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INTRODUCTION 

A. Statement of the Problem 

The ideal goal of periodontal therapy is to initially control the inflamrhatory 

disease process of the periodontium, then, when possible strive to regenerate 
1

the 

I 

functional attachment apparatus, which had been destroyed due to this disease process 
I 
I 

(Mellonig and Bowers 1990). Regeneration, by definition, is, the reconstituti~n of a lost. 

or injured body part. In periodontics, this entails the formation of new alveolar bone, 

cementum, and functionally oriented periodontal ligament fibers on a previoysly diseased 

root surface that has been exposed to the oral environment (AAP Glossary of Terms 

1992). Historically, periodontal regenerative attempts have employ~d a myri~d of 
I 

techniques and materials usually consi.sting of bone grafts and/ or barrier mein.branes of 

various materials both having a~vantages and disadvantages. 

Graft materials may be classified as auto grafts, xenografts~ allografts~ and 

alloplasts. The primary advantage of osseous auto grafts is the elimination qf potential 
. . • ! 

disease cross-transmission while providing acceptable clinical results. A disadvantage is 
I 

the incapability of harvesting an adequate amount for grafting purposes .. Extraoral 
I 
I 

auto grafts are not favored due to the morbidity associated with harvesting from a donor 
. I 

site. Intraoral autograft use is limited by the difficulty in obtaining a suffici~nt amount of 
I 

autogenous bone (Mark et al 1990). Allografts, alloplasts, and xenografts h~ve shown 
I 
I 

1 
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good clinical results in numerous well-controlled studies. They are convenient for clinical 

use, relatively economical, and reduce the morbidity associated with harvesting a donor 

graft. Several advantages of a xenograft material include a vast potential sup~ly, 

I 

decreased potential for the transmission of human viral antigens, reasonable cost and a 

high patient acceptance. Decalcified bone allograft is often used for dentoalv:eolar 

osseous repair, however, a cell-mediated response to transplantation alloantigens and the 

threat of potential transmission of viral antigens found in the acquired immunodeficiency 

disease or hepatitis may diminish its appeal. Xenografts are generally believed to have 

limited potential for viral disease transmission, however, the recent introduct~on of prions 

associated with diseases such as K.reutzfeld-Jacobs may jaundice this view. 

Alloplastic materials used for regeneration include synthetic and natlfrally 

occurring polymers, ceramics, and bioactive glass materials with marginal clinical 

results. These materials show limited potential for osteoinduction, but can form an 

osteoconductive matrix for new bone growth. Xenografts also form an ostedconductive. 
! 

matrix, but have limited osteoinductive properties. 

Polypeptide growth factors (GF) have been shown to modulate the wbund healing 
I 

response in both hard and soft tissues. Many investigators. have demonstrat~d the 

anabolic effects of these wound-healing molecules on the promotion of periodontal 
• i 

attachment structures, namely alveolar bone, periodontal ligament, and cem6ntum. The 
I 

i 

molecular cloning and purification ofgrowth factors have allowed for appliqation in in 
I 

vivo studies on periodontal tissue regeneration (Giannobile 1996). I 
.. I 

Polypeptide growth factors are a class of naturally-occurring biolOJCal mediators 
. ! 

which regulate critical cellular events involved in wound healing, such as cdll 



proliferation, chemotaxis, differentiation, and matrix synthesis. Growth factdrs function 
I 
I 

by binding to specific cell surface receptors, which then transduce signals to the cell 
. . 

! 

nucleus via complex signal transduction pathways (Giannobile 1996). Examples of 

growth factors found in bone are platelet-derived growth factor (PDGF), transforming 

I 

3 

growth factor beta (TGF-~), acidic and basic fibroblast growth factors (a andib FGF) and 

insulin-like growth factors (IGF-1 and II). By definition, growth factors are ~ 

osteoinductive. Another source of growth factors are the platelets. Platelet riph plasma 
. i 

(PRP) is a concentration of platelets, which contains many growth factors. The growth 
I 

factors PDGF, TGF -~, and IGF have been shown to be present in platelet a granules 

(Marx et al1998). These growth-factors are initiat~rs ofwound healing. PRP is 

auto~ogous, non-toxic, and nonimmutioreactive. PRP provides an advantage· over 

recombinant growth factors in that it can upregulate one growth factor's function in the 

. . 

presence of a second or third growth factor. 

Previous research has addressed either the use of growth factors, alone or in 

combination, the use of the bovine bone xen~graft Bio-Oss, or othe~ grafting materials to 

enhance bone regeneration. This research has combined platelet rich plasma (PRP) with 

the bovine bone xenograft material Bio-Oss in an attempt to engineer a grafting material 

which may promote bone regeneration to a greater extent than each material; used 

separately. 

Additional advantages ofBioOss as a xenograft, are its macro- and riricroscopic 
I 

similarity to human bone and its high osteoconductive activity. Bio-Oss is* natural 
. . I 

material made of anorganic bovine bone containing carbonate apatite. Electron 
I 
i 

i 
microscopy shows that the macro and micro configurations closely parallel that of the 

I 
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structure of human bone. Bio-Oss has been completely deorganified by a proprietary 

extraction process which makes it free of antigenicity (Thaller et al1993). Bio-Oss may 

provide an appropriate carrier vehicle for'growth factors to allow for rapid repair ofbony 

defects. 

This study combined platelet rich plasma and a xenograft, Bio-Oss, to test repair 

of critical sized defects in rat calvaria. The combination of osteoinduction by PRP and 

osteoconduction with anorganic bovine bone could enhance bone regeneration and serve 

as a model for future studies. Therefore, we combined Bio-Oss with PRP in a critical 

sized defect ( CSD- an experimental bony wound large enough to preclude spontaneous 

healing) within the rat calvarium (Schmitz and Hollinger 1985). This CSD will not heal 

naturally during the lifetime of the animal, and this is frequently used as a model to test 

bone regeneration. The model has been employed to investigate an autograft (Fowler and 

co-workers 1997), an alloplast material (Francis and co-workers 1998), and evaluate 

allograft materials (Turonis and co-workers 2000). 

The hypothesis of this work is that platelet rich plasma in combination with Bio

Oss would enhance bone regeneration in a CSD within the rat calvarium. 

Purpose 

The purpose of this study is to evaluate the regeneration of bone in an 8mm 

critical sized defect of the Rattus norvegicus calvarium by combining PRP with Bio -

Oss. 
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B. Review of Related Literature 

Theory of Osteoinduction 

I 

Urist (1965) first described the principle of osteoinduction when descpbing 

wound healing in bone following an implant of decalcified bone in laboratory animals. 

He demonstrated new bone formation occurred by autoinduction. The inductbr cell was a 

descendant of a circulating histiocyte, and the induced cell was described as a fixed 
I 

histiocyte or a perivascular young connective tissue cell. He noted that bone formation 

did not occur with cell populations associated with inflainmation; however, it occurred 
I 

when there was a pool of stem cells, osteoprogenitor cells, and small capillarj.es, 

surrounded by young osteoblasts. -prist further described how the implanting of dead 

bone matrix attracts wandering histiocytes. The invading cells resorb matrix, release 

local chemical agents, and stimulate capillaries and perivascular connective tissue to 

i 

invade the area for repopulation. When the inductor cell (histiocyte) meets the induced 
. t 

cell (perivascular connective tissue), they divide and interact. Subsequent cellular 

differentiation occurs to produce two additional cells, one responding cell and one 

specialized form, either an osteoprogenitor or chondroprogenitor cell. Bone· formation 

occurs in extraskeletal implants of decalcified bone matrix, and the new osteoblasts are 
i 
! 

derived not from elements ·ofdonqr tissue, but from proliferating pleuripote*t host cells. 

Urist described this process as autoinduction. 



The Critical Sized Defect Model 
i 
I 

Schmitz and Hollinger (1985) described the critical sized defect (CSD) as an 

i 

experimental model for craniomandibulofacial nonunions. They defined the !CSD as the 
i 

smallest size intraosseous wound in a particular species of animal that will not heal 

spontaneously in the lifetime of the animal. Attempted repair of the CSD wiJl result in 

fibrous connective tissue rather than bone formation. Animal models used to evaluate 

new bone repair materials have consisted of low-order phylogenetic species, :which have 

a greater potential for osteogenesis~ The calvarium is defined as that portion! of the skull 

extending from the supraorbital ridge posteriorly to the external occipital protuberance. 

The calvarium has a relative biologic inertness compared to other bones due :to a poor 

blood supply and a relative deficiency ofbone marrow. The calvaria consist of two 

cortical plates with intervening cancellous bone. One can see that implantation of a 

proposed bone grafting material in a calvarial defect could provide a rigorou;s test of this 

material. Calvarial defects, therefore, have been frequently used to test new·bone repair 

materials (Schmitz and Hollinger, 1985). 

Tagaki and Urist (1980) determined that an 8mm diameter defect in the calvaira 
' ' 

of six-month-qld Spraque-Dawley rats were reduced to 5mm in four weeks/and no 

further healing was noted after 12.weeks. Schmitz and Hollinger (1985), in:work 

pioneered at the U.S. Army Institute of Dental Research, Walter Reed Army Medical 

Center, propose testing of bone repair materials in a heirarchy of animal mo:dels, 

beginning with 8mm CSDs in adult rats. They suggest the CSD model establishes a 

standardized set of controls. They further state particulate or gelatinous materials would 

I 

6 

be well suited to this evaluation. The heirarchy of animals would be 8mm €SD in the rat, 
I 
! 
I 
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i 

lSmm calvarial defect in the rabbit, then testing discontinuity defects in the ~andibles of 

adult dogs or nonhuman primates, before Phase I human use studies are unddrtaken. 

Use of Growth Factors to Enhance Bone Regeneration 

It would follow that to heal a bony defect the addition of autogenous growth 
' ' I 

' ·, . 

factors should accelerate the healing process. Lynch et al (1987) discussed tre role of 

platelet derived growth factor (PDGF) iri would healing. He showed synergistic effects 
. I 

with other growth factors. PDGF is a heat stable protein stored in the alpha granules of . . . : 

circulating platelets, and is released from platelets into the serum during blo6d clotting. 
. . ! 

PDGF is a major human serum polypep~ide groWth factor and is a mitogen for cells of 

mesenchymal origin. PDGF stimulates many metabolic processes, including protein and 

I 

collagen synthesis, collagenase activity, and chemotaxis of fibroblasts and smooth muscle 

cells (Antoniades et al, 1984; Westermark and Heldin, 1983; Ross et al, 1986). All of 

. ' 

these effects are important in the initiation of the wound healing pr,ocess. L)rnch and 

coworkers (1987) showed that the addition of partially purified PDGF incre~sed the rate 

of protein and DNA synthesis in biopsies taken from wound sites in the epi~ermis of 

pigs. When combined with insulin like growth factor (IGF-1), PDGF showed a 

significant enhancement of wound healing in this model, showing a synergi~tic effect. 

Mailhot et al (1995) showed that TGF-~1 may enhance periodontal regener~tion due to 
I 

i 

its ability to promote fibroblast RNA and protein synthesis. Gamal and Mailhot (2000) 
I 

I 

indicated that PDGF-BB in c·oncentrations greater than 50 ng/ml stimulates I adherence of 

i PDL cells to periodontally diseased root surfaces. I 

l 
. i 

Pfeilschrifter et al (1990) showed that the growth factors IGF-1, PD?F, and 
I 

! 
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transforming growth factor ~ (TGF -~) are -capa~le of stimulating bone fotm~tion within 
, I 

in vitro cell cultures. They used an autoi-adiographic method to test the incotporation of 

3H proline into freshly synthesized bone matrix to determine the overall effe,cts of these 
• I 

growth factors on bone matrix opposition in 21-day-old fetal ratcalvaria cul~ures. Matrix 

apposition was greatest when IGF-I, PDGF, and TGF-~ were added simultaneously to the 

culture medium. This indicates these factors enhance each other in stimulati~g bone 

formation. PDGF, IGF-I, and TGF-~ are all present in osteoblast cell cultures or bone 
I 

matrix, and have many effects on the proliferation and differentiation of the psteoblast. 
I 

The conclusions of this study were that PDGF and TGF -~ have a dose dependant 

' 
stimulatory effect on bone matrix opposition in fetal rat calvarial cultures. : 

Giannobile and coworkers (1997) evaluated the interactions ofiGF-1 with other 

growth factors on mitogenesis, matrix synthesis, and differentiation using t~e bovine 

osteoblast-like culture model. IGF-I appears to regulate bone cells in an aufocrine or 

paracrine fashion by elevating DNA synthesis, osteocalcin synthesis, and alkaline 

phosphatase activity. The results of this study indicate that: IGF-I is an important 
i 
I 

regulator ofbone cell metabolism. IGF-I combined with other GFs promotes bone 
. I 

I 

formation above that found with single factors, and when IGF-I is combine~ with either 

TGF-~, PDGF-BB, or bFGF, the enhancement of bone formation is greater rthan the 

additive effects of the single GFs. 
I 

I 

I 

Giannobile et al in 1996 tested the effects ofiGF-I and PDGF-BB u'sed alone or 

in combination to affect regeneration in ligature induced periodontal defectl created in 
- . I 

i 

cynomolgus monkeys. He found that IGF-I used alone did not affect periodontal wound 
i 

l 
healing, while PDGF-BB significantly stimulate.d new attachment. The PDGF/IGF-I 



combination resulted in significant increases in new attachment and osseous defect fill 

above vehicle at 4 and 12 weeks. 

9 

Howell et al (1997) conducted a phase IIII clinical trial to evaluate a combination 

of recombinant human PDGF-BB and recombinant human IGF-1 in pa~ients with 

periodontal disease. The results of the study showed that rh PDGF and rh IGF-1 were 

safe when locally applied at the concentrations being studied. They also found that high 

doses ofPDGF/IGF-1 used in combination resulted in significant promotion of bone 

regeneration. 

Giannobile (1996) in a review article discusses periodontal tissue engineering by 

growth factors. Polypeptide growth factors have been shown to modulate the wound 

healing response in hard and soft tissues. Many investigators have demonstrated the 

anabolic effects of these wound healing molecules on the promotion of periodontal 

attachment structures, namely alveolar bone, periodontal ligament, and cementum. 

Today molecular cl~ning and purification of growth factors has allowed for the 

application of these factors for in vivo studies on periodontal regeneration. Giannobile 

-defines growth factors as a class of natural biological mediators, which regulate critical 

cellular events involved in wound healing, such as cell proliferation, chemotaxis, 

differentiation, and matrix synthesis. They elicit their effects by binding to specific cell 

surface receptors, which then transduce signals to the cell nucleus via complex signal 

transduction pathways. Examples of growth factors found in bone are PDGF, TGF -P, 

a<?idic and basic fibroblast growth factors, (a and b-FGF), IGF-1 and -II, atid the bone 

morphogenic proteins (BMPs). Following acute tissue injury, disruption of the wound 

vasculature leads to the initial phase of wound healing starting with fibrin (ormation and 



i 

I 

platelet aggregation. Activated platelets release several growth factors such as PDGF, 
I 

I 

TGF-p, an epidermal growth factor-like protein (EGF), and platelet derived endothelial 

cell growth factor (PD-ECGF). Also, the plasma exudate provides a source bf insulin-

10 

like growth factors (IGF). Cells adjacent to the injured site are also induced 'to release a 
I 

variety of growth factors within a few hours after injury. Following the tissue inj~ry, 

stored PMNs accumulate with subsequent migration ofmacrophages into th$ ar~a days 

later. Macrophages affect the wound healing microenvironment by debridement of 

I 

damaged tissue and release of other growth factors. In addition, bone conta~ns high 

concentrations of growth factors, which may also be released foll_owing injuiy. 

i 

Platelet Rich Plasma as an Autologous Source of Growth Factors 

Marx, in a chapter in the book Tissue Engineering (1999), discusses platelet rich 
! 

plasma as a source of multiple autologous growth factors fC?r bon~ grafts. 'He postulates 

that the sequestration and'concentration o~platelets, and, therefore, the gro~h factors 

they contain, can modulate and enhance wound healing. This strategy is th~ught to 

I 

accelerate wound healing by concentrating the GFs contained in .platelets. Studies of 

PRP have identified at least three GFs in the alpha granules of sequestered platelets: 

i 
PDGF, TGF-p, and TGF-p2, and IGF-1. An additional benefit ofPRP is thft it is 

autologous, nontoxic and nonimmunoreactive. PRP also can modulate or up-regulate one 
• I 

growth factor's function in the presence of a second or third growth factor.! This feature 

separates PRP from recombinant growth factors, which focus on a single r~generation 
I 

pathway. Another benefit is that PRP is logistically simpler to obtain in th~t it is acquired 

from the patient's own blood at the time of surgery. This also makes PRP ~ar more 
i 

I 
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economical. PRP may be obtained via gradient density centrifugation of patients blood at 
. ' 

the time of surgery, using a cell separator machine. The blood is separated i~to three 
I 

basic components7 From the least dense to the most dense, platelet-poor plasma (PPP) 

I 

comes off fir~t, platelet rich plasma (referred to as ~he huffy coat) come off s;e~ond, and 
I 
I 

red blood cells (RBC) come-offlast. The PPP is acellular plasma and the RBC 
' - . '. ! 

I 

component is packed red blood cells. PRP is plasma with a concentrated nuinber of 

I 

platelets and white blood cells. PRP also contains abundant fibrinogen and ~lotting 
I 
I 

factors. The formation of fibrin will provide on its own an osteoconductive matrix for 
. ' 

I 

I 

bone regeneration. The fibrin formation of the PRP process serves as a fibrin glue and 
I 

binds loose particulate bone grafting materials together, allowing the surgeoil to sculpt 

the graft. 

Marx et al (1998) conducted eighty-eight elective cancellous celiulaf marrow 

bone graft reconstructions of mandibular continuity defects 5 em or greater arising from 

benign and malignant tumor extirpations. These patients were randomized 1nto two 

groups. One received cancellous cellular marrow grafts without added PRP.. The second 

group received grafts with PRP added during the .bone-milling phase of graft preparation. 

The PRP was prepared and then coagulated to form a gel with 10% calcium( chloride and 
! 

10,000 units of topical bovine thrombin. Initial platelet counts on each pati~nt yielded a 
I 
I 

mean of232,000 per !J.l. The PRP mean platelet count was 785,000 per !J.l. i This created 
I 

a concentration of338% ofbaseline platelet counts. Six month radiograph~c and 

i 

histomorphometric studies were done on the grafted mandibles. Qrafts wit~ PRP 

additions were assessed at approximately twice their actual maturity. Six lonth 
. I 

I 
I 

histomorphometric data showed combination bone grafts with PRP demonstrat~d a 
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I 

greater trabecular bone density than grafts without PRP, 74.8%·vs. 55.1 %. TJese results 

suggest PRP accelerated the rate and degree of bone formation in a. bone graft :through the 

first six months. 

The Use ofAnorganic Bovine Bone 

Bio-Oss (produced by Ed Geistlich Sons, Wolhusen, Switzerland and distributed 
I 
I 

by the Osteohealth Company, Division Luitpold Pharmaceuticals, Inc., Shirley, NY) is 

anorganic bovine bone that is chemically treated to remove its organic compo~ents, 
I 

• I 

I 

producing calcium deficient carbonate apatite. Bio - Oss is processed using ~ low heat 
I - -

(300°C) chemical extraction process. High heat results in a fusion of bone crrstallites, 

·creating a large, nonhomogeneous crystal morphology, with decreased porosity and 

surface area. Bio-Oss retains the exact trabecular architecture and porosity of the original 

bone. Both human bone and Bio-Oss have the same apatite crystalline structure. 
I 

An early study by Pinholt et al (1991) attempted to determine wheth~r Bio-Oss 

initiated osteoinducti.on or osteoconduction when implanted into rats. Sinter~d and 
i 

unsintered granules of the anorganic bovine bone were implanted subperiost~aly for 

I 

alveolar ridge augmentation and heterotopically in the abdominal muscles of: rats. 
I 

! 

I 

Histology after four weeks revealed no new bone formation, or initiation of I 

osteoconduction. The initial tissue response was a foreign body reaction. 

I 

I 

I 
I 

.·• • I 

Thaller et al (1993) created critical sized defects in rabbit calvaria, irrlplanted Bio-
- I 

Oss, then sacrificed the animals at 2, 3, 6, 8 and 12 weeks for histology. At h weeks, the 

I 
investigators saw marked bone formation, with bony trabeculae and large qu'antities of 

- j . 
. I. 

new bone formation that took on a palisading appearance. The authors concluded that 
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bovine apatite is very well tolerated and has potential as an osteoconductive pathway for 

bone formation. 

! 

Jensen et al (1996) tested four bone substitutes: two bovine bone substitutes 
i 
I 

(Endobon and Bio-Oss); and two coral derived bone substitutes (Pro Osteon 500 and 
. I 

Interpore 500 HA/CC). These were implanted into 5mm bur holes in rabbit tiqiae. 

Animals were sacrificed at eight weeks for qualitative and quantitative histologic 

evaluation. Bio-Oss showed a higher degree of osseo integration tha~ any of tHe other 

I 

biomaterials. The authors suggest testing ofBio-Oss as a carrier of bone morphogenic 
! 

proteins or growth factors. 

Schmitt et al (1997) compared anorganic bovine bone with biologically active 

glass in critical sized defects in rabbit radii.· Twenty- four rabbits were divided: evenly 
. . 

between two time periods (4 and 8 weeks), and were evaluated radiographically, and via 

, I 

histology and histomorphometry. Results showed that CSDs treated with Bio~Oss were· 
i 

more radiopaque than biologically active glass at both 4 and 8 weeks. Also, t~e amount 

of new bone was significantly greater at both 4 and 8 weeks in the Bio-Oss gr9up as 

compared to the biologically active glass group·. ~he authors concluded that ~~organic 
I 

• . I 

bovine bone appears to be more effective than biologically active glass in reg~nerating 

bone. 

Camelo et al (1998) evaluated the clinical, radiographic, and histologic response 
I 

I 

to Bio-Oss when used alone or in combination with the Bio-Gide porcine coll~gen 
! 

membrane in human periodontal defects. Four intrabony defects were treated!: two 

received Bio-Oss alone and two were treated with a combination ofBio-Oss Ld Bio-

i 

Gide. Radiographs, clinical probing depths, and attachment levels were obt*ined 
i 

i 
I 
I 

i 
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preoperatively and 6 to 9 months postoperatively and teeth and surrounding tissues were 

biopsied. Both treatments significantly improved probing depths and attachment levels. 

Histologic evaluation revealed that both treatments produced new cementum with 

inserting collagen fibers and new bone formation on the surface of the graft particles. 

The greatest regenerative effect occurred in the Bio-Oss I Bio-Gide combination. 

Camargo et al (2000) evaluated the clinical effectiveness of a bovine porous bone 

mineral used in combination with a porcine derived collagen membrane as a barrier in 

promoting periodontal regeneration in periodontal defects in humans. This was a split-

mouth study. Twenty two paired intrabony defects were treated and surgically re-entered 

6 months after treatment. Experimental sites were grafted with Bio-Oss and received a 

Bio-Gide membrane for guided tissue regeneration. Control sites were treated with open 

flap debridement. Post surgical measurements revealed a significantly greater reduction 

in pocket depth and more gain in clinical attachment in experimental sites. Surgical 

reentry of the treated defects revealed a significantly greater amount of defect fill in 

experimental sites. The authors concluded clinical resolution of intrabony defects can be 

achieved using a combination of bovine porous bone mineral and an absorbable, procine 

derived collagen membrane when employing the principles of guided tissue regeneration. 

The authors conceded histology is necessary in the future to confirm the presence of new 

attachment. 

All of the above-mentioned studies support the design of this experiment. The 

I 

CSD in the rat calvarium is an appropriate model for testing bone grafting materials with 

the ultimate goal of enhancing bone regeneration. Bio-Oss has been established as an 

osteoconductive bone replacement material, which supports the growth of new bone in 
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I 
I 

I 
implanted sites and over time may ~e resorbed ~d replaced by new bone. PRJ? has been 

demonstrated to be an autogenous source of the growth factors necessary to prbmote 
- I 

i 

bone growth by osteoinduction. PRP may stimulate pluripotent stem cells to arrive at the 

wound site and differentiate these cells into members of the osteoblast cell lin~, to 

establish new bone growth and regeneration of osseous defects. 

Specific Aims 

The specific aim of this study was to determine if the -effect ofPRP and 
1

Bio- Oss 
I 

alone or PRP with Bio - Oss combined will significantly enhance bone regen¢ration in a 

CSD in the rat calvarium. Another goal was to develop a reliable method for ~RP 

generation in the rat model. Densitometric and histomorphometric analysis was 

conducted on the cal~arial samples after eight weeks to assess bone regenerat~on in this 

experimental model. 

I 
I-



MATERIALS AND METHODS 

All animal care was delivered in accordance with the guidelines established by the 

Institutional Review Board of the Dwight David Eisenhower Army Medical Center and 
I 

the Medical College of Georgia. A pilot study was conducted using 10 adult (95 day old) 
! 
I 

Sprague-Dawley rats (Harlan). The purpose 9fthis study was to allow the iniestigator to 

refine surgical skills and to troubleshoot the experimental protocol. 
I 
I 

The experimental population consisted of60 adult (95 day old) Sprague-Dawley 

(Harlan) inbred rats from one genetic strain ranging in weight from 325-375 grams. The 

! 

rats chosen were from the Lewis strain (LEW/SsNHsd). The rats were divide~ randomly 

into 4 groups of 12 rats each (1 0 rats necessary for statistical significance and 2 
I 

I 

additional rats for possible surgical deaths). The animals were housed on a 1~-hour light 
I 

and dark cycle. Food (Harlan Tyklad Rodent Blocks) and water were provid~d ad 
- - ' 

, - I 

libitum. All animals were stabilized and isolated for 7 days prior to beginning the 
I 

protocol. All surgical procedures were performed with aseptic techniques. Surgical burs 
i 

and all operative instruments were autoclaved and kept in separate surgical p~cks for 
I 

I 

each procedure. ! 

. - I 

The followi~g illustrates the standard procedure for each rodent surgery. A given 
. . . . I 

rat was anesthetized intraperit~neally with a cocktail.ofKe~amine HCl, 100 ~g/ml (65 
I 

mg/kg), and Xylazine HCl, 20 mg/ml (7 mg/kg) via a 25-gauge needle. The ~nesthetized 
i 

16 I 
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I 

rat had sterile eye lubricant ointment placed in its eyes to protect it during shating and 

i 

surgical prep. The skin overlying the calvarium was shaved with a #40 blade and the 

surgical site cleaned with Novalsan scrub and sterile water. An autoclaved 3-inch 
! 

stockinette was rolled over the prepared rat using aseptic technique, and the h((ad was 
I 

exteriorized by cutting a hole in the stockinette and pulling the head through. iThe 

17 

anesthetized rat was then placed in a Stoelting rodent stereotaxic device to se~ure the 

head during the surgical procedure. The stereotaxic device was fitted with a s~ecialized 

anesthesia nose cone, through which 0.25--0.50% isoflurane in 11iter/minute qxygen was 
i 

administered and adjusted to maintain an appropriate anesthetic plane. A midline 
I 

1 

incision was made from the middle of the nasal bones to the posterior nuchal line. Full 
. . • I 

thickness flaps with periosteum were reflected laterally. An 8mm craniotomy :was made 

utilizing a dental handpiece at slow 'speed with ·a sterilized 8mm diamond grit~ trephine 
. ' ' 

bur (Continental Diamond Tool Corporation, New Haven, IN) and copious saline 

irrigation. Care was taken to avoid the underlying dura. The edges of the bony defect 
I 

were smoothed using a #2 round bur with saline irrigation. A 9-min diamete~ 
I 

polytetrafluoroethylene (PTFE) membrane (Fluoropore Membrane Filters, pore size 0.5 
' -

micron, Millipore Corporation, Bedford, MA) was placed deep to the cranium and 

superficial to the dura with the reinforced side adjacent to the dura. The membrane was 
I 
i 

adjusted to achieve an overlap coveljng the defect. The saline moistened tre~tment 

material if any appropriate to each study group was then carefully placed intd the defect. 
I 

A second 1 Omm diameter PTFE membrane was placed superficial to the outJr cranium 
- . i 

and deep to the periosteum so the membrane edges overlapped the defect by 11mm. The 

I 
periosteum and temporalis muscle were repositioned to cover the outer surfa~e of the 

. - I 

I 
i 

i 
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membrane and sutured with continuous 4-0 Viccyl.sutures on a cutting needl~. The skin 

·was closed with interrupted sutures using 4-0 Vicryl on a cutting needle. FoVowing the 

surgical procedures, the animals were observed for any signs of pain or distre~s. If 
i 

analgesics were indicated then Buprenorphine ( 0.1-0.5 mg/kg IP via a 25 gauge needle) 
. . i 

was administered subcutaneously every 12 hours until signs of pain subsidedf 

Platelet rich plasma was prepared in the following manner. Citrated b~ood (0.1 05 
i 
I 

M sodium citrate) was obtained from donor rats of the same genetic strain (Lewis) as the 

experimental population. Animals were anesthetized intraperitoneally with_6~mg/kg 
I 

ketamine and 7mg/kg xylazine. Anesthetic depth was monitored to ensure a painless 
I 

procedure. Isoflurane anesthesia via a facemask was applied when necessaryl Blood was 

obtained via cardiac puncture or via the caudal vena cava after a ventral midline incision 

was made. Exsanguinated animal~ were then euthanized, if necessary, by placement in a 

C02 chamber. About 10-12 ml ofblood was obtained in this manner. The protocol for 

PRP preparation was patterned after the protocol used by the Hematology Department at 
! 
I 

Eisenhower Army Medical Center. The blood was decanted into centrifuge lubes, and 

then centrifuged in a Beckman Model J-6M induction drive centrifuge (Beckinan Coulter, 

Inc., Fullerton, CA) at 150xG or 800 RPM for 10 minutes at 20 degrees Cent~grade. The 
I 

PRP or buffy coat was decanted from the centrifuge tube into a small beaker.: 
I 

Approximately 1ml ofPRP was obtained. The coagulation process was initiated by 
I 

I 

addition of a mixture of 10% calcium chloride (Sigma Chemical Co., St. Louis, MO) and 

1,000 units of topical bovine thrombin (Sigma Chemical Co., St. Louis, MOj to the PRP. 
. i 

This mixture is added dropwise until the PRP forms a gel, which can be add¢d to the 
i 
i 

defects. Platelet counts were obtained on the donor blood and then the PRP ~roduced, by 
I . 
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I 
• I 

an Abbot Cell-Dyn 3500 hematology analyzer (Abbot Diagnostics, Santa Clara, CA) with 

the parameters set for the rat. 
I 

Anorganic bovine bone, or Bio-Oss (manufactured by Ed Geist~ich so:ns, 

Wolhusen, Switzerland and distributed by the Osteohealth Company, Divisio~ Luitpold 
I 

Pharmaceuticals, Inc., Shirley, NY) of the cancellous type, particle size 0.25-~.0mm, was 

used in this study. 

To create the PRP with Bio-Oss implant material, the Bio-Oss was fir~t hydrated 

with excess PRP. The calcium chloride and bovine thrombin mixture is then iadded to 

form a gel with internalized Bio-Oss particles, which can then be added to the defect. 

Each experimental group consisted of 12 animals. Ten animals are necessary in 
! 

each group for statistical significance. The two additional animals were included in each 
. i 

group to allow the replacement of any animals that die as a result of the surg~cal 

procedure or other uncontrollable factors. There were, however no incidences of 

mortality in this experiment. Graft materials were reconstituted in 1ml of buffered saline. 
I 

The groups were organized as follows (Figure 1): 

I 
I 

i 

Group I: Surgical defect. No material was placed in the defect. PTFE 
I 

I 

membranes were used on either side of the ca1varial defect. · Skin anQ. periosteum 
I 

only were sutured over the defect. This group was the surgical control. 
. I 

Group II: Procedure as described above. Bio-Oss ( 40mg) was plac~d into the 
i 

. defect. I 

Group ill: Procedure as deScribed above. PRP (SOOul) was placed into the 

defect. 

I 
I 
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i 
Group IV: Procedure as described above. PRP (250ul) pl\ls Bio-Oss C40mg) was 

i 

placed into the defect. 

At eight weeks post surgery, the animals were sacrificed by C02 chamber as~hyxiation in 
I 

a non-precharged chamber. The top of the cranium was removed, and the specimen 

placed in 10% Formalin solution (Fischer Chemicals, Fair Lawn, NJ). The c~lvaria were 

then radiographed with a soft x-ray analysis technique at the Medical Colleg~ of Georgia 
I 

by the principal investigator. The machine used was a Faxitron Series 43807N X-Ray 

System (Hewlett Packard). Time was 15 seconds, kilovolt peak 35, and mill~amps 2.5. 

! 
The specimens were sectioned sagitally to yield two samples per specimen, each sample 

' I 

being of approximately equal ~ize. {After sectioning, al~ sample·s were storediby covering 

them with 10% Formalin until needed for further study.) All samples were demineralized 

and evaluated histologically (to determine the amount of bone fill across the coronal 
i 
I 

plane). De~ineralization of the samples was done over a ten day period utili
1

zing Cal-EX 
- . ! 

i 

Decalcifying Solution. (Fi~cher Che~icals, ·Fair Lawn, NJ). Ingredients of t~e 

decalcifying solution are Formaldehyde 1M and Formic. acid i4-3.0 M. ThJ H&E 
. . . . I 

staining method was used on the demineralized samples. Histologic staining was 
I 

conducted using the Varistain XY (Shandon, Inc. Pittsburg, P A). This is a rhulti 
I 

• I 

program robotic slide stainer utilizing hematoxylin and eosin. Samples wer~ placed in 

cassettes, imbedded in paraffin wax, and sectioned at 3 microns thickness oJ a 2030 
I 

Biocut microtome (Leica, Reichert-Jung, Nussloch, Germany). . I 

Data obtained include the following: densitometry, analysis of bone fin, and 
. . I 

percentage of bone fill. This data was obtained via histomorphometry. Hisiologic· slides 
I 

i 

I 

I 

I 

i 
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were scanned using the Simple PCI Imaging system. A motorized microscop¢ stage 

(Ludl Electronic Products, Ltd., Hawthorne, NY) created a montage of images in a 14 by 
I 

I 

2 scanning field t~ accurately capture the· slides. A .Photom~trics Coolsnap Fx
1 

camera . .. . ' ' 

(Roper Scientific Inc., Tucson, AZ) was attached to a Nikon Diaphot 300 inv~rted 
I 
I 

microscope (Southern Micro Instruments, Atlanta, GA) at forty power to capture the 
. I 

• I 

images. Histomorphometry was conducted using C Imaging Systems Simple, PCI 
l 

softwear program '(Compix Inc., Imaging System~, Cranberry Township, PA). Captured 

images were then calibrated using a millimeter ~le to relate to a 'specific pixel dimension 
-. i 

to create measurements in microns. The region of interest was then outlined }Ising an 

open polygon drawing tool in the program, and the area calculated using the Simple PCI 
I 

i 
I 

softwear. Total area of the defect and area of new bone was determined. 

The area of new bone and the percentage of new bone growth within the four 

experimental groups was displayed graphically. New bone was defined as Hying bone 

tissue, with the presence of osteocytes in lacunae, and was either of the wov~n or lamellar 

type. 

Previous studies at this lab, using this model, have determined that ten rats per 
. i 

) 

group is the minimUm. number of rats needed to provide experimental and st~tistical 

i 

relevance. Two additional rats are included in each group to allow for possiple deaths 

resulting from the surgical procedure or other causes. 

Statistical Methods 

The distribution of the data was determined using the Kalmogarov-Smirnov test 
i 

I 

for normality. The percent new bone, the total area of new bone, and total afea of defects 

I. 
I 



' : ' 
i. 

,I 
. I 

i 

I 
• , •• • I 

were compared across the four treatment gr~ups using a one-way analysis of yariance 

i 
(ANOV A). If a significant difference between treatment groups was observe~, then a 

I 

22 

Tukey's multiple comparison test' was used to compare all pairs of treatments~ Statisticai 

I 
significance was defined asp~ 0.05. The data for percent new bone and tot~l area of 

new ~one were normally distributed. 



Figure 1. The four surgical groups: (a) control group showing placement of sub
calvarial PTFE membrane, (b). Bio-Oss only group, (c) P RP only group, 
(d) P RP with Bio-Oss group. 
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RESULTS 

Gross Findings 

All defects healed with a combination of new bone growth and dense fibrous 

connective tissue. Groups containing Bio-Oss particles showed a greater amount of bone 
i 

I 

growth near the center of the defects, while groups without Bio-Oss had bon¢ growth 
I 

mainly at the periphery of defects. Groups grafted with Bio-Oss showed intimate contact 

i 

between new bone and Bio-Oss particles, with new bone surrounding Bio-O~s particles, 
. ! 

and new bone internal to Bio-Oss particles. The borders of new bone areas showed 

osteoblastic rimming, and also evidence of osteoclastic activity. New bone growth was 

also found external to the membranes used to isolate the defects, on both the: side facing 

• i 

the dura and the side facing the calvarial periosteum. Bio-Oss particles app~ared largely 

I 

intact, with little evidence of resorption. The control and·PRP groups showed collapsed 

defects (Figure 10, 11, 12), while the Bio- Oss and Bio- Oss with PRP gr~ups showed 
I 

defects with the original space maintained (Figure 13, 14, 15). The· four treatment groups 

are represented in Figure 10. 

I 

I 

I 

! 

I 
PRP Generation I 

. - ·, ·r 

Figure 2 indicates the increased platelet counts achieved through PRjP preparation. 
i 

. I 

The mean whole blood platelet count.was 500,000 I J..Ll. The mean PRP plat!blet count 

24 
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i 
was 754,000 per J..Ll. The range of platelet counts for PRP generated was 610,000 per J.!l 

! ' 

i 
to 889,000 per J.!l. The mean increase in platelet count for the entire experirP.ent was 

- I 

157%. The percentage increase in phite~et counts achieved ranged from 11$% to 238%. 

i 

of the defects via new bone growth. This is true because of the radio dense properties of 
I 

I 

the Bio-Oss particles, and the fact that they are not resorbed in the eight-we:ek time 
i 

course of this experiment. Therefore, the groups grafted with.Bio-Oss, i.e.,i the Bio-Oss 
I 

only and the PRP with ·Bio-Oss groups, appear densely filled with Bio-Oss particles, 
I 
I 

totally filling in the defects. The control group and PRP only groups appea~ radiolucent, 

with the defects still visible. However, some bone regeneration is apparent in both 
. ! 

groups as new bone forms at the periphery of all defects. Figure 9 shows representative 
. j 

radiographs of calvaria from each group. 

Histomorphometric Findings 
I 

. i 

Table I represents the data on percent new bone and total area of new bone 
I 

growth. The PRP only and control groups healed with a high mean percenfage of new 
I 

bone growth. In fact, the control group resulted in a mean 53.2% new bone growth, 

while the PRP only group presented a mean 38.7% new bone growth. The!Bio-Oss only 
I 

group showed a mean 19.8% new bone growth and the Bio-Oss with PRP koup showed 
I 

. I 
a mean 15.8% new bone growth. Therefore, the control and PRP only groups showed a 

I . 

significantly greater percentage ofnew bone groWth (p :5; 0.05, Figure 3 antl7). 
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I 

The above data are affected by the fact that the dimensions of the c~lvarial defects 

did not remain constant in this experiment. Due to the space filling and sp~ce 
, I 

i 

maintaining characteristics of Bio-Oss particles, t~e volume of defects gra~ed with Bio-
I 

Oss was significantly greater. The mean defect area for the Bio-Oss alone group was 
I 

6,866,504 microns2
, while the mean defect area for the Bio-Oss + PRP group was 

I 

· 6,867,79.6 microns2
• The control and PRP only.groups showed a collapse of the defect 

between the PTFE membranes, creating a thin residual defect. The mean ~efect area for 
I 

. . 2 . I 

the control group was 1,953,302 microns and the mean defect area for theiPRP only 
I 

I 

group was 2,277,145 microns2
• Therefore, the groups containing Bio-Oss particles 

i 
showed a significantly larger defect area than defects not grafted with Bio-pss particles 

. i 

(Figure 6). I 
I 

! 

The percentage of new bone growth was then calculated using the mean defect 

area of groups grafted with Bio - Oss, which had original defect size maintained due to 

the volume of the Bio -Oss particles. Therefore, the percentages were calqulated as if 
I 

there had been no defect collapse in the PRP and control groups. There w~s no 

significant difference found between any of the groups when total percent pew bone was 

calculated according to these parameters (Figure 4). 
. . . ·.. I 

Total area of new bone was also. calculated across all treatment groups. The Bio-

Oss only group showed the greatest mean amount of new bqne growth with 1,367,436 
• I 

microns2
• However, there was· no significant difference in new bone growth among the 

. . i . 

four treatment groups (Figure 5 and 8). 
1 
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Table I 

Means :t Standard Deviation of Percent New Bone and Total Area of Nttw Bone (Ji) 

Treatment Groups (n) , Percent New Bone Total Area of New Bone 

Control (12) 53.2 ± 22.2 1,017,660 ± 548,228 

Bio-Oss (12) 19.8 ± 9.6 *p 1,367,436 ± 688,558 

PRP (11) 38.7 ± 14.4 860,555 ± 366,094 

Bio-Oss + PRP (15) 15.8±11.0 *p 1,007,265 ± 517,881 

i 

Psignificantly different from PRP, p~0.05 

*significantly different from control group, p~0.05 



Figure 2. Platelet rich plasma preparation. Platelet counts before :and after PRP 
preparation, in number of platelets per microliter of bloo'd, for the eight 

I 

runs used in the experiment. · I 

I 

I 
I 
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Figure 3. Percent of new bone regeneration by treatment group. (*) denotes 
statistical significance (p~ 0. 05). PRP had statistically more percent new 
bone than the Bio-Oss and PRP with Bio-Oss groups. The control group 
had statistically more percent new bone than the Bio-Oss and PRP with 
Bio-Oss groups. 
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Figure 4. Percent New Bone Fill by Treatment Group Utilizilig Ideal Space 
Maintenance. The percent new bone fill was calculated utilizing the total 
area of the defect for the Bio-Oss grafted groups as the denominator in all 
groups. There was no significant difference between the groups. 
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Figure 5. Total area of new bone regeneration by treatment group in square 
microns. There was no significant difference between any of the groups 
(p~0.05). 
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Figure 6. Total defect areas by treatment group. (*)denotes statistical significance 
(p~O.OOJ). The Bio-Oss only group had a statistically greater defect area 
at the end of the experiment when compared to the PRP only and control 
groups. The Bio-Oss with PRP group had statistically greater defect area 
than the PRP only and control groups. 
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Figure 7. Mean percent new bone by treatment groups. (*) denotes statistical 
significance (p~ 0.05). The control had a significantly greater mean 
percent new bone when compared to Bio-Oss and PRP + Bio-Oss groups. 
The P RP only group had significantly greater mean percent new bone 
when compared to the Bio-Oss and PRP + Bio-Oss groups. 
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Figure 8. Mean total area of new bone by treatment group. there was no 
significant difference between treatment groups (p.S 0. 05). ! 
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Figure 9. Densitometric view of the four treatment groups, control, P RP only, Bio
Oss only, and P RP with Bio-Oss. A representative view of each group, 
scanned at 1200 dpi. 
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Figure 10. Decalcified H&E histology of the CSD, sagittal view, showing all four 
treatment groups: control, Bio-Oss, PRP, and Bio-Oss + PRP. Note the 
greater spacemaking characteristic of groups containing Bio-Oss. A 
montage was created at an original magnification of 4 OX and then 
digitally magnified using the Simple PC! program. 
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Figure 11. Decalcified H&E histology ofth¢ CSD, sagittal view, and control group. 
(NB) new bone; (CT} connective tissue; (M) membrane . . New bone is 
forming within and outside of the membranes. Note the collapsed nature 
of the defect. A montage was created at an original magnification of 4 OX 
and then digitally magnified using the Simple PC! program. 
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Figure 12. Decalcified H&E histology of the CSD, PRP only group, sagittal view. 
Note the collapsed nature of the defect. New bone is forming within and 
outside ofthe membranes, and in contact with them. (NB) new bone; (CT) 
connective, tissue; (M) membrane. A montage was created at an original 
magnification of 40X and then digitally magnified using the Simple PC/ 
pro_ gram. 
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Figure 13. Decalcified H&E histology of the CSD, Bio-Oss only group, sagittal view. 
Note the space maintained by the Bio-Oss particles. There is new bone 
forming in contact with Bio-Oss particles. (B-0) Bio-Oss particles; (NB) 
new bone; (CT) connective tissue; (M) membrane. A montage was created 
at an original magnification of 40X and then digitally magnified using the 
Simple PC! program. 
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Figure 14. Decalcified H&E histology of the CSD, Bio-Oss only group, sagittal view, 
higher magnification. There is new bone forming in contact with Bio-Oss 
particles. (B-0) Bio-Oss particles; (NB) new bone; (CT) connective 
tissue; (M) membrane. A montage was created at an original 
magnification of 40X and then digitally magnified using the Simple PC! 
program. 
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Figure 15. · Decalcified H&E histology of the CSD,. Bio-Oss with PRP group, sagittal 
vie~. Note the space making ability of the Bio-Oss particles. Bio-Oss are 
not ·resorbed. (B-0) Bio-Oss particles; (NB) new bone; (CT} connective 
tissue; . (M) membrane. · A montage was created at an original 
magnification of4~X. and then digitally ma8nified using the Simple PC/ 
program. 
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DISCUSSION 

The purpose of this experiment was to assess the regenerative capacities of the 

anorganic bovine bone, (Bio-Oss ), and platelet rich plasma on the rat calvarium. The 

Bio-Oss was present to provide a source of hydroxyapatite bone mineral, as well as a 

trabecular micostructure similar to human bone, providing an osteoconductive effect. 

Additionally, the incorporation on a solid particulate graft material ensures complete 

anatomic space maintenance. PRP was tested as an autogenous source of the growth 

factors PDGF, IGF-I, and TGF-p, providing an osteoinductive effect. These materials . 

were used separately and in combination in an 8mm, non-spontaneously healing defect in 

the rat calvarium to study osseous wound healing. Quantitative and qualitative 

comparisons were made between these different groups. 

A .simple and inexpensive model that eliminates many extr.aneous variables (other 

than the desired osseous healing) was used in determining the effect of PRP and Bio-Oss 

on bony regeneration. The surgical technique was consistent and resulted ·in a 

standardized wound that will not regenerate during the lifetime of the ahimai. Results of 

healing were evaluated after eight weeks. The principle investigator performed all 

surgical phases of this project as well as data collection. 

The histomorphometric analysis in this study utilized both percentage of bone· 

filling of the 8mm craniotomy in addition to the absolute value of the total new bone 

42 
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regenerated. Our results showed that when percent new bone was determined after the 

eight week course of the experiment, the control and PRP only groups sho~ed a 

significantly greater amount of bone regeneration than the groups grafted with Bio-Oss or 

Bio-Oss + PRP. When the total area of new bone growth was calculated, it was found 

that there was no significant difference between any of the groups. All groups showed a 
I 

similar degree ofbone regeneration. The space making and space maintaining quality of 

the particulate bone particles was readily apparent in all samples analyzed. I The control 

and PRP groups showed ~ lack of maintenance of the original defect volume. 

The higher percentage of new bone growth in the control and PRP groups may be 

explained by the cross sectional areas of the various groups after grafting. The control 

and PRP groups had a significantly smaller (p::;; 0.05) defect size when compared to any 
. . 

groups containing Bio-Oss particles, i.e., the 'Bio~O-ss alone and Bio-Oss with PRP 

groups. This is explained by the fact that the Bio-Oss particles maintained the defect at a 

greater.thickness than the control or PRP group based on cross-sectional area of the 

defects. This is dl;le to the space filling characteristics of the volume ofBio70ss particles 

used. 

Another difference in this experiment compared to those of Hollinger and 

Schmitz (1985) in establishing the critical sized defect in the rat as a test for the 

regenerative capacity of bone replacement materials is the use ofPTFE membranes on 

either side of the calvarial defect.· This technique has been commonly used in this 

laboratory to isolate the defects from the overlying periosteum and the underlying dura 

mater, which has a capacity to enhance bone growth in the calvarium. 

Linde et al (1993) refers to this technique as osteopromotion. This refers to the 
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use of physical means to seal off an anatomical site (where one desires bone formation) 

in order to prevent other tissues, notably connective tissue, from interfering with 

osteogenesis, and to promote bone formation. One application of the osteopromotion 

principle, used in this experiment, comprises a technique where artificial membranes are 

placed in tissue, enveloping the site of osteogenesis, and with close adaptation to existing 

bone sufaces, in order to: 1) improve bone healing; 2) bring about complete bone 

restitution; 3) improve bone grafting results; an~ 4) create new bone. By placing 

membranes to seal off the defect from surrounding soft tissue, a locally protected tissue 

environment is created, and osteog~nesis may occilr unimpeded. Ingrowth of other cell 

types and rapidly regenerating tissues is prevented. Cells exhibiting an osteogenic 

potential may migrate into the area from the adjacent bone margins to form· new bone 

relatively undisturbed. By leaving t~e membrane in place for an extended time period, 

the newly produced bone may have enough time to remodel into lamellar bone, 

diminishing the risk of resorption. 

Dahlin et al (1988) investigated this principle by creating 5mm critical sized 

defects in the mandibular angles of rats. The defect on one side of the jaw was covered 

on both sides with a porous expanded polytetrafluoroethylene ( ePTFE) membrane, with 

no membrane placed on the contralateral (control) side. Results showed all animals had 

complete bone healing after 6 weeks on the membrane side with little or no healing on 

the control side. After 22 weeks, the defects on the control side were filled with 

connective tissue only and not ossified. These results show that a mechanical barrier to 

connective proliferation into a bone defect can greatly enhance bone healing. 

Dahlin et al in 1993, investigated the potential of the osteopromotive membrane 
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technique for the restoration of non-healing bone defects, which were filled with fibrous 

connective tissue. Standard rat mandibular CSDs were produced, no membranes were 

placed, and the animals allowed to heal for 12 weeks. When re~entry surgery was then 

performed, the defects showed peripheral bone apposition, and were filled,with dense. 

connective tissue. The scar tissue was removed and membranes placed to encompass one 

of the two original defects in each rat. After six additional weeks of healing, all 

membrane- covered defects had completely~regenerated with normal bone tissue. On the 

other side, only minor bone regeneration occurred. 

Dahlin et al in 1991 created 8mm CSDs in rat calvaria, and covered the defect 

with ePTFE membranes in various combinations with bone chips. They found virtually 

complete bone healing as early as three weeks after surgery in animals rec~iving both an 

inner and outer membrane with interpositioned bone chips. 

This experiment emphasized the importance of providing adequate space for 

osteogenesis to take place. When membrane quality is not stiff enough and tends to 

collapse info the wound, a space holder, in the previous study bone ships harvested 

locally, may be crucial to maintain separation of the opposing membranes (Linde et al, 

1993). 

The simple explanation of the efficacy of the osteopromotive membrane 

technique is that ingrowth of other tissues, such as connective tissue, prevents slower 

migrating cells with osteogenic potential from differentiating and forming bone. By 

keeping these soft tissue cells away from the site of osteogenesis by a mechanical 

hindrance, or a cell impermyable membrane, a secluded_ space is created where 

osteogenesis can occur. 
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Osigo et al (1991) showed that fibroblasts produce soluble factors which are 

inhibitory to bone cell differentiation and osteogenesis. Centrella et al (1992) found that 

the bone matrix itself is a rich source of growth factors such as TGF-~, IGI-I, IGF-II, 

aFGF and bFGF. These cytokines are synthesized by the bone cells themselves. 

In this experiment, the presence of the membranes may have enhar).ced bone 

growth due to isolation of the PRP in one case, and the isolation of a stable fibrin clot in 

the case of the control. In other words, the membranes could have behaved in a manner 

expected when conducting guided bone regeneration. Additional reasons for using the 

PTFE membranes in this experiment were hemorrhage control, and contai11ffient of 

grafting materials precisely within the def~ct. 

Platelet counts achieved in this study resulted in a mean of754,000.per ul, which 

was similar to the number achieved by Marx et al (1998). However, the mean percent 

increase in platelet concentration, or 156%, was lower than that achieved by Marx and 

co-workers. However, the high initial concentration of platelets in the Lewis rats used, 

500,000 per ul, allowed a final product, which was sufficiently high in platelets. 

Relatively small amounts of whole blood, about 10 ml, were used to gener(\.te the PRP 

· due to exsanguinati~n of ~onor rats sq·the use of a gradient density cell separator, 

common to many operating rooms, was not possible. For this reason, a laboratory 

centrifug~ was used to manufacture PRP. 

The coagulation of the PRP with a mixture 10% calcium chloride and bovine 

thrombin 1: 1000, produced a gel which had excellent handling characteristics. It could 

easily be placed within the calvarial defects. The mixture of Bio-.Oss with PRP was 

created by placing PRP from the centrifuge tube in a small container, adding the 
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appropriate amount ofBio-Oss and then coagulating the mixture with 10% calcium 

chloride and 1: 1000 bovine thrombin. The gel created had Bio-Oss particles embedded 

within it, and could then be easily placed in the calvarial defects created. Thus, PRP 

could be used as an excellent vehicle for particulate bone grafting materials. 

In terms of the area of new bone generated in each group, there was no significant 

difference among the groups. The Bio-Oss only group displayed the greatest amount of 

new bone growth. The fact that the PRP group. qid not regenerate bone in an amount 

greater than the control group contradicts findings by Marx et al., that there was greater 

bone density in bone grafts in which platelet rich plasma was added. The control group 

may have .performed so well because,_ similar to PRP, it is a coagulum of whole blood, 
. . ' 

which formed a fibrin clot, and contained leukocytes, platelets (although a~ a lower 

concentration), and access to circuhtting growth factors and stem cells. Also, the PRP 

and control groups showed bone regeneration because, to a certain degree, the_ PTFE 

membranes isolated and maintained defect space (although less than the groups 

containing Bio - Oss ), allowing new bone growth and preventing an overgrowth of 

fibrous connective tissue. 

The PRP generated, although similar to platelet counts achieved in the human, 

may not have been of sufficient quantity in terms of platelet count, to achieve a 

concentration of growth factors necessary for enhanced would healing in the rat model. 

. In fact, it has been determined (Bowen-Pope et al, 1995), that there ar_e approximately 

0.06 ng ofPDGF per one million platelets. Assuming a platelet count of Ol.J.e million per 

J.ll, a defect of the volume used in this experiment (approximately 500 J.ll), would yield a 

total amount of30 ng ofPDGF. In experiments by Giannobile et al (1996) testing bone 



48 

regeneration in monkeys by adding human recombinant growth factors to periodontal 

defects, a total amount of 10 )lg of PDGF was used to affect bone regeneration in the 

defects created. Howell et al (1997) determined that a concentration of 150 )lg I ml 

PDGF worked best in achieving bone regeneration of periodontal defects in humans. It 

can be seen that the concentration ofPDGF in PRP may be lower than that which can be 

achieved via the addition of recombinant growth factors. Therefore, PRP inay not be as 

effective in the inductionofbone regeneration as th~ addition of recombinant growth 

factors. 

The eight- week course of the experiment was ·chosen to maximize. assessment of 

the early effects ofPRP addition. It was assumed that a longer time frame,(12-16 weeks) 

would allow for the effects of PRP to be minimized via normal wound maturation, which 

would allow growth factors and stem cells to enter the wound via circulation and from 

the bony margins of the defect. Pilot rats were sacrificed at six weeks, and showed very 

little evidence of bone growth in any group when examined histologically,therefore, it 

was decided to extend the length of the healing period to eight weeks. 

The eight- week course of the ~xperiment may have influenced the degree of 

maturity of the defects grafted with Bio-Oss. Several studies have shown excellent bone 

regeneration with Bio-Oss with more extended time periods for maturation of the grafted . 

sites. Zitzman et al (1997), in a human study, allowed six months for maturation. 

Berglundh and Lindhe (1997), in a study in dogs allowed seven months for maturation, 

and Hurzeler et al (1998), in monkey study allowed six months before sacrificing the 

animals. In an extended period of time, or 12 to 16 weeks, to allow for graft maturation 

in this rat model, increased bone growth may occur in the defects grafted with Bio-Oss. 
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Radiomotphometric findings showed that the control and PRP groups had a 

similar appearance and the Bio-Oss and Bio-Oss plus PRP group had a similar 

appearance. The control and PRP groups had a radiolucent appearance, with evidence of 

radiodensity representing new bone growth forming at the periphery of all defects. The 

I 

Bio-Oss and the Bio-Oss plus PRP groups showed a uniformly radiodense granular 

appearance, owing the presence of non resorbed Bio-Oss particles in these defects. The 

characteristic radiodensity of Bio-Oss particles prevented a densitometric evaluation of 

these radiographs to assess new bone growth. A similar radiographic appearance of these 

defects would have been present minutes after performing the surgical procedures. 

Histormorphometric findings of the absolute value of new bone area showed no 

significant differences between the groups. Gross histologic findings were very different. 

Again, there was a similarity between the control and PRP groups, and between the Bio-

Oss only and Bio-Oss plus PRP groups. The control and PRP groups healed in a very 

thin dimension, and the tissue consisted of new bone originating from the periphery of 

the defects, and dense fibrous connective tissue. If allowed to mature for a longer time 

period, these defects would not totally regenerate (Schmitz and Hollinger, 198~), and in 

an ideal circumstance would only regenerate to the thin dimension of the remaining 

defects which was within the confines of the PTFE membranes. In fact, one control rat 

did show bone growth across the entire width ilJ?-d height of the defect which remained 

between the membranes. Even if these. defects healed at 100% new bone, the dimension 

would be. very thin: This occurred because there was no space maintained between the 

two membranes, they lacked stiffness, and collapse resulted. 

In contrast, the Bio-Oss and Bio-Oss plus PRP groups showed a significantly 
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greater defect area within the membranes. This is due to the spacemaking charastics of 

the Bio - Oss. The pattern of new bone growth was also different. Although most new 

bone growth occurred from the periphery of the defects, there were many· areas of new 

bone, interdigitated with Bio-Oss particles, throughout the height and width of the defect, 

and also in central locations. Ifthese grafts had been allowed to mature c()mpletely, a 

thick dimension of new bone, interdigitated with Bio-Oss particles, may have developed. 

Resorption and replacement of the Bio-Oss particles may also occur. These grafted sites 

have the potential to heal at a much greater thickness and strength than the control or PRP 

only groups. Therefore, they have increased utility as bone graft materials in 

periodontics, where increased thickness and strength of new bone is necessary in sinus 

lift procedures, alveolar ridge augmentation, or guided bone regeneration. Furthermore, 

when looking at the specimens histologically it was revealed that the Bio-Oss granulate 

was well integrated into ·the newly formed bone. This would infer that the Bio-Oss 

particles have the distinct capacity to become new bone as the temporal sequence of 

osseous wound healing continues. 

This observation supports the spacemaking qualities of the Bio-Oss particles 

placed within the PTFE membranes. The term "bone regenerati~n" implies that, during 

treatment, a specific volume of space, preferably in a specific geometry, is filled with 

viable bone and the overlying membrane. This space and geometry must be created and 

maintained for an adequate period of time during healing for acceptable therapeutic 

results (Buser et al, 1994). 

Artzi et al (2000) evaluated Bio-Oss in its cancellous form when grafted in 15 

fresh human extraction sockets in 15 patients. At nine months, cylindrical samples of the 
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previously grafted sites were obtained. He found average clinical bone fill of the 

augmented sockets was 82.3%. Newly formed bone was characterized an abundance of 

cellular woven bone in the cc)ronat'area, ~hile lamellar bone could· be identified in the 

apical region. New osseous tissue adhered to the Bio-Oss particles. Also, the 

resorbability ofthe porous bovine bone mineral could not be recognized ip. the nine

month period of the study. 

In a following study, Artzi et al (2QOO) conducted a histochemicatanalysis of the 

samples previously obtained froni extraction sockets grafted·-with Bio-Oss. ~e found 

grafted particles were not significantly resorbed at 9 months. He concluded that 

cancellous anorganic bovine bone is a biocompatible filler agent in extraction socket sites 

· ·and an acceptable graft for edentulous ridge preservation at sites prepared.to receive 

endosseous implants. The Bio-Oss was determined to be osteoconductive, based on the 

promotion of ossseous ingrowth and close integration with newly generated bone. 

Schwartz et al (2000) investigated the ability of Bio-Oss to induce new bone 

formation. The investigators deproteinized cancellous bovine bone and then applied 

chaotropic solvents used in the protocol for purification of BMPs. Extracts were obtained 

and tested for their ability to support osteoinduction in mice. The results showed small 

amounts of protein were present in the Bio-Oss in close association with the mineral 

phase. Some of the extracted material has osteoinductive potential and the presence of 

growth factors (TGF-~ and BMP-2) was detected. This may explain the osteopromotive 

ability of Bio-Oss. 

Further evidence for the osteoconductive ability of anorganic bovine bone is 

found in a study by Stephan et al (1999). In this study, primary culture osteoblastic cells 
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were· incubated with Bio-Oss in sterile microfuge tubes for v~ing time periods. It was 

found t~at the cells attached to the matrix material in a time-dependant manner. The 

results demonstrate that this anorg~nic bovine bone graft material is able to support the 

proliferation and attachment of osteoblastic cells. 

PRP, which is a source of growth factors, may have adsorbed onto the surface of 

the Bio-Oss particles, rendering them osteoconductive. This concept is s~pported in a 

study by Jiang et al (1999), in which PDGF-BB and IGF-1 were radiolabeled and 

incubated with anorganic bovine bone matrix. Results showed PDGF-B~ and IGF-1 

adsorbed to the bone mineral matrix in a concentration-dependent fashion. This suggests 

that these growth factors can-be adsorbed into the anorganic bovine bone mineral matrix 

and may subsequently enhance the osteogenic properties of this bone graft material. 

All of the grafted sites showed an absence of inflammatory cells. This indicates 

that PRP, which was prepared from genetically identical rats from the Lewis strain, 

produced no graft rejection response. Bio-Oss also produced no inflammatory response 

indicative of graft rejection. Bio-Oss is· a biocompatible xenograft with the same 

chemical composition an~ microstructure as human bone. It is readily incorporated into 

host bone, does not undergo appreciable resorption, does not incite a clinically significant 

foreign body reaction, and resists infection. 

It can be concluded from this .study that all groups, hematologic coagulum 

(control), PRP, Bio-Oss, and Bio-Oss with PRP produced significant osseous 

regeneration when grafted into a critical sized defect within the rat calvarium and allowed 

to heal for eight weeks. There was no significant difference reported among any of the 

modes of therapy. Areas graftedwith Bio-Oss.have a greater space filling and space 
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maintaining capacity, and have the potential to heal in a greater dimension. PRP has 

handling characteristics that are advantageous for use as a grafting material as it is 

gelatinous and it is from an autoiogous s-ource. It can serve as an excellent. vehicle for the 

placement and handling of particlate bone _graft materials. 



SUMMARY 

Platelet rich plasma (PRP) is an autogenous source of platelet-derived growth 

factor, transforming growth factor-beta, and insulin like growth factor, that has been 

shown to facilitate human bone growth. Anorganic bovine bone (ABB) or Bio-Oss is an 
I 

osteoconductive xenograft used clinically to regenerate periodontal defects, restore dental 

alveolar ridges, and facilitate sinus lift procedures. The purpose of this study is to 

combine PRP with ABB in an 8mm critical-sized defect (CSD) in the Rattus norvegicus 

calvarium using the following treatment groups: 1) control; 2) PRP only; 3) ABB only; 

and 4) PRP + ABB. Histomorphometric analysis at eight weeks revealed no significant 

difference (p :::;; 0.05) in new bone regeneration between the four groups. The ABB and 

PRP + ABB groups showed significantly greater defect area (p:::;; 0.05) than the control 

and PRP only groups at the end of the study. The groups grafted with ABB showed close 

contact with new bone growth throughout the defects. In conclusion, the addition of PRP 

to CSDs in the rat calvarium defect model did not enhance osseous regeneration. All 

groups showed regeneration due the isolation of the defects by PTFE membranes, 

promoting b9ne growth over connective tissue growth. Groups grafted with ABB 

retained the greatest defect area, due to the spacemaking abilities of the ABB particles. 

This gives the potential, at greater time periods, for a thicker dimension of osseous 

regeneration, which may be clinically significant in periodontics. Lastly, ABB is non-

54 
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antigenic,· showing no inflammatory response, and was unresorbed during the eight week 

course of this experiment. 
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