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1. General  
 
1.1 Bone anatomy and histology 
Bone is a specialised form of dense connective tissue which forms the main 
component of the skeleton in the adult human.  It is a dynamic biological tissue 
composed of metabolically active cells that are integrated into a rigid 
framework.The cellular components of bone consist of osteogenic precursor cells, 
osteoblasts, osteoclasts, osteocytes, and the hematopoietic elements of bone 
marrow 7, 8.  
 
Osteoprogenitor cells, or stem cells of bone, consist of undifferentiated stromal 
cells from which the osteoblasts are derived. They present on all nonresorptive 
bone surfaces, and they make up the deep layer of the periosteum, which invests 
the outer surface of bone, and the endosteum, which lines the internal medullary 
surfaces. Osteoprogenitors are induced to differentiate under the influence of 
growth factors, in particular the bone morphogenetic protein (BMPs). Aside from 
BMPs, other growth factors including fibroblast growth factor (FGF), platelet-
derived growth factor (PDGF), transforming growth factor beta (TGF-β) may 
promote the division of osteoprogenitors and potentially increase osteogenesis. 
The periosteum is a tough, vascular layer of connective tissue that covers the bone 
but not its articulating surfaces. The thick outer layer, termed the “fibrous layer,” 
consists of irregular, dense connective tissue. A thinner, poorly defined inner layer 
called the “osteogenic layer” is made up of osteogenic cells. The endosteum is a 
single layer of osteogenic cells lacking a fibrous component. 
 
Osteoblasts are mononucleate, mature and metabolically active cells that are 
responsible for bone formation. They secrete the organic portion of the bone matrix 
called osteoid. This osteoid contains water, collagen, non-collagenous protein, and 
proteoglycans and is an unmineralized organic matrix that subsequently undergoes 
mineralization, giving the bone its strength and rigidity. When the osteoid becomes 
calcified, the water is replaced by mineral 9. As their bone forming activity nears 
completion, some osteoblasts are converted into osteocytes whereas others remain 
on the periosteal or endosteal surfaces of bone as lining cells. This means 
osteoblasts avoid being buried by newly formed bone and remain on the same level 
as this new bone. It is believed that they are responsible for mineral transfer in and 
out of the bone. They are also believed to sense mechanical strain and to initiate 
bone remodelling in response to various chemical and mechanical stimuli10. 
Osteoblasts also play a role in the activation of bone resorption by osteoclasts. 
 
Osteocytes are the most abundant cells found in bone. They are mature osteoblasts 
trapped within the bone matrix. Osteocytes are networked to blood vessels and 
each other via long cytoplasmic extensions that occupy tiny canals called 
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canaliculi, which are used for the exchange of nutrients and waste. The space that 
an osteocyte occupies is called a lacuna (Latin for a pit). There are approximately 
15,000 lacunae per cubic mm of bone. Osteocytes are involved in the control of 
extracellular concentration of calcium and phosphorus, as well as in adaptive 
remodelling behaviour via cell-to-cell interactions in response to the local 
environment. 
 
Osteoclasts are multinucleated, bone-resorbing cells controlled by hormonal and 
cellular mechanisms. These cells function in groups termed “cutting cones” that 
attach to bare bone surfaces and by releasing hydrolytic enzymes, dissolve the 
inorganic and organic matrices of bone and calcified cartilage. Osteoclasts 
demineralize adjacent bone with acids and attack collagen fibres with enzymes. 
This occurs at a rate of approximately 10 um a day 9. This process results in the 
formation of shallow erosive pits on the bone surface called Howship 
lacunae11.Osteoclasts are formed by the fusion of cells of the monocyte-
macrophage cell line 12.Osteoclasts are regulated by several hormones, including 
parathyroid hormone (PTH) from the parathyroid gland, calcitonin from the 
thyroid gland, and growth factor interleukin 6 (IL-6). This last hormone, IL-6, is 
one of the factors in the disease osteoporosis, which is an imbalance between bone 
resorption and bone formation. Osteoclast activity is also mediated by the 
interaction of two molecules produced by osteoblasts, namely osteoprotegerin and 
RANK ligand. Note that these molecules also regulate differentiation of the 
osteoclasts 13. 
There are three primary types of bone: woven bone, cortical bone, and cancellous 
bone 7, 11. 
 
Woven bone is found during embryonic development, during fracture healing 
(callus formation), and in some pathological states such as hyperparathyroidism 
and Paget disease 8. It is composed of randomly arranged collagen bundles and 
irregularly shaped vascular spaces lined with osteoblasts. Woven bone is normally 
remodelled and replaced with cortical or cancellous bone 14. 
 
Cortical bone Cortical bone, also called compact or lamellar bone, is remodelled 
from woven bone by means of vascular channels that invade the embryonic bone 
from its periosteal and endosteal surfaces. It forms the internal and external tables 
of flat bones and the external surfaces of long bones. Compact bone consists 
almost entirely of extracellular substance, the matrix. Osteoblasts deposit the 
matrix in the form of thin sheets which are called lamellae. The primary structural 
unit of cortical bone is an osteon, also known as a haversian system. Osteons 
consist of cylindrical shaped lamellar bone that surrounds longitudinally orientated 
vascular channels called haversian canals. Horizontally oriented canals (Volkmann 
canals) connect adjacent osteons. The mechanical strength of cortical bone depends 
on the tight packing of the osteons. 
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Cancellous bone (trabecular bone) lies between cortical bone surfaces and consists 
of a network of honeycombed interstices containing haematopoietic elements and 
bony trabeculae. The matrix of trabecular bone is also deposited in the form of 
lamellae. 
However, lamellae in trabecular bone do not form Haversian systems. Lamellae of 
trabecular bone are deposited on pre-existing trabeculae depending on the local 
demands on bone rigidity. The trabeculae are predominantly oriented perpendicular 
to external forces to provide structural support 15. Cancellous bone is continually 
undergoing remodelling on the internal endosteal surfaces. 
 
1.2 Bone biochemistry 
The matrix is the major constituent of bone, surrounding the cells. It has inorganic 
and organic parts. By weight, bone is approximately 20% water 8.The weight of 
dry bone is made up of inorganic calcium phosphate (65–70% of the weight) and 
an organic matrix of fibrous protein and collagen (30–35% of the weight) 7,8. Bone 
is composed of five non-cellular materials in the extra-cellular matrix. These 
materials are collagen, hydroxyapatite minerals, non-collagenous proteins, 
proteoglycans and water. 
 
Organic elements of matrix is mainly composed of Type I collagen. Osteoid is the 
unmineralized organic matrix that is composed of 90% type I collagen and 10% 
ground substance, which consists of noncollagenous proteins, glycoproteins, 
proteoglycans, peptides, carbohydrates, and lipids 8. Osteoid is secreted by 
osteoblasts and makes up about fifty percent of bone volume and twenty-five 
percent of bone weight. The basic function of collagen is to provide structural 
strength with its fibril configuration. Collagen gives bone flexibility and tensile 
strength. The mineralization of osteoid by inorganic mineral salts provides bone 
with its strength and rigidity 9.The function of both non-collagenous proteins and 
proteoglycans is unclear. It is believed that proteoglycans function to control 
mineralization rate and location in bone. This is due to their calcium binding 
properties. Examples of non-collagenous proteins are osteocalcin, which is 
secreted by the osteoblasts, osteopontin and osteonectin. 
Water is mainly bound to collagen, due to the hydrophobic effects of the 
molecules. Also water can be found free in the bone matrix. It is the water that 
gives bone its compressive strength and viscoelastic properties 9. 
Inorganic elements form one half of the bone volume and two thirds of the dry 
weight of bone 10. The inorganic content of bone consists primarily of calcium 
phosphate and calcium carbonate, with small quantities of magnesium, fluoride, 
and sodium. The mineral composition is mainly hydroxyapatite crystals (Ca10 
(PO4)6(OH)2). These are rods or plates with hexagonal symmetry measuring 
approximately 50 x 50 x 400 A˚ and become deposited between collagen fibres of 
the osteoid. Calcification begins a few days after the deposition of organic bone 
substance (or osteoid) by the osteoblasts. Mineralisation involves osteoblasts 



 - 4 - 

secreting vesicles containing alkaline phosphatase. This cleaves the phosphate 
groups and acts as the foci for calcium and phosphate deposition. The vesicles then 
rupture and act as a centre for crystals to grow on. About 75% of the 
hydroxyapatite is deposited on the collagen molecules in the first few days of the 
process, but complete calcification may take several months. 
 
1.3 Regulators of bone metabolism 
Bone metabolism is under constant regulation by a host of hormonal and local 
factors. Three of the calcitropic hormones that most affect bone metabolism are 
parathyroid hormone, vitamin D, and calcitonin. Parathyroid hormone increases 
the flow of calcium into the calcium pool and maintains the body’s extracellular 
calcium levels at a relatively constant level. Osteoblasts are the only bone cells that 
have parathyroid hormone receptors. This hormone can induce cytoskeletal 
changes in osteoblasts. Vitamin D stimulates intestinal and renal calcium-binding 
proteins and facilitates active calcium transport. Calcitonin is secreted by the 
parafollicular cells of the thyroid gland in response to an acutely rising plasma 
calcium level. Calcitonin serves to inhibit calcium-dependent cellular metabolic 
activity. 
Bone metabolism is also affected by a series of proteins or growth factors, released 
from platelets, macrophages, and fibroblasts. These proteins cause healing bone to 
vascularize, solidify, incorporate, and function mechanically. They can induce 
mesenchymal-derived cells, such as monocytes and fibroblasts, to migrate, 
proliferate, and differentiate into bone cells. The proteins that enhance bone 
healing include the BMPs, insulin-like growth factors, transforming growth 
factors, platelet derived growth factor and fibroblast growth factor among others 16. 
The most well known of these proteins are the BMPs, a family of glycoproteins 
derived from bone matrix. Bone morphogenetic proteins induce mesenchymal cells 
to differentiate into bone cells. Although typically present in only minute quantities 
in the body, several BMPs have been synthesized using recombinant DNA 
technology and are currently undergoing clinical trials.Other proteins influence 
bone healing in different ways.Transforming growth factor– regulates 
angiogenesis,bone formation, extracellular matrix synthesis, and controls cell-
mediated activities. Osteonectin, fibronectin, osteonectin, and osteocalcin promote 
cell attachment, facilitate cell migration, and activate cells 9, 17, 18. 
 
1.4 Bone regeneration 
The principle of bone regeneration is independent of bone type (i.e. desmoid or 
chondral genesis) and how the defect came about. Three healing phases are 
observed for minor bone defects: early inflammatory phase, biological bone 
regeneration and remodelling. 
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1. Early inflammatory phase: 
In the early inflammatory phase the first change is the presence of blood cells 
within the tissues which are adjacent to the injury site. Soon the blood vessels 
constrict, stopping any further bleeding 1.Thrombocytes in this phase play an 
important role, since they are the first wound closure cells to become active in the 
area of tissue destruction. They control the inflammatory and immune reactions by 
releasing growth factors and cytokine like proteins. During the first few hours and 
days the extravascular blood cells, are known as a “hematoma” form a blood clot. 
All of the cells within the blood clot degenerate and die 2. Inflammatory cells 
(macrophages, monocytes, lymphocytes and polymorphonuclear cells) and 
fibroblasts infiltrate the bone under prostaglandin mediation. This results in the 
formation of granulation tissue, in growth of vascular tissue and migration of 
mesenchymal cells. Fibroblasts which were survived and replicated form a loose 
aggregate of cells, interspersed with small blood vessels which are called 
granulation tissue. This perfused, fibrous connective tissue replaces fibrin clot in 
the healing wound. Granulation tissue is composed of tissue matrix supporting a 
variety of cell types which can be associated with one of the following functions: 
 
Extracellular matrix: which is is created and modified by fibloblasts. Initially, it 
consists of a network of Type III collagen, a weaker form of the structural protein 
that can be produced rapidly. This is later replaced by the stronger, long-stranded 
Type I collagen, as evidenced in scar tissue. 
 
Immune system: The main immune cells active in the tissue are macrophages and 
neutrophiles although other leucocytes are also present. These work to phagocytize 
old or damaged tissue, and protect the healing tissue from pathogenic insult. This is 
necessary both to aid the healing process and to protect against invading 
pathogens, as the wound often does not have an effective skin barrier to act as a 
first line of defence. 
 
Vascularization: It is necessary for a network of blood vessels to be established as 
soon as possible to provide the growing tissue with nutrients, to take away cellular 
wastes, and transport new leukocytes to the area. Fibroblasts, the main cells that 
deposit granulation tissue, depend on oxygen to proliferate and lay down the new 
extracellular matrix. The primary nutrient and oxygen supply of this early process 
is provided by the exposed cancellous bone and muscle. The use of 
antiinflammatory or cytotoxic medication during this 1st week may alter the 
inflammatory response and inhibit bone healing. In vascularisation, also called 
angiogenesis, endothelial cells quickly grow into the tissue from older, intact blood 
vessels.These branch out in a systematic way, forming anastomoses with other 
vessels. It is during this stage that the presence of nicotine in the system can inhibit 
this capillary in growth 3, 4. 
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2. Biological bone regenerating or reparative phase 
In this phase the osteoprogenitor cells and osteoblasts become active in addition to 
the fibroblasts and angiogenetic cells and restore the bone to its original state. The 
periosteum is the primary source of precursor cells which develop into 
chondroblasts and osteoblasts that they are essential to the healing of bone. The 
bone marrow (when present), endosteum, small blood vessels, and fibroblasts are 
secondary sources of precursor cells. 
As vascular in growth progresses, a collagen matrix is laid down while osteoid is 
secreted and subsequently mineralized, which leads to the formation of a soft 
callus around the repair site. Osteoid bone is newly-formed ground substance that 
is secreted by osteoblasts and has not yet calcified (glycoproteins and 
proteoglycanes). Osteocytes which are derived from osteoblasts are completely 
surrounded by bone ground substance. The periosteal cells proximal to the fracture 
gap develop into chondroblasts and form hyaline cartilage. The periosteal cells 
distal to the fracture gap develop into osteoblasts and form woven bone. The 
fibroblasts within the granulation tissue also develop into chondroblasts and form 
hyaline cartilage 1. Woven bone is connective tissue, hardened and rigidified by 
inorganic and organic substances, with a random disposition of bone cells and 
collagen fibres. After formation of the callus, eventually the fracture gap is bridged 
by the hyaline cartilage and woven bone, restoring some of its original strength. 
Woven bone is weaker, with a small number of randomly oriented collagen fibres, 
but forms quickly. It is replaced by lamellar bone, which is highly organized in 
concentric sheets with a low proportion of osteocytes. Lamellar bone is stronger 
and filled with many collagen fibres parallel to other fibres in the same layer. The 
lamellar structures surround the vascular (Haversian) canals. Substitution of the 
woven bone with lamellar bone precedes the substitution of the hyaline cartilage 
with lamellar bone. The lamellar bone begins forming soon after the collagen 
matrix of either tissue becomes mineralized. At this point, "vascular channels" with 
many accompanying osteoblasts penetrate the mineralized matrix. These 
osteoblasts form new lamellar bone in the form of trabecular bone. Eventually, all 
of the woven bone and cartilage of the callus is replaced by trabecular bone, 
restoring much, if not all, of the bone's original strength. 
 
3. Biological remodelling: 
This process substitutes the trabecular bone with compact bone. The trabecular 
bone is first resorbed by osteoclasts which lyse bone with extracellular enzymes 
and absorb the products of this dissolution through pinocytosis. This osteoclastic-
enzymatic bone tissue lysis creates a shallow resorption pit known as a ‘Howship's 
lacuna’. The osteoblasts then deposit compact bone within the resorption pit. 
Eventually, the fracture callus is remodelled into a new shape which closely 
duplicates the bone's original shape and strength 5. Bone healing is completed 
during the remodelling stage in which the healing bone is restored to its original 
shape, structure, and mechanical strength. Remodelling of the bone occurs slowly 
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over months to years and is facilitated by mechanical stress placed on the bone. 
This process continuously takes place in healthy bone and is maintained by the 
interaction of bone-lysing osteoclasts and bone-building osteoblasts. The bone 
mass is maintained in a continuous process of bone structure adaptation to 
biomechanical load according to the principles of Wolff’s law of transformation: 
The bone trabecules always arrange themselves along the load lines to bear the 
applied forces 6.  
 

2. Bone graft substitute materials 
 
Introduction 
2.1 Bone graft substitute materials 
The filling of a bone defect is a significant issue in each day of clinical work. 
Restitutio ad integrum is achieved in minor defects through biological self healing. 
Self healing is limited by the size of the defect. In larger defects where the 
organism is unable to heal itself, the restoration of the original condition must be 
the objective of the therapy. Bone tissue is unable to regenerate defects larger than 
1 mm in a single step. Weeks or even months are required to heal bone defects 
larger than 3 mm 20. 
In many cases, the intended implant site is compromised because of poor bone 
quality (i.e., low bone density, in the case of highly cancellous bone, or low 
vascularity, in the case of primarily cortical bone) or insufficient quantity of bone 
(in terms of the width or height of the alveolar ridge). Lack of sufficient alveolar 
ridge height is often related to the proximity of the implant site to other anatomical 
structures (i.e., the maxillary sinus or the mandibular canal). In these situations 
separate preparatory procedures may be required to augment the available volume 
of bone before placement of the implant, using bone graft substitute materials 122. 
Bone grafts are necessary to provide support, fill voids, and enhance the biologic 
repair of skeletal defects. They are used by orthopaedic surgeons, neurosurgeons, 
craniofacial surgeons and periodontists. Today, the trend is towards bioresorbable 
materials which are resorbed within a relatively short period simultaneously with 
autogenous bone formation. They are preferably termed bone regeneration or 
augmentation materials. 
 
There are several physiological properties of bone grafts which can directly affect 
the success or failure of graft incorporation. These properties are osteogenesis, 
osteoinduction, and osteoconduction 18. They are descriptive models or concepts 
involved with bone healing and regeneration. These terms may also be used to 
describe and classify the biological properties and clinical effects of graft 
materials. 
 
Osteogenesis is the ability of the graft to produce new bone, and this process is 
dependent on the presence of living bone cells in the graft. Cells with osteogenic 
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potential include endosteal or cambial osteoblasts, perivascular cells, and 
undifferentiated stem cells from the bone and bone marrow. Osteogenic graft 
materials contain viable cells with the ability to form bone (osteoprogenitor cells) 
or the potential to differentiate into bone-forming cells (inducible osteogenic 
precursor cells). These cells, which participate in the early stages of the healing 
process to unite the graft with the host bone, must be protected during the grafting 
procedure to ensure viability. Osteogenesis is a property found only in fresh 
autogenous bone and in bone marrow cells, although the authors of radiolabelling 
studies of graft cells have shown that very few of these transplanted cells survive 
19. 
 
Osteoconduction is the physical property of the graft to serve as a scaffold for 
viable bone healing 52. Osteoconduction is a three-dimensional process that is 
observed when porous structures are implanted into or adjacent to bone. It allows 
for the in growth of neovasculature and the infiltration of osteogenic precursor 
cells into the graft site. Osteoconductive materials may also stimulate the 
recruitment and migration of potentially osteogenic cells to the site of matrix 
formation 21.Clinically, osteoconduction results in bone growth within a defect or 
on a surface which may otherwise repair with soft tissue. Osteoconductive 
properties are related to structural and material properties (porosity, pore size, 
shape, particle size, crystallinity) that influence cell attachment, migration, 
differentiation and vascularization. There have been a number of investigations 
which sought to identify the proper pore size for a tissue engineering scaffold, with 
results showing that pores ranging from 80 to 500 µm to be viable 22,23. 
Osteoconductive properties are found in cancellous autografts and allografts, 
demineralized bone matrix, hydroxyapatite, collagen, polymers (HTR Polymer) 
bioglass and calcium phosphate 19. 
 
Osteoinduction is the ability of graft material to induce stem cell differentiation 
into mature bone cells, or in more detail to induce differentiation of 
undifferentiated pluripotential cells toward an osteoblastic phenotype. The 
phenomenon of osteoinduction was first described in the classic works of Urist 49, 

50,51. Clinically, implantation of an osteoinductive material stimulates bone 
formation; even in an ectopic site such as muscle.This process is typically 
associated with the presence of bone growth factors within the graft material or as 
a supplement to the bone graft. Bone morphogenic proteins 24,25,26,27 and 
demineralized bone matrix are the principal osteoinductive materials. To a much 
lesser degree, autograft and allograft bone also have some osteoinductive 
properties 19. 
Several osteoinductive agents which are generally proteins have been identified. 
Among these compounds are transforming growth factor (TGF-) 24, fibroblast 
growth factors (FGFs) 28,29, insulin-like growth factors (IGFs) 30, and platelet-
derived growth factors (PDGFs) 31. 
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Bone Morphogenetic Proteins (BMP), are low-molecular-weight non-
collagenous glycoproteins that belong to an expanding TGF- super family of at 
least 15 growth and differentiation factors 96. They are known for their ability to 
induce the formation of bone and cartilage 97,98. BMP makes up only 0.1% by 
weight of all bone proteins and acts as an extracellular molecule that can be 
classified as a morphogen, as its action recapitulates embryonic bone formation. 
The human BMP is now produced by using recombinant techniques (rhBMP). 
Therefore, the available protein is free from the risk of infection or allergic 
reaction. Interestingly the amount of human rhBMP necessary to produce bone 
induction in vivo is more than ten times higher than that of highly purified native 
bone extracted BMP 99, suggesting that native BMP is a combination of different 
BMP’s or represents a synergy between them 100. Large and small animals have 
been used to study the influence of BMP on bone regeneration 101,102,103. BMP has 
demonstrated the ability to heal many different varieties of critical sized defects 
including cranial vault defects, long bone defects and mandibular continuity 
defects 104,105,106 without the addition of a bone graft. Since morphogen BMP is 
rapidly absorbed into the surrounding tissues, many different carrier vehicles have 
been used to deliver BMP. The reaction of the soft tissues with notable edema, 
erythema and inflammation is the most remarkable problem with the use of BMP’s 
107. Therefore The effects of BMP must be regulated. There is increasing evidence 
that serum protein fetuin may serve as one regulator of BMP’s effects 107,108. 
 
Transforming Growth Factor (TGF-β) is a osteopromotor protein agent which 
participates in all phases of bone healing 109. TGF-β is the most extensively studied 
growth factor in the field of bone biology. It comprises an entire family of 
molecules that includes the BMPs. In an animal study, it was found that BMP, and 
not TGF-β, enhanced bone formation 114. TGF- β may be more effective than BMP 
in those situations where enhanced bone healing is preferred to bone induction 95. 
 TGF-β is chemotatic for bone forming cells, stimulating angiogenesis and limiting 
osteoclastic activity at the revascularization phase. Once bone healing enters 
osteogenesis then TGF- β increases osteoblast mitoses, regulating osteoblast 
function and increasing bone matrix synthesis, inhibiting type II collagen but 
promoting type I collagen. Finally, during remodelling it assists in bone cell turn-
over 107-113.  
 
Platelet-Derived Growth Factor (PDGF) is dimeric glycoprotein growth factor 
that regulates cell growth and division by playing a role in embryonic 
development, cell proliferation, cell migration and angiogenesis. In particular, it 
plays a significant role in blood vessel formation (angiogenesis), the growth of 
blood vessels from already existing blood vessel tissue, and is known to stimulate 
the reproduction and chemotaxis of connective tissue cells, matrix deposition 
115,116. It was shown that PDGF had a stimulatory effect on fracture healing in 
rabbit 31.  
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Insulin-like growth factor (IGF) is a polypeptide that is secreted from many 
different cells. Their designation as "insulin-like" is due to the fact that they have 
high sequence similarity to insulin. Treatment of serum with antibodies to insulin 
failed to eliminate all insulin activity; the remaining activity was ultimately 
ascribed to the IGFs. Due to their growth promoting activity, they were formerly 
called somatomedins. Insulin-like growth factor 1 (IGF-1), is mainly secreted by 
the liver as a result of stimulation by growth hormone (GH) and is important for 
promotion of cell proliferation and the inhibition of cell death (apoptosis). Insulin-
like growth factor 2 (IGF-2) is thought to be a primary growth factor required for 
early development and may be primarily fetal in action, it is also essential for 
development and function of organs such as the brain, liver and kidney. PDGF and 
IGF have shown an ability to work together during the reparative stages of bone 
healing in defects associated with dental implants and teeth 117,118,119. 
 
Platelet rich plasma (PRP) is a modification of fibrin glue made from autologous 
blood and is used to deliver growth factors in high concentration to sites requiring 
osseous grafting. Calcium ions, resulting from the dissociation of bone 
augmentation material in the blood fluid, especially encourage the activation of 
thrombocytes.  Growth factors released from degranulated platelets include PDGF, 
TGF-β, platelet-derived epidermal growth factor, platelet-derived angiogenesis 
factor, IGF-1 and platelet factor 4. These factors signal the local mesenchymal and 
epithelial cells to migrate, divide, and increase collagen and matrix synthesis 121. 
PRP has been suggested for use to increase the rate of bone deposition and quality 
of bone regeneration. They are the potential source of concentrated platelets that 
could be used in bone regeneration 120. PRP contains 500,000 to 1,000,000 
platelets, which are mixed with a thrombin/calcium chloride (1,000units/10%) 
solution to form a gel 120. This gel when used in combination with autogenous 
bone, reportedly causes PRP to increase the maturation rate of a bone graft and 
increase the bone density of the graft 120. 
 
Basic fibroblast growth factor (bFGF) in normal tissue is present in basement 
membranes and in the sub endothelial extracellular matrix of blood vessels. It has 
been hypothesized that bFGF is activated by heparan sulphate-degrading enzyme 
and promotes angiogenesis. Additionally, bFGF is a critical component of human 
embryonic stem cell culture medium, which is necessary for the cells to remain in 
a undifferentiated state. Hyaluronic acid (Hy) is a viscoelastic polymer found 
throughout the body that cushions and protects soft tissues. The synergistic 
combination of bFGF and Hy appears to accelerate the fracture healing process.  
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2.2 Classification of bone grafting materials based on source 
Autograft: also called autogenous or autologous, refers to a transplant of viable 
cortical or cancellous bone 53,54,55 from one location to another within the same 
patient. It is a gold standard grafting material for osseous regeneration, fulfilling all 
essential physicochemical and biological properties of ideal bone graft 32, 33. It is 
osteogenic (living cells such as osteocytes or osteoblasts within a donor graft form 
new bone at the implantation site), osteoinductive (as bone matrix is broken down 
BMP are released and stimulate attraction, differentiation and proliferation of host 
mesenchymal stem cells into bone-forming osteoblasts), osteoconductive (the 
remaining non-vital bone matrix provides an scaffold which osseous tissue can 
regenerate bone by means of vascularization), biomechanically stable, disease free 
and contain no antigenic factors 34. Autologous bone is typically harvested from 
intra-oral sources such as mandibular symphysis, maxillary tuberosity, ramus, 
exostoses and debries from an implant osteotomy or extra-oral sources such as iliac 
crest, cranial vault and ribs 56,57. Cancellous bone contains a higher percentage of 
cells, and therefore has more osteogenic potential. Conversely, cortical bone is 
believed to have higher levels of BMP's, and is useful when structural support or 
three-dimensional augmentation is required. The disadvantages of autografts 
include the need for a separate incision for harvesting, increased operating time 
and blood loss, the risk of donor-site complications, post-operative pain and the 
frequent insufficient quantity of bone graft. 
 
Allograft: refers to a transplant of non-vital osseous tissue from genetically no 
identical members of the same species. It has low or no osteogenicity, increased 
immunogenic activity and resorbs more rapidly than autogenously bone. In clinical 
practice, fresh allografts are rarely used because of immune response and the risk 
of transmission of disease. Bone allograft has the advantage of being available in 
far larger quantities than autograft and lack of additional morbidity to harvest the 
graft; however, the treatment process the bone goes through following harvest, 
which usually involves deep-freezing and may also involve demineralization, 
irradiation and/or freeze-drying, kills living bone or bone marrow cells. This 
significantly reduces the immunogenicity (risk of graft rejection) such that no anti 
rejection drugs are needed and, combined with appropriate donor screening 
practices, these processing and preservation practices can significantly reduce the 
risk of disease transmission. Despite this processing, cancellous allograft bone 
retains its osteoconductive properties. Furthermore, certain processing practices 
have been shown to also retain the acid-stable osteoinductive proteins in cortical 
bone grafts, so that many bone allografts can be considered both osteoconductive 
and only weakly osteoinductive. The disadvantages of allograft include delayed 
vascular penetration, slow bone formation, accelerated bone resorption, and 
delayed or incomplete graft incorporation 35,36,37. Although transmission of 
infection and lack of histocompatibility are potential problems with allograft bone, 
improved tissue-banking standards have greatly reduced their incidence.  
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Demineralized freeze-dried bone is sourced from human cadavers screened for 
malignancy, HBV, HCV, HIV and associated lifestyle factors that place the 
recipient at risk for infectious disease. The risk of transmitting HIV with a properly 
screened demineralized freeze-dried bone allograft has been calculated to be 1 in 
2.8 billion 58. It is believed to have osteoinductive activity due to the presence of 
bone morphogenetic proteins 41 which was first demonstrated by Urist using 
animal models in the 1960’s 40. However, recent evidence suggests that this 
phenomenon is not universal among products from the various bone banks around 
the country 42. It has been shown that the processing techniques and sterilization 
methods used may affect BMP activity, and there are those who suggest that 
exposing the bone to irradiation or ethylene oxide sterilization renders the BMP's 
inactive 59,60. Donor age has also been shown to be a variable which may affect the 
amount of active BMP’s within a given allograft.  
Mineralized freeze-dried human bone allograft is available as cortical or cancellous 
granules. Due to the presence of a mineralized matrix, the graft is denser and the 
turnover time (resorption time) of this material is extended when compared to 
demineralized bone which may be of clinical benefit in larger defects in terms of 
gaining increased volume. Based on theory, the mineralized component must be 
resorbed in order to expose the BMP's and make them biologically active, the 
dissadventage of this type of graft is less bioavailabilty and activity of BMP's. 
 
Xenograft: also called heterograft refers to a skeletal tissue that is harvested from   
an animal of one species and transferred to the recipient site of another species 
61,62, such as the use of inorganic bovine bone or bovine collagen in human subjects 
63,64. Xenograft bone could be processed to be safe for transplantation in a human 
host 38. It has the same inherent problems as allografts, and being from a different 
species, it may cause even more pronounced immunological problems.  
Coralline hydroxyapatite is a naturally derived graft material prepared from sea 
coral. Corals made by marine invertebrates have skeletons with a structure similar 
to both cortical and cancellous bone, with interconnecting porosity 43. Porites and 
Goniopora are the only two genera of corals meeting the required standards of pore 
diameter and interconnectivity 23. Natural coral or biocoral are slowly resorbing, 
porous, coralline graft material in the form of aragonite (>98% CaCO3) 
manufactured directly in calcium carbonate form which is not altered by 
processing. The other process is Replamineform process that converts calcium 
carbonate to hydroxyapatite. The material is essentially pure HA, with the balance 
consisting of TCP and is osteoconductive in its mechanism of action. They are 
simultaneously incorporated into the human bony skeleton and replaced by human 
bone. The enzyme carbonic anhydrase, liberated by osteoclasts is responsible for 
the breakdown of this material. The time for total replacement of this implant by 
bone in the human craniofacial skeleton is approximately 18 months 67.The natural 
porosity of the material facilitates cell attraction and in growth while the structural 
density prevents rapid resorption of the particle. They are brittle, difficult to 
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maintain micropores and highly potential for infection. 
Anorganic bovine bone is a naturally derived hydroxyapatite originated from cows. 
Currently there are two processes used to prepare theses materials: one is low 
temperature (300°C) chemical extraction of organic components used by Bio-Oss., 
which maintains the exact trabecular architecture and porosity of the original bone 
and the other is high temperature (1100°C) sintering process used by Osteograft/N 
results in fusion of bone crystallites which possesses a large, non homogeneous 
crystal morphology, with decreased porosity and surface area. Bio-Oss provides 
the body with an osteoconductive matrix for bone cell migration and is integrated 
into the natural physiologic remodelling process due to preservation of the 
trabecular architecture and fine crystalline structure of the natural bone. The graft 
will undergo physiologic remodelling and become incorporated into bone over a 
period of time 44. Their disadvantage is the concern with the possibility of future 
bovine spongiform encephalopathy due to potential slow virus transmission in 
bovine-derived products 65, 66. 
 BIO-GEN® It is a natural bone conductive material without collagen, 
deantigenised and derived from equine bone, which is completely absorbable. It 
elevates level of bone genesis thanks to the absence of the calcification process 
within the production process, that occurs through physical and chemical processes 
at a maximum temperature of 130°C in a humid environment. The final bone 
tissue, constituted of bone mineral matrix which is unmodified at the atomic 
structural level. The absorption time of spongy granular  is 4-6 month and cortical 
granular type is 8-12 month. Granular mix is made up of a calibrated mixture of 
cortical and spongy bone tissue with cortical grains of 0.5 mm and spongy grains 
of 1 mm. 
 
 Alloplast: refers to implantation of synthetic materials which are available in 
different forms with variable density, porosity and crystallinity, all of which are 
dependent on the manufacturing process. Synthetic materials consist entirely of 
defined chemical substances and with consideration with regards to material risks 
of infection, immunological risk and physiological intolerance they are produced 
by suitable synthetic methods. An optimum synthetic bone augmentation material 
must fulfil certain requirements: (In the early healing phase, while an inflammatory 
reaction is acute, the material must remain stable. It must not disintegrate or lose 
stability due to lysis or dissolving), porosity (this requires macropores >100 μm 
85,150-152, and micropores ≥ 5 μm 153 to ensure progressive angiogenesis), primary 
grain size (during the sintering process, particles are fused to each other by 
sinternecks,and thus ensure the mechanical stability of the structure as well as an 
interconnective microporosity. Primary grains size must be > 10 μm to avoid 
cellular degradation processes 154), purity of phase (ensure uniform resorption 
behavior and complete degradation), and homogeneous solubility (provides a 
constant physiological concentration of calcium and phosphate ions which can be 
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assimilated by the bone-forming osteoblasts and processed in the anabolic 
metabolism). 
 Used alone as a single graft material, these materials can result clinically in 
improved bone density, and can lead to more complete bone fill of defects via 
osteoconduction. These materials are osteoconductive only, and as such, 
autogenous bone or an osteoinductive material should be combined with them 
when treating large defects or in defects with incomplete walls. Degradation of 
these materials occurs either by solution mediated or cell mediated resorption 
depending on the material used, graft volume, physical environment, number of 
adjacent bony walls, patient age, and local vascularity 39. 
 
Hydroxyapatite (HA) (Ca10(PO4)6(OH)2) is a primary inorganic, natural component 
of bone, comprising about 65% of the calcified skeleton and 98% of dental enamel, 
with Ca:P ratio of 10:6. Hydroxyapatite in the mineral phase of bone is a natural 
biomimetic biomaterial. BMPs bind to collagens I and IV, heparin sulfate, heparin 
and hydroxyapatite 45, 46. The geometry of the hydroxyapatite is critical for delivery 
of BMPs for bone induction. In subhuman primates hydroxyapatite appears to be 
osteoinductive 47. It is likely that BMPs in circulation in the vascular system may 
bind to hydroxyapatite and secondarily induce bone formation. Thus, an 
osteoconductive biomaterial such as hydroxyapatite progressively becomes an 
osteoinductive substratum 48.Hydroxyapatite is a ceramic that depending upon its 
ability to resorb, can be divided into two groups 68,69,70,71. Low-density HA is an 
amorphous and readily resorbable material which is used as a plasma sprayed, 
applied to implant surface. Hydroxyapatite coating of metal surfaces enhances 
ingrowth and direct bonding of bone to porous surface 81, 82. Dense HA has higher 
crystallinity and lower restorability which results in excellent long term ridge 
maintenance and soft tissue support. The mechanism of action is via 
osteoconduction and the material exhibits bioactivity. HA can be also classified 
according to their internal pore size 72,73. HA is brittle and its strength decreases 
exponentially with increase in porosity therefore implants can not be placed in a 
HA-treated ridge. Granular migration and incomplete resorption are other 
dissadvantages of HA 74, 75, 76.  
 
Tricalcium Phosphate (TCP) (Ca3(PO4)2) like hydroxyapatite is a synthetic calcium 
phosphate ceramic with a different stoichiometric profile 77,78. TCP is 
bioabsorbable and biocompatible material which is used in a variety of orthopaedic 
and dental applications since 1981. Osteoconduction is facilitated by the porous 
nature of the particles, with bone growth said to occur within and throughout the 
porous matrix. The mechanism of the effect of tricalcium phosphate is explained 
by an enrichment of the microenvironment by the biodegradable material and 
release of ions of calcium and phosphor which stimulates the activity and 
proliferation of cells 156. The increased concentration of calcium and phosphate 
ions leads to the formation of carbonate apatite which is similar to bone apatite 
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which binds directly to the bone 155,156. . It is important to remember that the two 
crystal modifications -TCP and β-TCP show pronounced differences as to the 
mechanism and kinetics of resorption. α-TCP in contact with tissue fluid at 37 °C 
completely transforms into calcium deficient hydroxyapatite 79 and is therefore not 
resorbed completely 80.The particles of  β-TCP are eventually resorbed and 
replaced by host bone in 9 to 12 months. To ensure a complete and timely 
resorption of TCP, it demands a phase purity of more than 95%. Two known 
examples of tricalcium phosphate preparations in the market are Bioresorb and 
Cerasorb 
 
Bioglass or Bioactive glass is an amorphous synthetic material composed of 
calcium phosphate, sodium, and silicon. These materials have the ability to 
chemically bond with bone 83 and been used in dentistry as restorative materials 
such as glass ionomer cement. Hydroxycarbonate apatite is a bioactive layer which 
formed by biochemical transformation following implantation and is thought to be 
responsible for bone cell attraction and bonding. Bioactive glasses may have 
osteoinductive properties and have been tested in animal trials 84. Turnover and 
resorption of bioactive glass is an area of controversy. Bioglass materials have 
been used extensively in periodontal regeneration with good results 85,86. The 
primary indication of these materials is for the repair of small, localized intrabony 
defects. 
 
Calcium Sulphate (CaSO4) also called Plaster of Paris or Gypsum, is a biologically 
inert, resorbable osteoconductive material. Their first internal use to fill bony 
defects was reported in 1892 by Dressmann 87. The application of Plaster of Paris 
as bone void filler, and the use of antibiotic-laden plaster in the treatment of 
infected bony defects, has been supported by various studies 88,89,90,91. Calcium 
sulphate resorbs quickly (4 to 8 weeks). Medical grade calcium sulphate is 
crystallised in highly controlled environments producing regularly shaped crystals 
of similar size and shape. It possesses a slower, more predictable solubility and 
reabsorption 96. 
 
Polymer is a large molecule composed of many smaller repeating units (the 
monomers) bonded together. They are non-biologic materials and have the 
advantage of the ability to control all aspects of the matrix, avoidance of 
immunologic reaction, and excellent biocompatibility. Polylactic acid (PLA) and 
Polyglycolic acid (PGA) polymers have been used extensively as suture materials 
92, and biodegradable fracture fixation implants 93,94. They can be integrated with 
growth factors, drugs, and other compounds to create multiphase delivery systems. 
The turnover rate and resorbability of this material is not clearly understood. The 
future of bone regeneration could lie with this class of synthetic materials 95. 
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2.3 Property requirements of bone augmentation materials: 
The ideal bone substitute material should have properties similar to that of human 
bone. Bone augmentation materials used to support the biological bone 
regeneration process must fulfil various functions in the different phases of 
regeneration (please refer back to ‘Bone remodelling’ on pg 6). 
 
In the early inflammatory phase the bone substitute materials must have the 
following properties: 
 
- Biocompatibility of bone augmentation: displays a very high integration within 
the natural bone without any soft tissue encapsulation or pathological reactions. 
Possible effects of biomaterials on the living environment due to a lack of blood 
compatibility are thrombogenicity, and the induction of haemolysis. In addition, 
the biomaterial must not be carcenogenic, immunogenic, antileukotactic or 
mutagenic. In turn, the environment should not cause degradation or corrosion of 
the biomaterial that would result in loss of physical and mechanical properties. No 
synthetic material will be completely harmonious or inert with the living 
environment, however, materials do have different levels of inertness. 
There are many factors which influence biocompatibility. 
For a material to be deemed biocompatible, any adverse reactions which may 
ensue at the blood/material or tissue/material interface must be minimal. This 
requires a biomaterial to interact as a natural material would in the presence of 
blood and tissue. Materials should not: 
- Cause thrombus formations  
- Destroy or sensitize the cellular elements of blood  
- Alter plasma proteins (including enzymes), so as to trigger undesirable reactions  
- Cause adverse immune responses  
- Cause cancer  
- Cause teratological effects  
- Produce toxic and allergic responses  
- Deplete electrolytes  
- Be affected by sterilization  
 
At present date, there are no known materials which totally satisfy these criteria so 
when a foreign material is placed into a biological environment, inevitable 
reactions occur which are detrimental to both host and material. 
 
Materials all possess inherent morphological, chemical, and electrical surface 
qualities which elicit reactionary responses from the surrounding biological 
environment. In fact, biocompatibility can be described as multifactorial in that 
simultaneous stimuli from any of these material properties can affect the host 
response.  
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- Osteoconductivity: allows bone to directly grow into the interconnecting pores 
prior to the resorption process. (Please refer back to ‘osteoconduction’ on pg 8). 
 
- Haemostatic effects: Refers to the ability of the augmentation to prevent or absorb 
blood from the surrounding tissue. This often means the material used is open-
pored and designed to take up body fluids, so that undesired body fluids are 
withdrawn from the area surrounding the defect. This leads, for example, to 
possible seromas or accumulations of fluid being limited to the area of the 
projection of the material and to fibrin deposition in this area with optimized 
wound healing; haemostatic effects are also obtained.  
 
- Encouragement of angiogenesis: Angiogenesis is a physiological process 
involving the growth of new blood vessels from pre-existing vessels. Angiogenesis 
is a normal process in growth and development, as well as in wound healing. 
Examples of such bone augmentation materials are Fibrin implants containing 
“vascular endothelial growth factor (VEGF)”.  VEGF from fibrin implants may 
present a therapeutically safe and practical modality to induce local angiogenesis. 
The encouragement of angiogenesis can also be achieved by implanting gelfoam 
sponges saturated with different angiogenic growth factors. 
 
-Porosity: consist of percentage porosity, pore diameter, interconnecting pore 
diameter, orientation of pores. Surgically installed bone augmentation as 
replacements for bone sections, load bearing joints, roots of teeth and the like must 
be structurally sound, capable of knitting into existing bone structure and 
chemically compatible with body tissue and fluids. Bone knitting and tissue 
attachment to the material is encouraged by employing structures containing 
sufficient, correctly sized porosity to provide a penetrable host for the infusion and 
growth of new tissue and bone material. From a biomedical point of view, a bone 
augmentation material must feature porous connectivity to ensure progressive 
angiogenesis (penetration of the bone augmentation material by blood vessels). 
This requires macropores >100 μm (Klawitter et al. 1971, Eggli et al. 1987, 
Cornell 1999, Nasr et al. 1999) and micropores ≥ 5 μm (Foitzik and Merten 1999). 
In granular materials the macropores are primarily formed by the intergranular 
spaces. Rounded granules provide a good basis for macropore formation. In 
molded pieces, predetermined macropores (i. e. with a defined diameter) are the 
ideal pre-requisite for rapid angiogenesis in the bone. 
Currently, calcium phosphate cements (CPCs)--water-based pastes of powdered 
calcium and a phosphate compound that form hydroxyapatite, a material found in 
natural bone are used for reconstructing or repairing skeletal defects, but only in 
bones that are not load-bearing (such as those in the face and skull). Macropores 
built into the CPCs make it easier for new bone cells to infuse and, eventually, 
solidify the implant. Until this happens, however, the macropores leave the implant 
brittle and susceptible to failure.  
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- Physical stability: strength needs to be high enough to resist fragmentation before 
the cells synthesizes their own extracellular matrix. Modulus of elasticity or 
stiffness needs to be high enough to resist compressive forces that would collapse 
the pores. In the early healing phase, whilst an inflammatory reaction is acute, the 
material must remain stable. It must not disintegrate or lose stability due to lysing 
or dissolving. Premature disintegration into micro particles provokes the activity of 
phagocytozing macrophages and polymorphic polynuclear cells and thus 
intensifies the nonspecific immune defense reaction which is detrimental to 
regeneration. 
 
There are various methods of strengthening and stabilizing a bone augmentation. 
An altogether different technique for enhancing bone density at the region of the 
implant, involves effectively transferring loading stress from an implant to the 
surrounding bone through the use of an implant having a tapered body shape. 
Application of a vertical force on the tapered implant produces a sheer force 
component in addition to the normal force component acting on the surrounding 
bone. 
So in conclusion the augmentation material must be hard enough to withstand 
forces from surrounding structures and at the same time be porous enough to allow 
the growth of bone in to it, this is achieved by many different methods. For 
example by the use of material consisting of different layers, all having different 
rolls in the process of bone growth. The material used must have slight elastic 
properties that prevent it from cracking when under stress. 
 
- No stimulation of immune reaction: Another factor of great importance when 
selecting the bone substitution materials is that the material cannot stimulate the 
immune system to react to its presence. If the immune system reacts to the foreign 
bodies presence as something that should not be there it will reject it preventing 
any interaction between the material and the bone. To achieve the wanted effects 
and prevent the immune system from reacting different methods are used, such as 
autograft or autogenous bone graft. (Please refer to ‘Classification of bone grafting 
materials based on source’ on pg 10). 
 
 
- No pathological concentration of chemical substances 
 
 
In the reparative phase of bone healing, the substitute materials must have the 
following properties: 
 
- Simultaneous resorption for the purpose of bone regeneration: excessively rapid 
degradation rate does not allow the proper regenerative processes to occur. If too 
slow however, degradation rate interferes with remodelling. 
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- No pathological pH values 
 
-Physiological supplementation with growth factor (Please refer back 
to´osteoinduction´on pg 8) 
 
- Osteoinductivity (Please refer back to 'osteoinduction' on pg 8) 
 
 
In the biological remodelling phase the bone substitute materials must have the 
following properties:  

 
- Complete resorption of the material: An ideal bone augmentation material adapts 
its resorption rate to the surrounding conditions. The time required for final 
resorption is also the crucial quality criterion of the bone augmentation material. It 
should fulfil its space holder function only until the bone can regenerate itself, so 
that it can react to changing biomechanical loads freely and undisturbed by 
remodelling. 
 
- No disturbing influence on biological remodelling 
 
2.4 Indications and usage of bone substitute materials in dentistry: 
.         Augmentation or reconstruction of the alveolar ridge 
.  Elevation of the maxillary sinus floor (sinus lift) 
.         Filling of extraction sockets to enhance preservation of the alveolar ridge: 

Extraction of teeth may result in 40% to 60% alveolar bone loss in a period 
of two to three years 132. 

. Filling of periodontal defects  

.  Filling of peri-implant defects 

.  Filling of defects after root resection, apicectomy and cystectomy  
 
2.5 Experimental studies using augmentation materials: 
 

2.5.1 Study of statistical data of augmentation materials- Experiment 1 
 
Aim 
To determine the most common indicators for using a particular type of 
augmentation material and to obtain some statistical data concerning 3 different 
bone substitute materials as well as providing radiographic images of some 
patients treated by augmentation materials which is useful for clinical practice. 
 
Materials and Methods 
This study is based on the statistical data of different augmentation materials as 
used when indicated in patients of the Maxillofacial Surgery Department, Faculty 
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Hospital in Pilsen, during the period of 2003-2007. 
 
During this period we treated 19 patients with 3 different augmentation materials; 
Biogen, Bioresorb and Cerasorb. 
 
It is worth mentioning that 1 patient could have been treated by different 
augmentation materials or by one augmentation material in different regions of the 
jaw. In such an instance we record the result as a case rather than an individual 
patient. 
 
We compiled the data obtained, into a form that one can easily interpret, and the 
results can be seen below as graphs and pie charts. We focused on the number of 
patients being treated with any given augmentation material, the indications for use 
of augmentation materials, as well as whether the sex of the patient was a 
determining factor.  
 
Results 
 

 

Graph 1 
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Graph 2 

 

 

Graph 3 
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Graph 4 

 

Graph 5 
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Graph 6 

 

 

Graph 7 
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Graph 8 

 

 

Graph 9 
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Graph 10 

 

 

Graph 11 
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Graph 12 

 

 

Graph 13 
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Graph 14 

 

 

Graph 15 
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2.5.2 Radiographic images of 4 patients treated with different augmentation 
materials:  

Patient 1 

Fig 1. Panoramic radiograph taken before bilateral 
sinus lift operation. 

Fig 2. Panoramic radiograph taken after sinus lift 
using Cerasorb, and insertion of two implants at 

(26, 15). 

Patient 2 201
 

Fig 3. Atrophy of alveolar ridge (44- 31) after 
marginal resection of mandible due to 

osteosarcoma. 

Fig 4. Augmentation of alveolar ridge, using 
Distractor and Biogen 

 

Fig 5. Inserted 3 nanoimplants. 2 years after 
augmentation. 

 

Fig 6. Clinical photo documentation. 2 years after 
augmentation. 
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Patient 3 

Fig 7. Panoramic radiograph taken before root 
resection of 44. 

 

Fig 8. Panoramic radiograph after root resection of 44 
and with defect filled with Cerasorb. 

 
Patient 4 

Fig 9. Teeth 37, 47 indicated for extraction due to 
periapical inflammation. 

 

Fig 10. Extraction sockets filled by biogen. 

 
 

 

Fig 11. Two years after augmentation. 
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Discussion and Conclusion  
The choice of augmentation materials was dependant on several factors, of 
principal importance was the experience of the operator and the economic situation 
of the patient.  
It is important to note that the range of our results is limited. This is due to the very 
recent introduction of these materials in the hospital, as well as the high expense of 
the augmentation materials, which were not covered by the patients insurance. The 
range of results would be significantly higher in a private practice. 
Based on our results, the use of augmentation materials were slightly more 
common in treatments carried out on males than in females.  
Bioresorb was generally the most commonly used augmentation material.  
The principal indicators for use of augmentation materials were concluded to be 
primarily sinus lifts followed closely by their use in post-extraction cases. It is also 
indicated in other minor surgical procedures, such as following root resections and 
cystectomy.  
It was established that in cases of sinus lift, Bioresorb and Cerasorb were most 
commonly used. Bioresorb was also the principal material used after root resection 
and cystectomy, whereas Cerasorb was preferred in alveolar ridge augmentation. 
Indications for use of Biogen were in post extraction cases. 
  
2.5.3 Experimental study in pigs with the purpose of evaluating the possible 
osteogenic activity of bone augmentation materials 198- Experiment 2 
 
All our experiments that were carried out on living specimens were approved by 
the Animal Ethics Committee of the Faculty of Medicine in Pilsen. All funding 
towards the experiments were provided by the author of this study, and the supplier 
of the materials used in the experiments. 
Introduction 
Experiments for development of new procedures for bone regeneration are a topic 
of modern research programs. Some scientists have demonstrated that 
demineralized bone matrix could increase the ectopic formation of cartilage and 
bone 133. The active component of the matrix was identified as a growth factor 
protein that induces ectopic bone formation and it known as a bone morphogenetic 
protein (BMP) 134. Recombinant human bone morphogenetic proteins (rhBMPs) 
can be used for formation of cartilage and bone when implanted in muscle with 
insoluble bone matrix by inducing muscle cells to differentiate into chondrocytes 
and osteoblasts 135. 
Fluorescent labelling: The tetracyclines are a group of antibiotics which chelate 
with the calcium ions in bones and teeth 136.The uptake in vivo of antibiotic drugs 
of the tetracycline series at sites of bone mineral deposition provides a way of 
demonstrating regions of active bone formation and mineralisation 137. The drug 
rapidly localizes at these sites so that in sections it appears as a bright fluorescent 
line. Milch et al. (1957, 1958) showed that tetracycline-induced fluorescence in 
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soft tissues disappeared within a matter of hours, but persisted in long and flat 
bones for long periods of time 136, 137. They noted that deposition of tetracycline 
was limited to areas of new bone growth. Almost instantaneously after intravenous 
administration, and within 30 min of intraperitoneal injection, yellow-gold 
fluorescence was induced by ultraviolet light in soft tissues, with the exception of 
the brain. This disappeared from soft tissues within 6 h, but persisted in bone. 
Subsequent experimental evidence revealed that tetracycline is deposited where 
bone or cartilage matrix is mineralizing and its pattern is the same as that of 
radiolabelled calcium deposition 138, 139. 
 
Aim 
To evaluate in vivo, the possible osteoinduction potential and osteogenic activity of 
two different bone augmentation materials, Cerasorb (used since 1981 140) and 
BIO-GEN and if ectopic bone formation could be induced when implanted 
subcutaneously to the extremities of the pigs. We also aimed to label the regions of 
active bone formation and mineralization by means of fluorescent labelling by 
tetracycline, and then analysing the results with a laser confocal microscope. 
 
 
Materials and methods 
Animals: Two piglets were used in this study. Cerasorb and Biogen augmentation 
materials were applied at the ulnar region between muscular and cutaneus tissue. 
The animals were fed with commercial pig granules and had access to water ad 
libitum.  
 
General anesthesia: The experiment was performed under general anesthesia. 24 
hours before surgery the piglets were given only water. 30 minutes before surgery 
Azaperon (buthyrephenon) 6-10 ml was applied as a premedication. The general 
anaesthesia was initiated by application of Atropin (0.5mg) and Diprivan 
(propopholum 2%), 5-8ml intravenously according to the weight of animals. 
Antibiotic prophilaxy of Unasyn 1.5 g i.v. applied after the initiation of general 
anaesthesia. 
Orotracheal intubation was performed. Buprenorphin (1-2ml) was applied as an 
analgesic solution. There was no need of application of myorelaxant. Anaesthesia 
was prolonged by pumping 5-15ml/h Diprivan (propopholum 2%) according to the 
depth of general anaesthesia. 
During the operation 10ml/kg/h Plasma Lyte (Hartmann - Ringer's solution) was 
infused. 
Ventilation: volume controlled 10 – 15 ml/kg, with the frequency of 30 – 40/min, 
pressure PEEP 4. 
During the anaesthesia the following parameters were monitored by the 
anaesthesiologist: 
SpO2 (oxygen saturation accuracy range) 95 – 99% 
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ET CO2 (end tidal carbon dioxide) 4.5 – 5.0 kPa 
Heart beat frequency   80 – 110/min 
Anaesthesia was performed by an experienced anaesthesiologist from the I. 
internal medicine department of the Faculty Hospital in Pilsen. 
 
Surgical procedure: Surgery was performed using aseptic techniques. An incision 
was made through the skin, subcutaneous tissue and extremity muscles were 
exposed. 
Cerasorb microporous granules (Ø 500-1000 µm) and Biogen granules mix (Ø 0.5-
1 mm) were applied to the subcutaneous tissue. The fascia and subcutaneous tissue 
was sutured by resorbable suture material and finally the skin was closed by 
Monofil suture materials (Fig.12.). 
 
 

 

Fig 12. Representative photograph showing sutured incision line after subcutaneous application of 
augmentation material. 

 
We performed application of antibiotic Tetracycline (20mg/kg, 100mg/1ml) 6.3ml 
i.m. at the weight of 30kg, 16 days after operation time. 
 
Sacrificing of animal: After 52 days, the pigs were terminated by application of 
6ml Stresnil (azaperonum), and 7ml T 61 (embutramidum, mebezonium iodatum, 
tetracainii hydrochloridum). 
The sites of application of the augmentation materials were observed. At the site of 
application of Biogen there was no evidence of formation of any hard tissue and all 
the material was completely absorbed (Fig.13). At the site of application of 
Cerasorb, hard tissue materials were found in some places (Fig.14-15). The 
observed hard tissue was separated and immersed in 10% paraformaldehyde for 2 
weeks. 
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Fig 13. Site of application of 
Biogen, no hard tissues were 
found 

Fig 14. Site of application of 
Cerasorb, some hard tissues were 
found 

Fig 15. Site of application of 
Cerasorb, some hard tissues were 
found. 

 
Histological processing: The specimens were sectioned and stained with 
hematoxylin-eosin and Verhoeff’s hematoxylin with green trichrome. The 
histological sections were evaluated with the objective of verifying if it is possible 
to observe the newly formed bone in this tissue. An optical microscope (Olympus 
CX41) was used. 
 
Results and discussion 
At the site of the application of Cerasorb, hard tissue material was observed using 
the optical microscope. Three foci of accumulated multinucleate Langerhans giant 
cells were found in the dermis 0.5-2.2mm below the epidermis. These epitheloid 
macrophages surrounded the small Cerasorb residual granules and indicated a 
granulomatous condition. The diameter of the residual particles ranged between 7-
15µm. Some of these corpuscles were phagocyted by Langerhans cells (fig.16-18). 
In another part of dermis, we found another three foci formed by incompletely 
mineralized osteoid material. The surface of these trabecular foci were covered by 
connective tissue cells rather than active osteoblasts (fig.19-20). During the 
sectioning of the specimens some part of the tissues were lost due to differences in 
the consistency of tissues around the dermis. In the remaining preserved tissue, 
chondroid tissue mass with chondrocytes or chondroblast cells were found (fig.21-
22). 
Summary of histological findings:  
1. Tissue reaction similar to chronic granulomatosis from foreign material with 
partially encapsulated connective tissue. 
2. Layers of chondroosteoid tissue. 
 
For analysing the histological findings, the specimens were sectioned and stained 
with Toluidine blue stain and a mix of alizarin red (stains calcified tissue) and 
toluidine blue stains (Fig. 23-26). We also tried to stain the two above mentioned 
augmentation materials with Toluidine blue. Cerasorb was not stained at all and 
BIOGEN was stained sporadically. 
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Fig 16. The presence of multinucleated Langerhans giant cells formed by fusion of epitheloid macrophages 
(indicated by arrowheads) surrounding the cerasorb particles indicates a granulomatous condition. Verhoeff’s 
hematoxylin and green trichrome stain. 

 
 

 

Fig 17. Cerasorb residual particles (two of them 
indicated by arrowheads) dispersed within the 
collagenous connective tissue. Verhoeff’s hematoxylin 
and green trichrome stain. 

 

Fig 18. The same as in Fig 17, H.E stain. 
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Fig 21. Remnants of chondroid tissue (most of the 
material was lost during the histological processing), 
H.E stain. 

Fig 22. Remnants of chondroid tissue stained with 
Toluidine blue. 

 

 

Fig 19. Incompletely mineralized osteoid tissue in the 
dermis. H.E stain. 

Fig 20. Incompletely mineralized osteoid stained with 
Verhoeff’s hematoxylin and green trichrome. 
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Fig 23. Partially calcified tissue in the dermis was 
located approximately 1.2-1.44 mm below the epidermis. 
Alizarin red and toluidine blue stain. 

Fig 24. Most of the trabecular tissue was not stained with 
Alizarin red, and therefore can be considered as not 
calcified. Alizarin red and toluidine blue stain. 

 

Fig 25. The trabecules were stained with toluidine blue, 
but not with alizarin red, i.e they were not calcified. 
Alizarin red and toluidine blue stain. 

 

Fig 26. The surface of the trabecules was partially 
covered by connective tissue cells (see also fig. 25). 
Alizarin red and toluidine blue stain. 
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Photomicrographs from confocal laser microscope of tetracycline labelled tissue 
(fig. 27-28). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 27 a.  Area of mineralization with formation of hard 
tissue mass observed as a tetracycline labelled bright blue 
structure. 

 

Fig 27 b. Contrast lighting of the same hard tissue mass. 

 

Figure 28. Again we can see the successful labelling of newly formed 
chondroosteoid structure with tetracycline, this time under a green 
filter. 
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Conclusion 
Based on our results, it is possible to use this sequential methodology in soft 
tissues, with the objective to verify the osteoinduction potential of different bone 
augmentation materials. With respect to this original method, we can analyse 
different augmentation materials to establish the most successful one with the best 
osteinductive properties. 
We also established that our results from the labelling of the tissue by tetracycline 
exhibited the same results as that shown in previous publication by Mitch et al 136, 

137. 
These results highlight the potential future use of augmentation materials in the 
creation of hard tissues, in areas where soft tissues are normally present. This 
would be invaluable, for example, in the clinical setting of cosmetic surgery or 
maxillofacial surgery where bone reconstruction must take place following 
oncological or traumatic destruction of bone. 
 
 
 
2.5.4 Further experimental study in pigs to evaluate the ability of Cerasorb as 
a bone augmentation material for healing of  bone defects -Experiment 3 
 
Aim 
To evaluate efficiency of Cerasorb bone augmentation material in bone healing 
when applied into the artificial hole made in the extremities of the pigs. 
 
Materials and Methods 
Simultaneously as we carried out experiement 5, we used the agumentation 
material Cerasorb in 2 of the pigs (Pigs 3 and 4) in order to evaluate its efficiency 
in bone healing. The method of this experiment can be seen below with further 
details in the protocol of experiment 5. 
The experiment was performed under general anaesthesia, using aseptic 
techniques. Two artificial holes were made at the tibia of two pigs. In each tibia 
one hole was filled by microporous granules (Ø 500-1000 μm) of Cerasorb, and 
the second hole was kept empty as a control hole for further comparison. Two 
holes are covered by Biocollagen membrane to prevent outside influence. See 
figures 29-32 and 35-37 
After 52 days the pigs were terminated and radiograms were obtained from the 
sites of the artificial holes (See figures 33-34 and 38-40). 
The specimens were observed using an optical microscope after histological 
processing. 
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Fig 29. Proximal hole filled by Cerasorb. 

 

Fig 30. Two holes are covered by Biocollagen 
membrane to prevent outside influence. 

 

 

Fig 31. Periosteum sutured by resorbable suture 
material. 

 

Fig 32. Sutured periosteum over Biocollagen 
membranes and holes. 
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Fig 33. Radiogram of pig tibia, 52 days after 
operation. 

 

Fig 34. Radiogram shows artifical hole filled by 
Cerasorb, nanoimplant and implant F. 

 
 

Fig 35. Application of Cerasorb into the artifical hole 
made in the distal part of the tibia of pig 4. 

 

Fig 36. Proximal hole filled by Cerasorb, distal hole 
kept empty as a control hole. 

 
 

 

Fig 37. Two holes are covered by Biocollagen 
membrane. 

 

 

Fig 38. Radiogram of pig tibia, 52 days after 
operation. 
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Fig 39. Radiogram shows artifical hole filled by 
Cerasorb, nanoimplant and implant F. 

 

 

Fig 40. Radiogram shows hole filled by Cerasorb, 
control hole (radioluscent) and part of nanoimplant. 

 
 

 
Histological results 
 
 

 

Fig 41. Histological image of dark brown roundish 
Cerasorb granules surrounded by blue stained 
connective tissue and osteoblasts demonstrating new 
bone formation.There is also a surrounding presence 
of light brown lamellar bone. (Please note that the 
smaller the foci of Cerasorb the greater the bone 
formation). 

 

Fig 42. Higher magnification view of microporous 
Cerasorb granules surrounded by connective tissue 
with osteoblasts causing peripheral resorption of 
Cerasorb, with new bone formation. There is also 
some central penetration of Cerasorb granules by 
connective tissue. 
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Fig 43. Formation of new bone causing gradual 
resorption of Cerasorb seen in this highly magnified 
image. 

 

Fig 44. Histological image of the control hole with 
normal bone response to trauma. (Some osteoblasts 
can be seen). 

 

 

Fig 45. Similar image to fig. 44. 

 

Discussion  

Based on the results that we acquired from experiment 3 and after a thorough and 
careful analysis of the radiographic and histological images, we can conclude that 
Cerasorb gradually resorbs and is taken over by new bone formation and as such 
could be successfully used clinically. 
The brown roundish microporous granules of Cerasorb, as seen in fig. 41-43 show 
different stages of penetration mostly peripherally by vascularized connective 
tissue leading to new bone formation149. Therefore we can say, with support from 
other publications by authors such as Plenk H Jr that Cerasorb has very good bone 
augmentating properties and can be readily used for healing of bone defects. 
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3. Dental implantology 

Introduction 

3.1 Dental implants: 

 

A dental or oral implant is defined as a device which is either surgically placed 
into the jaw bone to replace one or several lost roots of teeth. It can also be defined 
as a device which is placed onto the bone, replacing several, if not all roots of lost 
teeth. Missing teeth can lead to speech difficulties, an unattractive smile, 
embarrassment from loose dentures, and pain or difficulty with eating. Atrophy of 
the jaw bone is another problem associated with the loss of teeth. Extraction of 
teeth may result in 40 to 60% alveolar bone loss in a period of two to three years 
169,170.Oral implants have increased the treatment possibilities for patients and 
improved the functional results of their treatment. Patients who had to compromise 
with their aesthetic appearance, chewing and nutritional intake due to complete or 
partial loss of teeth can now be restored back to various degrees of normal 
aesthetics and function to improve the quality of their life. Research efforts from 
many different disciplines such as material science, physics, medicine, 
biochemistry and others, form a foundation for continual improvements in the field 
of Oral Implantology. 

  

3.2 History of dental implants:  

  

The history of the implantology dates back to the Egyptian times, over 1,350 years 
before the famous Per Brånemark started working with titanium. Trimmed and 
tooth-shaped pieces of seashells were applied into the lower jaw to replace three 
missing incisors. The calcium carbonate content within the shells was the reason 
why they could potentially fuse with the bone. Archeological findings showed that 
the ancient Egyptian and South American civilizations had already experimented 
with re-implanting lost teeth with hand-shaped ivory or wood substitutes. Although 
recently, metal is thought to have been introduced as an implantable material. A 
‘Wrought iron’ dental implant for the right upper second premolar from a Gallo-
Roman necropolis at Chantambre (Essonne, France), during the first or second 
century AD was reported 157. The implant and the socket was said to fit perfectly 
together and the Osseo integration appears viable. In 1809, Maggiolo fabricated a 
gold implant which was placed into fresh extraction sockets to which he attached a 
tooth after a certain healing period. In 1886, platinum posts were implanted into 
the jawbone. Many other implantation attempts were made along the same lines, 
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experimenting with different metal alloys and porcelain formulations, however, 
and the long-term success rates were still with poor results. 

In the early 1930s there was greater emphasis on the tissue tolerance along with the 
reaction of bone towards metal implants. The introduction of stainless steel and the 
development of a cobalt-chromium-molybdenum alloy (Vitallium) gave new light 
to surgical implants. Strock succeeded in anchoring a Vitallium screw within the 
bone and immediately mounting a porcelain crown to the implant, achieving a 
fifteen year survival of the implant for the first time in history.158. Histological 
sections from the trial animals showed a remarkable tissue tolerance to the 
vitallium implants. In 1937, Müller placed the first subperiostal implant, made of 
an iridium-platinum alloy 159. In 1955, Marziani used a one-step procedure by 
placing a perforated deformable tantalum plate implant 160. In 1952, the Swedish 
orthopedic surgeon, Per-Ingvar Brånemark, developed a threaded implant design 
made of pure titanium that increased the popularity of implants to new levels. He 
adopted titanium chambers in the femur of a rabbit and found that he was unable to 
remove them following several months. He observed that bone had grown into 
such close proximity to the titanium implant that it had effectively adhered to the 
metal. Discovering almost by chance the high compatibility and strong anchorage 
of titanium in the bone marrow of a rabbits fibula, he and his co-workers were the 
first to introduce the term Osseo integration, which can be defined as the tenacious 
affinity between living bone and the titanium oxides 161 as a direct and stable 
anchorage of an implant by the formation of bony tissue without the growth of 
fibrous tissue at the bone-implant interface 168. He carried out many further studies 
and clinical examinations into this phenomenon, as well as the design of the 
implants, including biological, mechanical, physiological, and functional 
properties, using both animal and human subjects, which all confirmed this unique 
property of titanium 162. In 1965, he was placed the first titanium dental implant 
into a human volunteer, which was characterized by its machined titanium surface, 
a thread pitch and an external hex point. 

Leonard I.Linkow was one of the first who aimed to increase the contact area 
between the implant surface and the peri-implant bone. He also adapted implants 
to the respective anatomical structures with minimal surgical burden on the patient 
163. The Osseo integration concept evolved in conjunction with the design of a 
cylindrical titanium screw with a specific surface treatment to enhance its 
bioacceptance. To present, over 7 million Brånemark System implants have been 
placed and hundreds of other companies produce dental implants. 

Since 1970, a number of new implant materials and designs have been developed, 
including the use of polymers 164, porcelain, high-density aluminum oxide 
(alumina) 165, bioactive glass (Bioglass) and carbon materials. Although nowadays, 
the most frequently used implant material is titanium which has become the gold 
standard in implant dentistry. 
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Andre Schroëder also focused his attention on the properties of titanium and he 
introduced the titanium plasma spray (TPS) coating concept with the one-piece 
transmucosal screw 166.These studies were the introduction to the early ITI system 
presenting the engineering concepts, design and clinical results with the hollow 
cylindrical implants. 

In the mid 1980s, Stig Hansson developed a new implant concept with a micro 
textured surface 167.This was achieved by a pure titanium grit-blasting technique 
which roughened the implant to within 1–5 microns. The micro-thread was located 
on the coronal collar, which improved, the load distribution and retention of vital 
crestal bone. 

  

3.3 The criteria required for osteointegration of oral implants into bone:  

 To be considered successful, an Osseo integrated oral implant has to meet certain 
criteria in terms of function, tissue physiology, and user satisfaction 171. The 
following include certain requirements: 1) immobility in any direction; 2) the 
average radiographic marginal bone loss should be less than 1.5 mm during the 
first year of function and less than 0.2 mm annually following thereafter; 3) the 
radiograph should not demonstrate any evidence of periimplant radiolucency; and 
4)The individual implant performance must be characterized by absence of signs 
and symptoms such as pain, infection, paresthesia, or violation of the mandibular 
canal 172,173,174. Esthetic requirements, patient’s and dentist’s satisfaction with the 
implant prosthesis should also be considered as criteria of success 175.  For 
osteointegration of dental implants the correct surface modifications, shape and 
materials are vital. 

3.4 The problems with materials used:  

All materials used clinically in dental medicine are evaluated according to two 
groups of simultaneous parameters:  

. The physical and mechanical properties  

. The biological properties  

The success of an endosteal implant depends on, whether the material used, 
complies with the requirements above.  

In the case of endosseous oral implants, high mechanical stability is essential 176. 
The aim of material research is to develop a material with sufficient mechanical 
properties but with brittleness similar to that of bone. The relevant physical 
properties are tensile strength and Youngs modulus. 
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Biocompatibility can be defined as the compatibility of any (foreign) material with 
a living organism. More specifically, biocompatible materials are those for which 
the interaction between the material and vital tissue is so minimal that the material 
is not detrimentally affected by the tissue or vice-versa. The materials used in 
clinics should not be toxic, carcinogenic, allergenic or radioactive. 

Factors which can influence biocompatibility include chemical, mechanical, 
electrical and the surface-specific properties123 .The biocompatibility of materials 
being considered for endosteal implants are evaluated primarily by the reaction of 
bone to the material, although the reaction with the mucosa at the implant neck is 
also significant. 

Classification of materials with respect to their compatibility in bone according to 
Strunz: Metals, such as stainless steel, Co-Cr-Mo alloys, noble metal alloys, 
polymethylmethacrylate (PMMA), and other polymers are tolerated by bone to a 
certain extent, but cannot be said to integrate with it. Histological appearance 
interface shows that the bone keeps its distance and in this case the term distant 
osteogenesis is used to describe the situation in which there is a thick and fibrous 
layer of connective tissue between the implant and the bone. 124 

Titanium, Tantalum and other metals (e.g., niobium) as well as aluminum oxide 
ceramics are described as being bioinert. When an optimal fit is achieved between 
the implant bed and the implant, new bone formation and bone remodeling occurs 
up to the implant surfacehis is termed contact osteogenesis 

A full bond osteogenesis,  in which a chemical reaction plays an important role, 
is characteristic of the so-called bioactive materials these are described in 
literature under the generic term glass ceramics.



3.5 Titanium and response of bone:  

 Titanium exists in nature as a pure element with an atomic number of 22 in the 
periodic table and an atomic weight of 47.9. It is the ninth most abundant element 
and the fourth most abundant structural metallic element in the earth’s crust, 
following aluminum, iron and magnesium. The metal exists as rutile (TiO2) or 
ilmenite (FeTiO3) and requires specific extraction methods to be recovered in its 
elemental state. The metal melts at 1,665ºC 183. The normal level of titanium in 
human tissue is 50 ppm. Values of 100 to 300 ppm are frequently observed in soft 
tissues surrounding titanium implants. At these levels, tissue discoloration with 
titanium pigments can be seen. This rate of dissolution is one of the lowest of all 
passivated implant metals and seems to be well tolerated by the body 192. 

Commercially pure titanium (CP) comes in different grades, from CP grade Ι to CP 
grade ΙV, which vary mostly in the oxygen content. 
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Titanium alloys of interest to dentistry exist in three forms: alpha, beta and alpha-
beta. These types originate when pure titanium is heated, mixed with elements 
such as aluminum and vanadium in certain concentrations, and then cooled mainly 
for the purposes of improving strength, high temperature performance, creep 
resistance, response to ageing heat treatments and formability 184. Aluminium 
stabilizes the alpha phase of titanium and serves to increase the strength and 
decrease the weight of the alloy. Vanadium stabilize the beta phase and decrease 
the alloys susceptibility to corrosion 183,185.The most commonly used alloys for 
dental implants are of the alpha-beta variation contain 6% aluminum and 4% 
vanadium (Ti 6Al 4V). These alloys possess many favorable physical and 
mechanical properties that make them excellent implant materials 185. Compared 
with Co-Cr-Mo alloys, titanium alloy is almost twice as strong and has half the 
elastic modulus. 

Corrosion leads to the release of compounds into biological environments, which 
may then cause adverse effects, such as toxic or allergic reactions. Corrosion 
resistance is, therefore, a prerequisite for biocompatibility 186,187. Current data have 
shown that titanium can be corrosive as many other base metals under mechanical 
stress, oxygen deficit, or at a low pH level 187. Fluoride ions can infiltrate and 
dissolve the stabilizing oxide layer 188. It has been shown that caries-preventive 
fluoride gels increase the corrosion and surface roughness of titanium due to their 
pronounced adhesion 189. In the oral environment, when the pH is almost neutral 
(pH=7) the passive layer dissolves at such a slow rate that the resultant loss of 
mass is of no consequence for the implant 190. It has been found that acids in the 
absence of fluoride ions can cause electrochemical corrosion 191. 

Pure titanium is one of the bioinert implant materials. Its biocompatibility has been 
known for a long time and has been repeatedly confirmed in literature. This 
biocompatibility is due to a surface oxide layer, which prevents direct contact of 
the metal with the surrounding tissue. Titanium in contact with oxygen is 
immediately covered by a titanium oxide layer, starting as a titanium monoxide 
and ending up as rutile surface, titanium dioxide 177,178. 

Titanium does not simply behave passively in tissue and bone. Bone grows into the 
rough surface and bonds to the metal, a reaction which is normally only attributed 
to so-called bioactive materials. This ankylotic anchoring, forms the best possible 
basis for a functional dental implant, as it can withstand all possible load types, 
E.g.) tensile, compressive and shear forces. This ankylotic anchorage, also termed 
osteointegration, is accepted today as the most promising method of stabilizing 
endosteal implants and endoprostheses. The cancellous bone that is laid down first 
is replaced within a few weeks by mature lamellar bone. This regenerated tissue is 
both qualitatively and quantitatively indistinguishable from bone that would have 
been formed if no implant had been placed. 
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High-resolution electron microscopy to study the bone-titanium interface shows a 
layer or matrix material about 20 nm thick, and then, at a distance of about 100 
nm, massively mineralized collagen fibers. In between these, the fibrils and 
mineral deposits were not organized 179,180.The main components of the bone 
ground substance were proteoglycans, giant molecules about the same size as the 
contact region. Biochemists have identified these substances as the "glue" between 
cells and between and other surfaces, including those of foreign bodies. 

A border zone of necrosis at the defect site is inevitable, even when implant bed 
preparations are carried out as atraumatically as possible 181.The author begins: 
"Following severe trauma from a physical, chemical, or other nature, the osseous 
tissue heals through the formation of an irreversible layer of fibrous tissue. Healing 
is completely impeded if revascularization of the necrotic area does not occur." 

Experimental findings, which have been repeatedly reproduced over many years, 
have led to the conclusion that new bone is laid down directly upon the implant 
surface, provided that the rules for atraumatic implant placement are followed, 
E.g.) rotation of the cutting instrument at less than 800 rpm, cooling with sterile 
physiologic saline solution. Further research suggests drill geometry plays a major 
role in heat production and explains the correlation between increased 
temperatures with increased use 182. 

3.6 Types of oral implants: 

 Many clinicians designed implants to fit certain needs and properties. There are 
several types of implants available which are chosen for a particular patient 
depending upon a number of factors. The size and condition of the patient’s natural 
jawbone is probably the main factor: Some jawbones can be wide and deep and 
others narrow and shallow with many variations in between. 

In general, Oral Implants can be categorized into three main groups: 

 1. Endosseous Implants: are implants that are surgically inserted into the 
jawbone. They are moulded or shaped to fit in a cavity in the jaw rather than sit on 
top of the jaw. These implants are the most frequently used implants today and 
based on their shape, function, surgical placement and surface treatment could be 
further categorized into several sub-categories:  

 

1a. Root Form Implants: also called cylindrical or screw type implants, resemble 
in shape the natural root of a tooth with a surface area designed to promote good 
attachment to the bone. They are the most widely used design and are the most 
popular type of dental implants. They are formed like a self-tapping screw which 
gives it a good surface area for maximum fusion to the living bone and used to be 
called endosseous or endosteal implants, meaning they are placed in the bone. The 
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bone grows in and around the implant creating a strong structural support. In fact, 
this bond can be even stronger than the original teeth. However, this type of 
implant can only be used if there is sufficient width and depth to the jawbone. 
Sometimes it is necessary to graft additional bone to the jawbone before dental 
implants can be considered. 

  

1b. Plate Form Implants: also known as blade form implants, they are flat 
rectangles which take the form of a long narrow strip of titanium which is inserted 
between the jawbone and the gum and will fuse with the jawbone giving a 
foundation for a number of new prosthetic crowns if required. They are usually 
used when there is insufficient live bone structure because the jawbone is too 
narrow or not deep enough or certain vital anatomical structures prevent 
conventional implants from being placed. 

  

1c. Ramus Frame Implants: belong in the category of endosseous implants. They 
are designed for the toothless lower jaw only and are surgically inserted into the 
jaw bone in three different areas: the left and right back area of the jaw (the 
approximate area of the wisdom teeth), and the chin area in the front of the mouth. 
The part of the implant that is visible in the mouth after the implant is placed looks 
similar to that of the subperiosteal implants. This type of implant is usually 
indicated for a severely resorbed, toothless lower jaw bone, which does not offer 
enough bone height to accommodate root form implant as anchoring device and 
when the jaws are even resorbed to the point where subperiosteal implant will not 
suffice anymore. Ramus frame implants once integrated can stabilize and protect 
weak jaws and help to prevent them from fracturing. 

  

2. Subperiosteal Implants: are designed to sit on top of the bone, but under the 
gums, fusion takes place between the jawbone and the subperiosteal implant. They 
are an option used in cases of advanced bone loss where the condition of the 
jawbone is such that an insert is not possible and a bone graft is not feasible.  

  

3. Transosseous implants: were designed to be used in people who had very little 
bone in their lower jaws and who had no lower teeth. These implants are not in use 
that much any more, because they necessitate an extraoral surgical approach to 
their placement and requires extensive surgery, general anesthesia and 
hospitalization. They are used in the mandible only by inserting two metal rods 
from below the chin, through the chin bone, until they are exposed inside the 
mouth. The rods that can be seen inside the mouth are used to attach a denture. 
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Most clinicians nowadays however, prefer to use bone grafts and one of the other 
endosseous implant methods described earlier. 

 

 
3.7 Implant surfaces:  
 
Future dental implant requirements should include proper surface preparation and 
surface quality maintenance of the implants themselves. Types of surface 
categories include: 
 
 
Laser treated 
 
There are different laser sources used in implantology. In our experiment we used 
Nd:YAG diode pumped laser operating in Q-switching for treatment of the implant 
surface. This laser radiates electromagnetic energy which interacts with the 
titanium taking it to a plasma state from its solid state. 
The wavelength of the laser and the extremely concentrated energy pulses allow 
for micro-fabrication of the implant surface without any dangerous effects, 
preventing thermal changes of material properties which can induce micro-
fractures or alteration of the metal structure. This controlled micro-ablation was 
obtained using a low power setting. 
An important goal of laser treatment of implant surface is to produce a surface with 
thousands of hemispheric pores for bone apposition. 
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Acid-etching 
 
Acid etching of titanium is of particular interest because it creates a microtextured 
surface (fine rough surface with micro pits of 1-3µm and larger pits of 
approximately 6-10µm) that appears to enhance early endosseous integration and 
the stability of the implant. 126

 This may be related to a change in surface roughness 
and/or chemical composition.

 127
 

Studies by Wenneberg et al. 128,129,130,131 demonstrated the optimal surface roughness 
of different particles of 75µm, made surface more resistant to torque and greater 
bone-to-metal contact than small (25µm) or coarse (250µm) particles. The optimal 
surface had an average height deviation of about 1.5µm resulting in a surface 
enlargement of 50%. 
 
 
Plasma-coated spray 
 
Coating is to produce a rough implant surface that significantly improves the 
anchorage of the implant in bone. This process can be used for both metal and 
ceramics. 
Plasma coating works by blowing an inert gas through an intense electric arc .  
Down the arc The coating material is introduced in th form of a extremely hot gas. 
The inert gas is broken down into ions and electrons in the arc. This state is known 
as plasma. The titanium hydride (coating material), decomposes in the gas stream 
forming droplets of molten metal that are projected on to the implant surface to 
build up a coating. The layer is typically 20-30µm thick with a roughness of 
approximately 15µm.   
Plasma coating is economically compatible, and its biological compatibility is at 
least as good as that of normal titanium.  Gases in titanium harden the metal which 
is an enhancement that is advantageous for the surface of an implant. The bond 
strength between the porous plasma layer and the substrate is limited, but 
excessive treatment is required to cause this bond to fail (exposure to an ultrasound 
source). 

Tianium implants with coatings have an average bone-implant contact in 
cancellous bone of nearly 40%, which was significantly higher than smoothly 
polished or finely structured titanium implants which had values of slightly over 
20%.125 
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Sand-blasted 
 
In this case the sand-blasting roughens the surface of the implant achieving both 
microretentive topography and increased surface area195,196. 
Sandblasting treatment consists of mechanical abrasion of surfaces using oxide 
particles shot against the implant. The treatment produces a surface with a 
roughness depending on size, shape and kinetic energy of the particles. However 
this increased roughness may reduce the endurance properties of metals 197. 
Healing around the titanium sandblasted implants are similar to that observed 
around the plasma-spray surfaces. No statistical differences are observed between 
the 2 groups.  In conclusion, a high bone-contact percentage was obeserved in the 
2 groups of implants. 
 
 
 

Overall Conclusion: 
 

Texture was the most remarkable isolated feature, regarded as an osteointegration 
promoter. In a review of the effects of implant surface topography on cell behavior, 
one can verify that there is bone apposition onto the implant surface independant 
of whether it is polished or rough, made of titanium or ceramic. Roughness is not 
necessary for bone apposition. Osteoblasts have higher probability to adhere to a 
rough titanium surface while fibroblasts and epithelial cells adhere mainly to very 
smooth surfaces193,194. However, it has been shown that roughness may play an 
important role in the percentage of bone apposition as well as in the velocity of 
apposition. Roughness or acid conditioning of the surfaces can therefore 
significantly improve shear strength. Besides optimizing the procedure, these 
surface characteristics may allow for an earlier loading of the implant and extend 
the indications for implants in low-density alveolar bone and in regenerated bone. 
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3.8 Experimental studies with dental implants: 
 
3.8.1 Experiment to establish the most efficient evaluation method of a bone-
implant interface in a dead rabbit (experiment 4), and if successful to use this 
method to evaluate the actual osteointegration in a living rabbit (experiment 
5). 
 
Introduction and Aim 
When looking to evaluate osteointegration, the preparation time can exceed 7 
months when following the traditional method of preparation of the histological 
specimens. This procedure involves primarily fixing the specimen in a natural 
buffered 10% solution. This is followed by dehydration and staining by a basic 
fuchsin 5% and alcohol mix of concentration  60,80,90 100% for 24 hours each.  
This is followed with a washing and rinsing procedure in 5 to 6 different acetone 
baths, separated by a minimum of 4 weeks in between each. 
Finally the specimen is embedded in acrylic using a methyl methacrylic acid ester 
as the embedding medium (acrylic bath changed after 24hrs, 72 hrs, 20 days and 4 
weeks.)199 
The main difficulty in the traditional method is the ability to obtain a very thin 
section of bone-implant, without any displacement and micro-movements of 
osteointegrated implants from the bone, to be able to observe true bone-implant 
interface. 
Our aim in this experiment was therefore to find an alternative method for 
preparation of the bone-implant interface for evaluation, and in order to improve 
cost efficiency, reduce the preparation time whilst obtaining reliable and useful 
results. 
 

Experiment 4 
Materials and Methods 
In order to find out which staining agent would be optimum for use in our 
alternative experiment, we carried out a preparation of a human tibia and mandible 
using the traditional method and using erythrosine and basic fuchsin dyes. 
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                  Fig 46.  Sliced specimens of mandible.  Fig 47.  Specimens of mandible stained. 

 

Fig 48. Prepared slide of mandible with erythrosine (top) and basic fuchsin (bottom slide). 

  

 

 
              Fig 49. Tibia stained with Basic Fuchsin.                  Fig 50. Prepared slide of tibia stained with Basic                

Fuchsin. 
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Figure 51. Showing staining of Haversian systems of bone by basic fuchsin and erythrosine. 

 

We established that both staining materials could be used and then continued with 
our own alternative method of preparation using the femur of a non-living rabbit. 

We prepared the implantation bed in the proximal part of the femur (A), and 
inserted the implant in combination with an insertion device (B), using a ratchet 
(C). Note the inserted implant in the bone (D). We also placed a Titanium screw in 
this part of the femur. 
 

 

A        B  
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C        D  

 

  

In the next step, grinding of the bone and implant was done until the bone-implant 
interface was seen (Fig 52 a, b). This was then stained with basic fuchsin (Fig 53 a, 
b), ready for histological evaluation under the laser confocal microscope. 
 

 

Fig 52 a  Fig 52 b 

 

Fig 53 a        Fig 53 b  
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Results 
The results, as can be seen in fig 54, 55 and 56 under a confocal laser microscope 
are very positive. Although, as expected, no osteintegration had taken place due to 
implantation into nonliving tissue, the bone-implant interface can clearly be seen. 
We can also observe black spaces between the surface of the implant and the bone 
(the same case between the thread of the screw and the bone).  
When carrying out this implantation in a living animal, we will expect to see these 
dark spaces replaced by areas of osteoblast activity with subsequent bone 
formation and osteointegration. 

 

Fig 54.  Interface seen between the thread of the titanium screw (in black) and the bone (red). 

 

Fig 55.  Bone-implant interface seen with green implant structure and red surrounding bone. Please 
make note of black space area between surface of implant and bone. 
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Fig 56. Further magnification of Fig 55, putting emphasis on observed black spaces between the 
implant structure in green and surrounding bone in red. 

  
 
Conclusion 
We ascertained that the traditional method of producing histological specimens of 
bone and implant is very time consuming and complicated.  
The experimental method that was developed utilizes the confocal laser 
microscope, allowing accurate results and more rapid specimen preparation time 
whilst being easier to perform. The advantage of confocal laser scanning 
microscope (CLSM) is that the specimen should not be sectioned as thin as for a 
light microscope and its ability to produce in-focus images of thick specimens, a 
process known as optical sectioning. 
 
Having established the success of the experimental method, we decided to repeat 
our experiment but with the use of a living rabbit. 
 

Experiment 5 
Materials and Methods 
The rabbit was placed under general anesthesia and aseptic conditions. A titanium 
implant (Timplant) was surgically inserted into the femur. The incision wound was 
sutured. 
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Fig 57. Inserted implant can be seen.   Fig 58. Suturing of wound. 

After 45 days, the rabbit was sacrificed and a series of radiographical images were 
taken and using the alternative method mentioned previously, we prepared the 
histological specimen ready for the confocal laser microscope. 
 
Results  
 
 

 
Fig 59. Radiographic images of implant in femur of rabbit after sacrifice. 

 



 - 60 - 

  

                                   Fig 60                                                             Fig 61 

  
Fig 62 

 
 



 - 61 - 

We also performed the analysis of our results by the traditional histological 
method, in order to confirm the confocal microscope results picture:  
 

 

Fig 63. Histological view of implant in the rabbit 
femur (Transverse section). 

Fig 64. Histological view of the implant in the rabbit 
femur. 

 

 
Conclusion 
Once again the results as seen on Fig 60, 61 and 62, were highly successful and 
provided an excellent view of the bone-implant interface. The images made by 
laser confocal microscope showed osteointegration between the bone in red, and 
the dark black implant structure. 
Evaluating figures 60, 61 and 62 we can establish that there are no spaces, showing 
good osteointegration.  
Based on our results, in both the nonliving and living tissues, we can deduce that 
the alternative method is a very successful way in preparing and evaluating 
histological specimens in order to show the osteointegration between the bone and 
implant surface. Our results were similar to those provided by the traditional 

 

Fig 65. Histological view of the implant in the rabbit 
femur (Longitudinal section). 

 

Fig 66. Histological view of the implant in the rabbit 
femur (Longitudinal section). 
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method, however, our method was significantly less time consuming, more cost 
efficient and easier to carry out. 
 

3.8.2 Experimental study in pigs with the purpose to evaluate and examine 
osteointegration of dental implants with differently treated surfaces 200-
Experiment 6 
 
Aim 
Examination and evaluation of osteointegration of dental implants with different 
laser treated surfaces, and the comparison of those results with sandblasted and 
machine treated implant surfaces. 
Our aim is also to apply tetracycline (TTC) in order to demonstrate regions of 
active bone formation, mineralisation and to demonstrate the quantity of newly 
formed bone at the implant interface with the help of confocal microscope due to 
its fluorescent property. During the period of application, the TTC accumulates and 
labels the newly formed bone. Our expectation is to demonstrate two levels of 
bone formation labelled as fluorescent lines. 
 
 
Materials and Methods 
 
Different types of surface treated implants inserted into the long bones (ulna and 
tibia) and mandible in piglets. 
 
Following the surgical insertion of implant in the piglets, the piglets will be 
allowed to mature and then be sacrificed. At this stage in all cases, radiographic 
images will be taken for analysis. Following this procedure, the bones will be 
prepared for histological evaluation by CLSM, and to also establish Bone Implant 
Contact (BIC). The protocol for the histological preparation can be seen in title 3.9 
(bone processing protocol), and 3.10 (staining protocol), figures 107-133b. 
 
For our experiment we used five piglets – one piglet died during the endotracheal 
intubation. 
Experiment started in May 22nd, 2007. 
 
Protocol of general anaesthesia 
 
Protocol for each pig was the same.  
24 hours before the experiment the piglets were only given water. 
Premedication was applied 30 minutes before operation – Azaperon 
(buthyrephenon) 6-10 ml. 
The general anaesthesia was initiated by application of Atropin 0.5mg and 
Diprivan (propopholum 2%) 5-8ml intravenously according to the weight of 
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animals. 
The intubation was provided with orotrachael tube 6.0 or 7.0. 
Analgesic solution used in this experiment was buprenorphin 1- 2ml. 
Application of myorelaxant was not necessary. 
Anaesthesia was prolonged by pumping 5-15ml/h Diprivan (propopholum 2%) 
according to the depth of general anaesthesia. 
During the operation 10ml/kg/h Plasma Lyte (Hartmann - Ringer's solution) was 
infused. 
 
Ventilation:  
Volume controlled 10-15 ml/kg, with the frequency of 30-40/min, pressure PEEP 
4. 
 
During the anaesthesia the following parameters were monitored by the 
anaesthesiologist: 
SpO2 (oxygen saturation accuracy range) 95 – 99% 
ET CO2 (end tidal carbon dioxide) 4.5 – 5.0 kPa 
Heart beat frequency   80 – 110/min 
 
Anaesthesia was performed by an experienced anaesthesiologist from the I. 
internal medicine department of the faculty hospital in Pilsen. 
 
The duration of the general anaesthesia was approximately 120 minutes. 
 

Implantation scheme of oral implants 

A = laser 5μm pores, pitch 15μm 

B = laser 10μm pores, pitch 20μm 

C = laser 20μm pores, pitch 30μm 

D = laser 5μm pores, pitch 5μm 

E = laser 10μm pores, pitch 10μm 

F = laser 20μm pores, pitch 20μm 

S = sandblasted 

M = machined 
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Fig 67. Colour and code scheme of implants used. 

 

COVERING SCREW COLOR                             SURFACE 

Grey: code 110                                                 M  

Brown: code 230                                                S 

Yellow: code 130                                                A  

Dark green: code 620                                        D  

Dark blue: code 430                                           B   

Dark purple: code 410                                        E 

Light purple: code 530                                        C 

Copper yellow: code 510                                    F           

 

Piglet No.1, weight 14.7 kg and an experiment period of 64 days 
Operation date: 22.5.2007 
7.6.2007 application of antibiotic Tetracycline (20mg/kg, 100mg/1ml) 5.0ml i.m at 
the weight of 24.5 kg. 
2nd dose 6.2ml in 21.6. 2007 at the weight of 32kg. 
 



 - 65 - 

Pig No.1 
22.05.07 
14.7 kg 

 

 

    Fig 68. Implants inserted into the tibia. 

Right Mandible            
Distal placement of implant progressing mesially: A,B,S,D,E  
Left Mandible 
Distal placement of implant progressing mesially: C,S,M,D,E 
 
 
Right Tibia  
Proximal placement of implant progressing distally: A,B,S,C,D,M,E,F   
Left Tibia 
Proximal placement of implant progressing distally: A,B,S,C,D,M,E,F 
  
 
 

Right Ulna 

Proximal placement of implant progressing distally: A,B,S,D,E                                           
Left Ulna 
Proximal placement of implant progressing distally: C,S,M,D,E 
 
 
 
 
 
Sacrifice of animal life 
 
26.7.2007 at the weight of 49.5kg, application of 6ml Stresnil (azaperonum) and 7 
ml T 61 (embutramidum, mebezonium iodatum, tetracainii hydrochloridum). 
 
After the termination, the animal bones were removed from the soft tissue. 
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Radiographic documentation 
 
Radiographic examination of individual prepared bone using intraoral x-ray and 
radiogram 13x18cm showing all inserted implants. 
Detail radiographic examination of each implant using intraoral rvg (see figures 
79-106).  
 
Fixation 
 
10% formaldehyde. 
 
 
 
 
 
Pig No.2, weight 15.4 kg and an experiment period of 64 days 
Operation: 22.5. 2007 
 
At the 5th post-operative day there was swelling in the region of the right ulna, 
with elevation of the body temperature to 38.5 °C. 
Application of antibiotic solution Unasyn 1.5 g every 8 hours i.m. Disappearance 
of inflammatory complication after 4 days of application. Formation of fistula in 
the region of incision in right ulna.  
 
Tetracycline – same protocol as for pig No.I 
 
Termination: 26.7.2007, weight 50kg, same protocol as pig No.I 
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(Excluded due to the inflamation: right ulna p2). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 69. Inflammation of the ulna. 

 

Fig 70. Radiogram of inflamed ulna. 

 

 

Fig 71. Rejected implants due to inflammation. 

 

Fig 72. Rejected implants due to inflammation. 
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Fig 73. Implants inserted into tibia.         Fig 74. Implants inserted into the mandible. 
 
                 

 
 
Right Mandible 
Distal placement of implant progressing mesially: A,B,S,C,M 
Left Mandible 
Distal placement of implant progressing mesially: A,B,M,S,D 
 
 
Right Tibia  
Proximal placement of implant progressing distally: A,B,S,C,D,M,E,F                        
Left Tibia   
Proximal placement of implant progressing distally: A,B,S,C,D,M,E,F                            
 
 
 
Right Ulna 
Proximal placement of implant progressing distally: A,B,S,C,M 
Left Ulna    
Proximal placement of implant progressing distally: A,B,M,S,D                           

Pig No.2 

22.05.07 

15.4 kg 
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22.5.2007 intubation of the 3rd piglet was complicated by perforation of trachea 
into the mediastinum which caused death due to pneumomediastinum. 
 
Pig No III, weight 24 kg and an experiment period of 52 days 
Operation: 5.6.2007 under antibiotic prophylaxis of Unasyn 1.5g i.v. applicated   
after the initiation of general anaesthesia. 
 
In the distal part of left tibia we inserted a nanoimplant.  
 
- In the distal part of the left tibia we made two artificial holes. The most distal 
hole kept empty as a control hole and covered by Biocollagen membrane and the 
other hole filled by Cerasorb granules 500-1000µm and covered by Biocollagen 
membrane.   
 
 
In the subcutaneus region of the right ulna we applied augmentaion material 
Cerasorb.  
 
21.6.2007 application of antibiotic Tetracycline (20 mg/kg, 100 mg/1ml) 6,3ml 
i.m. at the weight of 33 kg. 
The 2nd dose 7.0ml in 26.7. 2007 at the weight of 52.5kg. 
 
Sacrifice: 
27.7.2007, weight 52.5kg 
 
 

Pig No 3 
05.06.07 

24 kg 
 

 

Fig 75.  Implant inserted into the mandible.        Fig 76. Implants inserted into the tibia. 
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Right Mandible  
Distal placement of implant progressing mesially: A,B,S,C,M                                        
Left Mandible  
Distal placement of implant progressing mesially: A,C,S,D,M 
 
 

Right Tibia 
Proximal placement of implant progressing distally: A,B,S,C,D,M,E,F                                     
Left Tibia     
Proximal placement of implant progressing distally: A,B,S,C,M,E,F,N       
 
 

Right Ulna                                         
Proximal placement of implant progressing distally: A,C,S,D,M ( M= subcutanous 
application of Cerasorb) 
Left Ulna 
Proximal placement of implant progressing distally:  B,C,S,F,M            
 

 
 
Pig No IV, weight 18kg and an experiment period of 52 days 
Operation: 5.6.2007 under antibiotic prophylaxis of Unasyn 1.5g i.v. applicated 
after the initiation of general anaesthesia. 
 
In the right mandible we applied augmentation material Cerasorb around implant 
A. 
 
- In the distal part of the left mandible we made two artificial holes. The most 
distal hole was filled with Dentalgel collagen resorb and covered by Biocollagen 
membrane and the other hole filled by Biogen and covered by Bicollagen 
membrane. 
 
- In the distal part of right tibia we inserted a nanoimplant 
 
- In the distal part of the right tibia we made two artificial holes. The most distal 
hole was kept empty as a control and covered by Biocollagen membrane with the 
other hole filled by Biogen and covered by Biocollagen membrane. 
 
- In the distal part of left tibia we inserted a Nano implant 

 

- In the distal part of the left tibia we made two artificial holes. The most distal 
hole kept empty as a control hole and covered by Biocollagen membrane and the 
other hole filled by Cerasorb granules 500-1000µm and covered by Biocollagen 
membrane.   
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- In the subcutaneus region of the right ulna we applied augmentaion material 
Biogen. 
 
 
21.6.2007: application of antibiotic Tetracycline (20 mg/kg, 100 mg/1ml) 6,3ml 
i.m. at the weight of 30kg. 
The 2nd dose 7.0 ml in 26.7. 2007 at the weight of 50.0kg. 
During the application of TTC the soft tissues of the left leg was injured. The 
wound was treated by placing a suture provided under local anaesthesia. 
 
Termination: 
 27.7.2007, weight 52.5kg 
Right tibia was excluded due to the inflammation. 
 
 

 

Fig 77. Cutaneous fistula of tibia due to 
inflammation. 

 

Fig 78. Rejected implant due to inflammation. 

 
 
 
 
 
 
 
 
 

Right Mandible 
Distal placement of implant progressing mesially: A (around Cerasorb 500-
1000),B,S,C,M                                      
Left Mandible 
Distal placement of implant progressing mesially: A,B,S,C,M,Hole Dentalgel 
collagen res + Bioc, Hole Biogen + Biocollagen mem     
 
 

Pig No 4 
05.06.07 

18 kg 
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Right Tibia  
Proximal placement of implant progressing distally: A,B,S,D,M,E,F,N, Hole  
Biogen + Biocollagen membrane,  Hole Control + Biocollagen membrane                                
Left Tibia 
Proximal placement of implant progressing distally: B,C,S,F,M,E,F,N, Hole 
Cerasorb+Biocoll.mem, Hole Control+Biocoll.mem 
 
 
Right Ulna 
Proximal placement of implant progressing distally: A,C,S (subcutanous 
application of Biogen),D,M 
Left Ulna   
Proximal placement of implant progressing distally: B,C,S,F,M 
 
 
Excluded: right tibia p4  
 
Radiographic Results and Discussion  
 
These images were taken after the sacrifice of the animals. 
 
The images taken, reveal that opposition of bone occurred above the implant head, 
where the largest part of the implant remained inside the bone marrow cavity due 
to the osteoclastic activity of osteoclasts. This lead to resorption of bone at the 
distal part of implants. 
 
Osteoblastic activity lead to opposition of bone at the proximal part of implants. 
However since the primary stability of the implants at the time of operation were 
good, this can be explained by utilization of young animals for these experiments.  
 
 
Due to the rapid growth of the animals, a thick layer of bone formed above the 
level of the implants. 
The bone which the implants were inserted into at the time of the operation 
resorbed during the growth of the animals. Due to this problem we decided to 
evaluate osteointegration by focusing on the proximal part of the implants which 
were engaged with bone. 
For performing a similar experiment, the author recommends the use of older 
animals or miniature pigs that have a slower rate of growth.    
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Fig 79. Pig 1, left mandible. 

 

Fig 80. Pig 1, left ulna. 

 

 

Fig 81. Pig 1, right mandible. 

 

Fig 82. Pig 1, right tibia. 

 

 

Fig 83. Pig 2, left mandible. 

 

Fig 84. Pig 2, right mandible. 
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Fig 85. Pig 2, right tibia. 

 

Fig 86. Pig 3, left mandible. 

 

 

Fig 87. Pig 3, left ulna. 

 

Fig 88. Pig 3, right mandible. 

 

 

Fig 89. Pig 4, left mandible. 

 

Fig 90. Pig 4, right ulna. 
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Fig 91. Pig 1, right tibia. 

 

Fig 92. Pig 1, left tibia. 

 

 

Fig 93. Pig 1, left ulna. 

 

Fig 94. Pig 1, right mandible. 

 

 

Fig 95. Pig 2, right tibia. 

 

Fig 96. Pig 2, left tibia. 
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Fig 97. Pig 2, left ulna. 

 

Fig 98. Pig 2, left mandible. 

 
 

 

Fig 99. Pig 3, left tibia. 

 

Fig 100. Pig 3, right mandible. 

 
 

 

Fig 101. Pig 3, left mandible. 

 

Fig 102. Pig 3, left ulna. 
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Fig 103. Pig 4, left tibia. 

 

Fig 104. Pig 4, left ulna. 

 

 

Fig 105. Pig 4, right mandible. 

 

Fig 106. Pig 4, left mandible. 

 
 

3.9 Protocol – Bone processing for eventual histological analysis 

1. Embedding in Epon 812 
 

Fig 107. The Chemicals Used.  Fig 108. Potting embedding media + Marking the 
samples.  
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Fig 109. Embedding media in marked thin-walled 
flat-based containers.  

Fig 110. Embedding of the specimen.  

Fig 111. Curing process first at 37°C, then at 60°C 
for 3 to 5 days. 

Fig 112. Cured blocks ready for cutting.  
 

 

    

2. Cutting and grinding 
 

Fig 113. Samples ready for cutting.  
 

Fig 114. Sectioning a bone-implant specimen to the 
thickness of 1-2 mm using a metal saw.  
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Fig 115. Section of bone-implant, ready for grinding. 
 

Fig 116. Grinding of bone-implant section with 
sandpaper from lower to higher grain size (Grain: 
100, 200, 240, 800, 1200, and 2000).  
 

Fig 117. Manual grinding of bone-implant section. Fig 118. During grinding with sandpaper with the 
1200 and 2000 grain, it is better to moisten sample 
with water.  

 

Fig 119. During grinding with sandpaper with 1200 
and 2000 grain, pressure is applied very gently to 
avoid formation of grooves on the sample surface. 
After finishing grinding, the section is rinsed with 
water and left to dry.  

Fig 120. Bone-implant section is ready for placing on 
the surface of the slide.  
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Fig 121. On the underlay surface of the slide, and on 
the polished surface of the prepared section Solacryl 
is placed (it is possible to use superglue.) This causes 
the polished surface of the section to stick to the 
underlay surface of the slide.  
 

Fig 122. The glued on section has a weight load 
applied for about 12 hours. After hardening of 
Solacryl, it is possible to grind the section from the 
other side. (in the case of using superglue it is 
possible to grind immediately).  

Fig 123. The glued on bone-implant section is ready 
for grinding.  

Fig 124. Grinding of glued section from nonpolished 
side. Grinding is done by sandpaper from lower to 
higher grain size (Grain: 100, 200, 240, 800, 1200, 
2000). The same as the other side of section.  

Fig 125. Grinding of the glued bone-implant section 
to the slide by sandpaper.  

Fig 126. During grinding with sandpaper with 1200 
and 2000 grain, pressure is applied very gently to 
avoid formation of grooves on the sample surface. 
After finishing grinding, the section is rinsed with 
water and left to dry.  
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3. Staining and Mounting 
 

Fig 127. Staining – see the protocol for staining with 
Alizarin red and toluidine blue. 

Fig 128. Staining.   

Fig 129. Stained and dried preparation is covered by 
Solacryl.  

Fig 130. Application of cover glass (mount).  
 

Fig 131. Apply cover glass on the slide.  
 

Fig 132. After mounting, a small weight load is 
placed on top of the cover glass for one day while the 
Solacryl dries and hardens, in order to keep the 
section flat. (This prevents distortion of the 
preparation).  
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Fig 133a. Preparation is ready for light microscope. Fig 133b. Preparation is ready for light microscope. 

 
 

3.10 Protocol – Staining Methacrylate- embedded bone with Alizarin red and 
toluidine blue  

(Procedure is according to Dr. Kirsti Winter, Veterinary Medical University in 
Vienna). 

Solutions: 
Alizarin red: 0.1% solution in 0.5% solution of NaOH 
 
Toluidine blue:   borax                            1g 
   toluidine blue    1g 
   distilled water   100ml 
 
The borax makes the stain alkaline so it will penetrate the epoxy. It dissolves in the 
water resulting in a final pH of solution of 11. This is then mixed and added to 
toluidine blue. Thereafter we filter the solution. 

Method: 
 Staining takes place at room temperature. 
1. Alizarin red   (30min – 60min). 
2. Rinse in distilled water  
3. Toluidine blue   (10min – 20min). 
4. Rinse in distilled water 
5. Blot dry and leave in drying oven for about 15min. 

Results: 
Mineralised bone – red-pink/pink-purple 
Osteoid – bright blue 
Nuclei – Dark blue  
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3.11 Microphotographic results obtained by light microscope  
 

 

Fig 134. Histological view of implant E, left ulna, pig 
1 (Transverse section). 

 

Fig 135. Implant E, left ulna, pig 1 (Transverse 
section). 

 

 

Fig 136. Implant S, left ulna, pig 1 (Transverse 
section). 

 

Fig 137. Implant S, left ulna, pig 1 (Transverse 
section). 

 

 

Fig 138. Implant A, left tibia, pig 1 (Transverse 
section). 

 

Fig 139. Implant B, left tibia, pig 1 (Longitudinal 
section). 
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Fig 140. Implant C, left tibia, pig 1 (osteointegration 
between two threads - longitudinal section). 

 

Fig 141. Implant C, left tibia, pig 1 (longitudinal 
section). 

 

 

Fig 142. Implant C,  left ulna, pig 3 (longitudinal 
section). 

 

Fig 143.  Implant S,  left ulna, pig 3 (longitudinal 
section). 

 

 

Fig 144. Implant A, right ulna, pig 3 (longitudinal 
section). 

Fig 145. Implant A, right ulna, pig 3 (longitudinal 
section). 
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Fig 146. Implant D, right ulna, pig 3 (longitudinal 
section). 

 

Fig 147. Implant D, right ulna, pig 3 (longitudinal 
section). 

 

 

Fig 148. Implant M, right ulna, pig 3 (longitudinal 
section). 

 

Fig 149. Implant M, left mandible, pig 3 (longitudinal 
section). 

 

 

Fig 150. Implant D, left mandible, pig 3 (longitudinal 
section). 

 

Fig 151. Implant D, left mandible, pig 3 (longitudinal 
section). 
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Fig 152. Implant C, left mandible, pig 3 (longitudinal 
section). 

 

Fig 153. Implant C, left mandible, pig 3 (longitudinal 
section). 

 

 

Fig 154. Implant A, left mandible, pig 3 (longitudinal 
section). 

 

Fig 155. Nanoimplant, left tibia, pig 4 (longitudinal 
section). 

 

 

Fig 156. Nanoimplant, left tibia, pig 4 (longitudinal 
section). 

 

Fig 157. Same image as in figure 156 but with a 
higher magnification. 
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3.12 Microphotographic results obtained by confocal laser scanning 
microscopy (CLSM or LSCM) as well as an introduction to this concept 

Introduction 

This is a technique for obtaining high-resolution optical images. The key feature of 
confocal microscopy is its ability to produce in-focus images of thick specimens, a 
process known as optical sectioning. Images are acquired point-by-point and 
reconstructed with a computer, allowing three-dimensional reconstructions of 
topologically-complex objects. The principle of confocal microscopy was 
originally patented by Marvin Minsky in 1957, but it took another thirty years and 
the development of lasers for CLSM to become a standard technique toward the 
end of the 1980’s. 

Principle of confocal microscopy. 

In a conventional widefield microscope, the entire specimen is bathed in light from 
a mercury or xenon source, and the image can be viewed directly by eye or 
projected onto an image capture device or photographic film. In contrast, the 
method of image formation in a confocal microscope is fundamentally different. 
Illumination is achieved by scanning one or more focused beams of light, usually 
from a laser or arc-discharge source, across the specimen. This point of 
illumination is brought to focus in the specimen by the objective lens, and laterally 
scanned using some form of scanning device under computer control. The 
sequences of points of light from the specimen are detected by a photomultiplier 
tube (PMT) through a pinhole (or in some cases, a slit), and the output from the 
PMT is built into an image and displayed by the computer. Although unstained 
specimens can be viewed using light reflected back from the specimen, they 
usually are labeled with one or more fluorescent probes. The following is a more 
detailed description of how a confocal microscope works: 

A laser is used to provide the excitation light (in order to get very high intensities). 
The laser light reflects off a dichroic mirror. From there, the laser hits two mirrors 
which are mounted on motors; these mirrors scan the laser across the sample. Dye 
in the sample fluoresces, and the emitted light gets descanned by the same mirrors 
that are used to scan the excitation light from the laser. The emitted light passes 
through the dichroic and is focused onto the pinhole. The light that passes through 
the pinhole is measured by a detector, ie. a photomultiplier tube. 

So, there never is a complete image of the sample at any given instant, only one 
point of the sample is observed. The detector is attached to a computer which 
builds up the image, one pixel at a time. In practice, this can be done perhaps 3 
times a second, for a 512x512 pixel image. The limitation is in the scanning 
mirrors.  
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Confocal microscopy also provides a substantial improvement in lateral resolution 
and the capacity for direct, noninvasive, serial optical sectioning of intact, thick, 
living specimens with a minimum of sample preparation. Because CLSM depends 
on fluorescence, a sample usually needs to be treated with fluorescent dyes to 
make objects visible. However, the actual dye concentration can be low to 
minimize the disturbance of biological systems: some instruments can track single 
fluorescent molecules. Also, transgenic techniques can create organisms that 
produce their own fluorescent chimeric molecules (such as a fusion of GFP, green 
fluorescent protein with the protein of interest). 

What is the advantage of using a confocal microscope? 

By having a confocal pinhole, the microscope is really efficient at rejecting out of 
focus fluorescent light. The practical effect of this is that the image comes from a 
thin section of the sample (because of the small depth of field). By scanning many 
thin sections through your sample, you can build up a very clean three-dimensional 
image of the sample. 

Also, a similar effect happens with points of light in the focal plane, but not at the 
focal point -- emitted light from these areas is blocked by the pinhole screen. So a 
confocal microscope has slightly higher resolution horizontally, as well as 
vertically. In practice, the best horizontal resolution of a confocal microscope is 
about 0.2 microns, and the best vertical resolution is about 0.5 microns. 
  
Results 
 

 

Figure 158. Implant M, left ulna, pig 1. 

 

Fig 159. Implant M, left ulna, pig 1 (5=292µm), 
(6=257µm), (8=975µm). 
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Fig 160. Implant D, left tibia, pig 1. 
 

Fig 161. Implant E, left tibia, pig 1. 

 
Fig 162. Implant S, left tibia, pig 1. 

 
Figure 163. Implant S, left ulna, pig 3. 

   

 
Fig 164. Implant C, left ulna, pig 3. 

 
Fig 165. Implant M, left tibia, pig 1. 
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Fig 166. Implant D, left mandible, pig 3. Fig 167. Implant D, left mandible, pig 3. 

 

 

Fig 168. Implant A, left mandible, pig 3. 

  

 

Fig 169. Implant A, left mandible, pig 3. 

 

 

Fig 170. Implant S, left mandible, pig 3. 

 

Fig 171. Implant S, left mandible, pig 3. 
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Fig 172. Implant M, left mandible, pig 3. 

 

Fig 173. Implant S, right ulna, pig 1. 

 

 

Fig 174. Implant A, right ulna, pig 1. 

 

Fig 175. Nano implant, left tibia, pig 4. 

 

 

Fig 176. Implant E, right mandible, pig 1. 

 

Fig 177. Two lines of tetracycline labelled bone. 
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3.13 Bone-Implant Contact (BIC): 

  

Osteointegration is defined in histological implant studies as the direct contact 
between living bone and implant, on the level of a light microscope. Although this 
definition does not state the proportion of bone in contact with the implant surface, 
one of the most used variables in histomorphometric analysis of implants is the 
fraction of surface areas of mineralized bone in contact with the implant surface 
(BIC).  

Implant ground sections in situ are relatively thick sections (20-40µm) and 
therefore only a few sections are obtainable from a bone-implant block. When 
serial sections of bone-implant specimens are cut exhaustively, a ‘shadow effect’ 
will occur at the peripheral section 147. 

Histomorphometry is an established method to determine the extent of 
osteointegration and the rate of healing of dental implants. We can use this to 
measure the percentage of bone implant contact (BIC). Experimental trials on 
animal models revealed that implants with roughened surfaces had a better early 
anchorage in bone tissue and a higher percentage of BIC than implants with 
smooth surfaces 141,142. Repeating the same experiments in human studies produced 
the same results.143-146. 

The successful clinical use of micro-rough titanium implant surfaces have laid the 
foundations for developing further surface topographies to promote enhanced peri-
implant bone apposition, during the early stages of bone regeneration. 

The aim of the present studies was to determine the effects of different surface 
treatments, through a histological evaluation of the implant-bone interface. In order 
to evaluate serial optical sections of the under-calcified ground sections and to 
reconstruct the three-dimensional images of the peri-implant bone tissue, labeled 
by tetracycline antibiotic (by setting the excitation wavelength at 405nm and 
emission wavelength at 519nm 148), a confocal laser scanning microscope was 
used.    

Histology and CLSM results, in most regions revealed, that there was a lack of 
direct connecting bridges between the peri-implant bony trabeculae and the 
implant surface.  Only in a few regions, was the presence of the implant roots in 
close proximity to the bone visible.  However, in other regions, bone appeared to 
end in a rather perpendicular orientation to the implant surface, and had started to 
grow in the interthread region, without coming into direct contact with the implant 
roots. 

In the majority of these cases, peri-implant bone was not always continuous and 
rarely followed the entire perimeter of the threads. 
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3.14 Protocol for BIC measurement, in order to obtain results for the 
evaluation of osteointegration 

This was done by the use of the programme Elipse produced by ViDiTo Košice 
org. module line system. 

The BIC was evaluated in a rectangular network with each retangle being 75 x 75 
px to 150 x 150 px. 

The size of the network allows a great number of evaluation points from only one 
preparation. Stereologically there are 200 evaluation points for the 1 histological 
preparation. In our experiment this point refers to the meeting point between each 
rectangular network with the margin of the implant. 

For our experiement we evaluated the meeting of network-margin of implant by 
the following formula:   

Contact of network-Bone implant contact / network-margin of implant x 100 

Or alternatively: Bone/Implant x 100 

 

 

Fig 178. A Green rectangular network can be seen. The meeting point from which the formula can be used 
can be seen as small orange squares (margin of implant contact) and small blue squares (Bone contact with 
implant) 
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Fig 179. A higher magnification view of the evaluation points 

 

 

Fig 180. Same as figure 179 
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3.15 BIC results and discussion 

where  A = laser 5 μm pores, pitch 15 μm; B = laser 10 μm pores, pitch 20 μm; C = laser 20 μm pores, pitch 30 

μm; D = laser 5 μm pores, pitch 5 μm; E = laser 10 μm pores, pitch 10 μm; F = laser 20 μm pores, pitch 20 μm; S 
= sandblasted; M = machined 

 

 

Graph 16 

 

Average BIC (%) for each type of 
implant:    

M = 7.36 

A = 16.54 

S = 20.64 

B = 28.44 

D = 30.36 

C = 32.80 

E = 33.58 
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Conclusion 
Based on these results we can conclude that the surface of the implant has a very 
important role in osteointegration, and that mechanically added roughness to these 
surfaces significantly increases the contact area between the implant surface and 
the peri-implant bone. We can see that the different types of laser treated and 
sandblasted implant surfaces had the highest percentage of Bone-Implant Contact 
whilst the machined surface had the lowest, as expected. However in comparison 
between laser treated and sandblasted surfaces, the laser treated surfaces had a 
higher BIC % with the exception of implant A which had a lower % than the 
sandblasted implant. The results show that laser treatment produced the highest 
BIC%, and is therefore the method of choice when treating the surface of the 
implant.  This may be due to the laser source used for manufacturing the implants, 
which was provided by Synthegra Technology. It was able to produce surfaces with 
biometric characteristics without altering the characteristics of the implant material 
itself, in this case, titanium. The use of the laser allowed the creation of a highly 
controlled surface which helped to improve the integration of the implant with the 
surrounding tissue, as it allowed the creation of a vast number of highly accurate 
niches for each osteoblast. The laser source resulted in the ability to micro-roughen 
the titanium surface in a controlled and uniform manner without chemically 
altering it, and also assisted in stimulating adhesion, proliferation and 
differentiation of the osteogenic cells in contact with the implant surface 
Its important to note that there are many physiological and pathological influences 
which can affect the results, so it is vital to repeat the method several times in order 
to increase the accuracy of the results. 
 
Implant technology is a rapidly progressing science, with very frequent production 
of new designs, materials, shapes and surface treatments. Therefore based on the 
success of our method for this experiment, we could in the future utilize this 
method in order to analyse these new modifications. The current method that was 
used allowed the evaluation of osteointegration to be more efficient, accurate and 
less time consuming. Further scientific research that is currently ongoing will 
further help to improve the benefits of laser technology. An important area of 
research involves the creation of a 'biomimetic surface', a surface that closely 
resembles that of real tissue, which would help assist the stimulation and 
proliferation of the bone tissue due to the fact that it stimulates the regularity and 
dimensions of the bone tissue itself, without altering the properties of the titanium. 
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4. Summary and discussion of the experiments 
 
Summary and discussion of experiment 1- study of statistical data of 
augmentation materials 
Aim 
To understand what the most common indications of using augmentation materials 
are and to obtain some statistical data concerning 3 different bone substitute 
materials. 
Materials and Methods 
This study is based on the statistical data of different augmentation materials as 
used when indicated in patients of the Maxillofacial Surgery Department, Faculty 
Hospital in Pilsen, during the period of 2003-2007. 
During this period we treated 19 patients with 3 different augmentation materials; 
Biogen, Bioresorb and Cerasorb. Regarding this fact that one patient could have 
been treated by different augmentation materials or by one augmentation material 
in different regions of the jaws, we record the results of indicated material as a case 
which were a total of 30. 
Results 
1. Of all 19 patients, 10(53%) were treated by Bioresorb, 5(26%) by Cerasorb and 
4(21%) patients by Biogen. See graphs 2 and 1.  
2. Of all 30 cases, 16(53%) Bioresorb, 9(30%) Cerasorb and 5(17%) Biogen were 
used. See graphs 3 and 4. 
3. Of all 19 patients, 10(53%) were male, and 9(47%) were women. See graphs 5 
and 6. 
4. Of all 30 cases of indication for treatment using augmentation materials 8(28%) 
were for sinus lift, 7(23%) for augmentation of bone after extraction, 5(17%) after 
cystectomy, 4(13%) for augmentation of alveolar ridge, 4(13%) after root 
resection, 1(3%) for augmentation of periimplant defect and 1(3%) for 
augmentation of alveolar ridge with distraction. See graphs 7 and 8. 
5. Of all 9 cases treated by Cerasorb, 4 cases were indicated for sinus lift, 3 for 
augmentation of alveolar ridge, 1 for augmentation of bone after extraction and 1 
after extraction. See graph 9. 
6. Of all 16 cases teated by Bioresorb, 4 cases were indicated for sinus lift, 4 for 
augmentation after cystectomy, 4 for augmentation of bone after extraction, 2 after 
root resection, 1 for augmentation of per implant defect and 1 for augmentation of 
alveolar ridge. See graph 10. 
7. Of all 5 cases treated by Biogen, 2 cases were indicated for augmentation of 
bone after extraction, 1 after root resection and 1 for augmentation of alveolar 
ridge. See graph 11. 
8. In total 5 augmentation materials were used for augmentation of alveolar ridge, 
among them in 3 cases Cerasorb were used and 1 case for Bioresorb and Biogen 
each. See graph 12. 
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9. In total 4 augmentation materials were used after root resection, among them in 
2 cases were used Bioresorb and 1 case for Cearsorb and Biogen each. See graph 
13. 
10. In total 5 augmentation materials were used after cystectomy, among them in 4 
cases were used Bioresorb and for 1 case Cerasorb. See graph 14. 
11. In total 8 augmentation materials were used for sinus lift operation, among 
them in 4 cases were used Bioresorb and 4 cases were used Cerasorb. See graph 
15. 
 
Conclusion 
The use of augmentation materials were slightly more common in treatments 
carried out on males than in females.  
Bioresorb was generally the most commonly used augmentation material.  
The principal indicators for use of augmentation materials were concluded to be 
primarily sinus lifts followed closely by their use in post-extraction cases. It is also 
indicated in other minor surgical procedures, such as following root resections and 
cystectomy.  
It was established that in cases of sinus lift, Bioresorb and Cerasorb were most 
commonly used. Bioresorb was also the principal material used after root resection 
and cystectomy, whereas Cerasorb was preferred in alveolar ridge augmentation. 
Indications for use of Biogen were in post extraction cases. 
 
Summary and discussion of experiment 2- Experimental study in pigs with the 
purpose of evaluating the possible osteogenic activity of bone augmentation 
materials 
Aim 
To evaluate in vivo the possible osteoinduction potential and osteogenic activity of 
two different bone augmentation materials, and if ectopic bone formation could be 
induced when implanted subcutaneously to the extremities of the pigs. 
Materials and Methods 
The experiment was performed under general anaesthesia, using aseptic 
techniques. Two bone augmentation materials: microporous granules (Ø 500-1000 
μm) of pure phase ß-tricalcium phosphate ceramic Cerasorb® and granular mix (Ø 
0.5-1 mm) derived from equine bone BIOGEN® were applied at the ulnar region 
between muscular and cutaneus tissue. We performed two intramuscular 
applications of the antibiotic Tetracycline at 16 days after operation. Tetracycline is 
deposited where bone or cartilage matrix is mineralizing and can therefore 
demonstrate regions of active bone formation and mineralization. After 52 days the 
pigs were terminated. At the site of application of Cerasorb some hard tissue 
material was found (none at BIOGEN®).See figures 13-15. 
 The specimens were observed by optical and confocal laser microscope after 
histological processing.  
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Results 
The observation revealed incompletely mineralized osteoid material and layers of 
chondroid tissue mass. See figures 17-26 
 Bright fluorescent zones showed the deposition of tetracycline-induced 
fluorescence limited to area of active hard tissues formation. See figures 27-28  
Conclusion 
Based on our results, it is possible to use this sequential methodology in soft 
tissues, with the objective to verify the osteoinduction potential of different bone 
augmentation materials. With respect to this original method, we can analyse 
different augmentation materials to establish the most successful one with the best 
osteinductive properties. 
We also established that our results from the labelling of the tissue by tetracycline 
exhibited the same results as that shown in previous publication by Mitch et al 136, 

137. 
These results highlight the potential future use, of augmentation materials in 
creation of hard tissues, in areas where soft tissues are normally present. This 
would be invaluable, for example, in the clinical setting of cosmetic surgery or 
maxillofacial surgery where bone reconstruction must take place following 
oncological or traumatic destruction of bone. 
 
Summary and discussion of experiment 3- experimental study in pigs to 
evaluate the ability of Cerasorb as a bone augmentation material for healing 
of bone defects 
Aim 
To evaluate the efficiency of Cerasorb bone augmentation material in bone healing 
when it is applied into the artificial hole made in the extremities of the pigs. 
Materials and Methods 
The experiment was performed under general anaesthesia, using aseptic 
techniques. Two artificial holes were made at the tibia of two pigs. In each tibia 
one hole was filled by microporous granules (Ø 500-1000 μm) of Cerasorb and the 
second hole was kept empty as a control hole for further comparison. Two holes 
are covered by Biocollagen membrane to prevent outside influence. See figures 29-
32 and 35-37. 
After 52 days the pigs were terminated and radiograms were obtained from the 
sites of artificial holes. See figures 33-34 and 38-40. 
The specimens were observed by optical microscope after histological processing.  
Results and Discussion 
Based on careful analysis of the radiographic and histological images, we can 
conclude that Cerasorb gradually resorbs and is taken over by new bone formation. 
The brown roundish microporous granules of Cerasorb show different stages of 
peripheral penetration by vascularized connective tissue, leading to new bone 
formation. Histolological findings revealed that Cerasorb granules were 
surrounded by connective tissue and osteoblasts and new bone formation is 
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replaced by gradual resorption of cerasorb mainly from the peripheral site. 
Therefore we can conclude that Cerasorb has very good bone augmentating 
properties and can be readily used for healing of bone defects.   
 
Summary and discussion of an experiment to establish the most efficient 
evaluation method of a bone-implant interface in a dead rabbit (experiment 
4), and if successful to use this method to evaluate the actual osteointegration 
in a living rabbit (experiment 5). 
 
Aim 
For evaluation of osteointegration between bone and dental implants, the 
preparation time can exceed 7 months when following the traditional method of 
preparation of the histological specimens. The main difficulty in the traditional 
method is to get a very thin section of bone-implant, without any displacement and 
micro-movements of osteointegrated implants from the bone, to be able to observe 
true bone-implant interface. Our aim in these experiments was to find an 
alternative method for preparation of the bone-implant interface for evaluation, by 
using a confocal laser microscope in order to improve cost efficiency and reduce 
the preparation time whilst obtaining reliable and useful results. The advantage of 
CLSM is that speciment should not be sectioned as thin as for light microscope and 
its ability to produce in-focus images of thick specimens, a process known as 
optical sectioning. Images are acquired point-by-point and reconstructed with a 
computer, allowing three-dimensional reconstructions of topologically-complex 
objects.  
Materials and Methods 
Experiment 4: In the first step we tried to determine the best staining method for 
staining of different sections of various bone by different staining methods and 
materials.See figures 46-51. 
We inserted the titanium implant and screw in to the femur of the dead rabbit. In 
the next step, grinding of the bone and implant was done until the bone-implant 
interface was seen. This was then stained with basic fuchsin ready for histological 
evaluation under the confocal laser scanning microscope (CLSM). See figures 52 
and 53. 
Experiment 5: Under general anesthesia titanium implant was surgically inserted 
into the femur.See figures 57-58 
After 45 days the rabbit was sacrificed and a series of radiographical images were 
taken. See fig.59 
Results 
Experiment 4: The results, as can be seen in fig 54-56 under a confocal laser 
microscope are very positive. Although, as expected, no osteintegration had taken 
place due to implantation into nonliving tissue, the bone-implant interface can 
clearly be seen. 
In conclusion we ascertained that the traditional method of producing histological 
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specimens of bone and implant is very time consuming and complicated.  
The experimental method that was developed utilizes the confocal laser 
microscope, allowing accurate results and more rapid specimen preparation time 
whilst being easier to perform. 
Having established the success of the experimental method, we decided to repeat 
our experiment but with the use of a living rabbit.  
Experiment 5: After histological preparation the specimens were observed under 
CLSM. The results as seen on Fig 60, 61 and 62, were highly successful and 
provided an excellent view of the bone-implant interface for evaluation of 
osteointegration. 
We confirmed the results obtained from CLSM pictures by performing the 
traditional method and analysed our results under light microscope. See figures 63-
66. 
Conclusion   
Experiment 4: We ascertained that the traditional method of producing histological 
specimens of bone and implant is very time consuming and complicated.  
The experimental method that was developed utilizes the confocal laser 
microscope, allowing accurate results and more rapid specimen preparation time 
whilst being easier to perform.  
Experiment 5: The results as seen on Fig 60, 61 and 62, were highly successful and 
provided an excellent view of the bone-implant interface. The images made by 
laser confocal microscope showed osteointegration between the bone in red, and 
the dark black implant structure. 
Evaluating figures 60, 61 and 62 we can establish that there are no spaces, showing 
good osteointegration.  
Based on our results, in both the nonliving and living tissues, we can deduce that 
the alternative method is a very successful way in preparing and evaluating 
histological specimens in order to show the osteointegration between the bone and 
implant surface. Our results were similar to those provided by the traditional 
method, however, our method was significantly less time consuming, more cost 
efficient and easier to carry out. 
 
 
Summary and discussion of experiment 6- Experimental study in pigs with the 
purpose to evaluate and examine osteointegration of dental implants with 
differently treated surfaces. 
Aim 
Examination and evaluation of osteointegration of dental implants with different 
laser treated surfaces, and the comparison of those results with sandblasted and 
machine treated implant surfaces. 
Materials and Methods 
Different types of surface treated Implants inserted into the long bones (ulna and 
tibia) and mandible of 4 piglets under general anesthesia. Two doses of antibiotic 
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Tetracycline (TTC) were applied in different periods of time to demonstrate 
regions of active bone formation, mineralisation and to demonstrate the quantity of 
newly formed bone at the implant interface with the help of a confocal microscope 
due to its fluorescent property. 
The pigs were sacrificed after the periods of 52 and 64 days. A Series of 
radiographical images were taken and revealed that opposition of bone occurred 
above the implant head, where the largest part of the implant remained inside the 
bone marrow cavity due to the osteoclastic activity of osteoclasts.  (See figures 79-
106). Note: For performing a similar experiment, the author recommends the use 
of older animals or miniature pigs that have a slower rate of growth. 
Results 
After bone processing and staining for eventual histological analysis (fig.107-133), 
a series of microphotographic images were taken under both light and CLSM 
showing the bone-implant interface. See figures 134-177 
Images from CLSM reveal that during the period of application, the TTC 
accumulated and labelled the newly formed bone demonstrated two levels of bone 
formation labelled as fluorescent lines. (See figures 159,167,176 and 177) 
We evaluate the osteointegration of different types of surface treated implants by 
measuring of bone-implant contact (BIC) % according to the Elipse programme 
explained in fig. 178-180. 
Conclusion 
We found out that the different types of laser treated and sandblasted implant 
surfaces had the highest percentage of Bone-Implant Contact, whilst the machined 
surface had the lowest, as expected. However in comparison between laser treated 
and sandblasted surfaces, the laser treated surfaces almost had a higher BIC % than 
the sandblasted implant. The results show that laser treatment produced the highest 
BIC%, and is therefore the method of choice when treating the surface of the 
implant.  This may be due to the laser source used for manufacturing the implants, 
which was provided by Synthegra Technology. It was able to produce surfaces with 
biometric characteristics without altering the characteristics of the implant material 
itself, in this case, titanium. The use of the laser allowed the creation of a highly 
controlled surface which helped to improve the integration of the implant with the 
surrounding tissue, as it allowed the creation of a vast number of highly accurate 
niches for each osteoblast. The laser source resulted in the ability to micro-roughen 
the titanium surface in a controlled and uniform manner without chemically 
altering it, and also assisted in stimulating adhesion, proliferation and 
differentiation of the osteogenic cells in contact with the implant surface 
 
Based on these results as seen in graph 16, we can conclude that the surface of the 
implant has a very important role in osteointegration, and that mechanically added 
roughness to these surfaces significantly increases the contact area between the 
implant surface and the peri-implant bone.  
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