolucent and with only small amount signs of periosteal 

reaction, while the treated group shows clear periosteal reaction  

around the fracture site with fracture line appearance (Figure 4.1) and 

(Figure 4.2). 
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Figure 4.1 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at 2nd week post operation in control group 

shows minimal periosteal reaction of the proximal and distal radial 

fracture segment (arrow) with clear fracture line. 
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Figure 4.2 Radiographic image shows cranio-caudal(C-C), mediolateral 

(M-L) view of radial bone at 2nd week post operation in treated group 

shows clear periosteal reaction around the fracture site (arrow) with 

fracture line appearance. 

 

At the 4th week post operation of control group showed increase of 

periosteal reaction but the fracture line tile clear and begins to form of 

bridge callus while the treated group shows good periosteal reaction 

around the fracture site that bridges the line of fracture with blur of the 

fracture line's appearance (Figure 4.3) and (Figure 4.4). 
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Figure 4.3 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at 4th week post operation in control group 

shows increase periosteal reaction around the fracture site (arrow) with 

appearance of fracture line. 
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Figure 4.4 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at 4th week post operation in treated group 

shows good periosteal reaction around the fracture site that bridges the 

line of fracture (arrow) with blur of the fracture line's appearance. 

 

At the 6th week post-operation, the control group shows periosteal 

reaction and traces of callus formation in fracture site with moderate 

bridging of the hard callus growth and still appearance of fracture line, 

while in treated group shows more prominence periosteal reaction, there 

is an excellent hard callus formation that connects both fracture ends with 

no sign of the fracture line appearance of fracture site, and semi normal 

medullary canal appearance (Figure 4.5) and (Figure 4.6). 
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Figure 4.5 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at 6th week post operation in control group 

shows periosteal reaction and traces of callus formation in fracture site 

with moderate bridging of the hard callus growth (arrow) and still 

appearance of fracture line. 
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Figure 4.6 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at the 6th week post operation in treated group 

shows more prominence periosteal reaction, there is an excellent hard 

callus formation that connects the fracture two ends with no sign of the 

fracture line appearance of fracture site (arrow), and semi normal 

medullary canal appearance. 

 

At the 8th week post operation, the control group shows radio-

opacity of callus formed at the fracture site which connect the fracture 

two ends and increase fracture line disappearance, while the treated group 

shows a decrease in the size of callus around the fracture site with 

reconnecting of the medullary canal and the bone appear as its normal 

shape (Figure 4.7) and (Figure 4.8). 
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Figure 4.7 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at the 8th week post operation in control group 

shows radio-opacity of callus formed at the fracture site which connect 

the fracture two ends (arrow) and increase fracture line disappearance. 
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Figure 4.8 Radiographic image shows cranio-caudal (C-C), mediolateral 

(M-L) view of radial bone at 8th week post operation in treated group 

shows decrease callus around the fracture site with reconnecting of the 

medullary canal and the bone took its semi natural shape. 

 

4.3 Histopathological evaluations 

 The histopathological result of the biopsies taken from the distal 

radial fracture site in both groups (control and treated group) shows 

histopathological changes which are considered as indicator for healing, 

the different in pathological changes depend on post operation time at 

intervals of 2, 4, 6 and 8 weeks and also depend on groups. 

 On the 2nd week, histological examination of the radial fracture 

biopsy of the control group shows fibrous connective tissue with 

proliferative fibroblast and newly blood vessels (Figure 4.19), in other 
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section the histological examination reveal fibrocartilaginous callus 

formation (Figure 4.10), the microscopic examination investigated intra-

cartilaginous bone (Figure 4.11) as well as irregular and thin woven bone 

around fracture border (Figure 4.12) formed of mild primitive osteon 

containing sever  osteoclast and moderate irregular and disorganized 

osteocyte as in table (4.1). 

       

 

 

 

 

 

 

 

 

Figure 4.9 Histopathological findings in control group at 2nd week post 

operation show fibrous connective tissue (black–dash arrow), 

proliferative fibroblast (blue arrow) and newly blood vessels ± (yellow 

arrow), H&E, 100X.   

 

 

 

 

 

 

 

 



-45- 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 Histopathological findings in control group at 2nd week post 

operation show fibrocartilaginous callus (black two head arrow), H&E, 

100X. 

 

 

 

 

 

 

 

 

 

Figure 4.11: Histopathological findings in control group at 2nd week post 

operation show intra cartilaginous bone (black row), H&E, 100X. 
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Figure 4.12 Histopathological findings in control group at 2nd weeks post 

operation show irregular thin woven bone (green arrow), mild primitive 

(red-dash arrow) and irregular dis organized osteocytes (black circles), 

H&E, 100X. 

 

While the histological results of treated group showed regenerated 

bone represented by intra cartilaginous bone (thin channels) in greater 

amount, with newly formation of haversian canal furthermore moderate 

in score (++), primitive osteo matrix is formed in the center (Figure 4.13), 

there is small discrete islands enclosing osteocytes and lined with 

osteoblasts and osteoclasts proliferative occupy score (++) and moderate 

grade (Figure 4.14), table (4.1), as well as there is sever proliferative of 

chondroblasts and intense newly blood vessels formation (Figure 4.15) 
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Figure 4.13 Histopathological findings in treated group at 2nd week post 

operation show great amount of intra cartilaginous bone (thin channels) 

(black arrow), newly haversian system formation (blue arrow), with 

moderate osteogenic matrix (red arrow), sever proliferative of 

chondroblast (black circles), H&E, 100X. 

 

 

 

 

 

 

 

 

 

Figure 4.14 Histopathological findings in treated group at 2nd weeks post 

operation show moderate grade for both osteoblast (black arrow) and 

osteoclast (red arrow), H&E, 400X. 



-48- 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15 Histopathological findings in treated group at 2nd week post 

operation show intense newly blood vessels (black head arrow) and sever 

proliferative of chondroblasts (yellow arrow), H&E, 100X. 

  

At the 4th week, histological investigation of the distal radial 

fracture site of the control group has showed that irregular and thicker 

trabeculae with moderate for both osteogenic matrix and proliferative of 

osteoclasts and these trabeculae include osteocytes and osteoblast, 

calcified trabeculae (Figure 4. 16 and figure 4.17), respectively.  
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Figure 4.16 Histopathological findings in control group at 4th week post 

operation show irregular thick trabeculae (black arrow) with moderate 

osteogenic matrix (red arrow), H&E, 100X. 

 

 

 

 

 

 

 

 

 

 

Figure 4.17 Histopathological findings in control group at 4th week post 

operation show osteocyte proliferative (black circle) and osteoblast and 

osteoclast proliferative (black and red arrow), with calcified bone 

formation (yellow star), H&E, 400X. 
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While the treated group shows increase thickness of mature bone 

filling the defect area, which is represented by the existence of haversian 

system with arrangement of osteocytes around the canal of haversian 

system, as well as osteo matrix scoring (++) and occupying moderate 

grade (Figure 4.18). Osteoblast arranged in cords in the regenerated bone 

which surrounded with fibrovascular tissue, (Figure 4.19), Table (4.1). 

 

 

 

 

 

 

 

 

 

Figure 4.18 Histopathological findings in treated group at 4th week post 

operation show haversian system (black circle) with osteocytes around 

the canal (small black arrow), moderate mature osteogenic matrix (red 

arrow), H&E, 400X.  
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Figure 4.19 Histopathological findings in treated group at 4th week post 

operation show osteoblast arrangement as cord I (black arrow) with 

fibrovascular tissue (black- dash arrow), H&E, 100X. 

At the 6th week, histological investigation of the distal radial 

fracture site of the control group showed well developed trabecular bone 

(Figure 4.20) with newly formed haversian system and osteocyte in their 

lacuna, lining with osteoblasts and moderate osteon (Figure 4.21) and 

table (4.1).  

 

 

 

 

 

 

 

 

 

Figure 4.20 Histopathological findings in control group at 6th week post 

operation show well developed trabecular bone (yellow arrow), H&E, 

100X. 
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Figure 4.21 Histopathological findings in control group at 6th week post 

operation show developed trabecular bone (yellow arrow), newly 

haversian system formation (black circles), cord appearance of osteoblast 

(black arrow) and moderate osteon tissue (red arrow), H&E, 100X. 

 

While the microscopic examination in biopsy of the operating site 

of treated group shows thickening of the mature trabecular bone 

formation around haversian canal, compact lamellar bone formation, 

mature bone contain osteocyte in their lacuna with sever mature 

eosinophilic osteoid tissue (well blood vessels, osteogenic connective and 

adipose tissue) (Figure 4.22), with number of osteoblasts arranged as cord 

and mild osteoclasts (Figure 4.23).  
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Figure 4.22 Histopathological findings in treated group at 6th week post 

operation show thickening of mature bone trabeculae and compact 

lamellar formation (yellow arrow), haversian system (black circle), sever 

mature eosinophilic osteoid tissue involve blood vessels (red head arrow), 

adipose tissue (green head arrow) with fibrous connective tissue (blue 

arrow), H&E, 100X. 

 

 

 

 

 

 

 

 

 

 

Figure 4.23 Histopathological findings in treated group at 6th week post 

operation show mild osteoclasts (brown row) and cord like appearance of 

osteoblasts (red bracket), H&E, 400X. 
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 At the 8th week, histological investigation of the distal radial 

fracture site of the control group shows regenerated bone (Figure 4.24), 

well develop and beginning maturation of bone trabeculae with osteon-

haversian system (Figure 4.25).  

 

 

 

 

 

 

 

 

 

Figure 4.24 Histopathological findings in control group at 8th week post 

operation show regenerated bone, H&E, 100X. 

  

 

 

 

 

 

 

 

 

Figure 4.25 Histopathological findings in control group at 8th week post 

operation show well develop and beginning maturation of bone 

trabeculae with osteon-haversian system (blue circle), H&E, 400X. 
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While the microscopic examination in biopsy of the operating site 

of treated group shows lamina propria-connective tissue, periosteum, 

periosteum and bone continuity (Figure 4.26), mature osteogenic matrix 

(Figure 4.27), greater mature bone with osteon-haversian system  

(Figure 4.28). 

   

 

 

 

 

 

 

 

 

 

Figure 4.26 Histopathological findings in treated group at 8th week post 

operation show lamina propria connective tissue (black arrow), 

periosteum (head black arrow), periosteum and bone continuity (red 

arrow), H&E, 40X. 
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Figure 4.27 Histopathological findings in treated group at 8th week post 

operation show mature osteogenic matrix (black arrow), H&E, 100X. 

   

 

 

 

 

 

 

 

 

 

Figure 4.28 Histopathological findings in treated group at 8th week post 

operation show greater mature bone with osteon-haversian system (blue 

circle), H&E, 400X. 
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4.3.1 Histochemical analysis 

 The below results are further confirm using Masson Trichrome 

staining which reveal proliferation of chondrocytes indicative 

cartilaginous callus which stain blue color at score (++ and +++) in both 

control and treated groups respectively at 2nd week post operation  

(Figure 4.29) also the histological section shows newly blood vessels 

formation and old bone with dark blue stain (+++) (Figure 4.30). 

 

 At the 4th week post operation in the control group the section 

analysis reveals irregular bony callus mild (+) blue stain of Masson 

Trichrome (Figure 4.31), photomicrograph analysis of sections were 

taken from the fracture site in treated group at the same period post 

operation reveal mature, thin bone trabeculae and stained with dark / faint 

blue (Figure 4.32), this results were investigated on regeneration bone 

from fracture site in dogs in the control group at 6th week post operation 

(Figure 4.33). 

  

At the 6th week histochemical analysis investigation of the fracture 

site of the treated group well developed thick trabecular severe blue stain 

(+++) (Figure 4.34). 
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Figure 4.29 Histopathological findings in control group at 2nd week post 

operation shows cartilaginous callus formation occupies score (++) 

chondrocyte (CC), fibrous connective tissue (FCT), fibroblast (FB), blood 

vessels (BV), Masson Trichrom, 100X. 

  

 

 

 

 

 

 

 

 

 

Figure 4.30 Histopathological findings in treated group at the 2nd week 

post operation shows cartilaginous callus formation occupies score (+++)  

osteo-matrix (OM), blood vessels (BV), old bone (OB), condrocytes 

(CC), Masson Trichrom, 100X. 
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Figure 4.31 Histopathological findings in control group at the 4th week 

post operation shows irregular bony callus mild (+), newly bone (NB), 

intra bony callus (IBC), Masson Trichrom, 100X. 

 

 

 

 

 

 

 

 

 

 

Figure 4.32 Histopathological findings in treated group at 4th week post 

operatin represents mature thin bone trabeculae dark / faint blue (+++), 

newly bone (NB), condrocytes (CC), Masson Trichrom, 100X. 
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Figure 4.33 Histopathological findings the control group at the 6th week 

post operation represented regeneration bone, Masson trichrome, 100X. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.34 Histopathological findings in the treated group at the 6th 

week post operation represented well developed and thick trabeculae with 

sever blue stain, thick trabeculae (TT), haversian system (HS), 

osteomatrix (OM), Masson Trichrom, 400X. 
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 Semi quantitative analysis of Alizarin / Alcian blue for cartilage 

and bone callus formation were investigated in this study, which reveal 

apposite correlation between these two structures, at 2nd week the 

histological criteria of fracture healing occupy grade I (Score +++ for 

cartilaginous callus and + for bone formation) this criteria is more clearly 

and intense in treated group (Table 4.2), (Figure 4.35 and 4.36). 

 The experimental study for period 4th week, reveal improve bone 

fracture healing in both groups but variable in severity, so the grad / score 

categories of control group occupy grade II with score (++) for 

cartilaginous bone like-structure stain with Alcian blue and same score 

for orange-red (Alizarin stain) for bon structure stain (Table 4.2),  

(Figure 4.37), while in treated group the photomicrograph analysis reveal 

that histopathological lesions occupy grade Ⅲ with (+) cartilaginous 

island stain faint Alcian blue and intense bone trabeculae stained with 

(+++) orange-red (Table 4.2), (Figure 4.38). 

At the 6th week the result of control group occupies grade Ⅲ 

(Figure 4.39), while in treated group the results occupy grade Ⅳ  

(Table 4.2), with -ve / non cartilaginous formation and strong intense 

(++++) of bone trabecular formation (Figure 4.40). 

 The statistical analysis results showed significant increase  

(p ≤ 0.05) in  rate number of osteocytes in control group at 6th week post 

operation that reaches to rate (32.6) cell / field, and the treated group at 

the 4th week post operation reach the rate (33.8) cell / field in comparison 

with the other time periods within the same group, and between two 

groups  (Table 4.3), it was noticed also significant superiority of the 

haversian system in treated group at 2nd and 6th week (3.4, 3.40) 
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respectively in comparison with the 4th week and also the comparison 

with the control group (Table 4.3). 

 

 

 

 

 

 

 

Figure 4.35 Histopathological findings in the control group at the 2th 

week post operation show cartilaginous callus, Alizarin / Alcian blue, 

100X. 

 

 

 

 

 

 

 

 

 

Figure 4.36 Histopathological findings in treated group at 2nd  week post 

fracture show Cartilaginous callus blue stain occupies grade Ⅰ and score 

(+++) and orange red stain for bone formation, condrocytes (CC), intra 

cartilaginous callus (IC), old bone (OB), Alizarin / Alcian blue, 100X. 
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Figure 4.37 Histopathological findings in control group at 4th  week post 

fracture show cartilaginous callus formation occupies grade Ⅱ score (++), 

intra cartilagenous (IC), newly bone (NB), Alizarin / Alcian blue, 100X. 

 

 

 

 

 

 

 

 

 

 

Figure 4.38 Histopathological findings in treated group at the 4th  week 

post fracture show cartilaginous callus stain faint Alcian blue at the grade 

Ⅲ and score (+) with orange-red Alizarin stain for bone formation 

occupy (+++), intracartilagenous (IC), Alizarin / Alcian blue, 100X.  
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Figure 4.39 Histopathological findings in control group at the 6th  week 

post fracture show cartilagenous island stin faint Alcian blue occupy 

grade Ⅲ with score (+) and intense bone trabeculae stained with (+++) 

orange- red, Alizarine / Alcian blue, 400X. 

 

 

 

 

 

 

 

 

 

 

Figure 4.40 Histopathological findings in treated group at the 6th  week 

post fracture represents bone healing criteria occupy grade Ⅳ and strong 

intense (++++) orange-red, thick trabeculae (TT), haversian system (HS), 

Alizarine / Alcian blue, 400X. 
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4.3.2 Statistical analysis 

Table 2 Score-Grade system and descriptive analysis of histological 

criteria of fracture bone healing. 
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Table 3 Semi quantitative analysis of some histological criteria of 

fracture bone healing (Osteocyte and Haversian system). 

Different small letters mean there is a significant difference between the two 

groups while the different capital letters indicate a significant difference in the 

same group at P ≤ 0.05. 
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Chapter five 

Discussion 

5.1 Distal radial fracture in dogs 

 The distal radial fracture is one of the most common fractures in 

dogs, and the animals affected with this type of fractures usually suffer 

from delay or nonunion which is considered one of the challenges that 

face the animals’ owners because of the efforts and expenses of 

treatment, in some cases the affected animals suffer from pain and 

lameness for long periods and this is confirmed by many researchers 

(Harasen, 2003b; Ali, 2013; Watrous and Moens, 2017). Because of the 

large amount of weight bear of radius bone and little soft tissue overlying 

the bone with limited blood supply especially in distal third, all these 

reasons are considered challenges to healing of distal radial fractures and 

lead to delay or failure of bone union (Harasen, 2003b), and because of 

the reasons  mentioned above we have made up this experimental study 

by the addition of nano material such as selenium nanoparticles which 

have osteo inductive action and promotion of fracture healing which are 

confirmed by researchers (Li et al., 2019; Lee et al., 2021). 

5.2 Clinical examination 

 Lameness is a key clinical symptom of a distal radial fracture, and 

it affects every experimental animal. By relied on the grades assessment 

of dog’s gait investigated superiority of the treated group which are faster 

restoration to semi normal gait at the last stages of study which 

represented by sound at the walk, but weight shifting and mild lameness 

noted at trot this agrees with (Watrous and Moens, 2017; Thanoon et al., 
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2019; Thanoon, 2019) who said that the external fixation can lead to 

complications as lameness especially in distal radial fracture. It should be 

noted that the external coaptation by fiber glass cast tape lead to 

diminished some signs of lameness due to limitation movement of elbow 

joint and carpal joint, in treated group the lameness becomes less 

noticeable the superiority of treated group in restoration of semi normal 

gait post operation that may be due to the effect of Se-NPs which has 

anti-inflammatory effect this agree with (Lee et al., 2021; Karthik et al., 

2024) who said that Se has anti-inflammatory function. The most 

important factor that promotes the healing of distal radial fracture is the 

limitation of movement and prevention of jumping conducted in this 

experimental study by the caging of the animals in separated cages to 

decrease the movement and prevent jumping.   

5.3 Radiographical examinations 

At the 2nd week post operation, the radio-graphical results showed 

that the fracture line is clear in all experimental animals but there are 

advanced healing signs such as clear periosteal reaction around the 

fracture site in treated group in comparison with the control group that 

shows noticeable fracture line with only small amount of periosteal 

reaction. This may be due to the addition of Se-NPs on the fracture line in 

treated group. This agrees with (Zeng et al., 2013; Ouyang et al., 2023; 

Yang et al., 2024a), who said that Se-NPs enhance the immune response 

and modulation by activation cytokines which attract the immune cells 

and trigger migration of cells to the fracture site and platelets continue to 

aggregate and new blood vessels (angiogenesis) begin to form (Dimitriou 

et al., 2005). Antioxidant activity that protects the cell from oxidative 
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stress, also has anti-inflammatory action which interprets why the control 

group has a little periosteal reaction.  

At the 4th week post operation the radio-graphical results shows an 

increase in periosteal reaction with bridging callus formation that begins 

to connect both fracture segments in comparison with the control group 

that shows an increase in periosteal reaction with limited bridging callus 

formation less than in treated group, this agrees with (Li et al., 2019) who 

said that Se-NPs promotes BMSCS differentiation to osteoblast that 

secrete collagen-proteoglycan (osteoid) matrix  which promotes calcium 

binding and, consequently, calcification. Bony "spicules," or needle-like 

bone structures, are created during calcification and extend from the 

ossification center. The periosteum, which is made of condensed 

mesenchymal stem cells (MSCs) surrounding the spicules and also 

enhance osteoblastic proliferation and promote migration BMSCs and 

improved callus formation (Brannigan and Griffin, 2016). 

At the 6th week post operation, the radio-graphical results show a 

superiority of callus formation in the treated group filling all the fracture 

line and connecting both fracture segments, rather than in control group 

the fracture line does not fil completely and still appears. That may be 

due to the effect of Se-NPs in treated group which stimulated the growth 

factors, this agrees with  (Li et al., 2019) who said that Se-NPs can be a 

promising expression of bone morphogenetic protein (BMP-2) and 

acceleration of fracture healing, also Se plays an important role in 

alkaline phosphate (ALP) activation and the expression and inhibition of 

osteo clasto-genesis and by antioxidant action Se-NPs can promote bone 

mineral density (Jiménez-Ortega et al., 2023; Yang et al., 2024b). 
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At the 8th week post operation the radio-graphical results in treated 

group showed decrease in the callus size and the bone begins to preserve 

the normal size and shape which appeared semi normal, rather than in 

control group which shows radio-opacity with large size of callus around 

the fracture line, this may be due to effect of Se-NPs in treated group that 

enhance differentiation of BMSCS to osteoblast, proliferation of 

osteoblast and  migration to the fracture site with the activity of 

antioxidant and anti-inflammatory action, with activation of growth 

factors and acceleration of bone healing to reach the normal size and 

shape confirmed by (Li et al., 2019; Kim et al., 2021; Zhou et al., 2023) 

who said that Se enhances differentiation of BMSCS to osteoblast and 

promises bone morphogenetic protein with antioxidant action and 

accelerate fracture healing and callus formation. 

5.4 Histopathological examination 

 Fracture healing is a major and persistent problem in orthopedic 

surgery in farm animals, fractures usually occur as a result of traffic 

accidents and falls from heights, in addition to the inability to restrict the 

movement of animals for a long period of time. Therefore, there have 

been many studies are aquired to find medical treatments that accelerate 

the process of healing of fractures and reduce complications such as 

necrosis of blood vessels, inflammation, and non-union of bones (Aydin 

et al., 2014). 

Selenium nanoparticles have a strong therapeutic effect against 

cancer cells, pathological microorganisms and neurological diseases and 

are a preventive and protective factor for the liver against many diseases 

(Krishnan et al., 2019; Yuan et al., 2020) 
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As the microscopic examination of the tissue sections taken from 

the animals of the treated group at the end of the 2nd week post operation 

shows the formation of thin cartilaginous bone canals with the formation 

of dense bone trabeculae at the edge of the fracture compared to the 

control group. The microscopic examination shows the formation of thin 

irregular bony trabeculae with the presence of fibrocartilaginous calluses. 

This is shown by the semi-quantitative analysis of the staining 

degree (+++) for Masson's Trichrome stain in the treated group, this is a 

vital indicator of increased proliferation of chondrocytes which play a 

role in the healing process. This result is consistent with what researcher 

Zou et al (2024) indicate about the effective role of Se-NPs in stimulating 

infiltration and proliferation of cells which play an effective role in bone 

healing and osteo activation, and researcher Hosnedlova et al (2018) 

mention the role of selenium in regulating and differentiation of bone 

cells.  

The results of the statistical analysis shows the significant 

superiority of osteocytes and also the significant superiority of the 

haversian system in the treated group compared to the control group, with 

moderate proliferation of osteoblasts which play a role in the formation of 

bone matrix at the 4th week, and a decrease in the proliferation of 

osteoclasts and the formation of bone lamellae at the 6th week post 

treatment compared to the control group, and this is observed when 

conducting the semi-quantitative analysis Alizarin/Alcian Blue stained 

tissue sections at the 4th week post-fracture it is shown that the 

histopathological alterations in the tissue sections obtained from the 

treated group and indicative of the formation of cartilaginous tissue are at 

the grade Ⅲ and score (+) for the Alcian Blue stain and the appearance of 
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the bone trabeculae in red-orange color occupy sever grade at score 

(+++). 

When the treatment continued until the 6th  and 8th   week, it was 

noted that the tissue sections were not stained with Alcian Blue stain 

while severe intense score (++++) for the Alizarin stain, as is shown in 

histological image (4.41), these results are consistent with the results of 

the study by (Fatima et al., 2021), and they indicate that low 

concentrations of Se-NPs particles have the ability to differentiate 

osteoblasts from human mesenchymal stem cells (HMSCs) and 

maturation of cells, which has a role in the process of formation 

osteogenic matrix and mineralization. Therefore, the results of this study 

are consistent with the results of the study of the researcher Lee et al 

(2021), whom indicate the stimulating role of Se-NPs for the formation 

and maturation of osteogenic matrix in the cellular medium MC3T3-E1 

cells post 3 and 7 days from Se-NPs injected in the cellular medium.  

The results of previous studies have indicated that osteoblasts-

osteoclasts communication leads to regulation in the process of healing 

and bone formation, this communication may be through direct 

connection between cells or the production and secretion of proteins or 

cytokines, as osteoblasts secrete molecules (M-CSF, RANKL/ OPG) 

some of which may have a stimulating or inhibiting role for osteoclasts 

(Chen et al., 2018; Kim et al., 2020).  

Selenium effects on the manufacture of parathyroid hormone 

related protein (PTHrP) have a role in the maturation of cartilage cells 

during the endochondral-ossification process (Ren et al., 2007; Yang et 

al., 2016), in addition to what the results of previous studies indicate in 

that the topical use of selenium has an important role in bone formation 
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and its high affinity property to calcium phosphate, which is like cement 

for bone formation (Liu et al., 2012; Vaquette et al., 2020; Xiao et al., 

2020).  

Therefore, the histopathological dynamics of radius bone healing in 

animals of the treated group in this study is faster when compared with 

the control group and these results are consistent with the results of the 

study of researcher (Al-Heeti et al., 2024) whom indicate the role of Se-

NPs for titanium implants in the growth, mineralization and maturation of 

bone in rabbits within six weeks.  

There is another metabolic pathway for selenoprotein as an 

antioxidant. It is known that the early stages of fracture healing lead to 

the release of reactive oxygen species (ROS), which are sequelae of 

inflammatory cell infiltration and the release of chemical mediators and 

cytokines, in addition to injury of blood vessels and tissues, which leads 

to cell death. These factors may affect the process of fracture healing 

(Kubo et al., 2019; Cotor et al., 2023), in addition to the excessive 

activity of osteoclasts, which is considered as a factor for increasing 

oxidative stress (OS), therefore, Se-NPs activates selenium proteins 

especially Lentinan-Se (LNT-Se), which shows cellular aggregation and 

accumulation and metabolic metabolism of the protein selenocysteine 

(SeCys 2), which is an important metabolic compound and an effective 

center for treating oxidative stress and removing free radicals. It is also an 

inhibitor of the NF-Kb-RANKL axis, which is important for the process 

of formation. and differentiation of osteoclasts (osteoclast genesis) (Zeng 

et al., 2013; Zou et al., 2024), in addition to role of seleno-proteins to 

stimulating Se dependent antioxidant enzymes such as glutathione (GPx) 

(Zhou et al., 2023). 
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Conclusions 

1- Local application of selenium nanoparticles on the fracture line has 

a good effect for acceleration the healing process of the distal 

radial fracture. 

2- Fiber glass cast tape proved its efficiency in fixation of distal radial 

fracture.              
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Recommendations 

1- Using of Se-NPs in combination with biomaterials. 

2- Make up micro computed tomographic examination to estimate the 

degree of ossification at the fracture site. 

3- Future studies should be focus on optimizing of Se-NP dosage in 

dogs. 

4- Comparison of Se-NPs with the other nanoparticles such as Ag or 

ZnO nanoparticles. 

5- Administration of Se-NPs orally or parenteral in addition to its 

local use. 

6- Molecular studies are required for further investigations. 
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      الخلاصة

 عظى  كسىر التئىت  فى  اليتيويىة السىيييييو   جسىياتت   دور  تقيىي   إلى   الدراسة  هذه  هدفت 

ت وعشرين أربعة استخدا  ت . الكلاب  ف  قتص ال  الكعبرة ت كيبىا ت بتلغىا  الدراسىة فى  سىريريات سىيياا

 التجريبيىة الحيوايىتت  تقسىي  تى . سىية( 0.5±  2) وعاىر كجى ( 0.5±    25)  بوزن  التجريبية،

 لكسر ةالتجرب الحيوايتت  جايع خضعت  العت ،  التخدير  تحت .  اتستويتين   اجاوعتين  إل   عشوائيات

 .سيك  ايشتر بتستخدا  الكعبرة عظ  ان قتص ال الجزء ف  ث د حا استعرض 

 أي  إضىتفة  دون  اسىتعرض ال  كسىرال  ترك  ت (  السيطرةاجاوعة  )  الأول   الاجاوعة  ف 

 الثتييىة  الاجاوعىة  فى   الزجتجيىة،  الأليىت   صىب   بشىريط  والتثبيىت   الارجتع  إجراء  ت   ث   اتدة،

 خىط عيى ( Se-NPs) اليتيويىة  السىيييييو   جسىياتت   وضىعب  الاعتلجىةتى   (  الاعتلجة  الاجاوعة)

 جسىياتت  تىثثير تقيىي  ت . الزجتجية الأليت  صب  بشريط والتثبيت   الارجتع  إجراء  ت ث     الكسر،

 السىييية بتلأشىعة والفحى   السىريرية الاراقبىة خىلا   اىن  الكسىر  التئىت   عي   اليتيوية  السيييييو 

اجىراء العاى   اىن والثىتان والسىتد  والرابىع الثىتي  الأسىبوع ف  الارض   اليسيج   والفح  

 .الجراح 

 الاعتلجة الاجاوعة ف  الطبيعية الحتلة إل  أسرع  عودة ليكلاب   السريري الفح    أظهر

 الطر   عي   الابكر  الوزن  وتحا   الابكر  العرج  اختفتء  خلا   ان  السيطرة  اجاوعة  اعاقترية  

 الاعتلجىة  الاجاوعىة  فى   أفضى   بشىك   الكسىر  التئىت   السىييية  بتلأشىعة  الفح    أظهر.  الاصتب 

ث  بعد  الالتئت ،خلا  زيتدة التفتع  الساحتق  ف  بداية  ان وذلك، السيطرة اجاوعة ان وأسرع

  السىيطرة.  ااىت فى  اجاىوع  أسىرعذلك زيتدة ف  تكوين الدشبذ وسرعة ف  اعتدة تشكي  العظ   

 لالتئىت  الجيىدة الاسىتجتبة حيىث   اىن  الاعتلجىة  الاجاوعىة  تفىو   الاجهىري  الفحى    أظهركات و

، وذلك ان خلا  تكوين الايسجة الغضروفية الييفية حو  ايطقة الكسر ف  يهتية الدراسىة الكسر

تفو  اجاوعىة   اظهر الفح  اليسيج  الاجهري  حيث عتد العظ  الشك  والحج  شبه الطبيع .  

ة فى  بتييىتت العظى  وقيىة الالتئت ، وزيتد بداية الايسجة الغضروفية الييفية ف    تكون  الاعتلجة ف 

ف  يتقضتت العظ  ف  الفتىرة الوسىطية اىع تكىوين يظىت  هىتفر  اىع التجاىع الايىتظ  ليخلايىت 

ح  الكثيى ، العظى  تئ، وفى  الاراحى  اليهتئيىة ظهىر العظى  الصىفالعظاية حو  قيوات هتفر 

 اليتضج الذي يحتوي عي  الخلايت العظاية داخ  فجواته.

 التئىت  وتعزز تسرع أن ياكن اليتيوية السيييييو  جسياتت  أن الدراسة  هذه  استيتتج  وكتن

 .القتص  الكعبرة كسر ف  العظت 
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