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I. INTRODUCTION 

Statement of the Problem: 

Periodontal disease is endemic. The prevalence of 

severe periodontal destruction worldwide is estimated 

between 7-15% 1
• Periodontitis destroys both hard and soft 

tissues. The goal of a periodontist in treating defects 

caused by periodontal diseases is the regeneration of the 

supporting periodontium. Ideal treatment would result in 

the reformation of functionally oriented principal fibers 

inserted into new cementum on roots that had previously been 

denuded by periodontitis. Additionally, this ideal therapy 

would eliminate·intraosseous defects. 

Wound healing is a complex process and relies upon 

nutrients, oxygen, and cell migration from the blood stream 

and wound margins. Oxygen is essential and necessary for 

the formation of-granulation tissue and collagen synthesis. 2 

Collagen is the major protein of connective tissue and bone, 

contributing 89.2% of cortical bone's organic matrix. 3 •
4 

Osseous defects are a common fesult of periodontitis. 

The major bone-resorbing cells of the body are the 

osteoclasts. They are involved in the initial step of bone 

remodeling and resorption. These multinuclear cells are 

1 



highly phagocytic and stain positive for acid phosphatase. 

A "reversal" phase follows resorption in which resorbed 

~reas are lined by mononuclear cells. This precedes the 

next phase, bone formation, where osteoblasts are attracted 

to the resorption defect and. the~ repair it through 

o~teogenesis. This process takes approximately three 

months. 5 

2 

·When the healing process is interrupted, i.e. due to 

continued inflammation or infection, grafting procedures 

might be considered in the treatment phase. Organic and 

inorganic materials of various kinds have been placed into 

clinically and experimentally occurring osseous defects in 

an attempt to ·stimulate regeneration of lost· structures. 

Various organic and inorganic materials have been used, from 

autogenous bone to allografts to ceramic materials. No 

single graft material provides an operator wit~ both 

consistent and predictable ~esults in the treatment of 

various periodontal osseous defects. It would be a 

signific~nt contribution to the therapist to have access to 

an alternative treatment ~odality which would improve 

consistency of osseous repair. 

One approach might involve the use of Pluronic polyols: 

non-ionic surfactants, composed of the condensation of 

polymeric oxypropylene and oxyethylene.. These compounds 

have been used successfully in many healing studies, .showing 

an increase in both early wound healing6 and collagen 
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formation7
• Other. potential beneficial· effects of Pluronic 

polyols include increasing olood flow in elevated skin flaps 

or in the microcirculation8
, and decreasing edema in injured 

tissues 9
• 

From a review of the literature, it is ~bvious that 

Pluronic polyols F-68 and F-127 erihance=~ound healing 

(whether resulting from trauma or surgical incision), 

particularly its early phase 6
'

7
'

9
• Their long-term benefits 

\.. 

have not been investigated. If these compounds are to be 

beneficial in periodontal new attachment procedures, their 

long-term effects must be evaluated. Pluronic polyols may 

create an intraoral environment which is conducive to bone 

regeneration. 

From the therapeutic point of view, regeneration could 

be improved by protecting the healing wound at the root 

surface or enhancing adhesion and maturation of the coagulum 

at the root surface. By creating an environment where the 

coagulum adheres to the root to prevent epithelial cells 

from migrating along the marginal wound interface, the 

selective repopulation of the wound could occur. Thus, 

coagulum/granulation tissue adherence to th~ root surface 

might be as important as epithelial exclusion by barriers. 10 

It would improve grafting techniques if a carrier could 

be utilized to ensure that the material stays where the 

therapist places it. Pluronic polyols may provide such a 

vehicle since a concentrations of 20% or-higher, they form a 
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gel at body temperature. Thus, they could be mixed with the 

graft material and ass~st in its placement. 

Review of Related Literature: 

1. Bone: 

All bone develops from the same stem cell line; 

depending on its location, bone has one of two different 

arrangements. ·The interaction of cartilage cells and 

perivascular connective tissue results in the bone of the 

axial and appendicular skeleton. In the cranium, bone forms 

within membranes due to the interaction of primitive 

mesoderm and perivascular connective tissue cells. 

Cartilaginous and intramembranous induction begins early in 

the fetus and continues postnatally. Both forms of bone are 

subject to cellular interactions and maintenance of an 

equilibrium between deposition and resorption throughout an 

individual's life. 3 Bone is one of-the few tissues of 

higher vertebrates which differentiates continuously, 

remodels internally, and regenerates after injury . 11
•
12 

Osteogenic cells are .the precursors of osteoblasts. 

They can be derived from periosteum or endosteum. 

Osteogenic cells transform into the spinal cell layer once 

skeletal growth ceases. In this form, osteogenic cells are 

indistinguishable from fibroblasts of the cambium layer of 

periosteum. These cells have been termed osteoprogenitor 

cells, preo?teoblasts, mesenchymal cells, pluripotential 
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cells, cambium cells and bone stem.cells. 13 

As osteogenic cells approach bone, they transform int·o 

greatly enlarged osteoblasts. The osteogenic cell is 

characterized by a prominent nucleus with euchromatin, one 

or more nucleoli, and few organelles. Upon transformation 

to osteoblasts, intracellular structural changes occur to 

support a secretory function. Osteoblasts are characterized 

by 'prominent euchromatin in their nuclei, well-developed 

Golgi apparatus which is in juxtanuclear position, much 

rough endoplasmic reticulum~ ~rid numerous mitochondr£a.u 

Osteoblasts form and secrete collagen fibrils and 

ground substance only on the bone side, thus forming the 

preosseous matrix. 4 •
13 Preosseous matrix is composed 

primarily of Type I collagen, proteoglycans, and 

osteocalcin. 12 Upon deposition of calcium salts in the 

preosseous matrix, osteoid~tissue is formed. As 

osteogenesis proceeds, one will see a layer of osteoid 

tissue impregnated with large amounts of collagen fibrils 

covering bone. Osteoblasts project numerous cytoplasmic 

processes towards the osteoid and bone tissue. On the side 

opposite the osteoid and bone, slender cytoplasmic processes 

connect osteoblasts to osteogenic cells. Bone is 

subsequently formed by further calcium deposition. Besides 

being able to mineralize bone matrix, osteoblasts can 

phagocytize collagen. 12 As bone tissue envelopes nearby 

osteoblasts, they are transformed into osteocytes. 



Osteocytes are characterized by their smaller size and 

diminished secretory activity (less rough e~doplasmic 

reticulum and mitochondria) . The space in which an 

osteocyte is housed is termed a lacuna. The cytoplasmic 

processes are not lost, thus osteocytes are connected to 

other cells, i.e. osteocytes and osteoblasts. A canaliculi 

is formed as bone envelopes the cytoplasmic processes. 13 

6 

Ossification is the result of secretions, not simply 

the precipitation or crystallization from interstitial 

fluids. -Initially apatite !~-seen randomly distributed with 

respect to collagen fibrils iri the osteoid. Crystals form 

into larger islands associated with fibers. Some crystals 

are seen in membrane-bound cellular extensions or vesicles. 

These cellular extensions form the matrix vesicles. These 

are composed of calcium, phosphate, pyrophosphatase, acid 

mucopolysaccharides, ATPase, phospholipids, glycolipids, and 

alkaline phosphatase. The phospholipids of the matrix 

vesicles probably stabilize the initial mineral phase of 

calcification. Additionally, collagen is proposed to be a 

nucleator, because co~lagen fibers in bone initially are 

associated with calcium phosphate. Alpha-1 collagen 

enhances bone's affinity for apatite~ 4 

Immature ·bone is a coarser-woven form of bone. 

Additionally, it is spongy and less calcified. This more 

primitive bone is subsequently removed by resorption to be 

replaced by mature bone which is lamellar in nature. Thus, 



the arrangement in adults is lamellar, either as compact, 

cylin'arical systems or trabeculae. As the osteocytes are 

nearing or at the end of their life span, adult bone is 

resorbed and replaced by reconstructed lamellae to remove 

these osteocytes. Bone derives its blood supply from 

nutrient-arteries and periosteal vessels. 4 

The initial event in osteogenesis may be the 

chemotactic attraction of osteogenic cell precursors to a. 

site of bone resorption or injury. The osteoprogenitor 

cells differentiate into mature osteoblasts which are 

capable of producing structural proteins of bone with

subsequent mineralization of the matrix to form normal 

mineralized bone matrix. Following proliferation, mature 

osteoblasts are capable of synthesizing Type I collagen and 

other proteins which help comprise the proteinaceous bone 

matrix. The final event of osteogenesis is cessation of 

osteoblastic activity and a change in osteoblast phenotype 

into an osteocyte. Osteoblastotrophic factors which may be 

involved in the r-egulation of osteoblasts during bone 

formation include Transforming Growth Factor-beta (TGF/1) , 

Platelet-Derived Growth Factor (PDGF) , Skeletal Growth 

Factor, Bone-Derived Growth Factor (BDGF), Insulin-like 

Growth Factor-I (IGF-I), Transforming Growth Factor-beta-II 

(TGF/1-II), and endothelial Cell Growth Factor. 5 

2. Remodeling: 

Adult bone is in a dynamic state, being remodelled 

7 
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continuously by both resorption and bone formation. 

Remodeling occurs in discrete, focal packets throughout the 

skeleton. These are termed bone remodeling units or bone 

structural units. Remodeling is initiated by osteoclastic 

bone resorption, then osteoblasts form new bone. Regulation 

of these cellular events is mediated by local mechanisms in 

the microenvironment of the bone remodeling unit. 5 

Resorption of intercellular substances precedes bone 

induction in most situations. Resorption occurs by 

destruction of the intercellular matrix. These breakdown 

elements subsequently enter the blood stream. 3 

As stated previously, osteoclasts are the major bone

resorbing cells of the body. They are vital in initiating 

remodeling and resorption of bone. In an adult, 

osteoclastic activity usually occurs during an initial 

period of 10 days after wounding. Next, the "reversal" 

phase follows in which resorbed areas are lined by 

mononuclear cells. These mononuclear cells are highly 

phagocytic and stain positive for alkaline phosphatase. The 

subsequent phase is bone formation. Osteoblasts are 

attracted to the resorption defect and then repair it 

through osteogenesis. This process takes approximately 

three months. 5 

Osteoclasts and osteoblasts have different origins. 

Osteoclasts arise from hematopoietic stem cells, which 

circulate in the blood stream. Osteoblasts generally arise 



locally from stromal mesenchymal cells. "Factors that are 

generated during resorption promote osteogenesis. 5 

3. Allografts: 

"Bone grafts describe the direct transplantation of 

whole bone; viable, living bone cells plus the organic and 
\ 

inorganic matrices. "14 When transplantation is from one 

9 

;individual to another of· the same species, this is termed an 

allograft. Processed bone is available from many sources 

such as bone banks. Furthermore, bone can be provided in 

many forms, from whole bone to blocks and powders. 

"Osteoinduction is the process of recruiting 

undifferentiated cells and causing them to differentiate 

into bone forming cells (osteoblasts) . Osteoinduction is 

initiated by a complex of protein factors associated with 

both the host bone and the transplanted bone. Some of these 

proteins have been id~ntified and are known as bone 

morphogenic proteins (BMP), osteogenin, and growth 

factors. "14 

"Osteoconduction is the. ingrowth of host bone into 

transplanted tissue. The transplant.acts as a scaffold for 

bone ingrowth. "14 
· "Osteoconduction is the process of 

extension of·bone repair growth from pr~viously 

differentiated bone cell's of the host bed. "15 

Bone is compos.ed of inorganic components (calcium 

salts, hydroxyapatite, and apatite), collagen, and non-

collagenous substances. Though they are only a small 



portion of whole bone, the non-collagenous components are 

key to regenerat1on. Non-collagenous substances include 

inductive proteins and growth factors. 14 

10 

Bone morphogenic proteins are a non-collagenous 

component of preosseous matrix. BMP will irreversibly 

induce differentiation of osteogenic cells into osteoblasts, 

while local mechanisms control cell proliferation. 

Induction is the differentiation of one tissue due to the 

influence of another tissue~ Orthotropic osteogenesis is 

bone induction within th~ ~ket~tal system. BMP switches the 

develqpmental pathway of osteogenic cells of.th~ cambium 

layer of .periosteum o~ bone marrow stromal blood vessel 

. connective tissue cellS? '(p'reost.eoblasts) to· osteoblasts . 11
•
12 

Decalcification in hydrochloric acid and fixation in ethanol 

does not destroy the inductive principle of BMP. 

Bone-derived growth factors (BDGF) are secreted by 

osteoprogenitor cells11
• BDGF stimulate DNA synthesis in 

osteoprogenitor cells, including cells which secrete BDGF 

(via a feedback mechanism). Additionally, BDGF stimulate 

hydroxylation of proline, uptake of sulfate, and other 

metabolic processes. Bone regeneration is thus attributable 

to the co-efficiency of BMP and BDGF. In contrast to BMP 

however, BDGF is reversible. 11 As a result, osteoinduction 

is the· conversion of host osteogenic cells into osteoblasts 

due to biochemical factors from the graft. Osteoconduction 

is the·ingress of cellular and stromal elements of the host-
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bone margins. 16 

The use of bone powders during grafting provides for a 

large surface area as the recipient bed. Particulate bone 

grafts present few barriers to diffusion of tissue fluids, 

as well as subsequent ingrowth of vascular tissue. 17 

Demineralized bone matrix induces osteogenesis without 

appreciable resorption of.the implant. Thus, total repair 

of a defect is the function of surface area of the implant, 

osteoinductive ·.componerits of the graft, and the fact that 

demineralized bone powder is h6t appreciably resorbed. 18 

.Demineralized bone implants are believed to heal by 

osteoinduction. When DBP is transplanted into soft tissue, 

it can result in the formation of bone. Defect healing 

generally progresses from the wound margins. When· DBP is 

utilized, healing is more uniform throughout the defect, not 

just from the wound margins. Thus, large defects can be 

repaired. 19 Demineralized bone-matrix is also 

osteoconductive. Its use results in new bone being laid 

down both on its surface as well as within its ~ubstance. 

DBP does not generally evoke appreciable local fore~gn-body 

or immunogenic reaction. Since osteogenesis is initiated by 

resorption, this demineralized graft form results in quicker 

initiation of bone formation because of the prior removal of 

minerals. Demineralized bone powder.possesses BMP which 

stimulates repar~tive mesenchymal cells to form bone. 

Furthermore, its matrix can act as an osteoconductive 
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meshwork which aids in bridging an osteoperiosteal defect. 20 

Thus, two mechanisms explain the_success of demineralized 

bone grafts. First, the graft acts as a "trellis" for 

vascular ingrowth, the graft is then partially resorbed, and 

finally new bone is deposited (from osteoblasts derived from 

the recipient bed). Secondly, demineralized bone grafts 

transform host cells into osteoblasts, in the process known 

as osteoinduction. 

Events which result from grafting with decalci~ied bone 

include a brief inflammatory reaction, which is followed by 

a vascular mesenchymal cell invasion of the implant. 21 

Degradation products of demineralized bone-matrix stimulates 

wandering histiocytes, foreign-body giant cells, and 

inflammatory connective tissue cells to migrate into and 

repopulate the implant. Histiocytes are the most numerous 

of these cells and may transfer collagenolytic activity to 

dissolve matrix. 22 Multinucleated giant cells resorb the 

demineralized bone-matrix, which results in tunnels and 

enlarged cavities. 21 This process is immediately followed 

by osteogenesis due to autoinduction, where the inducer 

cells and the induced cells are derived from the host. 

Wandering histiocytes are the progenitors of the inducer 

cells. Induced cells include the perivascular connective

tissue cells or fixed histiocytes. Thus, local alterations 

in cell metabolic cycles result in the differentiation of 

osteoprogenitor cells. 22 The matrix around the eroded 
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chambers then recalcifies, presumably from diffusion of 

mineral ions from new blood vessels. Osteoblasts displace 

multinucleated giant cells and deposit preosteoid on the 

eroded calcified surfaces. This results in a cement line. 21 

This sequence is disputed by Urist who feels osteoblasts 

recalcify the implant matrix and thus remineralization is a 

consequence of bone induction. 23 

In summary, demineralized bone is an excellent graft 

material for use in wound healing. Its dead, decalcified 

matrix ·is invaded by new blood vessels and then resorbed. 

Survival of the graft is partially dependant on the degree 

and rapidity with which revascularization occurs. 17 New 

bone is deposited in "pockets or evacuation chambers" 22 

filled with proliferating osteoprogenitor cells. This 

process is initiated within a few weeks and completed within 

several months. Osteoconduction accounts for the new bone 

which is contributed by cells in the walls of the host bone. 

Osteoinduction is the stimulation of osteoprogenitor cells 

to form osteoblasts. 22 

In this research project, it is expected that the 

O$seous defects will heal by bony ingrowth from the 

trephined rim and proliferation of perivascular mesenchymal

type cells (pericytes) of the dura mater. BMP reportedly 

influences dural pericytes to diffe~entiate and produce into 

woven bone and chondroid. After 3-4 weeks post-grafting, 

the woven bone usually remodels into lamellar bone. 15 
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It should be noted that periosteum is divided into two 

layers. The fibrous layer is home of fibroblasts. The 

cambium layer is inhabited by osteogenic cells. 13 Cells 

from periosteum which are elevated and replaced during flap 

surgery do not give rise to osteoblasts. Thus, after 

surgical exposure of the calvaria through a periosteal flap, 

these cells will not produce bone. As a result, little new 

bone is expected to form from periost~um along the incision 

line in this model. 24 

4. Alloplasts: 

An alloplast is an implant of inert material. Since 

the material cannot reconstitute the lost part, inert 

materials cannot result in regeneration. 25 Alloplastic 

implant materials have the following advantages over other 

grafting materials: (1) simplicity of storage and handling 

and (2) readily available. 

The formula for Tricalcium phosphate (TCP) is Ca3 (P04 ) 2 • 

TCP is tissue tolerant. Hematologically, blood chemistries 

(SMAC-12) are not affected_ by this ceramic implant. The use 

of TCP results. in no ill effects to the liver, kidney,, or 

other vital organs. Nor does TCP's use result in an 

alteration in the metabolism of calcium and phosphorous, or 

other enzyme systems. As a result, this ceramic is non

toxic to human tissue. 

Tricalcium phosphate is reported to be resorbed and 

replaced with osseous structures. A successful TCP graft 
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would occur when fibrous tissue grows into the graft, the 

·ceramic resorbs, and there is evidence of new bone. Osseous 

tissue can grow into porous beta-tricalcium phosphate. 25 

Pores are designed to aid in the degradation of TCP. This 

microporosity probably determines the rate of TCP 

degradation by increasing the surface area. Surface area is 

a noted factor in determining dissolution rates of solid 

material. 26 Degradation demonstrates TCP's 

bioresorbability. 27
'
28

'
29

'
30 

Porous ·TCP may function as a scaffold that can be 

scavenged, incorporat~d,_ or converted chemically into host 

bone. 26 Though bone.formation has been reported, no new 

connective tissue attachment from root to TCP is reported. 

Others have reported that TCP may only "bulk-up" bony 

structures, and not regenerate the periodontium. 25 As a 

result, TCP does not seem to restore the periodontium, 

rather it becomes encapsulated. 25 

Mors and Kaminski31 used TCP in dog cleft palate 

defects, showing definitive implant replacement by normal 

appearing bone tissue. But, TCP needs to be in intimate 

contact with bone. 

In the study by Bowers, et. al. 32
, osteoid was found 

after one year to be forming alongside and within ceramic 

particles. Also, separate fragments of mature bone were 

noted in areas separate from the TCP. Minimal inflammation 

was discovered with TCP use. Thus, TCP does appear to serve 



as a nidus for new bone formation.within intrabony defects 

(as well as in enclosed environments) . Secondly~ the 

resorption of TCP in an open environment, such as ~ 

periodontal defect, may require several years. 

16 

In summary, histologic evaluation after tricalcium 

phosphate use in the treatment of intraosseous defects 

revealed that ceramic particles were surrounded by dense 

connective tissue. TCP did not induce inflammation, no+ did 

it appear to enhance osteogenesis or cementogenesis. 

Closure of defects was essentially by a.long junctional 

epithelial attachment and limited evidence of new connective 

tissue-root attachment. Stahl and· Froum33
•
34 reported no new 

attachment, no cementogenesis, nor any osteogenesis in 

healing periodontal lesions in the presence of ceramic 

implants harvested at 3-8 and 13-18 months post-grafting. 

5. Pluronic polyols: 

Pluronic polyols are non-ionic surfactants that have 

shown beneficial effects on the strength and rate of wound 

healing6 • These compounds were introduced by the 

pharmaceutical industry in the early 1950's. These 

surfactants are virtually non-toxic and range in physical 

form from liquids to pastes to hard solids.. Pluronic polyol 

F-68 and F-127 are two·members of a series of 32 

commercially avail.able surfactants· formed as condensation 

products from poly(oxypropylene) and poly(oxyethylene). The 

condensation reaction yields .compounds that have a central 



Figure 1. The Pl.uronic Polyol 
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hydrophobic .core with hydrophilic groups at each end (see 

figure 1). In general, the poly(oxyethylene)compounds are 

water soluble. Conversely, the poly(oxypropylene) compounds 

over molecular weight 800 are insoluble in water. Pluronic 

polyols F-68 and F-127 are solids of moderate to high 

molecular weight (8360 and 12,500 respectively), which are 

very soluble in water. 

Several of the Pluronic polyols are utilized in 

cosmetics, food, and pharmaceutical industries due to tHeir 

low toxicity. 35 Pluronic F-68 and F-127 are apparently free 

from hazardous toxicologic and/or irritating properties. In 

studies with rats, Pluronic F-68 was given oraily in doses 

of 2-5 g/kg body weight daily for up to two years without 

toxic manifestations. 35 The oral LD50 for F-68 is estimated 

at 15 g/kg body weight. 35 Within 24 hours after parenteral 

challenge in rats, Pluronic F-68 is eliminated by the 

kidney, excreted in the urine. 35
'
36 Absorption and toxicity 

of Pluronic F-127 was tested on mongrel dogs by intravenous 

injection at a dose of 100 mg/kg body weight. Six hours 

after the challenge, 33% of the polyol was recovered, while 

at 30 hours, 68-75% of the administ~red ·F-127 had been 

excreted unchanged in the urine. It should be noted that 

the exact mechanism for excretion in the urine is 

unclear. 35,36,37,38 

Man, dogs, and rabbits have been utilized for skin 

sensitivity studies of Plurbnic F-68 and F-127. An agent 
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containing 75% Pluronic F-68 was applied for one minute 

every other day for ten applications onto the abdominal skin 

of rabbits and then, 14 days after the last application, the 

.paste was again applied for one minute. There were no 

visual or histologic signs of irritation or cell morphology 

changes. 35 In another rabbit study, paste with 26% Pluronic 

F-127 was rubbed on intact, abraded skin for 24 and 48 

hours. The result was only minimal skih irritation, as 

defined by the Federal Hazardous Substances Act. 39 

Through the years, the .Piuronic polyols have been 

utilized for their beneficial effects as adjuncts in 

combination with other substances. .In cell culture studies, 

it was hypothesized. that the polyols protect mammalian cells 

by reducing protein precipitation from the growth medium. 40 

Polyols. reduce foam, and·· thus are employed in bioreactors 

for immunologic~l research utili.zing insect cells 

cultures. 41 Pluronic ·F-68 is a component of a plasma 

substitute which is·successful in priming heart-lung 

machines during extracorporeal circulation. 42 Additionally, 

Pluronic F-68 can be utilized for fluid replacement during 

hemorrhagic shock treatment. In this situation, polyols 

have been shown to reduce mortality in animals plus provide 

for a more stable mean arterial blood pressure than either 

Ringers.Lactate or whole blood. 43 

In a study on wound healing, Rodeheaver44 demonstrated 

that the mechanical cleaning of wounds with Pluronic F-68 
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soaked spo·nges prevented experimental wound infections with 

only minimal tissue abrasion. StaphyloC?occus aureus was 

also introduced into wounds in a rabbit model which were 

subsequently treated by mechanical cleansing with either F-· 

68 soaked sponges at various concentrations or saline-soaked 

sponges. All treatments effectively removed bacteria and 

reduced the ri.sk of infection. The tissue damage with 

polyol-soaked sponges was less. Pluronic F-68 itself does 

not have any intrinsic antibacterial activity. However, the 

addition of polyols to the abrasive sponges ensured the 

removal of bacteria while minim~ zing tissue trauma·. Thus, 

Pluronic polyols. can dramatically reduce the infection rate 

of contaminated wounds. 4~ Additionally, these surfactants 

do not initiate body cellular and humoral immunologic 

responses and therefore no additional damage is done to the 

existing wound. 45 

Edlich's study38 supported the above finding. Betadine 

Surgical ·scrub .antiseptic solution with or without Pluronics 

were used to treat wounds contaminated with Staphylococcus 

aureus. This combinat~on exhibited a zero infection rate 

whereas the wounds treated with Betadine Surgical Scrub 

alone had an infection rate of 66.6%. It was concluded that 

the non-ionic surfactant improved the therapeutic value of 

the surgical scrubs . 38 

Ketchum, et al 37
, concluded that Pluronic F-68 has the 

ability to decrease both platelet adhesiveness and blood 
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~iscqsity. The effects of heparin, F-68, and Ringers 

Lactate on platelet adhesiveness and blood viscosity in 

rabbit .. femoral artery repairs'·w·as studied. It is known that 

platelet aggregation can lead to clot formation ·and this in 

turn can produce turbulent blood flow. _Also, it is·known 

that injured vascular tissue has an increased attraction for 

platelets. This study showed that the non-ionic surfactant 

decreased platelet aggregation and even enhanced 

disaggregation~ Ketchum's group hypothesized the following 

about Pluronic F-68: (1) it can act as an anti-Hageman 

factor;. (2) it possesses anti-factor VIII activity; and (3) 

it is not an anti-thrombin agent. 37 Hagemen factor induces 

platelet aggregation and initiates the intrinsic phase of 

the clotting cascade~ F-68 seems to ~revent microvascular 

clotting_ and retards coagulation (though the mechanism of 

action remains unknown). As a result, Pluronic F-68 

possesses patency properties in relation to blood 

vessels. 37
'
46 It has been shown that when F-68 is given to 

patients after being on cardiopulmonary bypass for one hour, 

blood viscosity and cellular res1stance are decreased. 46
'
47

'
48 

Tt was also determined that no resumption of circulation 

could be seen after polyol administration when the vessel 

was completely occluded by aggregation of platelets. Thus, 

the polyols appear to work when at least some circulation is 

intact. 46,47,48 

In the Hymes study43
, Pluronic F-6B decreased surface 
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tension in blood. Non-ionic surfactants with two polar 

groups on each molecule (one with the affinity for the 

solvent, the other which repels.it) seem to intrinsically 

possess the ability to decrease surface tension. The 

hydrophobic group. attracts uncharged protein, lipids, red 

blood cells, and other particles of the plasma. The 

hydrophilic group projects from the surface of the molecule 

and stabilizes the surrounding hydration. This surface 

tension reduction may play a significant role in capillary 

circulation when the diameter of the blood vessel's approach 

the diameter of the RBCs. 43 Thus, Pluronic F-68 can 

significantly increase the patency of anastomosed vessels by 

reducing vascular thrombosis to ultimately provide an 

increased blood supply to the wounded area. 

Grover's studies47 showed that Pluronic F-68 reduced 

·blood viscosity more effectively than hemodilution with 

lactated Ringers solution. Polyols appea~ to form a 

temporary coat on erythrocytes and platelets. This coating 

protects the cells from denaturization of their surface 

lipoproteins. 49 By decreasing blo~d.viscosity and 

increasing flow rate, wound healing can proceed at an 

accelerated rate (because of the reduction of aggregation 

and "sludging" of RBC's)'. Sludging is the physical 

characteristic of erythrocytes to clump intravascularly. 8 

In .a study on the effect of surface active agents on 

dextran induced aggregation and hemolysis of.human RBC's by 
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Gaehtgens and Benner50
, it was discovered that Pluronic F-68 

significantly reduced the aggregation of erythrocytes. It 

was hypothesized that the surfactants either interacted with 

the charged groups on the RBC surface or interfered with the 

intercellular bridging which takes place during aggregation. 

Six agents were evaluated, but only F-68 did not cause RBC 

hemolysis. As a result, when dextran solutions containing 

Pluronic polyols are mixed with blood, a reduction in the 

amount of erythrocyte aggregation is noted without an 

increase in cell hemolysis 

In cardiopulmonary-bypass surgery, hemorrhagic shock 

often occurs. Platelet aggregation can cause coagulation in 

capillaries and small pulmonary arteries. Hypercoagulation 

has been associated with hemorrhagic shock and pulmonary 

·embolism. Pluronic F-68 can prevent platelet aggregation 

and microthrombi formation, and if infused early, F.68 can 

restore the obstructed microcirculation. Thus Pluronic 

polyols can co~nteract the effect of disseminated 

intravascular coagulation in hemorrhagic shock. 42 

Thermal burns are a ubiquitous concern of the medical 

community. The search for materials that can enable the 

health care provider to treat burns economically while 

enhancing healing and repair is important. Such a material 

would improve the pathophysiology at the burn site by 

effecting heat, water, and electrolyte loss along with 

decreasing infection and scar formation. Additionally, any 
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beneficial material that is easy to apply and remove plus 

possesses a topical a~esthetic effect would'be coveted by 

the medial community. Nalbandian's studies51 proposed the 

use of Pluronic F-127 as an "artificial skin". It .was found 

that the polyol mimics normal functional epidermis and has 

the ability to carry bacteriocidal, bacteriostatic, and 

other adjuncts to accelerate wound healing. Since Pluronic 

F-127 form~ a gel at only 20% concentration in water at 25 

degrees centigrade,.it can be placed on~a site as a liquid 

·which gels and provides surface coverage. 51 • 52 • 5 ~ Thus it is 

an excellent medium to use as "artificial skin" to which 

agents may be added. Wheri applied, this artificial- skin 

provides a functional first line of defense, while allowing 

the reparative process·to occur in an acbelerated manner. 51 

In Paustian's study9
, Pluronic F-127 was used to treat 

burn wounds of rats. The polyol was administered parentally 

for comparison to animals receiving only normal saline. 

Upon sacrifice, it was noted that the surfactant group 

exhibited less wound contraction than did the controls. 

Histolo~ically, the F-127 group showed a reduction in the 

degree of vascular necrosis, fibrin deposition, perivascular 

fibrosis, erythrocyte extravasation, and edema. 

In a study by Fitzpatrick et al 6
, the effect of 

intravenous Pluronic F-68 and F-127 on surgical wound 

healing in rats was investigated. It was determined that 

when non-ionic surfactants were administered at the time of 
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surgery, ·there was a decre~se in wound strength at 24.hours 

as compared with controls. At 96 hours however, breaking 

wound strength was significantly greater with poly61 

administration rather than with the saline control (as 

measured with a tensiom~ter) . Shahan39 evaluated the 

Pluronic polyols applied topically, and results were 

consistent with those of Fitzpatrick. Jones' study7 

utilized F-127 and F-68, noting increased early collagen 

formation in healing wounds when polyols were administered 

as compared to saline controls. 

6. Rational: 

As stated previously, periodontitis effects a large 

proportion of the population. The 1985 NIDR survey reported 

that 95% of adults 65 years and older have had some loss of 

their periodontal attachment. 54 The disease destroys both 

hard and soft tissues and the goal of therapy is maintenance 

of supporting structures and regeneration of any lost 

supporting periodontium. Ideal treatment would result in 

the regeneration of ·bone, cementum, and periodontal ligament 

fibers, to eliminate intraosseous defects. 

Any graft material use in treatment must meet the 

criteria for successful regeneration of the lost structures. 

These include the formation of new bone, cementum, and 

periodontal ligament55
• Grafts of decalcified bone 

apparently have a higher osteogenic potenti~l than most 

other types· of bone implant materials. 56
'
57 Yet, 
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demineralized grafts are still inconsistent in promoting the 

formation of bone, cementum, and periodontal ligament. 10 

Upon review of the literature, it was noted that 

Pluronic polyols enhance wound healing during the early 

phases of healing. If these compounds are to be beneficial 

in new attachment procedures in the field of periodontics, 

their long-term effects must be evaluated. Pluronic polyols 

may create an environment which is conducive to bone 

regeneration. 

Regeneration wou1d be 'improved by protecting the 

healing wound at the root surface or enhancing adhesion and 

maturation of the coagulum at the root surface. If creating 

an environment where the coagulum adheres to the root, a 

surfactant might prevent epithelial cells from migrating 

along the marginal wound interface. Then, selective 

repopulation of the wound could occur. Additionally, the 

granulation tissue might mature and organize at an 

accelerated rate, due to improved adhesion. Thus, 

coagulum/granulation tissue adherence to the root surface 

might be as important as epithelial exclusion by barriers. 10 

Finally, it would improve grafting techniques if a 

carrier could be utilized to ensure that the material 

~emains where the therapist places it. Pluronic polyols 

might provide such a product that could be mixed with the 

graft and assist in its placement. The unique properties of 

these surfactants may provide such a vehicle. As a result, 
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this study was undertaken to test the ability of Pluronic 

, polyols on bone regeneration in the rat calvaria. 

Aims of the Current Study: 
Q 

1. To assess the effects of Pluronic F-68 and F-127 on the 

long term healing of bony de~ects in a rat model 

system. 

2. To ascertain if there are any differences in healing 

when polyols are administered either topically or 

parenterally (systemicaliy) . 

3. To evaluate whether differences in healing are noted 

between the use of Pluronic F-68 and Pluronic F-127~ 

4. To assess if polyols aid in the regeneration of bony 

defects in .a rat model when· combined with demineralized 

bone powder or tricalcium phosphate. 

5. To evaluate if pluronic polyols might serve as a. 

suiiable carrier f9r the above graft materials during 

treatment of osseous defects. 



II. MATERIALS AND METHODS 

1. Types of Experiments Performed: 

This study on the effects of the Pluronic polyols' upon 

bone regeneration involved the use of an in vivo animal 

model. A non-spontaneously healing defect was created in 

rat calvaria. Two Pluronic polyols, F-68 and F-127, were 

administered either parenterally or topically. In addition, 

demineralized bone powder and tricalcium phosphate were 

selected as representative allograft and alloplast 

materials, respectively. The polyols were administered 

alone or in combination with each of the implants. Healing 

was evaluated radiographically, py digital analysis, by 

fluorescent microscopy, and by histology. Analyses were 

made to determine if Pluronic polyols are beneficial in 

healing in a long-term study (twelve weeks) and in the 

calcified tissue model. 

2. Methods and Techniques Used: 

In order to determine the effects of Pluronic polyols 

on bone regeneration, wounds produced in the parietal bones 

of rats were studied over a twelve week period. A non

spontaneously healing, 8 mm craniotomy was performed on each 

28 
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animal. 58 

a. Animal Population: 

This research proposal-has been reviewed by the 

Institutional Review and Animal Use Committee, Dwight David 

Eis-enhower Army Medical Center, Fort Gordon,·. Georgia and was 

approved on 14 October, _1993 (protocol number: DDEAMC 94-

6) . The animal population consisted of adult male, Harland 

Sprague-Dawley rats (Rattus norvegicus), approximately 95 

days old . They ranged in weight from 375 to 425 grams. 

The anima~s were housed in groups of two or three per cage 

(as determined by the attending veterinarian) and maintained 

on a 12 hour light/dark cycle at approximately 24 degrees 

centigrade. Food (Wayne Rodent Blocks) _and water were 

provided ad libitum. Bedding was changed at least twice 

weekly. 

b. Surgical Procedure: 

Surgical procedures were performed under sterile 

conditions. Instruments were autoclaved, bead sterilized, 

or chemically disinfected (70% ethanol) prior to use on each 

animal so as to minimize risk of post-surgical infection and 

cross contamination. As only one dental handpiece system 

was available, it was cleansed with 70% ethanol between 

uses. 

Prior to surgery, animals were anesthetized by 

intramuscular injection of Rompum (2.5 mg/kg body weight) 

and ketamine (44 mg/kg body weight) . Additional doses were 
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administered on an "as needed basis". After the appropriate 

plane of anesthesia was obtained, the ftir over each animal's 

cranium was shaved and the skin cleansed with normal saline 

to remove loose hair. The surgical site was prepared with a 

betadyne scrub (see Figure 2-A) and a midline incision made 

from the middle of the nasofrontal area to the external 

occipital protuberance, utilizing a sterile No. 15 Bard

Parker scalpel blade. Full-thickness skin flaps were 

reflected laterally with a periosteal elevator to expose the 

calvaria. An Smm craniotomy was performed in all animals 

utilizing a dental handpiece system at slow speed and with 

copious sterile saline irrigation to remove obvious loose 

debris and to decrease the temperature of the surgical site. 

Defects were standardized by using an Smm trephine bur to 

outline the treatment area, then #2 and #8 round burs were 

employed to remove all bone from within the defect area. In 

general, the parietal bone of the rat is poorly vascularized 

and presents little hemorrhage prior to perforation of the 

underlying dura mater. Extreme caution was exercised to 

avoid injury to the underlying vital structures, which 

include the sagittal sinus, dura mater, and brain (see 

Figure 2-B). Next, the treatment materials appropriate to 

the particular experimental group were carefully placed into 

the defects. The amount of material used was sufficient to 

fill the defect, i.e. to the level of the external defect 

edge. Overfilling was avoided. The periosteum was 
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Figure 2. Surgery. 

A. Betadyne preparation. 
B. Non-spontaneously healing defect. 
C. Closure of periosteum. 
D. Closure of skin. 
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a. b . 

c . 
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repositioned· and closed as the first layer utilizin~ s-o 

Vicryl interrupted· sutures (see Figure 2-C). Vicryl is a 

synthetic, absorbable suture prepared from a copolymer of 

glycolide and lactide. 59 The skin was then repositioned and 

primary closure completed with a continuous running, locking 

5-0 Vicryl sutures (see Figure 2-D) . Following these 

surgical procedures, the animals received oxytetracycline 

and, if appropriate to their experimental group, a Pluronic 

polyol. If any of the animals exhibited signs of 

discomfort, they were given the nonsteroidal 

antiinflammatory drug, Stadel, up to 2.5 mg/kg every six 

hours, as needed for discomfort. As animals were deemed not 

to be in discomfort post-surgically, the Stadel was not 

needed. 

c. Control and Experimental Groups: 

Fifteen control and experimental groups consisted.of at 

least 10 Sprague-Dawley rats per group were used in this 

study as follows: 

Set A: 

GROUP 1: 

GROUP 2: 

GROUP 3: 

GROt;rP 4: 

Control Set 

Straight control,group; defect created in rat. 

calvaria, but no material placed in defect. 

Defect created in calvaria. Pluronic F-127 

placed topically into defect (one application) . 

Defect created in calvaria. Pluronic F-68 

placed topic~lly into defect (one application) . 

Defect. created in calvaria. F-127 injected 



GROUP 5: 

Set B: 

GROUP 6: 

GROUP 7: 

GROUP 8: 

GROUP 9: 

GROUP ·10-: 

Set C:. 

GROUP 11: 

GROUP 12: 

GROUP 13: 

GROUP 14: 
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into rat, one dose. 

Defect created in calvaria. F-68 injected into 

rat, one dose three times per day for four 

days. 

Tricalcium Phosphate Set 

Defect created in·calvaria. Tricalcium 

Phosphate (TCP) only placed into defect. 

Defect created in calvaria. F-127 mixed with 

TCP placed into defect (topical application) . 

Defect created in calvaria. F-68 mixed with 

Tricalcium Phosphate placed into defect 

· (topidal applicatidn) . 

Defect created in calvaria. TCP placed into 

defect, F-127 injected into rat (one do~e). 

Defect cr~at~d iri calvaria. TCP placed into 

defect, F-68 injected into rat (one dose three 

times per day foi fou~ days) . 

Demineralized Bone Powder Set 

Defect created in calvaria. Demineralized Bone 

Powder (DBP) only placed into defect. 

Defect created in calvaria. DBP mixed witb 

F-127 placed into defect (topical application) . 

Defect created in calvaria. DBP mixed with 

F-68 placed into defect (topical application) . 

Defect created in calvaria. DBP placed into 

defect, F-127 injected into the rat (one dose). 



GROUP 15: Defect created in calvaria. DBP placed into 

defect, F-68 injected into the rat (one dose 

three times per day for four days) . 

d. Pluronic polyols: 

34 

Two Pluronic polyols were evaluated in this project, 

Pluronic F-127 and Pluronic F-68. Each of these were 

evaluated topically and parenterally. F-127 was utilized 

topically as a gel by mixing 20% by weight of F-127 in 

sterile saline. Note: F-68 does not gel below the 

concentration of 40% by weight solution. F-127 was utilized 

by topical application alone in Group 2 and by mixing with 

TCP or DBP in Groups 7 and 12, respectively. F-68 was 

utilized topically by itself in Group 3 and by mixing with 

TCP or DBP in Groups 8 or 13, respectively. 

Pluronic F-127 was injected as a single dose by tail 

vein injection at the time of surgery. Each animal received 

8 ml/kg body weight of an isotonic 12 Mm solution of F-127 

in sterile saline. A single dose was administered to each 

ani~al in Groups 4, 9, and 14 immediately after surgery. 

Pluronic F-68 was administered in multiple doses to 

animals in Groups 5, 10, and 15. The first injection was 

given immediately after surgery by tail vein. Subsequent 

doses were injected 3 times per day for four consecutive 

days intraperitoneal, beginning the second dose, 6 hours 

after surgery. During each dose, animals received 8 ml/kg 

body weight of an isotonic 12 mM solution of F-68 in sterile 
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saline. 

e. Vital Stains: 

Oxytetracycline and Alizarin Red were ·injected 

intramusc~larly to allow label.ing of new bone growth. Both 

substances are incorporated as osteoid mineralizes, probably 

by chelating ca1cium in apatite crystals. These complexes 

fluoresce when exposed to ultraviolet light of 365-380 nm 

wavelength. 60
•
61

•
62

•
63

•
64

•
65 Ten mg/kg body weight of 

oxytetracycline was utilized. 66
. An initial dose was 

injected intramuscularly twice each day for four consecutive 

days beginning on the day of surgery (days 1-4) . A second 

series of oxy~etracycline injections were given from day 56-

59. 

The alizarin red was injected twice each day for four 

consecutive days (day 28 to day 31) . The amount utilized 

was 3 0 mg/kg body weight. 66 

Utilizing these_ varying time periods potentially 

allowed for evaluation of ·the rate of bone apposition. 

f. Allografts and Alloplasts: 

1. Demineralized Bone Powder: 

Twenty-five Sprague-Dawley rats served as bone 

allograft donors. They were euthanized by carbon monoxide 

inhalation and both femoral shafts immediately harvested by 

sterile technique. Following removal of attached muscle, 

connective tissue, and periosteum, the head .. of the femur was 

removed and the bone split lengthwise using a dental 
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separating disk and dental handpiece. Soft tissue and 

marrow were dissected leaving only the cortical bone. Next, 

the bones were cut into pieces small enough to fit into a 

micromill. These pieces were agitated in ~ room temperature 

(approximately 25°C) , 200-30'0 ml sterile water bath for two 

hours with the water changed every 30 minutes. After 

decanting the water, the bone was stirred in three, 30 

minute washes of 200-300 ml absolute ethanol to dehydrate 

the bones and remove surface lipids. After decanting, 

sufficient ethyl ether (approx1mately 40-50 ml) was added 

for one hour to cover the bones and dehydrate arid remove 

lipids. The bones were then dried overnight, uncovered, at 

room temperature (approximately 25°C), in the chemical hood. 

On second day, the bone was ground in an analytic 

micromill at 4-10°C using water cooling to preclude burning 

and reduce the risk of denaturating proteins. The bones 

were ground using repeated, 15 second cycles to fairly 

uniform size. This powdei was evaluated by scanning 

electron microscopy and consisted of smooth, ovoid 

particles, most commonly 172 by 280 microns. The bone 

_powder was decalcified for three hours in 200-300 ml 

hydrochloric acid (0.5N HCl) with constant stirring at 

approximately 25°C to· extract _acid-solu~le proteins and 

demineralize the bone matrix. The hydrochloric acid was 

then decanted and the demineralized powder washed by 

constant stirring in four, 30 minute sterile water washes 
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(approximately 200-300 ml each) . After the final wash, the 

water was tested' with litmus paper to evaluate if acid had 

been removed (as determined ?Y a pH of between 6-8) . 

Subsequently, the absolute alcohol and ethyl ether 

procedures were repeated in order to dehydrate the bone 

powder. The powder was then dried overnight, uncovered, at 

room temperature in a working chemical hood. 67 

The powder was stored at room temperature in a sterile 

bottle. This demineralization proc~ss results in a matrix, 

predominately of collagen in a solid state. 68 

Synopsis of Procedure to Prepare Demineralized 

Bone Powder: 

(a) dissect long bone. 

(b) remove muscle, connective tissue and 

periosteum. 

(c) Cut the head of the long bone with bone saw 

or equivalen~ instrument.' 

(d) Cut bone i~ half lengthwise with a thin 

section machine or saw. 

(e) Remove bone marrow. 

(f) Cut bone into smaller pieces crosswise, so as 

they fit into micromill. 

(g) Wash bone in water for two hours with 

stirring. Change the water several times 

during the cycle. 

(h) Dehydrate bone one and. one-half hours ·in 



absolute ethanol with stirring. 

(i) Place bone in ether for one hour (working 

under a chemical hood) . 

(j) Dry bone ov~rnight uncovered at room 

temperature. 

38 . 

(k) Set up micromill. Use running cold water to 

keep chamber cool so that the bone will not 

burn while grinding. 

(1) Mill bone in 15 seconds, repeat cycles until 

bone is ground. 

(m) Collect and store in bottles. 

(n) Decalcify in 0.5N HCl with constant stirring 

for three hours. Let solution settle and 

decant the liquid. 

(o) Wash extensively in water for two hours and 

decant. 

(p) Dehydrate in absolute alcohol for one and 

one-half hours. 

(q) Wash with ethyl ether for one hour, let 

settle, and decant liquid. 

(r) Let powder dry overnight in the chemical 

hood. 

(s) Scrape powder from sides and bottle of beaker 

and pour into sterile bottles. 

(t) Store at room temperature until ready for 

use. 
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2. Tricalcium Phosphate: 

Tricalcium phosphate (TCP) was obtained from Peri-Oss, 

Mitzer IT,lcorporated. The product is advertised as "a 

resorbable ceramic used in the repair of periodontal and/or 

periapical bony defects" . ~ 9 · Peri -ass is a sintered form of 

beta-tricalcium phosphate which boasts a shelf life of eight 

years. This TCP is porous material of 40 - 100 mesh size 

and carries a warning label, "In order to facilitate 

formation of new bone, Peri-OSS must be implanted in 

intimate contact with freshly cut, bleeding bony 

surfaces". 69 

Peri-OSS is supplied in sterile syringes, each 

containing 125 mg of· TCP granules. In addition, sterile 

saline and sterile transfer needles are available. 

The product is designed to be firmly packed into 

thoroughly debrided defects. The product insert 

instructions state that Peri-OSS may be inserted-in dry 

granular form or as a slurry with saline or the· patient's 

blood. Peri-OSS is radiopaque. 

In this study, Peri-OSS was placed into.the trephined 

defects as a saline slurry. Exceptions were only in Group 7 

and Group 8 where the Peri-OSS was mixed with 20% F-127 and 

40% F-68, respectively. 

h. Specimen Harvesting: 

At twelve weeks post-surgery, all animals were 

euthanized by achieving a surgical plane of anesthesia as 
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previously described and decapitating. The entire head was 

fixed for a minimum of 24 hours in 70% ethanol. Next, the 

skin and overlyin~ tissue were excised and the cranium was 

removed and again fixed for at least 24 hours in 70% 

ethanol. The entire calvaria was evaluated by contact 

radiography (see i, the next section) and then the specimens 

were sectioned sagittally to yield two samples per specimen, 

each sample being of approximately equal size. One sample 

was demineralized and evaluated histologically and the 

- second sample embedded undemineralized for subsequent 

evaluation by fluorescence and SEM. 

i. Contact Radiography/Densitometry: 

Hildebolt, et. al. 70 discovered a relation~hip between 

bone mineral content .and the percentage changes in gray 

scale values. Densitometric measurements are based on pixel 

gray scale values. Mean pixel gray scale values or the 

cumulative percentage frequency plots of serial regions of 

.interest (ROis) can be analyzed to determine differences in 

radiodensities. 71 The Nyquist Criterion or theorem states 

that pixel size must be half as large as the finest. detail 

to be represented. accurately. It is known that as pixel 

size decreases, the noise level relative to the signal 

increases. Hildbolt, et.al. 71 concluded that 50 micron 

resolution is a practical compromise between noise level and 

feature resolution. 

Radiographs are composed of shades of gray in a 
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"continuous tone" image, spanning from white to black. Any 

image can be sectioned into individual pieces for conversion 

of information into a discrete "digital'' form. This 

information describes the brightness (light intensity) and 

its location (x,y coordinates) within the image. The 

process of "chopping" is referred to as digitizing or 

sampling. 72 

Digitization can be accomplished by a scanner-based 

image acquisition system. Acquisition systems are charge

coupled device linear array systems that assist in 

quantification. 73 

In a study by Shrout, et. al. 74 data gathered from 

digitalization of dental radiographs indicated that 

differences were discernable between periapical granulomas 

and radicular cysts when a visual examination proved 

inconclusive. 

Image analysis operations describe an aspect of an 

image which is not readily apparent upon visual examination. 

A histogram is a commonly employed analysis operation. A 

histogram is a graphic representative of how many pixels 

have a specific gray value within an image. The gray level 

values are plotted as the x axis, while the number of pixels 

is plotted as the y axis. Density analysis is the 

determination of the intensity (gray scale value) at a 

specific point of an image. 72 

High resolution contact radiography is a method of 
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visualizing microscopic details of thin sections of 

mineralized tissue. 75 The entire skull was radiographed 

with a soft x-ray appa,ratus operating at '35 kV and 2. 5 rnA 

with an exposure time of 15 seconds (these settings were 

determined to be optimal in a pilot project). The external 

surface of the calvaria was placed in direct contact with 

the radiographic film (Kodak Diagnostic Film, Ektascan B, 

Eastman Kodak Co. , Rochester, New York) 75
' 

76
• 

77 and the 

radiograph taken with the emulsion side down. The apparatus 

utilized was a Hewlett-Packard 43807N X-ray system, faxitron 

series. Films were processed, emulsion side up, in a Kodak 

RP X-omat Processor. Images were digitized by computer 

scanning, then radiodensity of the defects was evaluated 

utilizing an appropriate computer program for analysis. 76 

Individual calvaria radiographs were cut from the 8 

inch by 10 inch film sheets and mounted in standard 

photographic slide mounts. The radiograph "slides" were 
/ 

mounted in the film holder provided with the Nikon model 

LS-3510AF charge-coupled device linear photodiode array 

solid state slide scanner (Nikon Electronic Imaging, Nikon, 

Inc., Melvill~, N.Y. 11747-3064). 73
'

74
'

78
'
79 The Nikon scanner 

was interfaced via Photoshop software (Adobe Systems 

Incorporated, Mounta.in View,. Ca 94039-7900). to a Macintosh. 

IIcx personal computer, with an 8-bit color display (Apple 

Computer Corp., Cupertino, ·ca). Each radiograph was 

digitized using 50 micron pixels in 8 bit images, converting 



43 

the optical densities into 256 gray levels. 73 , 74 , 78 , 79 A 

rectangular standardized region of interest (ROI) was drawn 

on to all radiographs. Next, the ROI's were all drawn with 

"Image", an interactive image processing software package 

(National Institute of Health, Bethesda, Md) . A histogram 

was calculated for the area within each ROI for subsequent 

conversion to a cumulative·percent histogram (CPH) by first 

calculating a peicentage by dividing the frequencies for 

each of the 256 bins by the sum of frequencies of all bins 

and multiplying by 100. Next, a running sum was computed by 

replacing each percentage with a summation of the 

percentages up to and i~cluding the bin being replaced. 

Plotting these values yielded a mean CPH which was 

c~lculated ·for each group within the project. The CPH is 

plotted with the calculated value as the y-axis and the gray 

level as the x-axis. 74 This mathematical manipulation 

resulted in the ability to perform radiometric analysis of 

digitized radiographic images. The software package, Stats 

View 2.0, 1991, was utilized in this phase of analysis. 

j. Histology of Demineralized Specimens: 

Each sample (approximately one-half the calvaria) was 

decalcified and evaluated histologically to determine'the 

amount of bone fill across the coronal plane. Samples were , 

placed in a 1:1 solution of Sodium Citrate and Formic Acid 

(50.0 g Sodium Citrate + 250 ml distilled water:125 ml 

Formic Acid + 125 ml distilled water) for 72-84 hours until 



the sample was soft (non-mineralized), as determined by 

ensuring the sample did not resist passage of a sharp 

needle. Next, the samples were washed for 4-8 hours under 

running water and returned to 70% ethyl alcohol until 

embedding in paraffin. Multiple, 5-6 micron sections were 

cut from each sample and representative sections were 

stained with hematoxylin and-eosin. When not in use, 

paraffin embedded samples were refrigerated in storage. 
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Quantitative analysis was accomplished to determine the 

percentage of bone fill across ·the 8 mm craniotomy defect. 

The same sections were viewed under a microscope (Zeiss, 

Axiophot, Germany) connected to a video camera. This was 

connected to both a T.V. monitor and a computer. As a 

result,·. t~e image of the section was transferred via the 

camera· to the T.V. screen. A digitizer wa·s, used to trace 

the outline of the defect and the new bone formation. Thus, 

the percentage of bone fill across the defect was 

determined. The average score of the percentage of bone 

fill for each group was determined. 

k. Undemineralized Specimens: 

After the specimens were fixed and bisected, one-half 

each was embedded in_methyl-methacrylate by the following 

sequential method: 2 days in 70% ethanol; 2 days in 95% 

ethanol; 2 days in 100% ethanol (changing the solution once 

during the initial 24 hour period) ; 4 days ~n xylene 

(changing the solution after the second day)_; 3 days in 
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methyl-methacrylate solution I (MMA I) at room temperature; 

2 days in methyl-methacrylate solution II (MMA II) at room 

temperature; 2 days in methyl-methacrylate solution III (MMA 

' 
III) at room temperature; then polymerized at 30-32 °C. The 

volume of 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 dibu~yl phthalate + 2.0 g benzoyl peroxide; and (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. 

Synopsis of Embedding Technique: 

(a) Fixation of specimen. 

(1) Two days in 70% alcohol changing 

solution after 24 hours. 

(b) Two days in 70% alcohol. 

(c) Two d~ys in 95% alcohol. 

(d) Two days in 100% alcohol, changing solution 

at 12 and 24 hours. 

(e) Four days in Xylene, changing solution after 

48 hours. 

(f). Three days in MMA I at room temperature. 

(g) . Two days in MMA II at room temperature. 

(h) Two to Four days in MMA III at room 

temperature. 



46 

'(i) Polymerize the solution and sample in step h 

at 30 - 32 °C. 

After embedding in methyl-methacrylate, samples were 

sectioned transversely with a Buehler Isomet low-speed saw 

(Buehler Ltd, Lake Bluff, Illinois) using a 0.3 mm thick 

diamond wafering blade. The· resultant sections were 

approximately 500 - 1000 microns thick. 

Representative samples were ground to approximately 50 

microns in·thickness. The unstained sections were examined 

and photographed under incident ultraviolet light with 

appropriate filters for the yellow-green fluorescence of 

tetracycline (wavelength of 365-380 nm) . 65 While 

Oxytetracycline fluoresces a yellow-green color, Alizarin 

Red fluoresces red. Evaluation of fluorescent markers was 

utilized to determine appositional bone growth. 

Other representative methyl-methacrylate embedded~ 

samples were carbon coated, then evaluated by scanning 

electron microscopy (SEM) . A computer software package 

allows for elemental analysis by using an x-ray energy 

spectrometer. The qualitative mineral content provides for 

a calcium - phosphorous ratio for areas of new bone 

formation within the defect and bone outside the defect 

area. Settings were standardized so that they would be 

reproducible. 
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3. Kinds of Data Obtained: 

a. Histologic Evaluation: 

After the calvaria were sectioned, half of each 

specimen was demineralized, then embedded in paraffin. 

These samples were sectioned at a thickness of 5-6 microns. 
' 
Standard microscopic slides were made of a randomly selected 

section, then these were stained with hematoxylin and eosin. 

These were viewed microscopically at a magnification of 2x. 

The percentage of bone fill across the defect was 

calculated. ·Areas of residual, original bone were not 

included in the_~alculated"result·of percentage bone fill. 

Furthermore, poorly cut, poorly stained, or unreadable 

samples were excluded . 

. b. Densitometry: 

In the densitometry analysis, al~ ~alvaria were 

radiographed for 15 seconds at 35 kVP and 2.5 rnA. The x-ray 

film was trimmed to fit a 3 x 5 mm standard photographic 

slide mount. Representative specimens from groups 01, 06, 

and 11 ar~ presented in Figure 3. Each slide was digitized 

as described previously. A standard rectangular "region of 

interest" (ROI), 22.4 mm by 26.24 mm, which encompassed the 

8 mm surgical defect was computerized for each specimen. 

The data collected was a histogram of each specimen. 

Cumulative percent histograms were calculated from each 

histogram. These were plotted and the-densitometry of the 

ROI was calculated. Samples were compared at the 80% and 



Figure 3. Contact Radiography. 

A. 
B. 
c. 

Group 1. 
Group 6. 
Group 11. 

Surgery only (no graft, no polyol) 
TCP without polyols 
DBP without polyols 
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c. 
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90% level 

c. Elemental Analysis by Mas~ Spectrometry: 

Three representative samples from each of the fifteen 

group~ were selected at random for evaluation by scanning 

electron microscopy. These samples were carbon coated and 

evaluated by mass spectrometry for elemental analysis. The 

calcium and phosphorous content was determined. The ratio 

of these elements were calculated. 

d. Fluorescent Microscopy: 

One representative sample from each group was randomly 

selected, illuminated at a wavelength between 365-380 nm~ 

and viewed at a magnification of. Sx - 40x. Photographs were 

taken. 

4.· Analysis and Interpretation of Data: 

a. Photography: 

Photographic slides and prints were taken during 

various phases of this project. Randomly selected specimens 

which represented the various groups and sets were selected. 

ASA 400 film was utilized for fluorescent microscopy. ASA 

64 was selected for slides of hematoxylin and eosin samples. 

These photographic representations of the specimens were not 

used in quantitative analysis. They did provide qualitative 

examples during the analysis of the project's results. 
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b. Statistical Model: 

The Student-Newman-Keuls Method was utilized to compare 

results obtained from histomorphometric and densitometric 

analysis. The calcium-phosphorous ratios obtained by mass 

spectrometry were not statistically different. 



III. RESULTS 

These wound he~ling studies were conducted to determine 

whether the Pluronic polyols F-127 and F-68 might be 

beneficial in the repair of osseous defects, either with or 

without added demineralized bone powder (DBP) or tricalcium 

phosphate (TCP) . A total of 182 rats distributed within 15 

separate experimental groups were employed. The polyols 

were administered either topically or systemically and the 

osseous specimens were harvested at 12 weeks for evaluation 

histomorphometrically, by densitometric analysis, through 

elemental analysis, and by fluorescent microscopy. 

1. Histomorphometry: 

Histologic demineralized sections of ·each calvarium 

wound were stained with hematoxylin and eosin to determine 

the percentage of bone fill within the defect area. It 

became obvious that the results fell into one of three major 

sets, termed sets A, B, and C, depending upon whether wounds 

received a bone replacement graft at the time of surgery and 

whether the graft was DBP or TCP. All animals within set A 

which had no graft (groups 1-5) presented a similar healing 

appearance. Figure 4-A shows a section from an animal in 

51 



Figure 4. Histology - groups 1, 6, and 11 

A. group 1 (no graft, no polyols) at 2.52X 
B. group 6 (TCP without polyols) at 2.52X 
C. group 11 (DBP without polyols) at 2.52X 
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a. b . 

c . 



Figure 5. Histology - Group 1 (no graft, no polyols) 

A. 2.52X 
B. 16X 
C. 160X 
D. 160X 
E. 16X 
F. 64X 
G. lOX 
H. 40X 
i. 160X 
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d . 

g . h . i. 
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group 1. In general, there was bone apposition adjacent to 

the defect margins (see Figure 5-B,G,H). There was an 

obvious interface of old-to-new bone (see Figure 5-D,I) with 

the new bone transitioned into a fibrous layer towards the 

center of the defect (see Figure 5-C) . In the center of 

these non-grafted specimens was noted a fibrous layer with 

the periosteum collapsing against the endosteum (see Figure 

5-E,F). Scattered throughout the wounds of all set A 

specimens were noted a few isolated islands of new bone. 

Histomorphometrically, the percentage of bone fill 

~cross the 8 mm defect in the five groups within set A were 

not statistically different from each other (see Graph 1) . 

The fill ranged from 32.456% for group 5 to 41.682% for 

group 3 (see Table I) . 

Set B animals (groups 6-10) were those which received 

tricalcium phosphate as the graft material. As these 

animals appeared quite similar, group 6 histologic section 

was chosen as representative (see Figure 4-B) . · The majority 

of new bone formation occurred at the wound margins, 

adjacent to the surgically created defects (see Figure 6-

B,G). In contrast to Set A however, centers of these 

defects were generally not collapsed due to the presence of 

TCP particles between the endosteum and periosteum (see 

Figure 6-D,E). At the wound margins, TCP was found to have 

become embedded within the new bone (see Figure 6-C) . While 

isolated or groups of particles were found either completely 



Graph 1. HISTOMORPHOMETRY 

% Bone fill across the 8 mm non-spontaneously 
healing defect. 
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Table I. HISTOMORPHOMETRY -- % Bone Fill Across Defect 

;H MEAN. STANDARD 
DEVIATION 

SET A - CONTROL 
group 1 13 39.752% 14.4127 
group 2 11 40.051% 10.0518 
group 3 11 41.682% 9.5897 
group 4 10 38.344% 10.8012 
group 5 12 32.456% 12.8330 

;H MEAN STANDARD 
DEVIATION 

SET B - TCP 
group 6 9 28.543% 7.7572 
group 7 11 23.583% 10.4611 
group 8 11 22.022% 8.1218 
group 9 10 14.134% 4.5408 
group 10 12 27.236% 10.9575 

;H MEAN STANDARD 
DEVIATION 

SET c - DBP 
group 11 9 66.865% 11.8552 
group 12 10 53.653% 15.8612 
group 13 11 57.513% 7.5102 
group 14 8 52.119% 16.8323 
group 15 9 66.114% 6.7575 



Figure 6. Histology - Group 6 (TCP without polyols) 

A. 2.52X 
B. lOX 
C. 40X 
D. lOX 
E. 40X 
F. 160X 
G. lOX 
H. 40X 
i. 64X 
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or partially surrounded by new bone on occasion (see Figure 

6-F,H,I), for the most part the TCP particles were found to 

be encapsulated by fibrous material (see Figure 6-

D,G,H, I). 

Histomorphometrically, the percentag.es of bone fill 

across the 8 mm defect of all animal groups in set B were 

similar as is noted in Graph 1. The mean bone fill for 

animals in group 6 (TCP only) and group 8 (TCP + topical F-

68) was statistically different than that for group 9 

animals (TCP + systemic F-127) (p < 0. OS) . The fill for set 

B ranged from 14.134% for group 9 to 28.543% for group 6 

( see Table I ) . 

Demineralized bone powder was used as the graft 

material for animals of Set C (groups 11 - 15) . All Set C 

wounds appeared similar when viewed histologically and a 

group 11 section was chosen as being representative (see 

Figure 4-C) . In contrast to Set A and Set B, the specimens 

where DBP was employed as the graft material ·of choice 

showed areas of new bone formation throughout the defect. 

Generally this healing was seen as isolated groups of DBP 

particles in association with induced new bone (see Figure 

7-D,E). The majority of fill was seen adjacent to the 

defect margin (see Figure 7-B,C,F). In one sample, a blood 

vessel was noted at the new bone-defect margin interface 

(see Figure 7-F,G). There was lamellar,healing about this 

vessel and amorphous healing in the adjacent area where 



Figure 7. Histology - Group 11 (DBP without polyols) 

A. 2.52X 
B. 16X 
C. 64X 
D. 16X 
E. 64X 
F. 16X 
G. 160X 
H. 64X 
i. 160X 
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a . 

f. 

g. h. l. 



particles had become implanted. A generalized finding in 

the regions adjacent to the bone margins was the 

amalgamation of DBP particles and induced new bone (see 

Figure 7-H, I ) · . ; 
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As noted in Gr~ph 1,- the percentage of bone fill across 

the 8 mm defect groups 11 - 15 were not statistically 

-different from each other at p < 0.05. The fill ranged from 

52.119% for,group 14 to 66.865% for group 11 (see Table I). 

On evaluating bone fill percentage, several animal 

groups were found to be quite different from others. Group 

1 (control, surgery only) was statistically different at the 

p < 0.05 level from groups 7, 8, 9, 11, 12, 13, and 15 (see 

Graph 1). Group 6 _(TCP only) was statistically significant 

from groups 9, 11, 12, 13, 14, 15 at p < 0.05. Group 11 

(DBP only) was statistically significant from set A and set 

B groups. Within the given sets, the only difference 

between groups was in set B, where group 6 and group 9 are 

statistically different at p < 0.05. Though there were 

isolated di~ferences, the trend was that the mode of 

administration of the Pluronic polyols did not result in a 

significant change in bone wound healing. 

2. Densitometric Analysis: 

In order to contrast density of the healing wounds, 

each calvaria was radiographed ~t 35 kilovolts and 2.5 

milliamps for 15 seconds. The resultant contact radiographs 
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were then scanned and digitized for computer analysis. Both 

the defect and its surrounding area comprised the region of 

interest (ROI) which was evaluated by plotting the mean 

cumulative percent histogra~s. The data was evaluated at 

the 80% level,, wbere the curves were ~eherally the steepest, 

yet had not plateaued. Here the values prove to have the 

greatest differences between the sets. The 90% level was 

choosen for comparison, since values are near maximum. 

At the 80% level, results essentially fell within 

different sets, based upon whether a graft material was 

utilized or not. The groups which received no allograft or 

alloplast, Set A, were not statistically different from each 

other (see Figure 8 and Graph 2) . All groups in set B, 

those implanted with tricalcium phosphate, were not 

statistically different from each other (see Figure 9 and 

Graph 2) . In set C, the groups which were grafted with 

demineralized bone powder, there was a difference noted only 

between group 11 (DBP only) and group 13 (DBP + topically F-

68) (p < 0.05) (see Figure 10 and Graph 2). Other than this 

one example, there was no difference noted within sets due 

to the modes of administration of the Pluronic polyols. 

Additionally, at the 80% level of Figure 11, there was 

no statistically significant difference between set B (TCP) 

and set C (DBP), exc~pt between set Band group 11 (DBP 

only) . Otherwise, the res~lts between the alloplast and 

allograft were not statistically significant (see Graph 2 



Figure 8. Cumulative Histogram - Set A 

No graft material utilized 
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Graph 2. DENSITOMETRY 

80 Percentile Level (y-axis) 



300 

en __. 
w 
X -a. 200 
c 
ca 
Q) 

E 
~ 0 

E 
:::::1 
en 

100 0') 

·C 

c 
c 
:::::1 
lo... 

·0 

Densitometry 
80 percentile 

r 

D 1 2 3 4 5 6 7 8 9 10 

Groups 

11 12 13 14 15 

I I Contrl - TCP 1m DBP - abslt 

ND 

~ 
w 



Figure 9. Cumulative Histogram - Set B 

TCP utilized at graft material 
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Figure 10. Cumulative Histogram - Set C 

DBP utilized at graft material 
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Figure 11. Cumulative Histogram - all Sets 

Set A -.no graft material utilized 
Set B - TCP utilized 
Set C - DBP utilized 
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Table II.· DENSITOMETRIC ANALYSIS - 80 Percentile 

·H MEAN 

8 rom defect 1 235.500 
no defect 1 114.3 

H MEAN STANDARD 
DEVIATION 

SET A - CONTROL 
~ 

group 1 13 210.501 33.2791 
group 2 11 211.152 26.0231 
group 3 12 196.792 21.6012 
group 4 12 199.653 24.9837 
group 5 11 208.227 23.0753 

H MEAN STANDARD 
DEVIATION 

SET B - TCP 
group 6 11 148.455 13.6628 
group 7 11 155.545 13.2239 
group 8 ·11 143.364 24~8003 

group 9 11 144.273 ·11.6111 
group 10 12 156.500 23.4152 

H MEAN STANDARD 
DEVIATION 

SET c - DBP 
group 11 . 12 111.708 15.4926 
group 12 11 133.227 17 .·9490 
group 13 11 141. 63·6 19.1952 
group 14 10 122.850 9.6034 
group 15 10 127.550 17.8737 
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and Table II) . 

At the 90% level of Figure 11, there was no 

statistically significant difference between the modes of 

admjnistration of Pluronic polyols within the different sets 

of this project (see Graph 3) . Additionally, there was no 

statistically significant difference between :the results of 
J 

the alloplast (set B) and allograft (set C) (see Table III) . 

However, There was a difference between utilizing an implant 

material compared to not grafting the defects. 

3. Elemental Analysis: 

Three representative calva~ia from each group were 

randomly selected and embedded in methyl-methacrylate for 

evaluation by scanning electron microscopy. Energy 

spectrbmetry provided for elemental analysis, such that the· 

calcium-to-phosphorous ratios from areas of "new" bone 

within the defects could be determined. These values were 

compared to calcium-to-phosphorous ratios of the "old" bone 

at sites distant from the d~fects.· 

No statistically significant difference was noted in 

the calcium-to-phosphorous ratios between areas of "old 

bone" compared to "new bone" within the defects (see Graph 4 

and Table IV) . In the fifteen different animal groups, only 

in groups 2 (no graft material+ topical F-127), 5 (no graft 

material+ systemic F-68), and 14 (DBP +systemic F-127) 

were the calcium:phosphorous ratios were found to be higher 



Graph 3. DENSITOMETRY 

90 Percentile Level (y-axis) 



en 
....J 
w 
>< -
0.. 
c 
ctS 
Q) 

E 
~ 0 

E 
:J 
Cl) 

0) 
c -c 
c 
:J 
"-

Densitometry 
90 percentile 

400 ~----------------------------------------------~ 

300 1-

I • rh T T T 1 

200 1 I II II II II II T T T 

100 1-

0 I W I I I I I I I I I I rA f/A FM W rA 121 t<l l?l oo f" w 

D 1 2 3 4 5 6 7 8 9 10 

Groups 

I I Contrl rrAJ TCP ~ DBP 

11 12 13 14 15 NO 

- abslt 

0'1 
\.0 



70 

Table III. ·DENSITOMETRY ANALYSIS - 90 Percentile 

N MEAN 

8 mm defect 1 236.5 
no defect 1 117.2 

N MEAN STANDARD 
DEVIATION 

SET A - CONTROL 
group 1 13 238.465 46.7348 
group 2 11 225.894 18.6982 
group 3 12 222.417 13.7541 
group 4 12 217.111 19.1675 
group 5 11 222.455 19.0869 

N MEAN STANDARD 
DEVIATION 

SET B - TCP 
group 6 11 165.182 15.2041 
group 7 11 172.273 13.6242 
group 8 11 159.273 26.8443 
group 9 11 161.000 13.2288 
group 10 12 175.500 24.3591 

N MEAN STANDARD 
DEVIATION 

SET C - DBP 
group 11 12 126.250 21.3035 
group 12 11 150.636 21.0963 
group 13 11 161.364 21.4955 
group 14 10· 140.500 14.9313 
group 15 10 150.100 27.2863 



Graph 4. ENERGY SPECTROMETRY 

Calcium - Phosphorous Ratio of "new bone" within 
the healing defect and "old bone" which was 
outside the defect. 
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Table IV. MASS SPECTROMETRY -- Calcium:Phosphorous 
ratio 

TYPE OF BONE 
Old Bone - mean 

bone without surgery 1.28201 

Old Bone - mean New bone - mean 
SET A - CONTROL 

group 1 1.25118 1.15916 
group 2 1.11308 1.14037 
group 3 1.19876 1.07269 
group 4 1.13479 1.05168 
group 5 1.18184 1.20018 

Old Bone - mean New bone - mean 
SET B - TCP 

group 6 1.14464 1.05835 
group 7 1.23607 1.13539 
group 8 1.19444 1.14123 
group 9 1.20374 1.13053 
group 10 1.24297 1.18866 

Old Bone - mean New bone - mean 
SET c - DBP 

group 11 1.20176 1.16764 
group 12 1.17512 1.10069 
group 13 1.22087 1.13148 
group 14 1.16631 1.19898 
group 15 1.19364 1.11252 
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in the new bone ve~ses the old bone. As a result, the tr~nd 

was that bone healing progresses rapidly in rats. After 

twelve weeks of healing, the mineral component was quite 

mature in the healing bone, since the calcium-to-phosphorous 

ratios were not significantly different from areas not 

surgically involved. 

4. Fluorescent Microscopy:· 

For analysis by fluorescent microscopy, one randomly 

selected calvaria specimen from each animal group was 

embedded in methyl-methacrylate. These specimens were 

ground to a thickness range of 50-100 microns for viewing 

under fluorescent light and evaluated for the presence of 

the vital stains, oxytetracycline (injected during days 1-4 

and days 56-59) and Alizarin.red (injected over days 28-31). 

Generally only one red and one green fluorescing band 

was visualized at healing interfaces. These represented the 

doses of Alizarin red and~ the second phase of 

oxytetracycline injections, respectively. 

Figure 12 shows specimens prepared from representative 

animals in the centro~ set (group 1, surgery only, and group 

5, surgery + systemic F-68). Here, as well ftS with all 

other samples, the fluorescence in the cranial bone was 

noted to be more diffuse. This result is probably due to 

the amorphous bony healing of the rat calvaria, since if 

lamellar growth occurred, a more distinct banding s·hould 



Figure 12. Fluorescent Microscopy - Group 1 (no 
graft, no polyols) and Group 5 (systemic F-68 
only) 

A. Light microscopy - Group 1 at 5X 
B. Fluorescent microscopy - Group 1 at 5X 
C. Light microscopy - Group 5 at lOX 
D. Fluorescent microscopy - Group 5 at lOX 
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result. This was true of all specimens regardless of the 

type of treatment. Fluorescence, which represents growth 

and repair of tissue was noted at the wound margins isee 

Figure 12-C,D), but at this time period (12 weeks)~ had not 

completely filled the ·defects. 

Figure· 13 illustrat~s representative specimens from the 

tricalcium phosphate set (group 8, TCP + topical F-68) and 

the demineralized bone powder· set (group 15, DBP +-~ystemic 

F~68) . Fluorescence is present from both Alizarin red (days 

28-31) and tetracycline (days 56-59) about the graft 

particles. 

All animals receiving multiple doses of-fluorescent 

drugs, but only the latest dosage of each was evident, day 

28-31 for Alizarin red and day 56-59 for tetracycline. The 

results indicated that bone formation in this animal model 

did. not occur during the first four days of healing. 

Neither Pluronic polyols, grafting materials, or their 

combination resulted in an overt acceleration of 

osteogenesis. Fluorescent markers showed that osteoid was 

being mineralized and/or bony was being remodeling during 

the 28-31 day post-surgery period (Alizarin red marker) and 

the 56-59 day post-surgery period (tetracycline marker) . 

The information-obtained from utilizi,ng fluorescent 

markers is that healing occurred from the wound margins and 

adjacent to both TCP and DBP. Though new bone growth was 

found in close association with the tricalcium phosphate, 



Figure 13. Fluorescent Microscopy - Group 8 (TCP with 
Topical F-68) and Group 15 (DBP with systemic 
F-68) 

A. Light microscopy - Group 8 at 20X 
B. Fluorescent microscopy - Group 8 at 20X 
C. Light microscopy - Group 15 at lOX 
D. Fluorescent microscopy - Group 15 at lOX 
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this finding was not consistent throughout all the defects. 

Whereas, demineralized bone powder appeared to act as a 

nidus for new bone formation. Finally, in the animal model 

utilized, appositional growth was unable to be reliably 

determined using fluorescent micros~opy. 



IV. DISCUSSION 

The purpos_e of this study was to evaluate the effects 

of Pluronic polyols on the regeneration of bone in rat 

calvaria. Additionally, this study evaluated the effect of 

Pluronic polyols on graft materials in terms of healing in 

osseous defects. In this study, a comparison between two 

types of Pluronic polyols was made, Pluronic F-127 and F-68. 

Also, alloplast and-allograft materials were utilized: 

demineralized bone powder (DBP) and tricalcium phosphate 

(TCP), respectively. A 8 mm, non-spontaneous healing defect 

in the rat calvaria was utilized to study healing. 

Quantitative and qualitative comparisons_ :were made between 

these different ·materials . 

. Two hundred and seven young male Harland Sprague-Dawley 

rats were -used in this project, with twenty-five animals 

serving· as' demineralized bone allograft donors·. One hundred 

eight-two animals were treated surgicqlly, of which 170 

survived for twelve weeks, a survival rate of 93.4%. Three 

did -not survive the surgical procedures and nine animals 

died post-surgery. Over half of these deaths were 

attributable to the intraperitoneal injections of Pluronic 

F-68. It is speculated ihat the remaining deaths were due 
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to hypovolemia due to surgical bleeding, anesthetic 

complications, or unknown factors. 

The animals were divided into 3 major sets·-- no graft 

material utiiized (set A), TCP used (set B), or DBP used 

(set C) . Each set was further subdivided into 5 groups of 

at least 10 animals each. These groups were no Pluronic 

polyol,_ Pluronic F-127 applied either topically or 

parentally, and Pluronic F-68 administered either topically 

or parentally. Double tetracycline labeling was also . 

utilized to evaluate bone growth. Oxytetracycline was 

inject the day of surgery (day 1) and the first 3 post

surgery days. Additionally, Oxytetracycline_was 

administered from day 56 through day 59. Alizarin red was 

injected as a vital stain during days 28 to 31 after 

surgery. 

The 170 surviving animals were ·euthanized after 12 

weeks of healing and their calvaria harvested and the 

specimens .ev~~uated. Each calvaria was fixed in alcohol, 

radiographed, and sec.tioned into two P.ieces. One sample 

(half of a calvaria) was demineralized, fixed and embedded 

in paraffin, sectioned as 5-6 micron slices, stained with 

hematoxylin and eosin, then evaluated histomorphometrically 

to determine the percentage of bone fill across the 8 mm 
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de.fect. The second sample was embedded in methacrylate and 

sectioned transversely for evaluation by fluorescent 

microscopy. Additionally, elemental analysis by scanning 

electron microscopy was conducted to determine the 

calcium:phosphorous ratios. Finally, the radiogr~phs of the 

calvaria were analyzed by digitometric means. Descriptive 

statistics of the histomorphometric and_densitometric 

parameters were calculated. One-way analysis of variance 

(ANOVA) and Student-Newman-Keuls Method were used to compare 

differences between the various groups. 

The quantitative comparison between the materials 

utilized in a craniotomy defect cannot be based on human 

clinical studies, because assessment of biological responses 

requires postmortem evaluation. Therefore, an animal model 

was used to allow for such evaluation. The use of Rattus 

norvegicus (Harland Sprague-Dawley rats) has the advantage 

of lower cost and as such, the ability to use a higher 

population number. Additionally, they have a fast growth 

rate, so less follow-up time is necessary. As a result, 

more rapid experimental results can be obtained. 

An 8 mm defect in the rat calvaria is ideal for 

investigation, since it meets Schmitz and Hollinger's58 

criteria that "any experimental bony wound should, 

therefore, be large enough to preclude spontaneous healing. 

In this situation, the osteogenic potential of an ~mplant or 

graft may be considered unequivocal." These same 



researchers determined that in the rat model, an 8 mm 

craniotomy would not heal spontaneously. 
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In this study,_ a simple and inexpensive model that 

eliminates many extraneous fa6tors in determining the effect 

of Pluronic polyols on bony regeneration was presented. The 

surgical technique was consistent and resulted in a 

standardized wound that will not regenerate during the 

lifetime of the animal. Results of healing were evaluated 

after 12 weeks. All surgical phases of this project and 

data collection were done by the principle investigator. 

The histomorphometric analysis of this ·project utilized 

the percentage of bone filling the 8 mm craniotomy. This 

method eliminated the use of absolute values and permitted 

comparisons to be made among the sample and also tended to 

correct for any normal variations in size among the 

different animals. The use of Student-Newman-Keuls Method 

resulted in the determination of the following trends: (1) 

The greatest percentage of bone fill across the 8 mm 

craniotomy defect occurred utilizing demineralized bone 

powder as an alloplast; (2) There was no statistically· 

significant difference between the modes of administration 

within the sets, except between group 6 (TCP only) and group 

9 (TCP plus systemic F-1~7); and (3) on average, there was 

less bone fill using tricalcium phosphate alloplast than 

using no implant material. The general differences between 

set A (no graft material) and set B (TCP as graft material) 
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might be explained by the fact that the TCP particle 

occupied the spaces that may have healed with bone, thus the 

non-grafted sites had a trend towards a higher percentage of 

bone fill than the defects grafted with alloplast. 

Additionally, since TCP particles occupied a space across 

the defect, yet did not significantly stimulate additional 

bone formation, the animals in set B had a greater defect 

volume as compared to the animals in set A. In set A, the 

defect volume in the center was minimal due to the collapse 

of the periosteum and endosteum upo~ themselves. This would 

result in a lower percentage of bone fill in set B, even if 

the TCP set formed the same or slightly more bone than the 

control set. 

Densitometric analysis· was accomplished by utilizing a 

sc~nner system. The digitization process converted an 

analog radiographic image to a digital form (frequency 

distribution or density histogram). This. was accomplished 

by dividing the image into individual pieces of information 

known as pixels (picture elements) . The information 

contained in each pixel includes information on the pixel's 

location within the image and its shade of gray (running 

from white to biack) . As the system used for measuring is 

more sensitive than the naked eye, small changes in optical 

density are determined. As the region of interest (ROI} can 

vary slightly in location, relative frequency (percent) 

distributions were used for comparison. The lower gray-
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scale values corresponded to higher optical density values 

and thus indicate more radiopacity, which should in turn 

indicate more complete healing.and remodeling. The density 

differences were uncovered by utilizing the Student-Newman

Keuls Method. General trends were: (1) defects grafted 

with either an alloplast or an allograft resulted in more 

radiodense healing; (2) the mode of administration of 

Pluronic polyols did not result in statistically significant 

differences within the various sets, except in one isolated 

example, between group 11 (DBP only) and group 13 (DBP ~lus 

topical F-68) at the 80% level; and (3) at the 90% level, 

radiodensity between set B (TCP as graft material) and set C 

(DBP as graft material) was not statistically different. 

Elemental analysis was accomplished by utilizing a 

scanning electron microscope with energy spectrometry _to 

determine the calcium-to-phosphorous ratios of new bone as 

compared to "old" bone outside the defect area. The trend 

noted was for.a rapid maturation of bone as the rats healed. 

This is justified by the fact that in all samples, calcium

to-phosphorous ratios of new bone were not statistically 

different from those ratios of old bone. 

New bone formation was also assessed by ~luorescent 

microscopy. Oxytetracycline and Alizarin red both deposit 

in newly mineralized bone and produce a yellow-green and red 

fluoresce, respectively. Oxytetracycline dosing intervals 

lasted for 4 days, and was administer~d from the day of 
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surgery and the next 3 days post-surgery, plus days 56-59~ 

Alizarin red dosing was also 4 days in duration, but only 

one period of injections was used, 28-31 days post-surgery. 

Only one oxytetracycline band and one Alizarin red band were 

noted at each healing site. _Fluorescence, in general, was 

diffuse. Varieus areas around the wound margin and both 

alloplast and allograft were visualized due to.fluorescent 

ban-ds marking bone apposition. This denotes ·that 

demineralized bone particles act. as a nidus for new bone 

formation. Tricalcium phosphate particles were also noted 

in close association with new bone, but this was not a 

consistent finding. 

Overall, the confirmation that demineralized bone 

powder resulted in the greatest fill is consistent with 

reports by Mellonig, et. al. 56 who stated that decalcified 

freezed-dried bone allografts where highly osteogenic. 

Additionally, Hollinger, et. al. 67 reported that in a 

critical-sized defect in rat calvaria, demineralized bone 

matrix provided the greatest bone volume of new trabeculae 

(calcified plus osteoid) . Potential disadvantages of 

allografts include the risk of transmission of disease from 

donor bone to the recipient and possible immunologic 

reactions due to host incompatibility. These disadvantages 

could be overcome by intelligent tissue banking that 

comprises specific exclusion criteria and proper screening 

procedures (i .. e. bacteria cultures, HIV testing, hepatitis 



screening, etc.). The present investigation proved that 

demineralized bone powder allograft resulted in better 

defect resolution than did alloplasts and non-grafted 

defects. 
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This s.tudy conqluded that trica1cium phosphate often 

became embedded in new bone growth at the defect margins, 

but. for the most part, the.TCP particles in the center of 

the defect were usually encased in fibrous tissue. This 

finding is consistent with Mors and Kaminski31 who reported 

that TCP needs to be in close association with bone when it 

is utilized. Bowers, et. al. 32 repo~ted ost~oid forming 

around and within tricalcium phosphate, but felt that TCP 

did not serve as a nid~s for new bone formation within 

osseous defects. Alloplasts provide an alternate to 

allografts without the previously mentioned risks. 

Disadvantages of alloplasts include the lack of 

osteoinduction. Thus, they generally heal by being 

encapsulated within fibrous connective tissue. This 

research proved that tricalcium phosphate (TCP) resulted in 

a more dense fill radiographically, but actually had less 

bone fill than non-grafted defects in the animal model 

utilized. 

From the gross evaluation, histomorphometry, 

densitometry, elemental analysis, and fluorescent 

microscopy, the general trend was that Pluronic polyols had 

minimal effect on healing bone. The various modes of 
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administration of the Pluronic polyols, topical application 

or parental injection, produced results which were not 

statistically di~ferent. Further, the type of Pluronic 

polyols, F-127 and F-68, did not seem to matter. Pluronic 

polyols did not significantly impede or assist i~ the long

term regeneration process. Pluronic polyols did not 

adversely effect either tricalcium phosphate or 

demineralized bone powder. Both Fitzpatrick, et. al. 6 and 

Shahan39 found that Pluronic polyols were beneficial in the 

short term, but after approximately one week, soft ti~sue 

healing was independent of polyol use. Pluronic polyols ·Can 

be mixed to a consistency that is suitable for use as a 

carrier for graft materials. The polyol gel greatly 

increased the ability to manipulate and place both graft 

materials. Thus Pluronic polyols could be a suitable 

carrier for bone replacement grafts. 



V. SUMMARY 

This project investigated bone healing by utilizing an 

8 mm non-spontaneously healing defect in the rat calvaria. 

Two Pluronic polyols, Pluronic F-127 and F-68, were utilized 

to evaluate their effect on bone regeneration. Tricalcium 

phosphate (TCP) and demineralized bone powder (DBP) were 

utilized as representative alloplasts and allografts, 

respectively. The effect of Pluronic polyols on those graft 

materials was additionally determined. One hundred and 

eighty-two animals were treated surgically, of which 170 

survived for twelve weeks. The subsequent survival rate was 

93.4%. Animals were euthanized after 12 weeks of healing 

and the calvaria harvested as the specimen to be evaluated. 

The.bone regeneration was determined histomorphometrically, 

by densitometric analysis, through elemental analysis, and 

by fluorescent microscopy. 

From the obtained results, the following conclusions can be 

drawn: 

1. Pluronic polyol F-127 and F-68 do not impede nor 

accelerate .the long-term healing of bony defects in a rat 

model. 
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2. There was no statistically significant difference noted 

between the different modes of administration of the 

Pluronic polyols (topical administration and parental 

administration) . 

3. There was no statistically significant difference 

between the two Pluronic polyols evaluated. 

4. Pluronic polyols demonstrated no trend to improve or 

impede the regeneration of non-spontaneously healing defects 

when utilized with demineralized bone powder or tricalcium 

phosphate. 

5. Pluronic polyols can be mixed in a topical form to a 

consistency that is conducive to be a carrier for either 

allografts or alloplasts. Pluronic polyols greatly 

facilitated the handling of graft materials and their 

placement into the osseous defects. 
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