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JEONG-YEOL SOHN 
Bone regenerative response following bone augmentation using 
hyd'roxyapatite with and without growth factors 
(Under the direction of MOHAMED M. SHARA WY) 

The purpose of this study was to determine whether adding transforming 

growth factor-13 (TGF-13) which is known to promote osteogenesis or 15 

amino acid polypeptide obtained from collagen type I (P-15) which is 

known to enhance DNA synthesis in cultured fibroblasts, would enhance 

the osseoint~gr.ation- of porous anorganic bovine bone block (HA-block) to 

mandibular bone surface. Total of 45 rabbits were divided into three equal 

groups. The buccal side of the mandible in ea.ch anesthetized animal was 

surgically exposed,. decorticated and 10 x 5 x 4 mm. HA (Group I), HA+ 

TGF-13 (Group II) or HA + P-15 (Group III) blocks. were affixed to .host 

bone using two, titanium screws. Animals were sacrificed, 1 wk, 4 wks and 

8 wks after surgery. A core of the implant· and underlying host bone was 

used to determin.e osteocalcin using Western and Slot blot analyses before 

perfusing the animals with 4% forma}in. The contralateral sides were only 

decorticated and served as sham controls. The interface between the HA

block and the ho.st bone showed a signifi.cantly higher (P<0~05) number of 

mesenchymal cells in the HA + TGF--P. and HA + P-15 one week group 

when c.ompared. to HA-alone. This numb.er of mesenchymal ·cells declined 

significantly .by the 4 th and 8th weeks. The proliferating cell nuclear antigen 

(PCNA) index using immunohistochemistry als.o showed a significant 

increase in the one week groups and· then also declined. Alkaline 

phosphatase, osteocalcin, bone volume, and new bone formation were all 

significantly increased by the 4th and 8th weeks and were significantly 

higher in the HA + TGF-13 and HA + P-15 at 4 wks after surgery. In 

addition, the macropores of the lower halves of all blocks were filled with 

new bo.ne. The den~ity of the newly formed bone was comparable to the 

control bone. These res.ults indicate that anorganic :bovine bQne blocks are 



osteoconductive and their pores permit growth of new bone. The adding of 

TGF-P or P-15 enhanced all parameters of osteogenesis at the mandibular 

bone surface. 
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Immunohistochemistry, Mandible, Material Characteristics, Osteocalcin, 
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1 

I. INTRODUCTION 

A. Statement of the Problem 

The main objectives in dentistry are the preservation and restoration 

of dental function, speech, and esthetics. Despite of dramatic advances in 

modern dentistry, the loss of tooth is inevitable. Regardless of the cause 

of tooth loss, whether it is trauma, disease, or surgical resection, many 

patients suffer from alveolar bone loss which, in some cases, is so severe 

that conventional pro-sthesis plac.ement is nearly impossible. (Feinberg et 

al., 1986). 

The successful -augmentation of the surfaces of bone, particularly to 

the face and oral cavity, has significant clinical application. In many 

edentulous patients, extreme alveolar ridge atrophy makes the construction 

of functional dentures difficult and the wearing of dentures almost 

impossible (Raymond et al., 1986). Although the prevention of bone loss 

from the jaws is an ultimate solution to this problem, the restoration of 

function in affected individuals is a worthy goal in itself (Douglas, 1990). 

The development of bone substitute materials that are biocompatible, 

and which have properties similar to bone, would benefit hundreds of 

thousands of edentulous patients annually. There has been an ongoing 

search for such an ideal .bone graft material without complete success. 

Recent research in the field of bone augmentation in humans and 

animals will be briefly reviewed to provide essential background to this 

thesis. 
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B. Review of Related Literature 

1. Residual Ridge Overview 

The residual ridge is the bone of the alveolar process that remains 

after a· tooth is lost (Rahn and Heartwell, 1993). Subsequent skeletal 

alterations lead to a considerable change in the configuration of the 

residual bony ridge. The first to disappear is the alveolar process, but the 

atrophy eventually may involve parts of the basal bone of the jaws (Kalk et 
I 

al., 1993). In the maxilla, atrophy is more pronounced in the premolar, 

canine or incisor areas. In the mandible, there is often a widening of the 

arch of the remaining ridge in the molar -region while in the anterior region 

the changes vary individually (Sicher and DuBrul, 1980). 

If atrophy involves p.art of the -body of the maxilla and mandible, the 

ridge may approac~ bony structures which anatomically are located far 

from the alveolar process (Douglas et al., 1993). For example, in the 

maxilla, the ridge may approach the base of the anterior nasal spine, the 

lower end of the zygomatic alve.olar crest, the hamu-lus of the pterygoid 

process or even the floor .of the maxillary sinus. In the mandible, the 

atrophy may involve the upper part of the body of the mandible, so the 

ridge shrinks to the level of the mental protuberance anteriorly, and to the 

level of the internal oblique line, or the mandibular canal and the mental 

foramen (Ulm et al., 1993). In extreme cases, the ridge may drop below 

the level .of the lingual sulcus and the sublingual glands may protrude on 

the top o.f the residual ridge (Johnson, 1964). 

After loss of teeth, the residual ridge, under normal conditions, is 

covered by a tissue that is identical in its structure with normal gingiva 

(Cadwood and Rowel, 1988). In other words, it is covered by a 
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keratinized or parakeratinized stratified squamous epithelium with an 

underlying firm, thick layer of inelastic dense connective tissue, which is 

also attached to the periosteum of the ridge. 

The atrophy proceed,s toward the line of origin of the muscles which 

are attached to the bone or near the bone of the alveolar process (Atwood, 

1963). In the maxilla, the muscles are the buccinator, upper incisive and 

nasal muscles. In the mandible, the muscles are the buccinator, lower 

incisive, mentalis, mylohyoid, geniohyoid and genioglossus muscles. The 

atrophy may pass below the line of attachment of one or more these 

muscles, in which case the muscle fibers lose their direct attachment to the 

bone and gain an indirect fibrous attachment through the remnants of the 

peri-osteum (Soikkonen et al., 1995). 

The mandibular ridge resorbs approximately four times more rapidly 

than the maxillary ridge (Atwood, 1977). The quantity of and rate of 

resorption of alveolar bone not only differ between maxillary and 

mandibular bone, but also vary with resp·ect to the age, nutritional status 

and sex of the patient. The original shape, size, and location of the 

alveolar proce.ss are all important factors (Craddock, 1951). 

In some situatio.ns,- reduction of residual ridge (RRR) leaves flabby 

mucoperiosteum, while in others, there appears to be well-attached 

mucoperiosteum without redundant tissue over the resorbed ridge. 

Similarly, there may or may not be evidence of inflammation in areas of 

RRR (Atwood, 1962}. During the remodeling process, new bone is laid 

down internally while resorption occurs externally. However, this do.es not 

always work with equal success and in many patients the residual ridge 

crest has no cortical layer (Carlsson et al., 1967 b). 

The reduction of residual ridge includes both cortical and cancellous 

bone, no matter how· well bone is calcified (Atwood, 1971). Maintenance 

of alveolar .bone is thought to be dependent on tensile stimulation of bone 

by the periodontal -ligament and the presence of teeth. Following loss of 

teeth, the absence of tensile stimulation to- alveolar bone and compressive 
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stimulation from denture pressure produce varying d.egrees of resorption 

until basal cortical plates are continuous an_d less dense alveolar bone is 

completely -resorbed .(Atwood, · 1977). A random arrangement of the 

trabecular bone following extraction is thought to be. less resistant to the 

masticatory forces (Neufeld, 1958). Abnormal bony formations may occur 

such as knife edge appearance, undercuts, concave ridge form and complete 

loss of the ridge which result in a pencil-thin mandible (Kent and Jarcho, 

1986.). When those forms are found in the mandible, the mandible is 

usually referred to as an .atrophic mandible. 

The reduction of re.sidual ridge is chronic,. progressive, irreversible . 

and· cumulative. T,he reduction -usu.ally proceeds slowly o.ve-r a long period 

of time. The annual increments of b.one loss have a cumulative effect, 

leaving less and less residual ·ridge (Atwood, 1971). 

Bone r.emodeling involves three . steps: activation, resorption, and 

formation (Roberts,. 1988). All of these steps are constantly occurring with 

varying rates, de.pending upon the specific location, age, metabolic activity 

and the local stress on the area. The edentulous jaws present challenges 

due to the characteris.tic patterns of bone loss without the stimuli of tensile 

loading stresses (Koomen et .al., 197-9). The changes in bone morphology 

following loss of tee~h are better. termed "bone remodeling" instead of the 

term b.one resorption, which .only is a part of the remodeling process that 

leads to the devel,op.ment of the edentulous ridge (Frost, 19-8.0). Ridge 

remodeling is also a -bette,r term than ridge atrophy be.cause the latter term 

implies a passive process. 

Alveolar bone los:s is considered cumulative and irreversible ·since 

alveolar bone cannot spontaneously regenerate (Mercier · and Lafontant, 

1979). The resorption of the ridge is initially rapid for the first six months 

(Atwood, 1971) or the first two years (Robert, 1986) or within the first 

few years (Carlsson . and Persson, 1967a). Thereafter the resorption 

proceeds at a slower pace. Nevertheless, it continues even after twenty 

five years (Tallgren, 1972). It also varies at different sites and different 
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times (Mercier, 1979) and it may or may not b'e uniform along the entire 

length of the edentulous ridge (Robert, 1986). 

Patients who lack a convex ridge of adequate height and surface area 

generally have problems stabilizing and retaining their dentures. The shape 

of the ridge is often important in developing well-supported and stable 

dentures_ (Hillerup, 1994). Reconstruction of the mandible is considered 

unsatisfactory if a good esthetic result is achieved without the restoration 

of mastication (Rehrmen, 1959). Also, since physiologic factors must 

func,tion through prosthetic factors, they may be grouped together as 

mechanical factors (Mecier and Vinet, 19 81). It may be that when many 

anatomic, biologic and mechanical factors coexist, the rate of reduction of 

residual ridge will be high. If certain critical cofactors are absent, even if 

some cofactors are present to a large degree, the rate of reduction may be 

little or none (Atwood, 1972). 

Wical et a/.(1974), stated that systemic conditions are important 

etiologic factors in the reduction of residual ridge and that the resistance 

of bone to mechanical stresses depends on its physiologic state. They 

found a positive correlation among low calcium intake, 

calcium/phosphorous imbalance, and severe ridge resorption. Mercier et 

al. (1979), however, found that there was no relationship between bone 

density and the severity of atrophy. They stated that the atrophy of the 

alveolar ridge is a multicausal disease. 

The advanced atrophic residual ridges often impair the predictable 

result of traditional prosthodontic therapy (Lang, 1994). Many edentulous 

patients suffer from marked atrophy of their alveolar ridges and present a 

challenge for construction of an efficient denture. 

2. General Description of Bone As A Tissue and Organ 

a) Structure of Bone 
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Cortical and Cancellous Bone 

Gross inspection shows that there are two forms of bone tissue: 

cortical (compact) .bone and cancellous (trabecular) bone (Buckwalter and 

Cooper, 1987). Cortical and cancellous bone have the same matrix 

composition and structure,· but the amount of the cortical bone matrix per 

unit of volume is much greater (Goldstein et al., 1990). Cortical bone has 

greater density or less porosity than cancellous bone (Cowin, 1990). As 

the compressive strength of bone is proportional to the square of its 

density, the modulus of elasticity and the ultimate compressive strength of 

cortical bone may be as much as ten times greater than those of a similar 

volume of cancellous bone (Rubin and McLeod, 1990). Cortical bone 

forms approximately 80% of the mature skeleton and surrounds the marrow 

and the cancellous bone plates (Rector, 1992). Although cortical and 

cancellous bone have the same composition and material properties 

arrangement (Currey, 1990), differences in distribution and cortical and 

cancellous bone are responsible for the differences in mechanical properties 

of specific bones and parts of bones (Sevitt, 1981). 

The structure of both cancellous and cortical bone changes in 

response to applied loads (Rubin and McLeod, 1990), immobilization 

(Currey, 1984), hormonal influences (Raiz and Rodan, 1990), and other 

factors. Cancellous bone has approximately twenty times more surface 

area per unit of volume than does cortical bone (Hoshino and Wallace, 

1987), and its cells lie primarily between lamellae or on the surface of the 

trabeculae, where they can be directly influenced by adjacent bone marrow 

cells (Singh, 1978). In contrast, a higher proportion of the cell population 

of cortical bone is completely surrounded by bone matrix (Martin and 

Burrs, 1989). A decrease in density of the cancellous bone, caused by 

resorption of trabeculae, usually can be seen before there is an increase in 

the porosity of the cortical bone, caused by the formation of resorption 
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cavities (Revell, 1986). 

Woven and Lamellar Bone 

Cortical or cancellous bone may consist of woven (primary) or 

lamellar (secondary) bone (Buckwalter, 1994). Woven bone forms the 

embryonic skeleton and is th-en res.orbed and replaced by mature bone as 
\ 

the skeleton develops. Fracture callus follows the same sequence 

(Buckwalter and Cruess, 1991). Woven bone rarely is present in the 

normal human skeleton after the age of four or five years. It can, however, 

appear at any age' in response to osseous or soft tissue injury (Currey, 

1984). 

Woven bone and lamellar bone differ with regard to their formation, 

composition, organization, and mechanical properties. Woven bone has a 

rapid rate of deposition and turnover, whereas lamellar bone is .usually less 

active (Matthews, 1980). Compared with lamellar bone, woven bone has 

an irregular, almost random organization, and it contains approximately 

four times as many osteocytes per unit volume (Rodan, 1992). The 

osteocytes of woven bone vary in size, orientation, and distribution, while 

those of l"amellar bone are relatively uniform in size with their principal 

axes oriented parallel to those of other cells and to the collagen fibrils of 

the matrix. 

The mineralization of woven bone follows an irregular pattern and 

this pattern creates an irregular radiographic appearance (Glimcher and 

Krane, 1968). The collagen fibrils of lamellar bone vary less in diameter 

and lie in tightly organized parallel sheets, forming distinct lamellae with 

almost uniform distribution of mineral within the matrix. Because of its 

irregular collagen fibril orientation, relatively high cell and water content, 

and irregular pattern of mineralization, woven bone is more :flexible, more 

easily deformed, and weaker than lamellar bone (Torzilli et al., 1981). 

There are four general types of lamellar bone: the trabecular lamellae 
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of cancellous bone, the inner and outer circumferential lamellae of cortical 

bone, the interstitial lamellae of cortical bone, and the lamellae of osteons 

(Cohen and Harris, 1958). Each lamella consists of highly oriented densely 

packed collagen fibrils. These fibrils frequently interconnect not only 

within, but also, between lamellae (Cooper et al., 1966), thereby increasing 

the strength of the_ bone. 

Osteons f~>rm the bulk of the diaphyseal cortex of the mature human 

skeleton (Cooper and Misol, 1970), and form as concentric lamellae of 

bone surrounding c.~ntral canals (Brington and Hunt, 1986). The central 

canals of osteons, referred to as the haversian system, contain blood 

vessels, lymphatic vessels, and occasionally nerves. (Cooper et al., 1966). 

Canaliculi containing the cell pro.cesses of osteocytes extend in a radial 

pattern from the central canal, these canaliculi connect the central canal fo 

osteocytes and create a passage from oste.ocyte to osteocyte (Cooper and 

Cawley, 1988). 

Cemental lines define the outer boundary of each osteon (Currey, 

1984). These thin layers of organic matrix mark sites where the resorption 

of bone stopped and new bone formation began. They separate rather than 

bind or cement adjacent matrix lamellae (Mark, 1990). The cell processes 

of osteocytes within the canaliculi and the collagen fibrils of -osteons do 

not cross the cemental line, so each osteon is left isolated from adjacent 

ones. For this reason, cracks in the bone matrix tend to follow cement 

lines rather than to cross osteons (Gordon, 1988). 

Periosteum 

Periosteum covers the external surfaces of bones with layers of 

bone-forming cells and connective tissue (Whiteside and Lesker, 1978a). In 

most regions, the periosteum can be easily stripped from the bone. 

However, near the articular surfaces and at the site of muscle, tendon, and 

intraosseous membrane insertions, however, periosteum cannot be so easily 
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removed. · The periosteum contributes an important part to the blood 

supply to the bone (Brooks, 1971). Periosteal cells can resorb and form 

bone in response to local or systemic ~timuli (Whiteside and Lesker, 1978 

b) and have important roles in bone metabolism (Nakahara et al., 1990). 

The periosteum consists of two layers: an outer layer that is dense 

and fibrous and an inner layer that is looser and more vascular and cellular 

(Recker, 1992). The inner layer contains cells that are capable of 

becoming osteoblasts and is referred to as the cambium or osteogenic layer. 

The cells of this layer can also form hyaline cartilage under appropriate 

circumstances (Buckwalter, 1994), and they help to form an extraosseous 

callus during fractur.e-healing. The outer, fibrous layer has fewer cells and 

more collagen (Daoud and Saighi-Bouaouina, 1989). It continues into the 

joint capsule and thereby connects one bone to the next. With increasing 

age, the periosteum becomes thinner and its osteogenic capacity decreases 

(Nakahari et al., 1991). In older individuals, the cambium layer has almost 

completely disappeared, and the more superficial fibrous layer thins and 

becomes cellular (Whiteside, 1983). 

b) Bone Cells 

Bone cells originate from two cell lines: a mesenchymal stem-cell 

line and a hematopoietic stem-cell line. The mesenchymal stem-cell line 

consists of undifferentiated cells or preosteoblasts, osteoblasts, bone lining 

.rcells, and o·steocytes. The hematopoietic stem-cell line consists of 

circulating or marrow monocytes, preosteoclasts, and osteoclasts. 

Undifferentiated mesenchymal cells 

Undifferentiated mesenchymal cells that have the potential to become 

osteoblasts, also referred to as preosteoblasts, reside in the bone canals, 

endosteum, periosteum and marrow (Beresford, 1989). They may enter the 
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bone by migrating from surrounding tissues or from the blood. Vascular 

pericytes provide another source of preo.steoblasts (Brighton et al., 1992). 

Undifferentiated cells have an irregular form, a single nucleus, minimum 

cytoplasm, ·and few organelles (Diaz-Flores et al., 1992). They remain in 

their undifferentiated state until they are stimulated to proliferate and 

differentiated into osteoblasts (Buckwalterand Cruess, 1991). 

Osteoblasts 

Osteoblasts line the surface of bone and pack tightly against adjacent 

O•steoblasts (Schaedler et al., 1992). When active, they have a round, oval, 

and polyhedral form with an osteoid seam that separates them from 

mineralized matrix. When .synthesizing new matrix, they contain abundant 

rough endoplasmic reticulum, distinct Golgi apparatus, and mitochondria. 

The surface of the cell adjacent to the newly formed organic matrix is in 

close proximity to the endoplasmic reticulum, while the· nucleus lies near 

the pole of the cell opposite the endoplasmic reticulum (Rodan and Martin, 

1981). 

The most apparent function of osteoblasts is the synthesis and 

secretion of the organic -matrix of bone, but these cells may also have a 

role in controlling electrolyte fluxes between the extracellular fluid and the 

osseous fluid (Russell et al., 1990) and they influence the mineralization of 

the bone matrix through the synthesis of organic matrix components of 

bone and the production of matrix v.esicles (Raisz and Kream, 19·83). 

Active osteoblasts may follow one of three courses (Buckwalter et 

al., 1996). They may remain o·n the surface of the bone, decrease their 

synthetic activity, and assume the flatter form of bone"!'lining cells; they 

may surround themselves with matrix and become osteocyte,s; or they may 

disappear from the site of bone formation. In adults, many more 

osteoblasts appear at the site of bone formation, including the site of bone 

remodeling and that of fracture healing, than survive as osteocytes or bone-



1 1 

lining cells after the completion of the bone formation. 

Bone-lining cells 

Bone-lining cells lie directly against the bone matrix and have an 

elongated or flattened form and cytoplasm extensions that penetrate the 

bone matrix to come into contact with the cytoplasmic extensions of 

osteocytes (Matthews, 1980}. They are sometimes referred to as resting 

osteoblasts or surface osteocytes. Both lining cells and osteocytes have 

less cytoplasm and fewer organelles than do active osteoblasts. These cells 

may have a role in attracting osteoclasts to specific sites and in stimulating 

them to resorb bone (Recker, 1992}. 

Osteocytes 

More than 90% of the bone cells in the mature human skeleton are 

osteocytes (Bonucci, 1971). Osteoblasts surround themselves to become 

osteocytes with an organic matrix that can mineralize and, together with 

the periosteal and endosteal cells, cover the matrix (Raisz and Rodan, 

1990). Osteocytes have a single nucleus and their cytoplasm varies in 

organelle content and volume with their activity. Long, branching 

cytoplasm processes project from thetr ellipsoidal or lens-shaped bodies 

through canaliculi that extend throughout the mineralized bone matrix to 

come into contact with cytoplasmic processes from other cells. The total 

surface area of the bone matrix that is covered by osteocyte cell bodies and 

their cell processes exceeds the combined area covered by periosteal and 

endosteal cells (Urist et al., 1983}. 

The large; complex network of cells covering the internal and 

external surfaces of bone may be extremely sensitive to stresses on the 

bone (Duncan and Turner, 1995} and a~so may be able to control the 

movement of ions into and out of the mineralized matrix .,(Triffin, 1980). 
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The interconnections between osteocytes, osteoblasts, and bone-lining cells 

may allow the cell network to sense deformation of bone and streaming 

potentials occur.ring therein and to c.oordinate the formation and .resorption 

of bone and the flow of mineral ions between the bone matrix and the 

extravascular fluid spaces of the bone (Rodan and Martin, 1981). 

Osteoclasts 

Unlike· the other bone cells, osteoclasts appear to share a 

hematopoietic stem-cell precursor with cells of the monocyte family 

(Ibbotson et al., 1984). Specific hormones and growth factors influence 

the stem cells to develop into osteoclast precursors. These osteoclast 

precursor cells can be found in marrow or the circulating blood (Mundy 

and Rodman, 1987). When stimulated, the mononuclear osteoclast 

precursors proliferate and _then fuse to form large multinucleated 

osteoclasts (Vaes, 1988). 

Osteoclasts are rarely found in normal bone but occasionally can be 

fo.und on the surface -of endosteal, haversian, and periosteal bone (Blair et 

al., 1989). On canc.ellous or .p'eriosteal surfaces, they create a 

characteristic depression referred to as a Howship' s_ lacuna. In dense 

cortical bone, they lead cutting cones that tunnel through the bone, 

creating resorption cavities. 

When osteoclasts are active, mitochondria fill much of their 

cytoplasm to supply that is required to resorb bone (Baron et al., 1985). 

Their most distinctive feature is the complex folding of the cytoplasmic 

membrane where it is_ applied to the site of resorption of the bone· matrix. 

A clear zone allows the brush border to move along the surface of the bone 

,matrix or help the cell to bind to the matrix and seal off a region for 

resorption (Whyte and Murphy, 1990). A region containing membrane

bound vesicles and vacuoles lies within the cell, deep to the -ruffled border. 

These structures are invaginations or infoldings of the brush border and 
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contain fragments of degraded bone matrix (Helfrich et al., 1989). 

c) Bone Matrix 

Bone matrix has suc-h great durability and stability that it can remain 

essentiali"y unchang.ed and retain much of hs strength for centuries after 

death (Glimcher, 1992). Examination of lamellar b~ne shows that the 

matrix usually makes up mor_e tha:n 90 per cent of the volume of the tissue, 

with the remainder made u:p · mostly of cells, cell processes, and blood 

vessels (Trias and Fery, 1979). 

Bone matrix is a composite material .consisting of an organic and an 

inorganic co_mponent (Schae_dler .et al., 1992). The ino~rganic .component 

contributes ap.proximately 6'5 per cent to the w.et weight· of the bnne. The 

organic component usually contributes a little more than 20 per cent of the 

wet weight, and water contributes ~pproximately 10 per cent (Herring, 

1977). The organic component primarily collagen, gives bone its form and 

contributes to its ability to resist· tension, while the inorganic, or mineral, 

component primarily resists compression. 

Organic matrix: 

Collagens, predominantly type I along with small amounts of types V 

and XII, make up approximately 90 per cent of the organic matrix. The 

other 10 per c.ent consists of non-collagenous glycoproteins and bone

specific proteoglycans (Triffit, 1980). Type I ~ollagen is distinguished 

from other collagens by its unique amino acid content, the relatively large 

diameter of its fibrils, and its presence in- tissues subjected to large tensile 

loads, including tendon and ligament (Steinman et al., 1986). 

Bone also contains a variety of non~collage~ous proteins that may 

influence the organization of the matrix, th.e mineralization of the bone, 

and the behavior of the bone cells (Bo.skey, 198-9). These p.roteins include 
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osteocalcin, osteonectin, bone sialopr·otein, bone phosphoproteins, and 

small proteoglycans (Carlson et al., 1993). The specific functions of these 

molecules remain uncertain, but at least some of them may influence 

mineralization (Chen et al., 1991; Fisher and Termine, 1985). For 

example, phosphoprotein complexes may help to initiate calcification ~

(Gernsfeld et al., 1990). 

Bone matrix also contains growth factors that can influence the 

function of bone cells (Canalis et al., 1988). Growth factors that have 

been identified in bone include the transforming growth factor-f3 family, 

insulin-like growth factor, bone morphogenetic proteins, platelet derived 

growth factors, fibroblast growth factors, and hematopoietic factors 

(Hauschka et al., 1986). It is not certain, whether all of these proteins are 

synthesized by bone cells or whether they are synthesized by cells outside 

of the bone and then incorporated into the bone matrix. However, their 

presence within bone and their potential to affect the activity of bone cells 

strongly suggest that they have an important role in controlling bone cell 

function. 

Inorganic matrix 

The inorganic matrix, or mineral phase, of bone performs two 

essential functions; it serves as an ion reservoir, and it gives bone most of 

its stiffness and strength (Roberts et al., 1992). Approximately 99 per cent 

of the body calcium and between 40 and 60 per cent of the total body 

sodium and m-agnesium are associated with the bone mineral crystals, the 

major source of these ions to the extracellular fluid and from the 

extracellular fluid (Glimcher, 1992). In addition, the plate-like calcium

pho.sphate crystals within the organic matrix of bone create a rigid mineral 

with the mechanical properties necessary to withstand the forc_es impose.d 

by -normal activity (Young et al., 1990). 

The bone mineral crystals have shown that they are not pure 
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hydroxyapatite (Ca1o[PO4][OH2h) (Rey et al., 1989a). Instead, they 

contain both carbonate ions and acid phosphate groups (HPO/2). The acid 

phosphate groups in bone crystals have been shown to be unique to these 

biological crystals and are not the same acid phosphate groups found in 

other calcium crystals, such as brushite (CaHPO4-22H2O) (Rey et al., 

1989b ). In addition, unlike pure hydroxyapatite, bone crystals do not 

contain hydroxyl groups (Buckwalter et al., 1995). 

Bone mineral crystals undergo important changes in -composition, 

especially in the concentrations of carbonate and acid phosphate groups as 

a function of the age of the crystal (Matsushima et al., 1989). Thus, the 

biological functions of the· crystals including their role as ion reservoirs 

and their effects on cell function (Glowacki et al., 1991), and possibly their 

contributions to the mechanical properties of bone, depend not only on the 

amount of mineral present but also on the age of the mineral crystals 

(Akerman et al., 1992). 

d) Mineralization 

Mineralization of bone, the formation of solid calcium phosphate 

from soluble calcium and phosphate in the organic matrix of bone, does not 

occur as a result of a chemical reaction; it represents a phase 

transformation; a process exemplified by the formation of ice from water 

(Roberts et al., 1992). Solid calcium phosphate in bone first appears as a 

poorly crystalline state of naturally occur~ing geological hydroxyapatite or 

synthetic hydroxyapatite made by the precipitation of calcium phosphate in 

vitro (Landis and Geraudie, 1990}. 

Mineralization of hone collagen fibrils occurs in an organized fashion 

(Lee and Glicher, 1991); mineral first appears in specific. hole zone regions 

of collagen fibrils (Glimcher, 1992). 

Unmineralized regions of the fibrils initially separate the mineralized 

hole zone regions. Progressive mineralization of the matrix occurs as 
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mineral appears in an increasing number of hole zone regions within 

collagen -fibrils and as the growth of the crystals extends to include the 

zone of the collagen fibrils between hole zones so that mineral deposits 

eventually occupy all of the available. space within the fibrils and within the 

fibrils (Anderson, 1973 )'. During the mineralization of bone, granules of 

calcium phosphate appear in osteoblastic mitochondria and matrix vesicles, 

extracellular membrane-bound structures formed from the osteoblast 

plasma membrane (Boskey, 1992). Although it has been suggested that 

mitochondria and matrix vesicles may influence mineralization directly or 

indirectly by concentrating and releasing calcium phosphate (Lehninger, 

1970), their exact role has not been clearly established. 

3. Alveolar Ridge Augmentation 

Bone is a specialized form of connective tissue in which the 

extracellular components ar.e mineralized, thus conferring the property of 

marked rigidity and strength which retains some degre.e of elasticity. The 

structure of individual bones provides for the maximum resistance to 

mechanical stresses that maintain the least -bony mass (Junquera et al., 

1992). In addition, bon.e is one of the mo-st frequently transplanted tissues 

in the body, and it is routinely used for the repair of defects resulting from 

injuries, congenital malformations, or infections. 

A tissue that is transplanted and expected to become a part of the 

host tissue to which it is transplanted is known as a graft. Ideally, a bone 

graft should provide osseous continuity across the margins of the defect. 

There are three. types of grafts available to augment the bony defect. 

a) Autogenic grafts 

These are transplants from one site to anothe_r site in the same 
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individual, e.g., from the iliac _crest, ·ribs,. tibia, chin, or cranium. The 

current state of the art in bone grafts of oral and maxillofacial defects 

involves the use of autogenous particulate cancellous bone and marrow 

(PCBM). For many investigators, the iliac crest has become the donor site 

of choice (Enemark et al., 1987). Its superiority is attributed to its 

capability of supplying large quantities of viable cancellous, and marrow 

cells which serve as the main source of osteogenesis in the early graft 

period (Boyne et al., 1987). 

There are some investigators who advocate the use of autogenous 

cranial bone grafts due to their reduced harvest morbidity and similarity in 

embryonic intramembranous origin to the facial bones (Jackson et al., 

1985; Helden et al., 1986; Wolfe. et al., 1983). Others disagree and find 

that these cortical grafts are less successful than particulate cancellous 

bone and marrow (Sadove et al., 1990). However, there are shortcomings 

to the use of autogenous bone grafts which include both the unavailability 

of bone, safety of bone procurement procedure, and the morbidity of the 

harvest site. Additional, anesthesia time, hematoma and scar formation, 

postoperative pain, ambulation .problems, additional bone loss, infection, 

and increased hospitalization time all have been reported previously 

(Bevine, 1986). 

b) Allogenic grafts 

These are transplants from one individual to a genetically non

identical individual of the same species. The bone is usually supplied from 

bone banks as freeze dried mineralized or demineralized bone. 

Freeze-drying involves the removal of water from tissues that are 

frozen (Fonseca et al., 1983). Freeze-drying of bone results in long term 

preservation of biologically useful tissues. Although tissue viability is not 

maintained, freeze-drying preserves three major specimen characteristics; 

morphology, chemistry, and solubility. 
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These type of grafts destroy any remaining osteogenic cells of the 

graft material, thus the host _must produce all of the essential elements in 

the graft bed for the allogenic bone graft to become re~orbed and replaced 

(Urist, 1965). The health of the graft bed is much more important to 

allogenic grafts than it is if autogenous bone were used. 

Demineralized bone grafts have been developed and antigenically 

prepared over freeze-dried mineralized bone because of the maintenanc.e of 

a diffusable bone morphogenetic protein (BMP) in its preparation (Urist, 

1971). Urist claims that transplantation antigens can be extracted by 

chloroform methanol. Autodigestion of bone in neutral buffer solutions, in 

vitro, removes from the tissue soluble proteins that are capable of 

_producing an alloimmune response (delayed hypersensitivity) (Urist et al., 

1975). 

c) Alloplastic grafts 

Alloplastic grafts are transplants using synthetic material. Numerous 

studies have looked at th.e use of ceramics to repair defects of bone. The 

most commonly tested ceramics are beta-tricalcium phosphate (b

Ca3 [PO4]2) (Moore et al., 1987; Urist et al., 1984), hydroxyapatite 

(Ca1o[PO4]6[OH]2) (Bucholz et al., 1987; Cameron et al., 1977), and 

various biphasic combinations of these two ceramics (Cornell et al., 1991). 

Tricalcium phosphate and hydroxyapatite prove useful because they elicit 

very little immune response from regional lymph nodes or local tissues 

(Dennisen et al., 1-980, Hoogendoorn et al., 1984). This positive 

biocompatibility may exist because both tricalcium p-hosphate and 

hydroxyapatite are primarily composed of calcium and phosphate, which 

are the major mineral con_s.t-ituents of the normal bone (Jarcho, 1981). Also 

ceramics are often used the degree o( systemic toxicity, manifested as 

elevated serum calcium or phosphate levels, is negligible (Rejda et al., 

1977). 
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Healthy ap.posing bone readily attaches to ceramic implants by strong 

. chemical bonds, followed by growth of new bone into the ceramic implants 

(Grundel et al., 1991). Osseous ingrowth is determined in part ·by the pore 

size of the ceramic, commonly 100-400 microns (Holmes et -al., 1987) and 

the amount of time elap.sed sinc.e placement of the implant (Ohgushi et al., 

1989). 

Kent et al. (1982) reported the use of particulate hydroxyapatite for 

alveolar· ridge augmentation-, after an extensive multi-institutional _study. 

This study showed that · after ·6 years of denture wearing on augmented 

ridges, only 10% to 15% of the surgically acquired ridg_e height was lost 

over time. They concluded that this loss was due to -compression of the 

material. 

Porous hydroxyapatite has been successfully used as a bone 

substitute for experimental healing of hon~ loss and h_as already found 

clinical applications in oral and maxillofacial defects (Beirne et al., 1985; 

Wetzel et al., 1995). However, hydroxyap.atite has c.ertain disadvantages, 

such as resorption, distortion, difficulty of shaping, and a .problem of 

additional surgery for dist~rtion or rapid resorption. Particulated 

hydroxyap_atite has not fulfi-lled its earlie·r promise in long term applications 

in the ridge augmentation. This lack of success may result from the soft 

tissue interface that often forms a c~psule around the ma,terial and 

exfoliation through the _gingiva (DesJardins, 198 5; Remagen and 

Prezmecky, 199 5-). This type of graft will be discussed later in more detail. 

d) Xeno.geneic grafts 

Xenog~neic g.rafts are taken frqm one s_pecies and grafted to, another, 

also known as xenografts. or heterografts. Numerous xenograft materials 

have been used clinically as substitutes. for autogenous bone gr~fis. Bo.vine 

bone was a relatively popular alternative to autogenous bone. The 

antigenic dissimilarity of these grafts, however, is greater than allogeneic 
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bone (Fonseca et al., 1986-). · The organic matrix of xenogeneic bone is 

antigenically dissimilar to that of host bone, and therefore the graft must 

be treated more vigorously to prevent rapid rejection of the graft. 

Advantages of using xenograft include the fact that another site of 

operation in the host ·is not necessary, and a large quantity of bone can be 

obtained. 

Deproteinated bovine bone grafts have been obtained by 

ethylenediamine extraction. Anderson and others (Anderson et al., 1961) 

found that the deproteinated grafts did not provoke an inflammatory 

response, although greater numbers of multinucleated giant cells were 

associated with the grafts than were observed wit.h fresh allogeneic grafts. 

Recently, another study (Cohen et al., 1994) showed that a systemic or 

local immune re.sponse did not develop following implantation with 
.\ 

anorganic bovine bone or with anorganic bovine bone/collagen materials. 

Lymphocyte infiltration was not elicited by any bovine serum proteins or 

type I collagen. 

4. Hydroxyapatite (HA) Implant Material 

Hydroxyapatite (HA), a bone substitute, is similar to the mineral 

structure of both bone and tooth (Pederson, 1976). It has proven to be 

biocompatible, re.sorbable, and non-osteogenic. The graft material may 

bond with bone as a r.esult of a deposition of new bone mineral on the 

supporting matrix of HA, but sometimes is encapsulated with fibrous 

tissue. However, previous studies (Boyne, 1989; Rosa et al., 1995) have 

indicated that HA particles can be effective for augmentation of the 

edentulous alveolar ridge. 

Many studies have focused on the use of HA, in dense and porous 

forms of block and particles, as bone graft substitute materials for 

orthopedic (Holmes, et al. 1986; Toth et al., 1995) dental (Beirn, 1985, 
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Morony et al., 199-4), maxillofacial (Cranin et al., 1987), and otologic 

applications (Grote et al.; 1981,; Takahashi and Nakano, 199-6). 

Pioneering studies showed that pore sizes less than l0µm prevent 

ingrowth of cells; pore sizes of 15 to 50 µm encourage fibrovascular 

ingrowth; pore sizes of 50 to 150 µm result in osteoid formation; and pore 

sizes greater than 150 µm facilitate the ingrowth of mineralized bone 

(Hulbert et al., 1970). By allowing the tissue to grow into the implants, 

the extent of encapsulation can he reduced (Klawitter et al., 1976). The 

degree of interconnectivity and the nominal pore size are critical factors 

that determined success of the implant material (Osborn and Newesely, 

1980). 

Dense hydroxyapatite 1s inert, biocompatible, and does not induce 

any inflammatory or foreign body reactions when in the tissues. There is 

no evidence of immune response, or of local or systemic ~oxicity (Kent et 

al., 1983). Bone can grow into the surface of hydroxyapatite without any 

inte.rposing connective tissue, and an ionic bond may actually form between 

the host bone and the implanted material. 

In some patients, however, there is a lack of bonding of the material 

to the ridge, and fibrous encap.sulation occur. This mass also remains 

somewhat compressible and the fibrous tissue surrounds most of the 

particles not in contact with the host bone. Sharawy et al. (1994) found 

that a mixture of demineralized freeze-dried bone and HA improved the 

relationship between bone and that material around the particles. 

With the increasing interest in investigation of bone graft substitute 

materials has come an advance in our understanding of the bone response 

to HA. Mechanisms underlying the bone bonding associated with 

incorporation of HA in osseous tissue are beginning to be revealed 

(Johnson et al., 1996). However, de.spite these advances, limitations in the 

ability of HA to du.plicate the behavior of natural bone remain (Spector, 

1994). These·, limitations relate to the fact that the synthetic products do 

not replicate the chemical composition and structure of natural 
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bone mineral, which is a calcium-deficient carbonate apatite. This has 

prompted investigators to treat natural bone mineral for use as an implant 

material (Spector, 1993). 

One approach has -been to remove organic materials from bovine 

bone to prepare natural bone mineral particles (anorganic bovine bone) as 

the implantable material to substitute for bone grafts. A new product of 

the anorganic bovine bone has been manufactured in the form of different 

size blocks by CeraMed Inc. whether or not these blocks will be a suitable 

substitute for bone grafting, remain to be seen. The. anorganic bovine bone 

block is referred to commercially as Osteograf/N block, will be called HA 

block -in this thesis. HA is ref er to as an abbreviation of hydroxyapatite 

and block is made up of biological HA. 

5. Bone Forming Growth Factors 

Growth factors can be defined as signaling peptides that act through 

specific surface receptors and cause paracrine or autocrine stimulation of 

cell proliferation and migration (Steenfos, 1994). The autocrine effect is 

stimulation of the cell by its own growth factors, whereas the paracrine 

effect is growth factor stimulation of neighboring cells. It has also been 

shown that growth factors may enhance cell motility, and it is likely that 

e·ndocrine hormones participate with cytokines in the regulation of wound 

healing. In the last decade, .it has become clear that the cellular processes 

are initiated, controlled, and terminated by growth factors. 

The following are some grow-th factors which are known to be 

associated with bone matrix ; 

1. Insulin- like growth factors I and II (IGF 1&11) 

2. Transforming growth factor - P (TGF-P) 

3. Acidic & ha.sic fibroblast growth factor (FGF) 

4. Platelet derived growth factor (PDGF) 



5. Bone morphogenetic protein (BMP) 

6. Epidermal grow.th factors (EGF} 

a) Bone rnorphogenetic proteins (BMPs) 
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In 1965, Marshall Urist discovered that demineralized bone matrix 

(DBM) could induce bone formation when placed subcutaneously (Urist, 

1965). He observed th.at DBM formed an ossicle with mineralized woven 

bone .and bone mairow. The .ability of demineralized bone matrix to induce 

bone formation was ascribed to a protein, which Urist named "Bone 

Morphogenetic Protein (BM-P)" (Urist et al., 1983; 1984). In 1988, 

Elizabeth Wang and John Wozney from t~e Genetics Institute purified 3 

different BMPs and characterized their amino· acid sequence.s (Wang et al., 

198_8; Wozney e.t al., 198-8). Later, 9' additional BMP g_enes· were 

identified, so tha( .today BMP 1-12 have been identified (Celeste· et al., 

1990; D'alessandro, 1991; Wozney, 1992). 

BMP s .are the only growth f~ctors that can stimulate differentiation 

of the mesenchymal st_em.;cell into a chondro- and osteoblastic direction 

(Urist et al., 1983; Chen et al," 1991; ·vam3:guchi et al., 1991). The 

proteins should there.fore ,be .involved in the maintenance of a differentiated 

bone-cell ·po-puhition. During bone healing, the release of BMPs from 

traumatized bone stimulates differentiation of the mesenchymal ·stem-cells 

which will p.artici_pate in the healing process. Recent studies have 

demonstrated that .BMPs are expressed .during the early phases of fracture 

healing .(Jin et al., 19-94; Nakase et al-., 1994). 

The novel recombinant BMPs have bone-inducing capacity, but need 

special carriers in order to- maintain their activity at low doses (Wang et 

al., 1990, Cox, 1991; Luyten et al., 1992; Ripamonti et al., 1992). 

Functional carriers for BMP include collagen matrix, demineralized bone 

matrix and various synthetic polysaccharide matrices (Yasko et al., 1993). 

The function of the carrier matrix is to immobilize the ,bone-inducing 
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protein at a particular site for a sufficient amount of time to allow bone 

induction to occur. 

In vivo studies have primarily focused on the usage of BMPs for 

stimulating the healing of bone defects. In long bone defect-models in rats, 

rabbits, sheep and monkeys, BMP-2, -3 and -7 have been powerful 

stimulators of bony healing (Cook et al., 1992; 1993, Stevenson et al., 

1992; Yasko et al., 1993; Kirker-head et al., 1994). In muscle diffusion 

chambers, BMP-2 stimulates bone formation in monkeys (Aspenberg et al., 

1993; Miyamoto et al., 1993). In monkeys, BMP-3 also stimulates bony 

healing of large skull defects (Ripamonti et al., 1992). Cook et al. (1994) 

used BMP-7 and collagen as a substitute for autogenous bone in spinal 

fusions in dogs. Although the cellular mechanisms for BMP-stimulated 

bone induction are vaguely understood, the in vivo bone induction activity 

of this group of growth factors -is unique and tl).e bone morphogenetic 

proteins are promising for clinical use in any situation where bone defects 

require stimulation for proper h_ealing. 

b) Fibroblast growth factors (FGFs) 

Fibroblast gr.owth factors are polypeptide growth factors that show 

potent mitogenic activities for cells of mesodermal and neuroectodermal 

origin (Sporn and Roberts, 1990a). The FGF family currently consists of 7 

members. FGF-1 and FGF-2 also called acidic and basic FGF ( aFGF and 

bFGF), respectively. FGFs mainly have proliferative effect on osteoblasts, 

but less effect on .protein synthesis. Consequently, they probably enhance 

bone formation by increasing the number of cells capable of synthesizing 

bone collagen (McCarthy et al., 1989c; Rodan e-t al., 1989). ·bFGF is 

generally more potent than aFGF (Canalis et al., 1991). TFG-B synthesis 

by oste-oblasts can also be stimulated by bFGF, and FGF may therefore 

exert some stimulatory effects through other growth factors (Noda and 

Vogel, 1989). FGFs are also angiogenic factors which are important for 



25 

neovascularization during bone healing. 

Several studies have used bFGF for in vivo stimulation of bone 

formation and bone healing. Basic-FGF has been incorporated into 

demineralized bone matrix and implanted intramuscularly in rats leading to 

increased new bone fo.rmation (Aspenberg and Lohmander, 1989). Bone 

graft incorporation can also be enhanced by bFGF in bone chambers both 

by treatment of the graft with bFGF and by continuous use of a 

miniosmotic pump (Wang and Aspenberg, 1994, Wang et al., 1996). 

Fracture healing in rats has been stimulated by bolus doses of bFGF 

that caused increased callus formation and b.one mineral content 

(Kawagushi et al. 1993). Acidic FGF has also been shown to stimulate 

callus formation in rats (Jingushi et al. 1990). Systemic administration of 

bFGF to rats increased osteoblast p.roliferation and endosteal bone 

formation (Mayahara et al. 1993). FGFs along with BMPs and TGF-P are 

interesting for possible future clinical use, especially since FGFs have both 

osteogenic and angiogenic properties. 

c) Platel~t-derive.d. growth factors (PDGFs) 

Platelet-derived growth factor (PDGF) was discovered in serum as 

the major mitogenic activity responsible for growth of cultured 

mesenchymal cells (Sporn and Roberts 1990a). 

The main effect of PDGF on bone cells is mitogenic and has been 

found in both human and rat osteoblasts and various osteoblastic cell-lines 

(Canalis et al., 1989b; Abdennagy et al., 1992; Canalis et al., 1992). 

PDGF is also a powerful chemotactic factor for mesenchymal cells, 

including osteoblasts from both rat and .human tissue (Tsukamoto et al., 

!'991; Hughes et al., 1992; Lind et al., 1995a). 

PDGF have only $light effects on the metabolic functions of bone 

cells. Demineralized bone matrix treated with PDGF and implanted in 

muscle in rats, showed an increase in . calcium content and alkaline 
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phosphatase activity (Howes et al., 1988). In rat calvarial defects, PDGF 

inhibited BMP-3-stimulated bony healing (Marden et al., 1993). One study 

has used a combination of PDGF and IGF in a gel formulation to stimulate 

bony ingrowth into dental titanium implants (Lynch et al., 1991). 

d) Insulin growth factors (IGFs) 

Two IGFs have been characterized: IGF-I and IGF-11. Their original 

designations were somatomedin-C and skeletal growth factor (Mohan and 

Baylink, 1991). These peptides are synthesized by multiple tissues, 

including bone (McCarthy et al., 1989a; McCarthy et al., 1992). IGF-11 is 
I 

the growth factor found in highest concentration in bone matrix (Finkelman 

et al., 1990). IGF-I and -II have similar biological properties, but IGF-I is 

4-7 times more potent than IGF-11. Bone cells also secrete IGF-binding 

proteins, which bind IGF and modulate biological activities (Ernst and 

Rodan, 1990; Mohan, 1993). IGF production in bone tissue is stimulated 

by _PTH and growth hormone (GH) (Canalis et (ll., 1989a; Spencer et al., 

1989; Chenu et al., 1990). 

The major effect of IGF in bone tissue is probably on the cartilage in 

the growth plate. Here it is assumed that GH controls longitudinal growth 

via local stimulation .of chondroblastic IGF production and IGF 

subsequently regulates chondroblastic growth and metabolism (Isgaard et 

al., 1986; Nilsson et al., 1990; Scheven and Hamilton, 1991). 

IGF-1 and -II stimulate preosteoblastic cell replication, which 

increases the number of cells capable of synthesizing bone matrix 

(VandePol et al., 1989; Scheven et al., 1991). However, their mitogenic 

effect is less pronounced than those of other growth factors, such as TGF

B and PDGF-BB (Pfeilschifter et al., 1990). IGFs also have independent 

effects on the differentiated functions of the osteoblast, increasing bone 

collagen production and inhibiting collagen degradation (McCarthy et al., 

1989b; Strong et al., 1991). As a result of these effects, IGFs increas.e the 
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bone mass. 

Several studies have investigated the use of IGFs fo-r stimulation of 

in vivo bone healing and systemic bone formation, but with limited success. 

One study used a bone ingrowth chamber model with IGF-1 applied by 

minipumps to callus tissue, but found no increase in bone formation 

(Aspenberg et al., 1989). Another study used a continuous local 

application of IGF-1 to heal an osteotomy, but no effect was found on 

increased bone formation after the systemic administration of IGF-1 in rats 

(Skottner et al., 1990; Spencer et al., 1991). 

e) Epidermal growth factors (EGFs) 

The epidermal growth factor (EGF) was originally discovered in cru 

de preparations of nerve-growth factor prepared from mouse submaxillary 

glands·. EGF is related to TGF-a and these two growth factors share the 

same receptor. In vitro EGF is a mitogen for fibroblasts and endothelial 

cells and in vivo EGF induces epithelial development and promotes 

angiogenesis. EGFs have very modest effects on ost_eoblast in culture. 

Systemic administration of EGF to mice resulted in increased periosteal and 

endosteal bone formation and osteoblastic activity (Marie et al., 1990). 

f) Transforming growth. factor-P 

TGF-P is an important growth factor related to bone formation. 

TGF-P is a superfamily of polypeptides consisting of five closely related 

proteins, termed TGF .. p 1 through 5. TGF-.P 1,2, and 3 are present in 

human tissues and TGF-P 4 and 5 are expressed in chick and amphibian 

tissues (Hong et al., 1993). Members of the TGF-P superfamily are 

abundant in the bone matrix (Seyedin et al., 1985) and are also produced 

by immune cells (Roberts and Sporn, 1987) and platelets (Assonian et al., 
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1987). TGF-~ is a multifunctional peptide that has been shown to be 

intimately involved with skeletal tissue and to regulate wound healing 

(Habal et al., 1992). 

TGF-P has several biologic effects. Several studies have shown that 

it is a potent inhibitor of c.ells of epithelial origin (Royce and Baum, 1991) 

while conversely enhancing the proliferation of few types of cells of 

mesenchymal origin, especially fibroblast (Graves and Cochran, 1991) and 

osteobla-st. TGF ~P also enhances and promotes the formation of 

extracellular matrix proteins (Larjava et al., J 991) while inhibiting the 

proteolytic degradation of newly formed matrix proteins (Sporn et al., 

1987). It has been reported that TGF-P alone or in combination with other 

growth factors accelerates wound healing (Canalis, 1992). 

TGF-~ strongly enhances the formation of collagen type I, III, · VI 

and X (Moriyama et al., 1991) and fibronectin (Sporn et al., 1987). Other 

matrix glycoproteins whose synthesis is elevated in response to TGF-P 

include osteopontin (Noda et al., 1988), osteonectin (Sodek et al., 1987), 

o.steog.enin, bone morphogenetic proteins (Ripamonti and Reddi, 1992), 

tenas.cin, and the chondroitin/dermatan sulfate proteoglycans (Bassols and 

Massague, 1988). 

TGF-P does not appear to exert its growth promoting properties by 

directly stimulating DNA synthe.sis (Assonian et al., 1983). Rather, it 

appears to act via a mechanism which involves the production of platelet 

derived growth factor (PDGF) (Battegay et al., 1990). Centrella (1987) 

showed TGF-~ enhanced DNA synthesis and increased cell replication in 

fetal rat. calvariae. In this study, bone cell replication was biphasic and 

depended upon both TGF-P concentration and the cell density. TGF-P also 

increases mRNA (Zhang et al., 1995) and protein synthesis of extracellular 

matrix (Talley-Ronsholdt et al., 1995), fibro.ne~tin (Breen et al., 1992), 

and other glycoproteins (Malemud et al., 1991 ). 
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6. Polypeptide-15 .(P-15) 

An ideal template for tissue would mimic the natural habitat for. cells 

and include ligands for extra.cellular matrix (ECM)- receptors since 

extracellular matrix (ECM) modulates cell behavior and transduces 

environmental bio-mechanical signals (Scorio et al., 1989). Type I 

collagen is the major protein component of the bone matrix and tendons. It 

is a multifunctional protein, contributing to the biomechanical properties of 

all tissues, and it serves as a regulatory protein. As a regulatory protein~ 

collagen contributes to the modulation of many aspects of cell function 

including cell and tissue differentiation (Bhatnagar et al., 1994). 

Ceramic materials such as hydroxyapatite have b.een shown to serve 

as biocompatible implants, and hydroxya,patite coatings improve the 

acceptance of nonceramic ,prosthetic devices (Denien and Parsons, 1991). 

The acceptability of such materials is dependent on the immigration of cells 

from _the surrounding tissue and their attachment to the implant (Lacefield, 

, 1988). Tissue surrounding bone contains cells which have osteogenic 

potential, and given a permissive environment, these cells can give rise to 

the bone (Tenenbaum, 1990). There is a need for techniques that would 

facilitate the influx of cells and, provide them with a hospitable 

environment. 

One a.p,proach to promoting .cell immigration into an implant is to 

exploit the normal physiologic mechanisms of cell proliferation and 

migration. Collagen mod.ulates c.ell proliferation and participates in cell 

and tissue differentiation (Kleinman et al., 1981). · In the body, most cells 

are attached to collagen .and collagen serves as the tracks on which cells 

mig-rate (Masi et al., 1992). Th.e in vitro culture of cells in three 

dimensional matrices of collagen results in the expression of physiologic 

behavior similar to that obs.erved in vivo (Kleinman et al., 1981). 

Bhatnagar, et al. have identified a cell-binding domain of type I 
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collagen which is a fifteen residue synthetic peptide with the code 

GTPGRQGIAGORGVV (P-15). Based on this sequence, P-15 is a potent 

ligand for collagen receptor on fibroblasts.. They found that P-15 would 

facilitate the attachment of cells to less hospitable substrates for cells. 

Since P-15 is a cell-binding domain of collagen Type I, it binds extremely 

avidly to cells (Bhatnagar and Qian, 1992). 

Several studies have shown the effectiveness of P-15 as a cell 

enhancement factor. P-15 acts as an anchorage for cells and it is 18 times 

more effective than collagen in cell binding (Bhatnagar and Qian, 1992). 

The ability of P-15 to promote attachment of human dermal fibroblasts to 

anorganic bovine .bone mineral particles was examined (Quin et al., 1992). 

The attachment of cells increa-sed with increasing content of P-15 on the 

surface of the particles· in vitro. Furthermore, . cells on P-15 coated 

particles synthesized over twice the amount of protein and DNA than did 

cells on uncoated particles. They also. expressed alkaline phosphatases 

activity, which suggests that P-15 coated with anorganic bovine bone 

mineral may be a useful matrix for bone repair (Qian and Bhatnagar, 1996). 

7. Biochemical Markers of Bone Turnover 

Biochemical markers of bone tune over consist of substances, which 

are released into the circulation during bone formation or resorption· and 

that are measurable in serum or in urine (Akesson, 1995). The markers 

reflect the enzymatic activity in the bone c~lls as measured by phosphatase 

activity, excess products· from formation, or degradation fragments from 

the matrix components. 

Biochemical markers of bone metabolism provide information about 

the total skeletal bone turnover in .contrast with histomorphometric analysis 

where only a specific site is evaluated, imposing limitations on the 

interpretation. However, in the evaluation of biochemical markers, it is 
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necessary to consider that their release and clearance may be affected by 

different systemic factors influencing the sensitivity a-nd specific'ity of the 

markers (Nilsson e,t al., 1990). 

a) Alkaline Pho,phatase 

Alkaline phosphat.ase. is a membrane protein with en.zymati_c activity. 

It is involved in bone formatiQn and mineralization, and its exp"ression is 

considered to be evidence for osteogenic differentiation (Gamero and 

Delmas, 1993). In adults., the two main source.s of alkaline phosphatase in 

serum are the endothelial cells of the liver and osteoblasts, which make 

approximately equal contributions to total blood levels. The isoenzyme 

release from the small intestine, kidneys and placenta cells, is a minor 

source (Kaplan, 1972). An accumulation of alkaline phosphatase is seen in 

activated o-ste·oblasts .(Doty and Schofield, 1976). 

Obstructions in the biliary syst_~m- cau-se.s· an increase in -plasma 

alkaline p'ho.s.phatas.e levels. Similarly, ~-~dications. affe.ctiilg ~he liv:er may 

be responsible f0:1~ increas·e in s.er:urh alkaline phosphatase. In women, a 

slight incr.ease has ·_been noted- from. ag.e 3-Q, with a more specific increase 

during the menopause (Delmas et al.; 1983). Despite evidence of the 

involvement of alkaline, phosphatase in the I)lineralization process, its 

specific function remains unknown (Mos$, 1982). · 

In oste_oporosis, where th~ chang~s are slight, the interpretation of 

changes in alkaline phosphatase may be o:bscured by influences from other 

sourc_es (Hill and Wolfert, 19.89). To improve diagnostic specificity, one 

can sep:arate the skeletal isoenzyme of alkaline phosphatase through 

immunological techniques that have been developed to facilitate evaluation 

of the bone-specltic alkaline phosphatas.e. 

b) Os.teocalcin 
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0steocalcin is the most abundant non-collagenous .protein in the 

mineraHzed bone matrix. 0steo.calcin is a small protein of 5 .8 kD'a, the 

intact molecule containiqg 49 amino acids (Hauschka et al., 1975). The 

vitamin K-dependent p.ost translation of newly synthesized proteins results 

in y-carboxyla-tio.n of specific glutamate residues and this property is 

responsible for the affinity to. hydroxyapatite (Price and Nishimoto, 1980). · 
) 

0steocalcin is bone·-specific, as the small amount present in dentine is 

negligible. The synthesis of o.st~ocalcin by osteobla&t.s is stimulated by 

vitamin D, whereas parathyroid hormone may restrict its synthesis 

(Beresford: -et al., 1984, Pric'e and- Baukol, · 1980).. However abundant, an 

estimated 2'0 percent of the non-collagen .pr•otein c.ontent, its precise 

function remains unknow.n. The measured serum osteocalcin represents the 

newly synthesized osteocalcin, of which about 15 perc.ent is released in to 

the circulation .(Parfitt and Kleerekoper, 1984). 

0steocalcin. appears to be involved in the. mineralization process and 

it is suggested that the releas.e · is associated wjth the initiation of 

mineralization (Hoskey, 1989; Hauschka and Reid, 1978; Lian et al., 1987). 

Further evidence of its .relation to bone formation and mineralization has 

been pres.ented, as .os.teocalcin correlate.s with several histological indice.s 
I 

of bone formation (arown et al., 1984, _Weinstein and Gundberg, 1983). 

However, functionally, oste.ocalcin is also a potent inhibitor of 

hydroxyapatite formatioll(Price, {985) and exhibits ehemotactic potential 

to- osteoblasts_ (Glowacki and Lian, 19.87}. 

Osteocalcin ts cleared through the kidneys a_nd reduced kidney 

function increases its serum levels. This should be· c.onsidered when 
i 

interpreting increased ~steocalcin leveb, espe~ially in an elderly population 

(Delmasb- et al., 1983). 0steocalcin is measured in serum samples, using a 

radioimmunoassay where a rabbit . antiserum is raised against bovine 
I 

osteocalcin (Price and Nishimoto, 1980). 

Osteocalcin increases during . childhood and adolescent growth 

spurts; however, it also increases after the age of 30 and esp.ecially after 
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the menopause in women (Duda et al., 1988; Gundberg et al., 1983; 

Tarallo et al.,, 1990). In adults, osteocalcin is inversely related to bone 

mineral density (Epstein· et al.,· 1984, Sheman et al., 1992). There is a 

seasonal variation in osteocalcin · secretion, being high during the winter 

months and low during the summer (Thomsen et al., 1989). A diurnal 

rhythm is also evident the highest values being found after midnight and the 

lowest around noon (Nielson et al., 1990). 

c) Other non-collagenous matrix proteins 

Apart from osteocalcin, several other non-collagenous proteins have 

been identified, some of which are phosphorylated glycoproteins, with a 

specific capacity for binding to hydro.xyapatite or with cell attachment 

properties. They are prob.ably involved in the regulation and maintenance 

of the mineralization process (Glimcher, 1984, Termine, 1988). These non

collagenous proteins include bone sialoprotein (B SP), osteonectin and 

osteopontin. 

Bone sial.oprotein is synthesized -by the osteoblasts and is a 

glycosylated phosphoprotein rich in sialic acids (Gotoh et al., 1990). It 

contains the amino acids sequence Arg-Glu-Asp (RGD) which is 

responsible for the cell-adhesive properties (Fisher et al. 1990, Franzen 

and Heinegard, 1983). Im-mun9staining indicates that bone sialo.protein is 

de.posited in the newly synthesized oste.oid and it has been suggested that it 

is involved in the regulation of bone turn .over, especially in the initial 

phase of bone formation (Fisher ,et al., 1983; Hultenby et al., 1994). 

Other non-collagenous matrix proteins, including osteopontin, 

osteonectin may be synthesized by osteoblasts, but are also present in other 

connective tissue (Heinegard and Oldberg, 1993). Osteopontin binds to 

hydroxyapatite, but also to _cells. Present data indicative a function for 

osteopontin during osteoblastic re.sorption, possibly via mediation- of the 

binding of osteoclasts to the surface of the mineral phase (Reinholt et al., 
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1990). However, neither of these proteins. is to be regarded as a 

biochemical marker of bone metabolism, and it is too early to a-scribe them 
' . 

clinical significance. 

C. Specific Aims 

It is hypothesized that the cell enhancement factor, P~-15 and growth 

factor, TGF-fl will enhance or speed bone regeneration within the 

hy.droxyapatite block ·and at the interface with the host bone. 

1. To determine whether or not a xenograft of specific shape and volume 

can be o,sseointergrated with the rabbit mandibular bone. 

2. To ·determine whether or not the ,c.ell enhancement factor P-15 or the 

TGF-fl can enhance the regeneration of interface bone and speed the 

osseointegration of the hydroxyapatite block. 

3. To q~_antitatively and qualitatively assess the healing process between 

host bone and grafted material at three different time intervals. The light 

microscopy .and immunohistochemistry using Western blot analysis will be 

employed for this assessment. 
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II. MATERIALS AND METHODS 

A. Experimental Procedures 

1. Surgical Procedure of Bone Grafts 

Adult white New Zealand rabbits weighing 2.5-3.0. Kg were used as 

experimental animals. A total of 45 rabbits were used which were divided 

into three equal groups. Each animal was anesthetized using a combination 

of Ketamin (SOmg/kg) and Xylazine (lOmg/kg). 

The mandible and ·neck areas were shaved and antiseptically prepared 

and draped (Figure 1). A longitudinal skin incision parallel to the lower 

border of mandible was made to expose host bone (Figure 2). After the 

fascia and periosteum were reflected on one side, the exposed buccal bone 

surface was decorticated to a depth of 1 mm using a #8 round bur in a 

slowspeed handpiece (Figure 3), mounted in a Stryker (Stryker, 

Kalamazo.o, MI) under -continuous saline irrigation to decrease heat 

generation in the -hos·t bone. 

A deproteinated bovine bone whic.h has been shown to be non

immunogenic, manufactured by CeraMed Corporation (Denver, Colorado) 

in the form · of porous HA blocks was used as a bone graft material. 

CeraMed has engine,ered a new product made from bovine bone that can 

me.et the requirements of grafted materials. In addition, they have been 

successful _in adding a cell attachment enhancing factor, known as 

polypeptide-15 (P-15) that was synthesized from type I collagen and was 

shown to enhance DNA and protein synthesis in cultured fibroblasts (Qian, 

et al. 1996). Also, growth factors .such as TGF-P can be ads·orbed to the 

new graft material. The CeraMed Corporation supplied these 

hydroxyapatite blocks for the present study. 

The porosity and surface texture of the HA bovine bone blocks were 
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determined by scanning electrnn microscope (Figures .4 and 5). The pore 

sizes of anorganic bovine bone HA have been categorized as micropores 

and macropores. The, macropores are pores that are in a visible range of 

300 to 1,500 µm. in diameter. The micropores are the size of typical 

haversian canijls and smaller vascular marrow channels in the bone 

structure, and are generally less than 3 00 µm in diameter. Also, the 

crystalline structure of the HA block was identified by the manufacturer 

with X-ray diffraction and compared with natural bone mineral which is 

supplied (Figures 6 and 7). The crystalline structure of anorganic bovine 

bone HA is similar to human de-organified bone mineral when compared by 

X-ray diffraction. 

A predetermined volume ( 1 0x5x4 mm) of anorganic HA bovine bone 

blocks (Group I) (Figure 8), HA blocks with TGF--J3 (Group II), or HA 

bl(?ck with P-15 (Group III) were affixed to the side of each mandible with 

two titanium screws (Figures 9, 10, 11, and 12), that were 6 mm in length 

(Howmedica, Rutherford, NJ). The blocks were then covered with the 

periosteum, muscle and the skin (Figures 13 and 14). 

A total of 15 animals received HA blocks (Group I). A second group 

of 15 animals were implanted with HA blocks+ TGF-J3 (Group II). A third 

group of 15 animals were implanted with HA blocks + P-15 (Group III). 

The opposite side of the mandible of each animal was surgically exposed. 

The cortical bone was decorticated and the wound was sutured (Figures 15 

and 16). These mandibles served as sham controls. The lingual side of 

each mandible which was not surgically exposed also served as controls. 

The 15 HA blocks + TGF-J3 (Group II) were prepared before they 

were implanted in the animals. Human recombinant TGF-J31 (R & D 

Systems Minneapolis, MN) was diluted to 1 mg/ml according to 

manufacture' s recommendation. The diluted TGF-J3 was stored in a sterile 

centrifuge tube (Fisher Scientific Pittsburgh, PA) in the refrigerator at 4°C 

until it was used. Then each HA block was soaked in the TGF-J3- when the 
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surgery was performed (Figure 17). The remaining TGF-J3 solution was 

p_our_ed into the .surgical area after the HA block was affixed to the 

mandible with the screws (Figure 18). 

2. Postsurgi.cal Care 

An ice bag was applied to the surgical area for 10 minutes. Food 

intake was monitored each day following surgery. Each rabbit was given 

one full cup of dry rabbit food (Wayne 15% rabbit ration S.630) daily. 

Rabbits received analgesics (Buprenex 0.15 mg IM) for three days 

following surgery. Each rabbit was weighed daily to monitor weight 

changes. 

3. Animal Sacrifice · 

· Rabb.its were anesthetized with an intramuscular injection of a 

mixture of 2.0 ml of Rompun (Xylazine,. 20 mg/ml) and 2.0 ml of Ketaset 

(Ketamin KCL, 100 mg/ml). While under deep surgical anesthesia the 

thoracic cavity was opened and the animal was killed by perfusion of a 

mixture of 4% formaldehyde and low concentration of glutaraldehyde (0.1-

0.5%) using an infusion pump to deliver fixative solution through the heart 

into the systemic circulation at a rate similar to the rabbit cardiac output 

which is approximately 150 ml/min. The total volume of the fixative was 

400ml, and the perfusion took about 3 minutes. 

A vertical incision was made in the midline below the xyphoid 

process through the abdominal wall. -· A midline incision was made in the 

skin of the thorax. The thorax was opened carefully by cutting through the 

sternum in order to expose the heart. A small incision was then made in 

the pericardium to expose the left ventricle. As this procedure produces a 

pneumo-thorax, therfore, all of the following actions were done within 2-3 

minutes. 



A ne~dle was inserted through the left ventricle and fixed in plac·e 

using a black silk suture. The needle was· attached to a polyethylene tube 

with a diameter of 1.2 mm which is connected to a perfusion pump. The 

thoracic aorta was· ligate4 to .allow the fixative to circulate only through 

the head region. The junction of the right atrium to the superior -yena cava 

was cut to permit drainage of the fixative from the venou:s side. 

Four hundred ml of normal saline ·solution containing 10 ml/L of 

heparin was infused into the heart first to prevent -blo.od coagulation and 

then 400 ml of the fixative solution which -contained 2% buffered formalin 

was infused for 3 minutes. The fix;.ed tissue was carefully excised and 

placed in fresh .formalin ·solution for an -additional 2 hours of fixation. 

Samples were taken from animals en bloc. 



Figure 1. 

Figure 2. 

Figure 3. 
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PLATE 1 

Surgical Procedure of Onlay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit 

Photograph of an anesthetized rabbit, prepared for the surgical 

attachment of hydroxyapati(e implant to the buccal plate of the mandible. 

Note the hair in. the Qperation field was shaved, and other area was· 

properly draped using sterile .cloth. 

Photograph of an anesthe~ized rabbit, illustrating the horizontal incision 

line (arrow) along the inferior border ofthe mandible. 

Photograph of an anesthetized rabbit, illustrating the surgical exposure 

and decoftication of the host bone using a -Stryker slow speed handpiece 

with.a #8 round bur (a"ow) with continuous saline i"igation. 



PLATE 1 

(FIGURES 1-3) 

Figure 1 

Figure 2 

Figure 3 
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Figure 4. 

Figure 5. 
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PLATE2 

Characteristics of Anorganic Bovine Bone Hydroxyapatite Used 

for Onlay Graft to the Rabbit Mandible 

A scanning electron micrograph_ of anorganic bovine bone hydroxyapatite 

(HA), illustrating microporosity (a"owhead) and macroporosity (a"ow) 

between HA particles. X72 

Table showing the properiies of the anorganic bovine bone HA prepared 

b)l manufacturer. Note that anorganic bovine bone HA has a highly 

crystal/in~ structure and is pure hydroxyapatite by X-ray diffraction. 

Morphology of HA shows microporosity (less than 150 Jml) and 

macroporosity (more than 500 Jml) by scanning electron microscope. 



PLATE2 

(FIGURES 4-5) 

Fig. 4 

Micro hardness (Knoop Hardness) 

Density (Helium Pycnometry) 

Chemical composition (FTIR) 

4 : 

215.3 ± 31.6 Kg/mm2 

3.39 glee 

Pure Hydroxyapatite 

Crystal Structure (XRD) Highly crystalline, Pure Hydroxyapatite 

Morphology (SEM) Macroporosity, Microporosity 

Fig. 5 



Figure 6. 

Figure 7. 
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PLATE.3 

Characteristics of Anorganic Bovine Bone Hydroxyapatite Used 

for Onlay Graft to the Rabbit Ma~dible (Continued) 

Histogram of X~ray diffraction analysis,- illustrating the ~rystalline 

structure of de-organified natural bone mineral prepared by the 

manufacturer. 

·Histogram of X~ray diffraction ·analysis, illustrating the crystalline 

structure of synthetic anorganic bovine bone HA. Anorganic bovine bone 

HA has similar crystalline structure of human bone mineral (Figure 6) by 

X-ray diffraction analysis prepared by the manufacturer. 
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Figure 8. 

Figure 9. 

Figure 10. 

PLATE4 

Surgical Procedure of Onlay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit (Continued) 

45 

Photograph of a hydroxy~patite (HA) block illustrating the dimension of 

the implant material. The dimension of the hydroxyapatite block is 

10x5x4inm. 

Photograph of an anesthetized rabbit, illustrating the HA block (asterisk) 

being adapted to the surface of the host bone to confirm the shaping of the 

host bone. 

Photograph of an anesthetized rabbit,. illustrating the surgical creation of 

holes through the HA block (arrow} and buccal plate of the· mandible 

using drilling bur (arrowhead) with Stryker slow speed handpiece. Two 

holes were made for both HA and host bone. Note that the block is held 

carefully · to prevent breaking ·and to immobilize the block during the 

drilling. 



PLATE4 
(FIGURES 8-10) 

Figure 8 

Figure 9 

Figure 10 



Figure 11. 

Figure 12. 

Figure 13. 

PLATES 

Surgical Procedure of Onlay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit (C~ntinued) 

47 

Photograph of an anesthetized rabbit, illustrating two titanium screws 

(a"ows) placed into the HA block and the host bone using -a hand held 

screwdriver (arrowhead). Th~ gentle handling of the screws was 

emphasized so. as not to -break the HA block. 

Photograph of an anesthetized rabbit, illustrating the placement of the two 

screws (a"ows) in the HA block (asterisk) and host bone. Notice that the 

HA block is not mobile in any direction. 

Photograph of an an~sthetized rabbit, illustrating the suturing of 

mucoperiosteum (arrowhead) at the SJJrgi.cal area in order to close 

surgi.cal wound and completely cover the HA block. Vicryl suture 

material was used (arrow). 



PLATE 5 

(FIGURES 11-13) 

Figure 11 

Figure 12 

Figure 13 
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. PLATE6 

Surgical ·Procedure Used for Onlay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit (Continued) 

Figure 14. 

Figure 15. 

Figure 16. 

Photograph of an anesthetized rabbit, illustrating sutured line of incision 

after attachment of the graft to the host bone. Notice intermittent suture 

. method using 4-0. silk suture material to prevent swelling of the wound 

Bulging -of the surgical wound (asterisk) is seen near the suture line 

(a"ow). 

Photograph of an anesthetized rabbit, illustrating the surgical exposure of 

the host bone .(asterisk) with reflected muscle (a"ow} and periosteum of 

the surgical sham side. Decortication of the surgical sham side was done 

before closing .the surgical wound 

Photograph of an anesthetized rabbit,: ill~strating the sutured surgical 

wounds of the grafted side (a"ow} and surgical sham side (a"owhead). 



PLATE 6 

(FIGURES 14-16) 

Figure 14 

Figure 15 

Figure 16 
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Figure 17. 

Figure 18. 

Figure 19. 

PLATE7 

Surgical Procedure of Onlay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit (Continued) 

51 

Photograph of a sterile centrifuge tube with plug seal cap containing 

TGF-p and TGF-{J-soaked HA block (arrow). Notice the HA block was 

soaked for 5 minutes before the block was grafted to the host bone to 

evenly distribute the TGF-P in the HA block. 

Photograph ofan anesthetized rabbit, illustrating the· application of TGF- . 

p after affixing the HA block (asterisk) to the host bone. Notice that TGF

p (arrow) was pored onto the surgical area before closing the surgical 

wound Two titanium (arrowhead) screws with HA block are seen at the 

graft area. 

Photograph of an anesthetized rabbit, illustrating the surgical exposure of 

the grafted area prior .to removing a core biopsy and pe,fusing the 

animal. Note the two titanium screws(arrows) andlfA block{asterisk). 



PLATE 7 

(FIGURES 17-1 9) 

Figure 17 

Figure 18 

Figure 19 
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Figure 20. 

Figure 21. 

Figure 22. 

PLATES 

Surgical Procedure of Oniay Grafts in the Buccal Plate of 

Mandible of an Anesthetized Rabbit (Continued) 

53 

Photogrqph. of a· trephine used for removing. core biopsy of fresh tissue 

sample for Western blot and Slot blotting analysis. Notice that the 

dimensions of the trephine were 1. 0 mm in diameter and 4 mm in length. 

Photograph -of an .anesthetized rabbit, illustrating . the core biopsy 

procedure using a trephine .bur .(arrow) with.Str_iker slowspeedhandpiece 

. with continuous irrigation. 

Photogrpph .ofa sample of a graft core biopsy used {arrow) for Western 

blot anq Slot blot analysis. 



PLATE 8 

(FIGURES 20-22) 

Figure 20 

Figure 21 

Figure 22 
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B. Microscopic Technique 

1. Tissue Preparation 

A total of 90 samples were taken from 45 animals after perfusion. 

Forty five blocks from the grafted side and 45 blocks from the surgical 

sham side were processed by the same procedures. The 45 blocks from the 

grafted side (15 with the HA, 15 with HA + TGF-j3, and 15 with P-15) 

were split with the Isomet diamond disc (Buehler Ltd, Lake Bluff, IL) into 

halves (Figures 23 and 24). One half of each block was decalcified and 

processed for immunohistochemistry, histological examinations and 

histomorphometry. The other half was left undecalcified for processing 

and embedding in methylmethacrylate before subsequent cutting and 

processing of 5 00 micrometer thick sections for microradiography. The 

histomorphometry was us.ed to determine the % bone volume of the 

implanted block and bone volume formed between the HA block and host 

bone as well as HA and ,periosteum. 

a) Cor.e Biopsy 

Before perfusing the animals, core biopsies were performed to get 

fresh samples for Western and Slot blot analysis. After anesthesizing the 

animal, a core of the graft was taken using a trephine bur (Stryker, 

Kalmazoo, MI). The size of the bur was 1 mm in diameter 4 mm in length. 

Each core was stored in a tube in liquid nitrogen and kept frozen at -196°C 

until used. 

b) Decalcified Sections 

Each sample was fixed with a mixture of 2% formaldehyde for rapid 

stabilizing with les.s cross linking, and weak glutaraldehyde (e.g., 0.1-

0.5%) for greater structural preservation. 4.~% EDTA (pH 7.2-7.4) was 
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used to decalcify the samples at 4°C for four weeks, and then washed under 

running water for several hours. The fixed decalcified tissue were 

embedded in paraffin blocks for light microscopic examination, 

immunohistochemistry, and histomorphometry. 

c) Undecalcified Sections 

After the tissue samples were fixed and bisected, one-half of each 

sample was embedded in methyl-methacrylate by the following sequential 

method: 2 days in 70% ethanol; 2 days in 95% ethanol; 1 day in 100% 

ethanol ( changing the solution on.ce during the initial 24 hour period); 4 

days in xylene (changing the solution after the second day); 3 days in 

methyl-methalcryla-te solution I (MMA I) at room temperature; 2 days in 

methyl ... methacrylate solution II (MMA II) at 4°C; 2 days in methyl

methacrylate solution III (MMA III) at room temperature; and then 

polymerized at 30-32°C. The volume of the solutions were sufficient to 

cover the samples. 

The, methyl-methacrylate solutions were mixed as follows: 

(a) MMA I; 150 ml methyl-methacrylate + 50 ml dibutyl phthalate 

(b) MMA II; 150 ml methyl-methacrylate + 50 ml dibutyl phthalate + 2.0 g 

benzoyl peroxide 

(c) MMA III; 150 ml methyl-methacrylate + 50 ml dibutyl phthalate + 5.0 g 

benzoyl peroxide 

The .MMA II and MMA III solutions were refrigerated when not in use. 

These undecalcified samples were used for measuring bone density 

with contact radiography and for histologic examination after staining with 

modified Masson stain. 

2. Gross measurement of new bone formation 

Newly formed bone around the grafted material was measured with a 

ruler to quantify differences between the experimental groups. After all 
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samples were divided into two halves, the amount of newly formed bone 

around the HA was measured by, length, · width, and depth. After each 

sample was embedded with methyl-methacrylate, each block was serially 

cut into sections of approximately 500 microns each. Sections were 

measured in three dimensional and each measurement was used to calculate 

the volume of the newly formed bone around the grafted material. 

3. Western Blot Analysis 

Seven random samples were subjected to Western blot analysis to 

confirm the molecular weight of osteocalcin. Each frozen sample was 

placed in 100 ml of PBS, pH 7.4, containing 0.5 mM dithiothreitol (DTT), 

1 mM EGTA, and 0. 5 mM benzamidine. These samples were homogenized 

on ice with an Omni 1000 tissue grinder (Omni International, Waterbury, 

CT) for thirty seconds to one minute with intermittent pulsing for 15 

seconds. The total protein content of the homogenates was determined by 

the bicinchoninic protein assay (BCA) (Pierce, Rockford, IL). 

Equal protein concentrations of each homogenate were denatured by 

heating in a boiling water bath (100° C) for 5 minutes in the presence of 50 

mM Tris-HCl, pH 6 .. 8, c.bntaining 5% P-mercaptoethanol, 2% SDS, 10% 

glycerol, and O .002% bromophenol blue. Ten micrograms of each sample 

were added. in each well of 7% SDS-PAGE gels prepared by the method of 

Laemmli (1970). 

After electrophoresis, proteins were transferred from the gel to 

nitrocellulose by an electro.blotting technique (Towbin; et al. 1979). 

Proteins on nitrocellulose were placed in 0.1 % sodium azide plus 3% 

hydrogen peroxide in PBS for 10 minutes to block endogenous tissue 

peroxidase. A solution of PBS (pH 7.4) containing 5% Tween-20 and 10 

mg/ml bovine serum albumin (BSA) was applied to the blot for 1 hour. 

This solution blocks nonspecific binding of antibodies to the blot. Protein 

bands representing osteocalcin were identified on the nitrocellulose by 
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immuno.staining with anti~osteo.calci-n antibody, using an avidin-biotin

peroxidase technique similar to that us.ed for the immunohistochemical 

localization of osteocalcin .epitopes in tissue sections, as previously 

described .(Laemmli; 1-970). 

Briefly, _proteins immobilized on nitrocel-lulose were stained with 

antibody directed against serum osteo.calcin by the avidin-biotin 

immunoperoxida-se method similar to the immunocytochemical technique~ 

After rinsing with PB.S (pH 7.4), nitrocel-lulo.s"e blot,s were incubated in 3% 

hydrogen peroxide in PBS for five minutes to block endogenou~ p.er.oxidase 

activity. The blot was- then rinsed for 5 minutes, and then incubated for 1 

hour in 3% gelatin in a warm water bath, with gentle shaking. Without 

rinsing, a 1 :500 -dilution of mou~e monoclonal osteocalcin antibody was 

allowed to- react with the blots at room temperature for one hour. After 

washing in 0.5% Tween 20 (Sigma,· St. L.ouis, MO) in PBS (~BS-Tween), 

biotinylated horse anti ... mouse lg G (1 :200). was allowed .to react with the 

blots for thirty minutes at room temperature. After washing in P:a S

Tween, the blots were incubated for thirty minutes in avidin conjugated to 

horse radish peroxida~e. After washing in PBS-Tween, a 0.5% solution of 

diaminobenzidine tetrahydrochloride (DAB) in 0-.1 % H202 was applied as 

the substrate for the hors.eradish peroxidase. The color cha~ge on the blots 

was monitored visually and the reaction stopped with sterile water. DAB 

reacts with reduced H202 to yield a brown colored stain over protein bands 

where the primary antibody was bound. 

The molecular weights _of the proteins transferred to nitrocellulo~e 

were determined by calculating the migration of the protein bands relative 

to biotinylated marker proteins of known molecular weight (Bio-Rad) 

{Borke, et al. 1993).. These biotinylat~d marker proteins reacted with the 

avidin-conjugate~ .peroxidase and appeared brown on the Western blot after 

immunohistochemical staining. 
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4. Slot Blot Analysis 

All 45 samples of grafts and 5 samples of control mandibles were 

used for Slot blot analysis. Ten microgram·s of each protein sample were 

mixed with Slot blot buffer solution (10 mM Tris base, 4% SDS and 0.05% 

b-mercaptoethanol) and were denatured by heating for 5 minutes in a 

boiling water bath. Boiled samples were then loaded in wells of a slot-blot 

apparatus and immobilized on nitrocellulose. The wells were washed with 

PBS and the blot was stained with osteocalcin antibody by the same 

protocol a.s previously described for the Western blot. 

Stained blots were analyzed by densitometry on a Hoefer GS 3 00 

scanning densitometer (Hoefer Scientific Instruments; San Francisco, CA) 

which was connected to a Hoefer GS 3 65W electrophoresis data reduction 

system (Hoefer Scientific Instruments; San Francisco, CA). Scanning 

densitometry of the blot provided peak areas for each sample. The peak 

areas were expressed as the mean of stain intensity for each sample in 

absorbance units (AU) per mm. The areas under the peaks were integrated 

for comparisons of the amounts of osteocalcin among the samples. 

5. Bone Density 

The specimens were fixed and bi~ected, one half of each was 

embedded m methyl-methacrylate. After embedding in methyl

methacrylate, samples were sectioned co.ronally with an Isomet low-speed 

saw (Buehler Ltd., Lake Bluff, IL) using a 0.3 mm thick diamond wafering 

blade. The resultant sections were approximately 500 microns. The bone 

density of grafted material and host bone interface was measured by this 

analysis (Figure 26). 

High resolution contact radiography is a method of visualizing 

microscopic details of thin sections of mineralized tissue (Hildebolt, et al. 

1993). The entire sample was radiographed with a· soft x-ray apparatus 
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operating at 35 kV and 2.5 mA for an exposure time of 15 seconds. The 

buccal surface of the sample was placed· in . direct contact with the 

radiographic film (Kodak Diagnostic Film, Ektascan B, Eastman Kodak 

Co., Rochester, New York) and the radiograph was taken with the 

emulsion side of the film down. Films were proce.ssed, emulsion side u_p, in 

a Kodak RP X-omat Processor. Images were digitized by computer 

scannmg, and then radiodensity of the bone was evaluated utilizing an 

appropriate computer program for analysis (Moskow, et al. 1985). 

Individual sample radio graphs were cut from the 8 Inch by 10 inch 

film sheets and moijnted in standard photographic slide mounts. The 

radiograph ".slides" were mounted in th~ film holder provided with the 

Nikon model LS-3 5 l0AF charged-coupted device linear photodiode array 

solid state slide sc,anner (Nikon Electronic Imaging, Nikon, In,c., Melville, 

N.Y. 11747-3064). The Nikon scanner was interfaced via P:hotoshop 

software .(Adobe sy~tems Inc.,. Mountain View, CA) to a p·ersonal 

computer. Each radiograph was d_igitized usjng 50 micron pixels in 

computer images-, converting the densitie.s into 25.6 gray levels· (Hildebolt 

et al. 1990)~ A rectangular standardized .region of interest {ROI) was 

drawn on to all radiographs with "Image", an interactive image processing 

software package (National Institute of Health, Bethesda, Md). 

A histogram wa~ calculated for the area within each region of 

interest (ROI) for sµbsequent conversion to a cumulative percent. histogram 

(CPH) ·by first calculating a percentage by dividing the frequencies for each 

of the 256 gray levels ·by the sum of frequencies of all .bins and multiplying 

by 100. And then ~ running s.um was computed by repla_cing. each 

percentage with a summation of the percentages up to a.nd including the bin 

being replaced. Plotting these values yielded a mean CPH which was 

calculated fo-r each group within the project. The CPH was plotted with 

the calculated value as the y ... axis and the gray level as the x ... axis. This 

mathematical manipulation resulted in the ability to perform radiometric 

analysis of digitized radiographic · imijges. The software package, 
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Microsoft Excel (Santa Rosa, CA) was utilized in this phase of analysis 

(Shrout, et a I. 19 9 3) . 

6. Modified Masson Staining 

Modified Masson stain was used to detect newly formed bone matrix 

m the grafted material and host bone interface. Sections were 

deparaffinized in xylene, hydrated in descending grades of ethanol, and 

incubated with Wreigert's hematoxylin for 20 minutes. Sections were then 

rinsed and then washed in water and incubated with modified Masson stain 

for 10 minutes, before washing again. Sections were then incubated with 

phosphomolybdic acid for 5 minutes, washed in water and incubated with 

aniline blue for 5 minutes. Sections were next rinsed in 1 % acetic acid 

dehydrated in ascending grades of ethanol, cleared in xylene and mounted 

with cover _slips using Permount. Newly forming bone was stained blue and 

osteoid tissue appeared .red. 

7. Histomorphometry 

Each sample (1 week, 4 weeks, 8 weeks) was decalcified and 

evaluated histologically to determine the % bon.e volume of the grafted 

material and the host bone. 

Hematoxylin and -eosin (H&E) stain was used to study the 

histopathological changes in cells, ground substance and blood vessels in 

the area of graft. Sections were deparaffinized in xylene, hydrated in 

descending grades of ethanol, incubated with Harris hematoxylin for 3 

minutes, washed under running water for 20 minutes . and .incubated with 

eosin for 1 minute. Sections were then dehydrated in ascending grades of 

ethanol, cleared in X:Ylene and mounted with cover slips using Permount. 

Cell cytoplasm and ground substance stained with H&E appeared red while 

nuclei ijppeared blue. 
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Quantitative analysis was used to determine the percentage of bone 

volume along the graft. The same sections were viewed under a 

microscope (Zeiss, Axiophot, Germany) connected to a videocamera. This 

was connected to both a TV monitor and a computer. As a result, the 

image of the section· was transferred via the camera to the TV screen. A 

digitizer, tablet and Image Pro software (Media Cybernetics. Silver 

Springs, MD), was used to trace the outline of the graft and the new bone 

formation (Figure 25). Thus, the perc.entage of the bone volume along the 

graft was determined. The average score for the percentage of bone 

volume for each group was determined. The percent bone volume of the 

grafted material was measured in both the lower (2 mm) and upper halves 

(2 mm) separately. 



Figure 23. 

Figure 24. 

Figure 25 
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PLATE9 

Tissue Samples of the Grafts 

Photograph of a tissue sample taken fr.om animal after sacrifice. A hole 

(arrow) Js seen where the core biopsy was removed Two screws 

(arrowheads) can also be .seen in the HA block 

Photograph of a tissue sample after it was divided into two halves using 

an Isomet cutting machine with continuous irrigation of water to prevent 

heat generation in the bone. 

Photograph of a computer with Olympus microscope (arrow) used for 

histomorphometric analysis, illustrating one of Image Pro windows 

(asterisk) used for histomorphometric analysis. 



PLATE 9 

(FIGURE 23-25) 

Figure 23 

Figure 24 

Figure 25 
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· Figure 26. 

PLATE-10 

Hydroxyapatite and Host Bone Interface 
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Photograph of X-ray film after processing with contact radiography. This 

photograph illustrates the hydroxyapatite and host bone inte,face with a 

titanium fixing screw. The titanium fixing screw is in the HA and host 

bone. Note the new bone around the HA block 8 weeks after surgery. 
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8. Immunohistochemistry 

The histopathological diagnosis of a. number of diseases rests upon 

the skill of the pathologist and is sometimes subjective. The variability 

associated with·. a subjective diagnosis has led to the development of 

histochemical techniques such as the PAS r·eaction for glycogen in 

basement membranes and the aldehyde-fuchsin stain for pancreatic beta 

cells or elastic fibers. These techniques have obvious limitations; it is 

impossible to find a unique stain for every cell, cell structure, or tissue 

component (Battifora, et al. 1986). 

In the past two decades, there have been a number of dramatic 

advances in immunology, and iminunodiagnostic methods have had a 

substantial impact .on all phases of laboratory medicine. In many 

laboratories, the use of immunohistochemical stains has become as routine 

as use of any other special stain, and in some instances· these stains have 

replaced the older histochemical or empirical methods entirely (Battifora, 

1989). 

a) Immunoalkaline Phosphatase Method 

The alkaline phosphatases are a group of enzymes capable of 

hydrolyzing phosphate • esters in alkaline media. Many human and 

mammalian tissues contain these enzymes, the properties of which may 
l 

differ depending on the specific tissue of origin (Crofton, 1982). In 

humans, these isoenzymes are designated by their tissue source, e.g., liver, 

bone, leukocytes, placenta, intestine, and tumor tissues. 

The immunoalkaline phosphatase methods are being used extensively 

in clinical practice and biologic research. Their limitations and potential 

for future applications, however, have not been fully investigated (Delellis, 

1988). 

Frqzen sections and paraffin-embedded materials have been used in 

thes.e. methods with success. For successful use of immunoalkaline 
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phosphatase methods in paraffin sections, the target antigens should be 

cytoplasmic or stable cell surface constituents. Very few surface 

membrane antigens can withstand the harsh processing required for paraffin 

embedding, and there is no reason to assume a priori that all cytoplasmic 

antigens survive. It is only through empirical testing that one can 

determine if paraffin sections suitably preserve the antigen of interest for 

immunohistochemic_al staining. If so, p~raffin sections would be the 

preferred material, since morphologic detail is maintained more effectively 

and endogenous alkaline phosphatase largely preserved by the processing 

procedure. 

The avidin-biotin immunoperoxidase technique (Vector laboratories. 

Inc. Burlingame, CA) was used to localize the alkaline phosphatase activity 

(Guesdon, et al. 1979). The paraffin-embedded samples were used for this 

analysis, since morphologic detail was maintained more effectively and 

endogenous alkaline phosphatase was preserved by the processing 

procedure. 

b) Proliferating Cell Nuclear Antigen (PCNA) 

PCNA is a 3 6 kDa acidic non-histone nuclear protein which functions 

as an auxiliary protein for DNA polymerase and is an absolute requirement · 

for DNA synthesis which can be detected immunologically. PCNA cross

reactive antigens can be detected in several species, indicating that this is a 

highly conserved cellular protein (Bravo, et al. 1980).. Therefore, PCNA 

may have an important function in the nucleus. 

The expression of PCNA is highly dependent on the cell cycle and is 

similar in normal cells induced to undergo proliferation and in transformed 

cells (Kurki, et al. 1986).. PCNA is increased only slightly in most GI cells 

as compared to resting GO cells. In late G 1 cells., PCNA expression clearly 

increases and -continues to· increase du.ring the DNA synthesis (S-phas.e) of 

the cell cycle. In G2-M phase, PCNA content de.clines to a value 

intermediate between. thos.e .of G 1 and S phas.e cells. 
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Immuno.cytochemical techniques for PCNA were performed on the 

2%. buffered formalin fixed tissue usin_g the avidin-bio.tin procedure 

described .above. ·. The avidin-biotin immunoperoxidase technique (Vector 

laboratories. Inc.) was used to localiz.e the proliferating cell nuclear 

antigen .(PCNA). Samples. obtained from 1 week, 4 weeks, and 8 weeks 

postsurgical specimens were used for this analysis. 

c) Technique of hnmunohistochemistry 

Sections were initially incubated with 0.3% hydrogen peroxid.e in 

methanol for 30 minutes· to block endogenous peroxidase activity and 

washed in PBS. Sections were. incubated with normal .horse serum for 30 

minutes to block non~specific binding sites. (150 µ1/10 ml of PBS) and· were 

again washed in PBS. Sections were incubated with avidin and biotin 

blocking solutions for 15 minutes to block endogenous biotin followed by 

additional washes in PBS. 

Sections w~re in·cubated with mouse anti-·PCNA monoclonal 

antibodies .(B.iogenex, San Kamon, CA 94583) overnight at room 

temperature in a 100 % hu~idity chamber and washed in PBS. Sections 

were then incubated .with biotinylated anti-mouse IgG · (Vector 

Laboratories. Inc .. Burlingame, CA) diluted at 50 µ1/10 ml of PBS for 2 

hours and washed in PBS: 

Sections. were incubated with ABC (avidin-biotin-peroxidase) 

reagent (100 ml of reage.nt A and_ 100 ml of .reag·ent B to 5 ml of PBS) for 

lO minutes and washed. in PBS. 

For proliferating cell .nuclear antigen (PCNA) immunostaining, 

sections· were incubated with peroxidase substrate solution (~tarting with 5 

ml distilled water, then added 100 ml of buffer stock, 200 ml of ·o.5% 3,3 

diaminobenzidine tetrahydrochloride (DAB) stock, 100 ml of 0.3% 

hydrogen peroxide and 100 ml of nickel solution) and then washed in PBS. 

Sections were dehydrated in ascending grades of ethanol, cleared in xylene 

and mounted with cover slips using Permount. Slide.s were examined with 
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a Zeiss Axiophot II microscope. PCNA-positive cells had dark brown 

nuclei. Inflamed tonsil sections were used as a positive control. Sections 

of the control side were used as a negative control. The number of PCNA

positive cells was divided by the total number of cells in the same unit 

area. This was considered as PCNA index. 

For alkaline phosphatase immunostaining, sections were incubated 

with 3-amino-9-ethylcarbazole (AEC) chromogen stain (Sigma Co., St, 

Louis, MO) for 3 0 minutes. Sections were counterstained with 

hematoxylin, then dipped in ammonia water followed by distilled water, and 

were mounted with cover slips using immu-mount (Shandon, Pittsburgh, 

PA). Slides were examined with a Zeiss Axiophot II microscope. Sections 

of rabbit condyle were used as a positive control and sections of control 

side were used as a negative control. The number of alkaline pho.sphatase

positive cells was divided by the total number of cells in the same unit 

area. This was considered as alkaline phosphatase index. 

9. Measurements of undifferentiated mesenchymal cells. 

The mesenchymal cells of the host bone and HA block interface was 

measured only for 1 week and 4 weeks after surgery. The tissue interposed 

between HA block and host bone surface will be refer to as interface area 

in this thesis. Groups for 8 weeks after .surgery were not involve for this 

analysis, since they did not have undifferentiated mesenchymal cells at the 

interface between HA and host bone. Quantitative analysis was used to 

determine the number of undifferentiated mesenchymal cells. The 

histologic sections stained with H & E were viewed under a microscope 

(Zeiss, Axiophot II, Germany) connected to a videocamera. This was 

connected to both a computer monitor .and a computer. As a result, the 

image of .the section was transferred via the camera to the monitor screen. 

Image Pro software (Media Cybernetics. Silver Springs, MD) was used to 

count the number of undifferentiated mesenchymal cells per unit area 

(Figure 25). 
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C. Statistical Analysis 

The continuous variable outcome measures were analyzed using two 

way analysis of variance followed by me.an comparisons. Discrete outcome 

variables were analyzed using nonparametric analysis of variance,. All 

tests were done at an overall significance level of 0.05. Multiple 

comparison tests were done using the least s.quares means procedures using 

SAS (SAS Institute, Cary, NC) computer program. 



D. Experimental Design 

Group I (GI) ; HA block alone 
Group IA (1 week ) 

Group IB ( 4 weeks) 

Group IC (.8 weeks) 

Group II (GIi) ; HA block+ TGF-~ 
Group IIA (1 week) 

Group IIB ( 4 weeks) 

Group IIC (8 weeks) 

15 rabbits 
5 rabbits 

5 rabbits 

5 rabbits 

15 rabbits 
5 rabbits 

5 rabbits 

5 rabbits 

Bone density 
lmmuno cytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
Immuno cytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
Immunocytochemistry 
Histomorphometry 
Slot blot analysis 

Bone density 
lmmunocytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
Immunocytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
Immunocytochemistry 
Histomorphometry 
Slot blot analysis 

Group III (GIii) ; HA block + p-15 15 rabbits 
Group IIIA (1 week) 5 rabbits Bone density 

Group IIIB ( 4 weeks) 

Group IIIC (8 weeks) 

5 rabbits 

5 rabbits 

Immuno cytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
lmmunocytochemistry 
Histomorphometry 
Slot blot analysis 
Bone density 
lmmunocytochemistry 
Histomorphometry 

Slot blot analysis 
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III. RESULTS 

A. Gross Morphological Changes of the Grafts and Host Bone 

1. 1 week after surgery 

All the implants from each animal of the three experimental groups 

were measured with a ruler .. after tissue samples were taken from the 

animals (Figure 3 0). The tissue samples of HA block with host bone were 

divided into two halves with Isomet cutting machine with continuous 

irrigation .to reduce heat generation of the host bone. All three groups 

· showed intimate interfacial contact of the HA block with the host bone 

after 1 week of surgery (Figure. 2 7). 

No- suggestion of new bone formation was found under the dissecting 

microscope in all three groups. All of the HA block were securely fixed to 

the host bone. Some of the samples showed soft tissue interposing at the 

interface between HA block and host bone, but there was no difference 

among the three groups. There was no sign of infection or tissue necrosis 

at the grafted area or adjacent areas in any of the ani~als. 

2. 4 weeks after surgery. 

All the samples in this time period showed new bone formation 

around the HA block, that apparently filled the interface between the host 

bone and the HA and then grew into the. pores of the ·HA. The group of 

HA alone (Group I) showed not so much new bone formation as HA + 

TGF-f3 (Group II) or HA+ P-15 (Group III). At this gross level, samples 

from HA + TGF ... f3 (Group. II) and HA + P-15 (Group III), showed no 

apparent difference in the amount of new bone formation around the. HA 

block or at the interface between HA and host -bone (Figures 28 and 31). 

New bone formation around the HA block appeared to grow 
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from the lower margin of the block (host bone side). The area of the HA 

block contac.ted with ·the host bone showed more new bo.ne formation than 

the upper surface of the HA blo.ck which was covered with the periosteum. 

At this sta;ge, little ·or no soft tis-sue was fo_und at the interface between the 

host bone and HA in any of the samples. 

3. 8 weeks after surgery 

Mo-r.e newly formed bone was s~e.n in all the samples .of this time 

period. Newly formed bone around the HA block entirely enclosed the 

block and grew into the .pores of the· HA block (Figures 29 and 32). The 

new bone from the host .bone grew toward the upper surface which was 

covered by perio.steum. HA alone (Group· I) showed less new bone 

formation when com.pared t.o HA + TGF-f3 (Gr~up II) and HA + P-15 

(Group III). 



PLATE 11 

Gross Morphological Changes of the Grafts and Host 

Bone as Viewed Under Dissecting Microscope 
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Figure 27. Photograph of HA block (Group I) after it was divided into 

halves. Notice the intimate contact (arrows) between HA 

block (HA) and host bone(HB) at I week after surgery. X 3 

Figure 28. Photograph of HA block+ TGF-P (Group II), illustrating the 

interface area between HA block (HA) and host bone 

(arrows). Notice the new interface bone (arrow) extending 

into and around (asterisk) the HA block 4 weeks after surgery. 

X2.5 

Figure 29. Photograph of HA block + P-15 (Group Ill). The newly 

formed bone (NB) is wrapping around the HA block (HA) 

(arrow) and growing into the interface between HA block and 

the host bone (HB). X 2 



PLATE 11 

(FIGURES 27-29) 

Figure 27 

Figure 28 

Figure 29 



PLATE 12 

·Gross Mo~phological Changes of the Grafts and Host 

Bone As Viewed Under Dissecting Microscope 
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Figure 30. Photograph methylme.thacrylate embedded cross section of HA 

block (HA) alone (Group I). One dimension of the new bone 

formation was measur.e,d with a ruler. Both lingual cortical 

plate(arrow is seen in the methylmethacrylate block), and the 

buccal cortical plate (arrowheads) are seen. X 2 

Figure 31. Photograph of HA block.+ TGF-P (Group II), illustrating 

interface(arrow) of HA block and host bone (HB). Notice the 

new bone (arrowheads) grows into and around the HA block 

(HA) 4 weeks after surgery. X 2.5 

Figure 32. Photograph of HA block + P-15 (Group Ill). Note that the 

newly formed bone wraps around the HA block (HA) and 

grows into the interface (arrows) between HA block and the 

host bone. X 2 



PLATE 12 

(FIGURES 30-32) 

Figure 30 

Figure 31 

Figure 32 
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B. Histological findings of HA block and host bone 

1. Control side and surgical sham side 

The non-surgical control side of the rabbit mandible showed normal 

bone histology. Haversian and lameUar bone. showing cement lines 

indicative of bone remodeling were seen (Figure 33). The surgical sham 

side showed a noticeable new bone formation line ( cement line) at the 

decortication. site (Figure 34). Bone remodeling activity and bone tunnels 

containing blood vessels surrounded by undifferentiated cells and 

osteoblasts indicative of new bone formation were seen (Figure 35). The 

new bone regenerated to the height of the original hone surface that existed 

prior to decortication (Figure 3 4 ). 

2. One week after surgery 

a) HA alone (Group I) 

The conn.ective tissue between the surface of the host bone and the 

HA block showed a large number of fibroblasts and undifferentiated 

mesenchymal cells (Figure 3 6). The undifferentiated mesenchymal cells 

were also found in the pores of HA block. Many extravasated red blood 

cells were found among the undifferentiated mesenchymal cells (Figure 39). 

Collagen bundles we.re also seen among the cells. There was no bone 

formation observed at this time period. No inflammatory cell was found at 

the host bone interface or around HA block. The undifferentiated 

mesenchymal cells were well adapted to the surfaces of the HA pores. 

b) HA+ TGF-p (Group II) 

In the group of HA + TGF-P (Group II) showed similar findings to 

that of HA alone (Group I). The connective tissue interface showed a 
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large number of undifferentiated mesenchymal cells and a large number of 

blood cells (Figure 3 7). Collagen fibers were found at the host bone 

interface. The undifferentiated mesenchymal cells penetrated into the 

pores of the HA block (Figure 40). There w~re more collagen fibers in this 

group as compared to HA alone (Group I). The c.oU.agen fibers were 

aligned along the ma_rgin of the HA block and penetrated into the ·pores of 

. the HA particles. 

Multinucleated giant cells were. found at the margms of the HA 

particles (Figure 43). New bone formation was not found at this time 

period. No inflammatory cells were found at the host bone interface or 

around the HA block (Figure 42). The undifferentiated mesenchymal cells 

were well adapted to the margins of the HA particles (Figure 44). Many 

red cells were found at the host bone interface and also in the pores of the 

HA block. 

c) HA+ P-15 (Group III) 

The changes noted were remarkably similar to those in HA alone 

(Group I) (Figure. 38 and 41). 



81 

PLATE 13 

Photomicrographs of Histological Sections of Host Bone 

of The Sham Control .Side 7 Days After Surgery 

Figure 3 3. Control side of host bone after the decortication of cortical 

plate showing cement lines indicative of high · remodeling 

activity (arrows). (H & E staining) X 128 

Figure 34. Surgical sham side at low magnification, illustrating the 

cement line at the initial decortication line and the new bone 

formation (arrows). Bone marrow (BM), and blood vessels 

(arrowhead) are seen. (H & E. staining) X 16 

Figure 3 5. Surgical sham side with higher magnification, illustrating 

areas of new bone formation (asterisk), cement line ( arrows) 

and osteocytes (arrowheads). (H & E staining) X 128 



PLATE 13 

(FIGURES 33-35) 

Figure 33 

Figure 34 

Figure 35 
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PLATE 14 

Photomicrographs of Histological Sections of The Interface 

Between HA Block and Host Bone (One Week After Surgery) 

Figure 36. Large numbers of mesenchymal cells (MC) occupied the 

connective tissue space between the host bone (HB) and the 

HA block (HA).. Note the penetration _of the cells into the HA 

pores (arrow). (H & E staining) X 32 

Figure 37. HA + TGF-P Note the marked increase in mesenchymal cells 

(MC) -as compared to Figure 36. The arrowhead points to the 

HA block. (H & E staining) X 32 

Figure 3 8. HA + P-15 The interj ace connective tissue shows higher 

cellular activity than that of HA alone (Figure 36}. Arrows 

point to host ,bone. (H & E staining) X 32 



PLATE 14 
(FIGURES 36-38) 

Figure 38 
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PLATE 15 

Photomicrographs of Histological Sections of The Interface 

Between HA Graft and Host Bone (One Week After Surgery) 

Figure 3 9. HA block without growth factor. There are more mesenchymal 

cells than -collagen (arrowheads). Note the presence of 

extravasated red blood cells. (H & E staining) X 32 

Figure 40. HA + TGF-p. The interface between connective tissue is more 

vascular (arrows) and highly cellular. Extravasated red 

blood ce.lls .are seen (arrowheads). (H & E staining) X 64 

Figure 41. HA + P-15. The mesenchymal cells (MC) are seen adapted to 

the surfaces of the HA particles and penetrated the pores. 

Multinucleated giant cells (arrowhead) are seen in close to 

the HA particle.s. (H & E staining) X 64 



PLATE 15 

(FIGURES 39-41) 

Figure 4 
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PLATE 16 

Photomicrographs of Histological Sections of The 

Interface Between HA Graft and Host Bone from HA + 

TGF-(3 _(Group II) (One Week After Surgery) 

Figure 42. HA + TGF-P (Group II). Note the presence of collagen 

bundles and the large number of cells invading the HA pores 

(arrowheads). (H & E staining) X 32 

Figure 43. HA + TGF-P (Gr~up II). High magnification demonstrating 

cells line_d up on HA surfaces (arrowheads). · Collagen 

bundles are more prominent in this grou_p. (H & E staining) 

X64 

Figure 44. HA + TGF-P (Group II). The pores of the HA block are 

occupied with connective tissue elements that can be traced to 

the interj ace connective tissue. (H & E staining) X 64 



PLATE 16 

(FIGURES 42-44) 

Figure 42 

Figure 43 

Figure 44 
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3. Four weeks after surgery 

a) HA alone (Group I) 

At the interface of the HA and host bone, noticeable new bone 

formation was found at this time ,period. More blood vessels and collagen 

fibers could be seen at the interface and within the pores of the HA 

particles (Figure 45). A high degre.e of .cellular activity indicative of bone 

formation at the interface and around .the HA particles were found (Figure 

46 and 47). The newly formed bone could be followed into the pores of 

HA particles from the host bone (Figure 4 7). 

Multinucleated giant cells were found around the HA particles and 

exhibited evidence of phag.ocytosis of HA particles by these cells (Figure 

47). With the modified Masson staining, newly formed bone was clearly 

evident. The newly formed bone was stained blue and osteoid was stained 

red. The HA particles were not stained (Figure 72). 

b) HA+ TGF-J3 (Group II) 

Histologic sections of this group showed remarkable new bone 

formation at the HA block and host bone interface. Newly formed bone 

grew at the periphery surrounding the lowe.r half of the HA block and for a 

short distance within the pores of the HA block (Figure 48). This new 

bone penetrated into the pores of HA from the periphery of the block and 

formed new bone (Figures 48 and 49). 

Most of the undifferentiated mesenchymal cells turned into the bone 

cells and formed new bone at the interfijce of host bone. The new b.one 

contained osteocytes and was covered with o.steoblasts. It also- contained 

organized bone marrow cells. 

The collagen fibers _ within the pores of the HA block were well 

vascularized and more organized those that found in the earlier time 

period. A few large vessels penetrated into the large po_res between the 

HA particles, whereas many smaller vessels were observed in greater 
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numbers within the collagen bundles which -surrounded the HA particles. 

Multinucleated giant cells w.ere found at the small HA particle.s along 

with blood cells. They were found close to the newly fo.rmed bone. 

Osteocytes, osteoblasts, and bone remodeling line were observed in the. 

newly formed bone (Figure 50). 

c) HA+ P-15 (Group III) 

The examination .. of the histological sections of HA + P-15 specimens 

4 weeks after surgery, showe.d high activity of bone forming cells at the 

host b.one inter.face and at the- periphery of the HA block (Figures 51 .and 

52). High numbers of osteoblasts were. observed at the ho:st bone interface 

and within the collagen bundles. 

Multinucleated giant cells were found adjacent to the small HA 

particles. They were found close to the newly formed bone and loos~ly 

arranged connective tissue surrounded the HA particles (Figure 53). 

Osteocytes, osteoblasts, and bone remodeling line were observed in the 

newly formed bone. Osteoblasts were found in juxtaposition to the bone 

surface where osteoid -matrix was being deposited. The c~lls vaded in 

shape with some heing cupiodal and others pyramidal, -and they were 

frequently organized -in a ·c'onti~uous layer (Figure 52). 

Newly formed bone penetrated into the large pores between the HA 

particles and -blood vessels were found within the newly formed hone. The 

new bone contained ost.eocytes an_d was c:o.vered with o.steoblasts. (Figures 

54 and 55). Osteoblast$ were found in juxtapo.sition to the bone surface 
' ., 

where osteoid matrix was· being d.eposited (Figqre 54). 

The collagen bundles and bone within both the micropores and 

macropores and surrounding HA particles were continuous with each other 

and followed the contours of the HA particles. The collagen bundles and 

bone within the micropores and surrounding HA particles were continuous 

with each other and followed the contours of the HA p.articles.. The HA 

particles were completely surrounded and invaded with collagen bundles 
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and newly formed bone (Figure 55). 

d) Interface with titanium s.crew at 4 weeks after surgery 

Two titanium. screws were used to affix the HA block to the host 

bone. Four weeks after surgery, histolog1c findings of the interface 

between the screws and HA .block sh.owed high cellular activity of bone 

forming cells. Newly formed bone was found at the· periphery of the 

interfac~ with the screw, and bone grew from the host bone to upper 

portion of the HA block. Newly formed bone penetrated into the large 

pores between HA particles and blood vessels were found within the newly 

formed bone. The new bone contained osteocytes and covered with 

o.steoblasts (Figure 56). 



PLATE 17 

Photomicrographs of Histologi_cal Sections of HA Graft 

(Group I) and Host Bone (Four Weeks After Surgery) 
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Figure 45. Many of the macropores of HA block were occupied with 

b1ood vessels (arrows), collagen fibers, and mesenchymal 

cells. (H & E staining) X 64 

Figure 46. Large ·macropores _in the HA block were occupied with a dense 

membrane (asterisk) ·prior to. intramembranous · bone 

formation. (H & E stai,ning) X 32 

Figure 4 7. Interface between the host bone and HA block occupied by 

new bone (NB). Note the multinucleated giant cell engulfing 

pieces of HA {arrows). Th_e arrowheads .are pointing to the 

growing front of the interface bone into the. pores. (H & E 

staining) X 128 



PLATE17 

(Figures 45-4 7) 

Figure 45 

Figure 46 

Figure 47 
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PLATE 18 

Photomicrographs .of Histological Sections of HA + TGF-f3 

Graft (Group 11) and Host Bone (Four Weeks After Surgery) 

Figure 48. Low magnification showing th_e remarkable adaptation of the 

HA block to the interface bone. Note that the newly formed 

bone grew around the sides of the implant (asterisk). Many of 

the pores in .the HA block are occupied with bone. _ (H & E 

staining) X 32 

Figur.e 49. High magnifi:cati.on .demonstrating the continuation of the 

interfacial bone into area of the pores. The intrapore bone 

shows evidence of continuing -ostf!ogenesis · an·d remodeling 

lines (arrows). (H & E ·staining) X 64 

Figure 50. Resorption of the HA by muUinuc.leated giant cells is seen 

among areas· of cellular activity (arrows) and new bone 

formation (asterisk}. (H & E staining) · X 128 



PLATE 18 

(FIGURES 48-50) 

Figure 48 

Figure 49 

Figure 50 
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PLATE 19 

Photomicrographs of Histological Sections of HA + P-15 Graft 

(Group 111) and Host Bone (Four Weeks After Surgery) 

Figure 51. The macropores i.n ,the lower half of the HA block were almost 

all occupied with new bone (NB and arrowheads). (H & E 

staining) X 64 

Figure 52. Higher magnification of the micropore areas. showing 

lamellar bone with numerous osteocytes (arrowheads) and 

remodeling line (arrow) adjacent to an area of HA resorption. 

(H & E staining) X 64 

Figure 53. Area of HA resorption showing the multinucleated giant cell 

engulfing the HA particles (arrowheads). Areas of bone 

formq,tion can also be seen. The surrounding new ·bone is 

highly cellular (arrows). (H & E staining) X 125 



PLATE 19 

(FIGURES 51-53) 

Figure 51 

Figure 52 

Figure 53 
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PLATE 20 

Photomicrographs of Histological Sections of HA + P-15 Graft 

(Group III) and Host Bone (Four Weeks After Surgery) 

Figure 54. Note highly -cellular activity with intracellular HA particles 

next to an area of new bone formation (arrows). (H & E 

staining) X 64 

Figure 55. The middle macropores are filled with bone (asterisk) or 

highly cellular connective tissue (arrows). (H & E staining) X 

12-8 

Figure 56. After the titanium screw was removed from the decalcified 

samples, bone nex_t to the screw surface (osseointegration) 

was revealed (arrows). Areas of HA and high cellularity can 

be seen .next to the screw. (H & E staining) X 32 



PLATE 20 

(FIGURES 54-56) 

Figure 55 

Figure 56 
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4. Eight weeks after surgery 

a) HA alone (Group I) 

There was more bone formation than at earlier time periods. The 

newly formed bone grew vertically at the periphery to surround the lower 

half of the HA block. This new bone penetrated into the pores of HA from 

the periphery of the block and at the interface (Figures 57 and 58). 

The number of undifferentiated mesenchymal declined as they were 

replaced with osteoblasts. The newly formed bone adapted itself to the 

shape of the HA particles (Figure 59). Blood vessels were seen within the 

pores of the new bone at the interface of the HA and the host bone. 

Multinucleated giant cells, as well as macrophages were active in 

ingesting the HA particles (Figure 60} and therefore tended to enlarge the 

size of the macropores. At this stage, the intrapore bone appeared mature 

in nature and contained multiple osteocytes. Many of the macropores in 

the lower half of block showed ossicles of bone that possessed numerous 

remodeling lines. · Tunnels containing blood vessels and undifferentiated 

mesenchymal cells were seen within the newly formed bone indicating a 

continuation of osteogenesis (Figure 61). In contrast, the upper half of the 

HA blocks showed little of no bone formation. 

b) HA+ TGF-P (Group II) 

There was more bone surrounding the HA· block in this group 

compared to HA alone (Group I} (Figure II). Many of the HA pa~ticles 

were surrounded with osteoblasts ·and a dense membrane posed for new 

bone formation (Figures 6.3 and 64). The macroppres close to. the 

interfacial bone contained mature-looking bone that contained HA particles 

(Figure 56) and showed lines of remodeling (Figure 66). 

With the modified Masson staining, newly formed bone was clearly 

identified. The newly formed bone stained blue and osteoid was stained 
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red. The ·HA particles did not stain (Figure 72). 

c) HA+ P~IS (Group- III) 

Similar to HA + TGF-~ spe_cimens, the newly formed bone in the HA 

+ P-15 surrounded almost the entire lower half of the HA block with 

interface bone growing. inside the macropores (Figure 67). It was 

remarkable to see the bovine HA material surrounded by the rabbit bone 

(Figures 68, 69, and 70). 



PLATE. 21 

Photomicrographs of Histological Sections of HA Graft 

(Group I) and Hos.t Bone_ (Eight Weeks After Surgery) 
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Figure 57. Bone can be seen grow,ing around the implant. Note the 

penetration of the bone into the 
1
pores (arrows) .and the· areas 

of osteogenesis at the interface_ .of the HA block and bone 

(as-ter~sk). (H & E .staining) X 16 

Figure 58. Cellular b.one pen.e.tr,ati_ng- most of the lower mar;ropores 

(arrows) in the lo.wer half of the blo.ck. (H & E staining) X 

32 

Figure 59. The newly formed bone was closely adapted .to the HA 

materials (aste-risk). Note the presence, of bone marr_ow (BM). 

(H & E staining) X 64 
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PLATE 22 

Photomicrographs of Histological Sections of HA Graft 

(Group I) and Host Bone (Eight Weeks Afte.r Surgery) 
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Figure 60. In a_ddition to multinucleated giant cells, macrophages were 

also involved in resorbfng the HA particles (arrows). (H & E 

staining) X 64 

Figure 61. Ossie/es of bone showing a remodeling line (arrowheads) and 

a ·central tunnel (asterisk) indicative of continuing 

osteogenesis. (H & E stai,ning) X 12.8 
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(FIGURES 60-61) 

Figure 60 

Figure 61 
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PLATE23 

Photomicrographs of Histological Sections of HA + TGF-13 

Graft (Group 11) and Interface Bone 

(Eight Weeks After Surgery) 

Figure 62. HA + TGF-P (Group II). The interface of the HA block and 

bone (asterisk). Bone grew upward to surround the edge of 

the implant (NB).. (H & E staining) X 16 

Figure 63. HA + TGF-P (Group II).. Areas .of high cellularity and cell 

adaptati.on to the HA (arrows) are seen in the middle pores of 

the HA b-lock. (H & E staining) X 128 

Figure 64. HA + TGF-P (Group II). HA particles were sometimes seen 

incorporated into the new bone (arrowheads and NB). Areas 

of intramembranous bone formation were seen. (H & E 

staining) X 64 
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PLATE 24 
r 

Photomicrographs of Histological Sections of HA+ TGF-J3 

Graft (Group II) and Interface Bone 

(Eight ·Weeks After Surgery) 

Figure 65. HA + TGF-P (Group II). Note t~e mature looking new bone 

(NB) with HA particles incorporated into the bone (arrows}. 

·(H & E staining) X 64 

Figure 66. HA + TGF-P (Group II). Remodeling lines are commonly 

seen at this stage (arrows). (H & E staining) X 128 
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(FIGURES 65-66) 

Figure 65 

Figure 66 
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PLATE 25 

Photomicrographs of Histological Sections of HA + P-15 Graft 

(Group III) and Interface Bone (Eight Weeks After Surgery) 

Figure 67. HA + P-15 (Group III). The bone .(arrows) grew upward to 

surround the edge of the implant (NB). (H & E staining) X 

,64 

Figure 68. HA + P-15 (Group III). Note the adaptation of the newly 

formed bone (NB) around HA. material. Osteocytes (arrows) 

can be seen in the newly formed bone. (H & E staining) X 64 
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(FIGURES 67-68) 

Figure 67 

Figure 68 
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PLATE 26 · 

Photomicrographs of Histological Sections of HA+ P-15 Graft 

(Group III) and Interface Bone (Eight Weeks After Surgery) 

Figure 69. HA + P-15 (Group III). Note the adaptation of the newly 

formed bone (NB) to the surrounding _HA material. 

Osteobla~t cells (arrowheads) were seen adherent to the HA 

surfac.e. (H & E staining) X 12.8. 

Figure 70. HA + P-15 (Group III). Remodeling lines were seen in the 

intrapore bone (arrows) which contained osteocytes 

(arrowheads). (H & E staining) X 128 
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Figure 69 
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PLATE 27 

Photomicrographs of Histological Sections of HA Graft 

(Upper 2 MM) 8 Weeks After Surgery 

Figure 71. Pores within the HA alone (Group I) 8 weeks after surgery 

showing dense connective tissue prior. to osteogenesis. Notice 

the presence of osteob/asts ( arrowheads) an,d collagen 

bundles (asterisk). (H & E staining) X 32 

Figure 72. Pores of HA + TGF-P 8 weeks after surgery showing new bone 

formation (arrow) in the upper pores of the HA particles. (H 

& E staining) X 64 
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(FIGURES 71-72) 

Figure 72 
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.PLATE 28 

Examples of Undecalcified Methylmethacrylate Embedded 

Sections Stained with Modified Masson Stain 

Figure 73. Photomicrograph of undecalcified secti_on of one of the 

macropores of the HA alone (Group I) 4 weeks after surgery 

showing new bone formation. Osteoid (asterisk) stained red 

and mineralized newly formed bone (NB) appeared blue. 

(Modified Masson staining) X 128 

Figure 74. Photomicrograph of macropores in a pore of HA + TGF-P 

(Group II) 8 weeks after surge.ry showing new bone formation. 

Osteoid tissues (arrow) appear .red and newly formed bone 

(asterisk) appear blue. (Modified Masson staining) X 64 
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(FIGURES 73-74) 

Figure 73 

Figure 74 
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C. Quantitative assessment of mesenchymal cells 

The number of mes_enchymal cells wa~ counted per unit area in the 

one week and four weeks groups. Most .of the ce.lls in the eight weeks 

group were of the differentiated type and therefore it was hard to count the 

undifferentiated mesenchymal cells in this group. The number of 

mesenchymal ceUs in a surgical sham contr.ol mandible was cou~ted for 

comparison with. tissues from groups of one week and four weeks groups. 

The values represent the mean ± standard deviation. 

L 1 week after sµrgery 

The number of mes_enchymal cells :increased significantly from that of 

control (Figure 80. and 81) (P < 0.001). In this stage, both HA + TGF-P . 

(Group II) and HA+ P-15 (Group III) had significantly higher counts when 

co.mpare.d to the HA alone (Group I) (P < 0.001) (Figure 75 and 76). 

2. 4 weeks after surgery. 

The number of undifferentiated mesenchymal cells declined 

significantly when compared to one week of all experimental groups and to 

the control (P < 0.001) except for HA alone (Group I) which still 'showed 

slight higher c.ount without statistically significant (P > 0.05) difference 

(Figure 75 and 76)~ 
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PLATE 29 

Number of Undifferentiated Mesenchymal Cells in 

the Interface of HA and Host Bone 

Figure 75. Histogram representing the number of undifferentiated 

mesenchymal cells in the interface of HA and host bone 1 

· week; 4 weeks after surgery. 

Figure 76. Histogram representing the number of undifferentiated 

mesenchymal cells in the interface of HA and host bone 1 

week and 4 weeks after surgery. . 
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D. Immunostain-ing of graft for pr.oliferative cell n~clear antigen (PCNA) 

1. One week after surgery 

PCNA-immunostaining of the HA block and host bone of rabbit 

mandible showed PCNA.-positive cells located mainly at the interface 

between HA ·and host bone. The nu.mber of PCNA~positive cells ·was 

counted for different groups. and different time periods. 

In all GrQups, .mo.st of the PCNA~positive ,.cells were located at the 

HA-host bone interface and were stained dark brow_n. PCNA-negative cells 

were stained light brown or riot stained (Figures 77, 78 and 79). 

HA alone. (Group I). showe.d many PCNA~positive cells, whereas the 

HA+ TGF~f3 (Group U) and HA + P-15 (Group III) showed more PCNA

positive cells. A q1,1antitative assessment of these differences showed a 

statistically- significant (P < 0.05) difference between the percentages of 

the PNCA-positive cells in HA alone (Gr.oup I) and HA + TGF-f3 (Group 

II) and HA alone (Group I) and HA + P-15 (Group III). There was no 

stijtistically significant (P > 0.05) differences seen b_etween HA + TGF-f3 

(Group II) and HA+ P-15 (Group III) (Figures 86 and 87}. 

2. Four weeks after ,surgery. 

All three groups showed decreased numbe.r of PCNA-p.ositive cells at 

4 weeks after surgery when comp~ared to· earlier time-- period. The PCNA

negative cells increased as PCNA-positive cells decreas.ed. The interface 

of HA and host bone showed moderate numbe_r of PCNA-_positive cells 

(Figures 80, 81 and 82). . 

A quantitative . assessment of these changes showed a statis.tically 

significant (P < o·.-0O1) de.cline in the percent of PCNA-positive cells at 4 

weeks when compared to. 1 week after surgery.· . All three groups showed 

statistically significant .difference between 4 weeks and 1 week after 

surgery, but there was- no significant differences among the groups (Figures 

86 and 87). 
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3. Eight weeks after surgery 

8 we_eks after surgery, the grafts showed fewer PCNA-positive cells. 

The percent of PCNA-positive cells decreased and they- were located in the 

pores of the HA block. All three groups showed weak reaction to the 

antibody against PCNA (Figures 83, 84 and 85). 

A quantitative assessment. of these changes showed a statistically 

significant (P < 0.001) dee-line in the percent of PCNA-positive cells at 8 

weeks compared to 1 week or 4 weeks after surgery. All thre~ groups 

showed st.atisticaUy significant differences between 8 weeks and 1 week, 

and between 8 weeks and 4 weeks after surgery, but there was no 

significant differ.ences among the groups at 8 weeks after surgery (Figures 

86 and 87). 



123 

PLATE 30 
I 

Immunohistochemical findings for Proliferative Cell Nuclear 

Antig·en (PCNA) in HA Graft 1 Week After.Surgery; 

Figure 77. Photomicrograph of the HA alone (Group I) and host bone 

interface after 1 week of the surgery $howing high activity ·of 

positive cells for pro.liferative cell nuclear antigen (PCNA). 

The positive 1cells are stained dark brown (arrows) and 

negative cells are light brown or not stained (arrowheads). X 

256 

Figure 78. Photomicrograph of the HA + TGF-P (Group II) and host bone 

interj ace 1 week after surgery showing positive cells for 

PCNA. Positive cells for PCNA are stained dark brown in the 

nuclei (arrow) and negative cells for PCNA are stained light 

brown or not stained (arrowhead). Large numbers of cells are 

PCNA positive indicative of an increase in healing activity. X 

256 

Figure 79. Photomicrograph of the HA + P-15 (HA) (Group Ill) and host 

bone interface 1 week after surgery showing positive 

reactivity ·of cells for PCNA. Positive cells for PCNA are 

stained .dark brown in the nuc{ei (arrow) and negative cells 

-( arrowhead) for !'CNA are stained light brown or not stained. 

Most of the cells show dark staining nuclei representing cells 

in S~Phase. X 128 · 
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PLATE 31-

Im·munohistochemical findings for Proliferative Cell Nuclear 

Antigen (PCNA)in HA Graft 4 Weeks After Surgery 

Figure 80. Photomicrograph of macropores of the HA alone (Group I) 

after 4 weeks of the surgery showing few positive cells_ for 

prolif~rative cell nuclear antigen (PCNA). Clustered cells 

are mixed with- PCNA positive cells (arrow) and. PCNA 

negative cells (arrowhead). Notice fewer positive cells than 1 

week after surgery. X 256 

Figure 81. Photomicrograph of the HA +TGF-P (Group II) and newly 

formed bone 4 weeks after surgery showing few _positive cells 

for PCNA counterstain with methyl green. Low reactivity of 

PCNA positive _cells (arrow) is seen. X 256 

Figure 82. Photomicro.graph of the HA + P-15 (HA) (Group Ill) and 

newly formed bone 4 weeks after surgery showing few positive 

cells for PCNA counterstained with methyl green. Low tissue 

reactivity of PCNA positive cells (arrow) is seen in the 

macropores of the HA block. Notice much fewer positive cells 

than 1 week and 4 weeks after surgery. X 256 
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Immunohistochemical findings for· Proliferative Cell Nuclear 
' \ 

Antigen (PCNA)in HA Graft 8 Weeks After Surgery 

Figure 83. Photomicrograph of pores of the HA alone (Group I) afte.r 8 

we.eks of the surgery showing few positive cells for 

proliferative c~./1 nuclear antigen (PCNA). Clustered cells 

are mixed with PCNA positive cells (arrows) and PCNA 

negative cells. Notice fewer positive ce.lls than 1 we~k after 

surgery. X 256 

Figure 84. Photomicrograph of the HA + TGF-P (Group II) and newly 

formed bone after 8 weeks of the surgery showing few positive 

cells (arrows) for PCNA counterstain with methyl green. 

X256 

Figure 85. Photomicrograph of the HA + P-15 (Group Ill) and newly 

formed bone after 8 weeks of the surgery showing few positive 

cells for PCNA counter stained with methyl green. Low 

activity of PCNA positive cells (arrow) are seen in the pores 

of HA block. Notice much fewer positive cells than 1 and 4 

weeks after surgery. X 256 
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Figure 83 
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PLATE 33 

Percent of PCNA Positive Cells At the Interface of 

HA and Host Bone 

Figure 8-6. Histogram representing the percentage of PCNA-positive cells 

in the interface of HA and host bone 1 week, 4 weeks and 8 

weeks after surgery. 

Figure 87. Histogram representing the percentage of PCNA-positive cells 

in the .interface .of HA and host bone 1 week, 4 weeks and 8 

weeks after surgery . . 
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E. Immunostaining of grafts for alkaline phosphatase 

1. One week after ·surgery 

The positive cells for alkaline .phosphatase immunostaining cells were 

located at the interface of HA and host bone. Moderate numbers of 

positive cells for alkaline phosphatase were found at the interface. The 

positive cells were stained dark brown, but the 1 week samples showed 

weak reaction to the antibody against alkaline phosphatase (Figures 88, 89 

and 90). 

HA+ P~15 (Group III) specimen showed ~ higher number of alkaline 

phosphatase positive cells compared to the HA alone -(Group I) or HA + 

TGF-J3 (Group II). HA alone (Group I) and HA + TGF-J3 (Group II) 

showed similar numbers of alkaline phosphatase positive cells. 

A quantitative assessment of these. differences showed a statistically 

significant difference (P < 0.001) in the percent of alkaline phosphatase

positive cells between HA+ P-lS (Group III) and HA alone (Group I) or 

HA + TGF-J3 (Group II). But there was no statisti~ally significant (P > 

0.05) difference between HA alone (Group I) .and HA+ TGF-J3 (Group II) 

(Figures 100 and 101). 

2. Four weeks after surgery 

All three groups showed an increased number of alkaline 

. phosphatase-positive cells .at 4 weeks following implantation compared to 1 

week specimens.· The interface be.tween HA and host b.one showed higher 

numbers of alkaline phosphatase _positive cells compared to 1 week after 

surgery. Active new bone formation was seen in the macro pores of HA 

blocks. Osteoblasts and blood vessels were seen in the samples 4 weeks 

• after surgery (Figures 91, 92 and 93). 

A quantitative assessment of these changes showed a statistically 

significant (P < 0. O'O 1) increase in the percent of alkaline phosphatase 

positive cells at 4 weeks_ compared to 1 week after surgery. All three 
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grou.ps showed statistically significant differences- between the alkaline 

phosphatase :activity of the 4 w.eeks and 1 week specimens. There were 

also statistically signific.ant differences (P· < 0.001) among the groups. HA 

+ P-15 (Group III) showed a higher percent of alkaline phosphatase 

positive cells than HA alone (Group I) or HA+ TGF-f3 (Group II). HA+ 

TGF-f3 (Group II) showed a higher percent of alkaline phosphatase positive 

cells than HA alone (Group I) (Figures 100 and 101). 

3. Eight weeks after surgery 

At this time period, the cells in the pores of the HA blocks and at the 

host bone interface showed strong reaction to the antibody against alkaline 

phosphatase. All three groups showed high.er numbers of alkaline 

phosphatase.-positive cells compared to 1 week or 4 weeks after .surgery. 

The pores of the HA blocks were filled with new bone. Osteoblasts and 

osteocytes both exhibited alkaline phosphatase activity (Figures 94, 95 and 

96). 

Osteoblasts followed the contour of the newly formed bone and 

blood vessels were seen in the center of the newly formed bone. Well 

formed collagen bundle.s were seen close to the newly formed bone (Figures 

97, 98 and 99) 

A quantitative assessment of these changes showed a statistically 

significant (P < 0. 05) increase in the percent of alkaline phosphatase

positive cells at 8 weeks compared to 1 week or 4 weeks after surgery. All 
< . 

three groups showed statistically significant changes between 8 weeks and 

1 week, and 8 weeks and 4 :weeks after surgery, but there was no 

significant (P > 0.05) differences among the three grou_ps 8 weeks after 

surgery (Figures 100 and 101). 
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PLATE 34 

Immunohistochemical Localization of Alkaline Phosphatase 

in HA Graft 1 Week After Surgery 

Figure 88. Photomicrograph of the HA alone (Group I) and host bone 

interface after 1 week of the surgery· showing positive cells 

for alkaline phosphatase activity. Mild reaction of 

osteoblasts for alkaline phosphatase activity was evident at 

the interface. The positive cells are stained dark brown color 

(arrows) and negative cells are light brown or not stained 

(arrowheads). X 128 

Figure 89. Photomicrograph of the HA +TGF-P (Group II) and host bone 

interface- after 1 weeks of the surgery showing reactivity of 

positive cells by alkaline phosphatase immunostaining. The 

positive cells are. stained dark brown color (arrows) and 

negative cells are light brown or not stained (arrowheads). 

Note the clusters of alkaline phosphatase positive cells. 

X 128 

Figure 90. Photomicrograph of the HA + P-15 (Group III) and host bone 

interface 1 week after surge~y showed mild reactivity of cells 

to alkaline phosphatase immunostaining. The positive cells 

are stained dark brown color (arrows) and negative cells are 

light brown or not stained (arrowheads). X 128 
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PLATE 35 

Immunohistochemical Localization of Alkaline Phosphatase 

in HA Graft 4 Weeks After Surgery 

Figure 91. Photomicrograph of pores in the HA alone (Group I) after 4 

weeks after surgery showing increased activity of positive 

cells for alkaline phosphatase. Active osteoblasts (arrows) 

are located at the periphery of the new bone. X 128 

Figure 92. Photomicrograph of pores of the HA + TGF-P (Group II) after 

4 weeks of the surgery showing high numbers oj positive cells 

for alkaline phosphatase (arrows). Moderate reaction of 

osteoblasts close to the HA particles by alkali'!e phosphatase 

immunostaining. Notice alkaline phosphatase positive cells 

.for alkaline phosphatase line of newly formed bone. X 25 6 

Figure 93. Photomicrograph of pores of the HA (HA) + P-15 (Group Ill) 

and newly formed bone after 4 weeks of the surgery showing 

high numbers of alkaline phosphatase activity positive cells 

(arrows). Moderate immunoreactivity of osteoblasts indicates 

an increase in new bone formation (NB). X 256 
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PLATE 36 

Immunohistochemical Localiz·ation of Alkaline Phosphatase 

in HA Graft 8 Weeks After Surgery 

Figure 94. Photomicrograph of pores of the HA alone (Group I) 8 weeks 

after surgery showing high reactivity of positive cells· to 

alkaline phosphatase. antibody. Strong reaction of osteoblasts 

( arrowhead) for alkaline phosphatase immunostaining at the 

periphery of newly formed bon.e is indicative of an increased 

in osteogenesis. X 256 

Figure 95. Photomicrograph of pores _of the HA +TGF-P (Group II) 8 

weeks after surgery showing high· reactivity of positive cells 

for alkaline phosphatase activity. Positive cells for alkaline 

phosphatase immunostaining including osteoblasts (arrows) 

and blood cells (asterisk) are showing in new bone formation. 

X 256 

Figure 96. Photomicrograph of pores of the HA + P-15 (Group Ill) 8 

weeks after surgery showing a high number of positive cells 

by alkaline phosphatase immunostaining. Positive cells by 

alkaline phosphatase immunostaining include osteoblasts 

(arrows) are located at the space between HA particles and 

newly formed bone. X 128 
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PLATE 37 

Immunohistochemical .Localization of Alkaline Phosphatase 

in HA Graft 8 Weeks After Surgery 

Figure 97. Photomicrograph of pores of the HA (HA) alone (Group I) 8 

weeks after surgery showing high number of positive cells by 

alkaline phosphatase immunostaining. The positive cells 

(arrows) are adjacent to collagen bundles laid down during 

new bone formation. X 25 6 

Figure 98. Photomicrograph of pores of the HA + TGF-P (Group II) 8 

weeks after surgery showing high numbers of cells positive for 

alkaline phosphatase. The positive .cells (arrows) for alkaline 

phosphatase immunostaining are seen in newly formed bone. 

Note the collagen bundles (asterisk) between the positive 

cells. X 256 

Figure 99. Photomicrograph .of pores of HA + P-15 (Group Ill) 8 weeks 

after surgery showing a high numbers of positive c.ells. Newly 

formed bone (NB) 'and collagen bundles (asterisk) are seen 

between the positive cells. . The positive cells (arrows) for 

alkalfne phosphatase immunostaining are seen. X 25 6 
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PLATE 38 

Percent of Alkaline Phosphatase Positive Cells in 

the Interface of HA and Host Bone 

Figure 100. Histogram representing the percentage of alkaline 

phosphatase positive cells at 'the interj ace of HA and host 

bone 1 week, 4 weeks and 8 weeks after surgery. All the 

values demonstrated a statistically significantly (P < 0. 05) 

different from -the control group. 

Figure 101. Histogram representing the percentage of alkaline 

pho$phatase positive cells at the interfa.ce of HA and host 

bone 1 week, 4 weeks and 8 we_eks after surgery. 
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F. Western blot and Slot blot analysis 

The amount of the osteocalcin was measured by Western blot and 

slot blot analysis. The procedures for immunocytochemistry were 

confirmed with Western ·blot analysis using marker protein. 

The Western blot analysis showed dark bands of a 5. 8 kDa protein 

which had the same molecular weight as osteocalcin. The relative density 

of the bands indicated the amount of osteocalcin in each sample. The dark 

bands showed only one band per sample which matched the molecular 

weight of osteocalcin when compared with the molecular weight of marker 

proteins of known molecular weight (Figure 102). 

The procedures for detection of osteocalcin antigen o.n . slot bl_ots 

were exactly, same as the procedures used for Western blot analysis. Since 

Western blot analysis indicated detection of a single band, the quantitative 

analysis for osteocalcin was feasible. The density of the stain for each slot 

blot well was measured and the amount of osteocalcin per sample was 

compared using scanning densitometry (Figµre 103.). 

1. One week after surgery 

One week after surgery a weak· reaction to the antibody against 

osteocalcin was se.en. Bands of osteocalcin showed lighter staining than 

bands of other time periods. 

A quantitative statistical analysis did not show a statistically 

significant difference (P > 0.05) in density of the stained blots among the 

experimental groups and between the experimental group and the control 

The other side of the graft was used as a control for this asse.ssment 

(Figures 104 and 105). 

2. Four weeks after surgery 

The density of. immunoreactive osteocalcin four weeks after surgery 

was greater than the density one week after surgery. A densitometric 
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assessment of these. changes could not show a statistically significant 

difference (P > 0.05) among the experimental groups. However, a 

quantitative statistical analysis showed a -statistically significant difference 

(P < 0.01) between the o.steocalcin levels at the different time periods tn all 

three experimental groups (Figures 104 and 105). 

3. Eight weeks after surgery. 

The amount of osteocalcin in the specimens eight weeks after 

surgery showed- the stro~gest reaction· to the antibody against osteocalcin 

than any other time period. The bands for the amount of osteocalcin 

showed a darker color when compared to earlier time periods. 

A d:ensitometri.c assessment of the.s.e changes showed st.atistically 

significant (P < 0.01) increases in the density of osteocal.cin eight weeks 

after .surgery betwe.en HA alone (Group I) and HA + T.GF-J3 (Group 11), 

and between HA alone (Group I) and HA + P-15 (Group III). Howe~er, 

_ there was no statistically significant (P > 0.05) difference between HA + 

TGF-(3 (Group II) and HA+ P-15 (Group III). 

The amount of osteocalcin in the specimens eight weeks after 

surgery sh~wed the. greate.st amount of immunoreactive staining -compared 

to all earlier time periods. A quantitative statistical analys_is showed 

statistically significant differences (P < 0.001) among the different time 

periods in all three e.xperime_ntal groups (Figure_s 104 and 105). 
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PLATE 39 

Wes tern Blot Analysis f o·r Osteocalcin 

Figure 102. Photograph of nitrocellul~se blot used for characterization of 

antibody to os.teocalcin by Western blot analysis. This blot 

illustrates molecular weight marker proteins (marker), plus 

several samples from experimental animals, and control. The 

darkness of the bands correlates with the amount of the 

osteocalcin in the sample. This analysis that .only a single 

protein band of moleculr;,r weight of 5. 8 kDa is recognized by 

one .antibody to osteocalcin (Slot blotting). 
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PLATE 40 

Slot Blot Analysis for Osteocalcin 

Figure l 03. Photograph of nitroc~llulose paper used for characterization 

of antibody to osteocalcin by Slot blot analysis, illustrating 

10 samples of various treatments and time intervals. The 

darkness of the band correlates with the amount of the 

oste.ocalcin in the sample. This analysis enables the 

quantitative analysis of the osteocalcin at different treatment 

and time intervals. 
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PLATE 41 

Measurement of Osteocal~in with Slot blot 

Analysis of the HA Blocks 
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Figure 104. Histogram representing the absorbance units of a the 

osteocalcin blots of HA blocks at 1 week, 4 weeks and 8 weeks 

after surgery. 

Figure 105. Histogram representing the absorbance units of the 

osteo.calcin blots of HA .block at 1 week, 4 weeks and 8 we.eks 

after surgery. All the values demonstrated a statistically 

significant (P < 0. 05) difference from the 1 week after 

surgery. Note the different time periods in the same 

experimental group. 
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G. Gross measurement' of new bone forinatio.n 

The new bone formation around the HA block was measured with a 

ruler under the disse_cting microscope. No new bone formation ~as found 

at the time period of one week after surger.y. 

1. Four weeks after surgery 

New bone formation started from the host bone· at this time period. 

Newly formed bone grew toward the upper half of the HA block from the 

bottom half. No new hone formation was found in the upper portion of the 

HA block. 

A quantitative assessment of these differences showed a statistically 

significant (P < 0.05) increase in the volume of new bone between HA 

alone (Group I) .and HA + P-15 ( Group III). There we.re no statistically 

significant ·(p > o·.os) differences between HA alone (Group I) and HA + 

TGF-:Jl (Group II), and between HA + TGF--f3 ,(Gro.u,p II) and HA + P-15 

(Group III) (Figures 106 and l 07). 

2. Eight weeks after surgery 

More new bone formation was found around the HA blocks at eight 

weeks after surgery for all three experimental groups, than at four weeks 

after surgery. The new bone formation was found in the upper half of the 

HA block, but the amount of new bone wa.s n(?t measurable with the, ruler. 

A quantitative assessment of _these changes showed a statistically 

significant (P < 0·.05} increase in t.he volume of new bone around the HA 

block at the different time periods in all three , experimental groups. 

However, there were no statis_tic.ally significant (P > 0.05) difference,s 

among the experimental° grou·ps, HA .alon~ {Group -I) and HA + TGF-13 

(Group 11).-,. HA alo:ne (Group I) and HA + P-15 (Group III), and HA + 

TGF-f3 (Group II) and HA + P--15 (Group III) (Figure,s 106 and 107). 
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PLATE 42 

Measurement of New Bone Formation Around 

HA Blocks 

Figure 106. Histogram representing the measurement of new bone 

formation around the HA block at 4 weeks and 8 weeks after 

surgery. 

Figure 107. Histogr~m representing the measurement of new bone 

formation around the HA block at 4 weeks and 8 weeks after 

surgery. Note the different time periods in the same 

experimental group. 
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H. Histomorphometric analysis 

The percent of new bone forma.tion was measured using Image Pro 

software using ·personal computer.· The new bone formation at the 

interface between HA block and host. bone and within the pores of the HA 

block were measured as the amount of bone present per unit area. The 

lower 2. mm and upper 2 mm .of the HA block were· measured separately for 

all the samples. ,, 

1. Percent bone volume of lower 2 mm 

a) One week after surgery 

A small -amount of new bone was- found at the interface .between HA 

block and host bone at one week after surgery. Most of the space at the 

interface was occupied- by undifferentiated mesenchymal - cells. 

Undifferentiated mesenchymal cells penetrated into the po-res of the HA 

block, but new bone formation was not found at this .stage. 

A quantitative analysis of the volume of the:··· little bone that was 

found did not show a statistically .$ignificance (P > 0.05) among the 

experimental groups (Figures 108 and 109). 

b) Four weeks after surgery 

The p~rcent volume of new bone In the HA blocks in the HA alone 

(Group I), HA + TGF-P (Group II) and HA + P-15 (Group. III) were 

significantly higher than those of the one week after surgery (P < 0.001). 

The HA + TGF-J3 (Group II) and HA + P-15 (Group III) produced 

significantly higher values than the HA alone (Group I) at this time period 

(P < 0.001). However, there was no significant difference in the amount of 

new bone formation between HA + TGi:p (Group II) and HA + P-15 

(Group III) (P .> 0.05) (Figures 108 and 109). 
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c) Eight weeks after surgery 

The percent of new bone volume found· in the HA of specimens in the 

HA alone (Group I) was significantly higher than those seen at four weeks 

after surgery (P < 0.001). However, HA+ TGF-f3 (Group II) and HA+ P-

15 (Group III) did not show statistically significant difference (P > 0.05) 

when compared to the same groups of four weeks after surge.ry. Also, 

there· was no statistically significant (P > 0.05) difference in the amount of 

new bone formation among the three experimental groups at this stage 

(Figures 108 and 109). 



PLATE 43 

Percent of Bone Volume of the New Bone 

Formation of the HA block (Lower 2 mm) 
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Figure 108. Histogram representing the percentage of new bone formation 

of the HA block in the ar~a of lower 2 mm of the HA- block at 

1 week, 4 weeks and 8 weeks after surgery. 

Figure 109. Histogram representing the percentage of new bone formation 

of the HA block in the area of lower 2 mm of the HA block at 

1 week, 4 weeks and 8 weeks after surgery. All the values 

demonstrated a .statistically significant (P < .0. 05) difference 

from the 1 week after surgery. 
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2. Perc.ent bone volume of upper 2 mm · 

a) One week after surgery 

Very small amounts of new bon.e were found one week after surgery. 

The new bone penetrated into the pores ·only a very short distance from the 

periphery of the HA block. 

A quantitative statistical analysis did not show a statistically 

significant differences (P > 0.05) among the th.re,e experimental groups 

(Figures 110 and ll 1). 

b) Four weeks after surgery 

New bone grew into the HA block from the periosteum at the sides 

of the graft. The pores were. O-ccupied by newly formed bone only for a 

short distance from. the periphery of the HA blo_c.k. 

The .p.ercent of new bone_ v.olume of the HA alone (Group I), HA + 

TGF-P (Group II). and HA + P-15 (Gro.up III) were significantly higher 

than those of the one week after $Urgery (P < 0.001). The HA+ P-15 has 

significantly (P < · 0.05) highe.r value.s than HA alone or HA + TGF-J3. 
\ 

However, there was no statistically significant difference be.tween the 

amount of new bone fo-rmation in HA alo·ne and HA + TGF-P (P > 0.05) 

(Figures 110 and 111). 

c) Eight weeks after surgery 

The volume of new bone. continued to increase in the pores of the 

HA blocks at this- s.t~ge. Although, no additional new bone was found at 

the . periphery of the HA block, new bone formati~m continue to. occur 

within the pore.s of the H~ blocks (Fi.gures 71 and 72). 

The percent of new bone. formation observed in all groups at 8 weeks 

after surgery were significantly higher than those found at one week after 

surgery (P < 0.001). The amount of new bone formed in HA + TGF-J3 was 



159 

higher values than that found in the HA alone (P < 0.05). However, there 

were no statistically significant (P > 0.05) differences in the amount of new 

bone formation obtained between HA alone and HA + P-15, and between 

HA+ TGF-f3 and HA+ P"'!15 (Figures 110 and 111). 



PLATE 44 

Percent of Bone Volume of the New Bone 

Formation of the HA block (Upper 2 ·mm) 
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Figure 110. Histogram representing the percentage of new bone formation 

in the upper 2 mm of the HA block at 1 week, 4 weeks and 8 

weeks after surgery. 

Figure 111. Histogram represef'!,ting the percentage of new bone formation 

in the upper 2 ,mm of the HA block at 1 week, 4 weeks and 8 

weeks after surgery. 
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I. Bone densitometry 

The density of newly formed bone was measured usmg digitized 

images of contact radiographs of HA blocks and host bone. The gray .scale 

levels were determined for the newly formed bone at the interface between 

the HA block and host bone, and for control. bone (Figure 26). 

1. Four weeks after surg_ery 

Four weeks after surgery, the gray level of the interface between the 

HA blocks and host bone was higher than the gray levels of the interfaces 

observe.d one week after surgery. A densitometric assessment in ~he three 

groups were significantly higher than those seen one week after surgery (P 

< 0.001). Also, the interfacial bone density of specimens from HA+ TGF

~ (Group II) and HA + P~15 (Grou_p III) were significantly (P < 0.05) 

higher than -control. However, there was no statistically significant (P > 

0.05) difference between the HA alone (Group I) and c·ontrol. (Figures 

112 and 113). 

2. Eight weeks. after surgery 

Eight weeks after surgery, the density of the newly formed bone was 

the same as that seen in the four weeks group (P > 0.05). The dark area 

(radiolucency) at. the interface between the HA blocks and host bone had 

totally disappeared. A densitometric assessment of these changes did not 

show a statistically significant (P > 0.05) differences among the groups and 

between the different time periods (Figure,s 112 and 113). 
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PLATE 45 

Measurement of ·Bone Density in the interface of 

the HA Block and Host Bone 

Figure 112. Histogram representing the gray level of the bone density 

measured by computer program in the intf!rface of the _HA 

block and host,. b.one at 1 week, 4 weeks and 8 weeks after 

surgery. 

Figure 113. Histogram representing the gray level of the bone density 

measured by computer program in the interface of the HA 

block and host bone at 1 week, 4 weeks and 8 weeks after 

surgery. 
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IV. DISCUSSION 

The purpose of this study was to determine the host bone response 

to a c_ortical bone onlay graft using anorganic -bovine bone hydroxyapatite 

(HA} with and without growth factors at different time periods. 

Animal research is an important .p,art of graft development and is a 

prerequisite before human clinical trials. The rabbit was used as an animal 

model in this study.· Many studies have used- the rabbit as a model to see 

bone grafts (Lin et al., 1~90; Thaller et al., 1993; Hetherington et -al., 

1996). 

Although s.ome anatomical and physiological differences exist 

between the rabbit skeletal tissue and the human skeletal tis.sue, the rabbit 

skeletal tissue is considered to be an .excellent model for studying the 

human skeletal tissue (Ftame, 19·80; Schultz, 1981). The response of the 

rabbit skeletal tis.sue to a graft is quite .similar to the human skeletal tissue 

(Roberts, 1988). 

In the present study, buccal cortical. bone of rabbit mandible was 

used as host bone because the .response .of the bone healing is similar to the 

human mandible ~nd the graft material can be loaded by the masseter 

muscle during mastication. 

Histologic examination of spe.cimens after the implantatio·n of the HA 

blocks into periosteum .and bone revealed no signs of inflammation. These 

results were consistent with tho·se found for synthetic hydroxyapatite 

grafting materials .and similar to the re.suit of previous . study that used 

anorganic hovine bone HA (Cohen et al., 1994). 

A previous study reported that there was .no antigenic res_ponse to 

porous bon.e mineral, based on using an enzyme-linked immunosorbent 

assay in a rabbit model with implantation times between 4 weeks and 6 

months in the femoral bone (S.chlickewei and Paul, 1991). This histologic 
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