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. ABSTRACT 

Loss of bone due to trauma, infection, or neoplasms is an obstinate 

clinical problem. A variety of bone grafting techniques have been 

tried, but with mixed success. The process of inducing differentiated 

and undifferentiated cells to become osteogenic using demineralized bone 

powder (DBP) is a well kno~n phenomenon in development~! biology. The 

aim of the present study was to examine whether or not the age and the 

site of implantation have an effect on the process of bone induction. 

The diaphysis of long bones from Long-Evans rats we:re processed to 

obtain the DBP according to · the method of Reddi (24). The DBP was 

. implanted in the subcutaneous thoracic and tongue tissue of young rats 

. (28-45 days) and old rats (14 months or older). The animals were 

sacrificed on the 7th, 12th, 20th and 60th days after implantation. The 

amount of newly induced bone in the implant was quantitatively measured 

. 45 
using histomorphometry and Ca uptake. Undecalcified and decalcified 

specimens were processed for histological examination using several 

stains that demonstrate osteoid. 

Both the young rats and the old rats formed bone in response to the 

.DBP implants. The induced bone seemed to form by both endochondral and 

intramembranous mechanisms. The·bone induced in old animals appeared to 

be less in quantity, formed at a slower rate and exhibited less bone 

marrow cellularity than did the bone in young animals• Bone could not 

be induced in the tongue site o"f, either young or·old rats. 
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I. INTRODUCTION: 

A. Statement of the Problem and Aim: 

Bony defects in the orofacial region may result ,from congenital 

anomalies, tumors and trauma. These defects may leave the patient 

physiologically and psychologically compromised. The successful 

treatment of the.se defects poses a challenging problem for both medicine 

and dentistry. Bone grafts have been used but were not uniformly 

successful (29). 

In searching for an alternative to autogenous bone grafting, 

demineralized bone was found by some investigators to stimulate 

osteogenesis by induction. The latter is defined as an effect p~oduced 
•, 

by an organizer on the differen~iatio~ of adjacent cells. 

To properly utilize the process of induction in the physiological 

repair of bony defects, its different steps must be completely 

clarified; and the variation due to age, sex, species and implantation 

sites must be thouroughly studied. 
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.t., 

B. Review of Literature: 

\ The history of demineralized bone implantation began in 1889 when 

'Nicholas Seen used decalcified ox-tibia to repair bony defects in the 

calvarium. He, reported · the efficacy of antiseptic decalcified ·bone 

implants in the healing of bone deformaties. 

It wasn't until 1931 that Huggins discovered the osteoinduction 

potential of certain tissues. He demonstrated that transitional 

epithelium could induce bone formation when transplanted in soft tissue 
i 
~~~ 

- Chalmers (1959), in a detailed histological study of bone 

homografts transplanted bone from the proximal half of the ilium into 

the para-vertebral muscle. He reported two phases of bone formation 

following allogeneic bone· transplants. 'The first osteogenic phase (4 to 

18 days) was formed by the osteogenic cells of the graft during a latent 

period which preceeded a strong immune response that abated it. The 

second phase of bone formation developed four weeks later. He believed 

that the second phase of bone formation that was closely applied to the 

graft surface arouse by metaplasia of adjacent connective tissue cells. 

Burchardt (1982), ·supported this same idea by stressing the importance 

of the late osteogenic phase of osteogenesis in the bone graft repair 

process which is thought to be based on ost~oinduction. 

~z~~_:t~~~~~~-~~~:g;;~:~~~~;··#:~~~;;;;?·~~:~ 
frozen intact bone, deproteinized bone and bone_ decalcified with EDTA 

--"---·-----.. _..........,.. . ~ . ~· ~~------...~-~---
for 12 days. He reported· that demineralized bone powder produced 

~~~---~ ~ ........... __, __ .. .__ . ..:-

complete bridging in _41. 6% of the defects' bridging of two thirds in 

16.6% of the defects, and bridging of only one third of the defect in 
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33.3% of the cases. He concluded that the best substitute for 
~ 

autogenous bQ!lg._in._hone._g.r:af.t.ing J~~_§ __ ~thLdemineralized bone. 
~~-::.::-~-----· -... ..... ;. .. ""'""~ ... ~--::...""'.....,.- ... --.. _,....,:.., • ..,...,_..._.,r~~-..w-...: .. n:r.ti""-ro:.:'...,...,.~,::~;~~,.;o;~,,Q:>o.o,.'="-,~~l•l•o•.>oa~~.u~~ 

In another study, Ray ( 197 2) used labelled allogeneic bone for 

transplantation into an unlabelled site. He demonstrated, that the newly 

formed bone had labelled osteocytes. Conversely, when he transplanted 

unlabelled allogeneic bone into a labelled site, the newly formed bone 

also had ·labelled osteocytes. Thus, he concluded that both the donor 

and the recipient contributed to the newly formed bone. 

Narang (1973), in a study of bone transplants, demonstrated that 

the graft shows. an initial decrease in calcium concentration in the 

graft for up to four weeks following transplantat·ion. Since 

decalcification o~ the bone graft ·could be accomplished in vitro more 

rapidly than in vivo, he recommended the use of demineralized bone. In 

1961 Sharrard used decalcified bone grafts in three scoliotic children 

10 -to 12 years of age to effect spinal fusion. He reported that the 

long term evaluation of the repair process was excellent. 

Three main groups of investigators persued successive research on 

demineralized osseous implants:- Urist' s group, Reddi' s group and the 

group at Harvard University. Van De Putt, (1966) and Urist and Hay, 

(1969) investigated the ·capacity of different mesenchymal cell 

populations to differentiate into bone forming cells following an 

implant .of organic matrix. They used lyophylized allogenic cortical 

bone matrix from adult rats and implanted it into the anterior abdominal 

region of young rats. The implants became re-populated with mesenchymal 

cells which migrated locally from the host bed into the interior of the 

matrix. 'These mesenchymal cells were found to differentiate 
~. 

into 
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fibroblasts, chondroblasts.and osteoblasts with th~ latter cells forming 

new bone. 

In 1967, Urist presented the bone induction principle. He reported 

that bone which had been demineralized with EDTA produced fewer pos~tive 

r~!lults compared to decalCification w~h ~- Urist (1967.) 

demonstrated the sequence of events leading to bone induction. He 

stated that the bone induction principle is not freely diffusible and 

probably moves through the ground substance for short distances along or 

between cell membranes. He also reported a 98% incidence of new bone 

after transplantation of allogeneic lyophylised matrix. In the same 

study, he demonstrated the effect of bone powder shape and particle size 

on bone induction. He reported that cube shaped particles (lrnm3) 

coincid~d with increased bone induction. He concluded in thi~ respect 

that matrix particles reduced to a size smaller than 0.1 to 0.3 cubic 

millimeters yielded smaller amounts of :p.ew b0ne with grea·ter amounts of 

cartilage produced particularly within old marrow vascular channels with 

smooth walls and blind ends. Cartilage was al$0 dominant in small 

spaces between opposing surfaces of small particles. 

Bon~ matrix particles measuring 250 to 420 micrometers (1Jm) in 

diameter inhibited cartilage and bone induction. Urist (1967) also 

demonstrated that there was little uptake ~f calcium or phosphate by the 

dem;i.neralized bone particles until the onset of , bone induction. 

Studying the effect of freezing on bone induction, Urist (1967) reported 

the highest percentage of positive results by .. freezing at -70°C in 

liquid nitrogen with lyophylization, while freezing and thawing 

destroyed bone induction completely. Urist ( 196 7) also reported that 

allogenic bone matrix could be stored for up to three months in a 
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sterile non lyophylised state in sealed containers at room temperature 

without losing bone ·induction property. The possible length of time for 

storage of allogeneic matrix in a lyophylised , state without 

deterioration has· not been determined. Samples fixed in alcohol and 

stored for as long as nine months still produce positive results. On 

the other hand, to 5ooc, exposures to temperatures up also 

lyophilization promoted bone induction. A decline in bone induction 

resulted after exposure of the matrix to higher temperatures where bone 

induction was completely abolished. 

Urist (1967) demonstrated that doses greater than 2 million rads 

of radioactive cobalt inhibited bone induction. Urist also studied the 

effect of various antibiotics and antimetabolites on the inductive 

activity of bone matrix. While actinomycin-D inhibited bone induction, 

puromycin, a known protein synthesis inhibitor, did not have the same 

effect. Parenteral injections of penicillin in do.ses of 90mg/kg and 

oxytetracycline in doses of 100mg/kg did not inhibit bone induction. 

Using tritiated thimydine, Urist (1967) observed that the time 

required for transfer of the bone induction principle from the matrix to 

a competent cell takes less than three days. 

In 196 7, Urist ·demonstrated that surface decalcification of bone 

for 1-2 hours in 0. 6N Hcl removes 9-10% of its mineral content and 

resulted in bone induction. He stated that this treatment was superior 

to totally decalcified bone. treated with 0.6N Hcl for one week. In the 

following year, Urist (1968) used surface decalcified allogeneic bone in 

humans to repair large bony defects demonstrating the effectivness of 

the bone induction system in humanse 

5 



Tuli and Singh (1978), using completely decalcified (48 hours) 

allogeneic bone, reported complete healing pf a full osseous ulnar 

'~· · defect in 81% of the experimental animals used. However,- by decreasing 

the demineralizat.ion time to 4-6 hours to produce only surface 

decalcification, they (1982) reported 97.2% success rate. They based 

their success with the use of surface decalcified bone on its surface 

osteoinductivity and its superior mechanical stability when compared to 

completely decalcified bone. However, Narang (1981), using decalcified 

allogeneic bone in extraskeletal sites to induce osteogenesis, 

demonstrated the superiority of completely decalcified bone over 

In 1968, Urist and Dowel, tested different body sites and found 

that decalcified bone matrix did not induce bone formation in liver, 

spleen or kidney parenchyma. However, when they implanted decalcified 

bone matrix for 5 to 21 days in the abdominal wall and subsequently 

reimplanted the same bone matrix in one of the afore mentioned organs, 

\~one was produced. They concluded that differentiation of bone cells 

o~'t~atally occurred but from a competent mesenchymal cell population 

nd not from blood born cells or vascular tissues •. These cells -----were probably induce~ by a substratum of extracelluar substance found in 

bone matrix. They suggested that some mesenchymal cells should be 

considered differentiated, or at least commited to become osteoblasts 

since they displayed its strictly prescribed program for further 

development following transplantation. 

This agrees with the work of Chalmers (1975). He suggested that for 

bone induction to occur in extra skeletal sites, three conditions must 

be met: an inducing material, an osteoprogeni tor cell and a suitable. 
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n,~, 
-~ \)'.j 

~-~ 
environment. While muscle and fascia provided a suitable environemnt for 

bone induction; the spleen, liver and kidney were considered 

~ppropriate. ~---~-----~-~~-~~·-··-·=--~--.~=~==--,=··~~-~---------------~------·' 

In 1970, Urist began ·to clarify the different steps in the process 

of bone induction in order to optimize the amount of new bone formation. 

He refered to the substance resppnsible for the bone induction as bone 

morphogenetic protein. They also demonstrated the importance of 

devoting sufficient time for bone demineralization in order to acid 

gelatinize the bone matrix. They also stressed the importance of 

concentration, temperature and time of exposure to the decalcifying 

solution in order to prevent denaturation of the cross linked structure 

of the bone matrix. In the same year, Urist and .Strates, speculated 

that the minerals protect the bone morphogenetic protein (BMP) ·from 

thermal denaturation. Bone minerals in vivo insulate the BMP and 

prevent the transmission of the morphogenetic property from bone matrix 

to mesenchymal cells •. 

In the same year (1971), Urist described the different stages of 

bone induction and developed an assessment of the newly- formed bone in 

terms of mg of ash per gram of preimplanted matrix. He implanted 80 

samples of demineralized cortical bone in the ·anterior abdominal wall of 

young rats. First, ·between 0-5 days ameboid mesenchymal cells 

(wandering histocytes) migrated from recipient muscle into the old 

mar~ow vascular channels of old matrix or formed an envelope of 

connective tissues around the implant. The ameboid cells became fixed 

mesenchymal cells and· began to proliferate in the interior of the 

implant. Secondly, in the interval between 5-10 days some cells 

differentiated into chondroblasts and possibly fused mesenchymal cells 
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formed multinucleated giant cells. These cells were 3 to 10 times 

larger than the typical osteoclast and were termed matrixclasts because 

of their association with non vital matrix rather than with living bone. 

Thirdly, in 10 day implants, matrixclasts had 50-500 nuclei and were 

large enough to fill an old vascular channel (35-3500 micrometers). The 

ratio of multi nucleated cells to mononucleated cells was 1p:1. In 15 

days implants with the 'first deposit of woven bone, large matrixclasts 

were located mainly in newer deeper areas of cell invasion and the 

others that appeared initially became progressively smaller in size 

(100-500 micrometers). The ratio of multinucleated cells to 

mononucleated cells was. 1:10. Finally, from day 20-30, woven bone 

started remodeling with the. formation of a central pool of bone marrow. 

In 1971, Urist repeated Reddi's experimental model on rats and had 

low instance of bone formation. He reported finding more fibrous 

tissues than bone. In Reddi's system the demineralization time is only 

three hours after which the bone matrix is subjected to ethyl alcohol 

and ethyl ether. Urist criticized Reddi' s model suggesting the low 

incidence of ossicle formation was due to defective demineralization. 

He pointed out that the demineralization procedure and the subsequent 

washing with different chemicals used by Reddi denatured the bone 

matrix. He stressed again that unlike demineralized dentin, bone matrix 

ground to a particle size less than 400 microns results in the.loss of 

bone morphogenetic activity. He suggested that the mineral content of 

bone insulates BMP and prevents the transmission of the inductor from 

the bone matrix to the' proliferating mesenchymal cells. Urist' s idea 

agrees wfth the work of Narang (1973) which was previously cited. 
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Urist and Cr~ven (1970) conducted another series of experiments and 

found that-the bone induction capacity of BMP changed according to the 

species of the experimental animals in the following order: rabbit, 

guinea pigs, mouse, with rabbits being the most favorable. 

In 1971, Urist and his group ~sed another approach to isolate 

different components of the BMP. They performed a series of experiments 

using enzyme digestions which selectively eliminated various components 

of the bone matrix. He showed that 30% of th'e volume of fresh bone is 

noncollagenous. These constituted 3% of the dry weight and it included 

large molecules of proteoglycans which weighed much less than bone 

_collagen matrix molecules. These proteoglycans are attached to collagen 

fibers. The noncollagenous protein, or the proteins of the· collagen 

molecule that are digestible by trypsin are essential for BMP activity. 

The carbohydrate portion of the proteoglycans that were enzymatically 

digested with amylase were found to be nonessential for bone induction. 

He found that BMP is firmly bound to collagen and is degraded by a 

soluble neutral proteinase (BMP ase). This protease resembles trypsin 

exept that it is specific for BMP. At this point, Urist started to 

elaborate on the concept of BMP receptors on the surface of 

undifferentiated mesenchymal cells . that may activate the cellular 

mechanism of differential repression and redepression. 

In 1979, Urist noted that BMP is transfered from bone matrix to a 

responsive mesenchymal like population of cells within 24 hours after 

implantation. He estimated the BMP activi.ty by the increase of the 

following: hyaluronate within 24 hours' hyaluronidase within 48 hours, 

s35 within 7 days, alkaline phosphatase within 10 days and 45ca 

uptake by mineralizing tissue within 10-14 days. 

Urist 
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showed that BMP is not species specific, since rabbit BMP induces new 

bone formation in the rat. 

In 1980 Urist demonstrated that BMP is a glycoprotein and 'that 

mesenchymal response to it, is growth hormone dependent. When growth 

hormone was given to hypophysectomised rat , it partially restored bone 

formation. 

In 1980 Urist implanted a composite graft of allogeneic bone matrix 

and autologous bone marrow. At two weeks, composite grafts produced 

more bone than either bone matrix alone or with freeze dried non·vital 

marrow. However, by the fourth week, the intact matrix alone produced as 

much bone as the composite grafts. 

In- 1981 Urist found that 1 mg of BMP produced 50-100 mg of net 

weight of calcified new bone. He was able to further purify BMP using 

different methods from five different sources. He noted that the BMP 

protein fraction has a molecular weight in the range of 20,000 to 

30,000 Daltons. Aspartic acid including asparagine, glutamic acid 

including glutami-ne and glycine are the predominant amino acids and 

constitute 1/3 of amino acid residues for all BMP fraction. Carbohydrate 

constituted 15-20% of the dry weight. It is mostly a basic 

oligosaccharide glycoprotein. 

In 1982, Urist reported that in the absence of bone marrow 

cells, the BMP diffuses from the implant s.ite away before a population 

of proliferating mesenchymal cells can gather. Therefore, he favored 

the use of a composite graft of bone and marrow cells. The latter would 

·provide readily accessible inducible . cells for the BMP to activate. 

This agrees with the work ·of Burwell (1966), who stressed the advantage 

of combining autogenous bone marrow to the allogeneic bone tr~nsplants. 
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The concept is also supported' by Gray (1979), who demonstrated in a 

quantitative study on the contribution of different graft cells in the 

early osteogenesis in bone grafts, that 50% of the newly formed bone is 

formed· by the endosteal and stromal cells of bone marrow. This is 

further supported by the work of Pike (1973), who reported excellent 

results with the use_of surface decalcified allogeneic cancellous bone 

in conjunction with autogenous bone marrow. The use of composite grafts 

was also supported by Osbon (1977). He successfully reconstructed 

maxillary and mandibular defects in humans using composite grafts 

consisting of allogenic cancellous surface decalcified bone and 

autologous particulate cancellous bone and marrow. He pointed out the 

following advantages of demineralized bone: ease of adaptability of the 

material at the time of surgery, the reduced amount of autologous bone 

required, and the biocompatibility and biodegradability. 

Lindholm (1981) also demonstrated that allogeneic demineralized 

bone produced more new bone when combined with bone marrow diluted in 

culture media than when used by itself. However, Wittbjer (1982) showed 

that the addition of bone marrow is advantageous only in the first phase 

of bone formation while the later stage of implant bone formation seemed 

to be unaffected. 

In a 1983 review article, Urist suggested that BMP and bone derived 

growth factors are coeffective~ Moreover, he indicated that bone 

induction starts with a morphogenetic phase followed by a 

cyto-differentiation phase. The former consists of mesenchymal cells 

disaggregation, migration and reaggregation and proliferation. He 

suggested that the chondro-osteogenetic gene activation starts- at the 

onset of the morphogenetic phase and_is contro~led by BMP activity. He 
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postulated that the binding of BMP to membrane receptors on mesenchymal 

cell surfaces, alter cell surface electric charges which, in turn, may 

induce a cascade of cell to cell interactions transmitting the genetic 

program of the induced cells to their progeny. This theory agrees with 

the concept of Huggins (1931) who suggested a solid state 

physicochemical alteration of cell surface which produced the phenotype 

transformation. At this· point, the bone derived growth factor (BDGF) 

comes into play. BDGF, or the human skeletal growth factor was 

discovered by Farley (1982). It has a molecular weight of 83 K and has 

the property of promoting the proliferation of cells induce.d by 

demineralized bone implants. Urist (1983) reported that BMP induced bone 

development is irreversible while BDGF bone growth stimulation is 

reversible. He also reported that BMP has a molecular we·ight of 17.5 K 

and is associated with variable quantities of 14 K, 24 K and 34 K 

proteins. He found that BMP yeilds less bone when isolated in the pure 

state than when it is associated with other proteins. He suggest~d that 

BMP activity does not require the presence of collagen and could . be 

transferred across a distance of 450 micrometers through pores as small 

as 25 m. In doses up. to 5 milligrams, the yield of new bone is 

directly proportional to the quantity of implanted BMP. - This is in 

contradistinction to what he previously reported that soluble BMP 

implanted. alone diffuses away before inducing the competent mesenchymal 

cells (Urist 1982). 

Urist (1983) also reported. that cancellous bone contains less BMP 

than cortical bone. This was supported by the work of Nade and Glowac.ki . 

-(1981), who demonstrated the. superio_r osteoinductive ability of cortical· 

over cancellous bone. 
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The second group of investigators working in this field is that of 

Reddi. Since 1972, Reddi's group have been investigating the potential 

capacity of collagen matrix to ip.duc.e bone formation. They revealed 

that the ability of collagen matrix to induce fibroblasts to transform 

to osteoblasts was impaired when the collagen matrix was mineralized and 

that the inductio? property was expressed only when minerals were 

removed (Reddi, 1972). 

Tuli and Singh (1982), reported that bone formation following 

demineralized bone induction occurs by both endochondral and 

intramembranous ossification, while Reddi and Huggins (1972) suggested 

that bone induction occurs by endochondral ossification. 

In. 1973, 'Reddi and Huggins showed that the induction of new bone 

using demineralized bone implants depends upon the geometry, surface 

characteristics of the matrix and on the site of implantation. 

Confirming the work of Urist (1967), they noted that cartilage persisted 

in the deeper regions of. the transplant where oxygen tension was 

presumably low. According to Bassett (1972), oxygen tension as low as 

5% favors chondrogenesi~ while at 35% level favors osteogenesis. 

Reddi (1973) demonstrated that coarse particles (420-850 

micrometers) were more. -inductive than the fine particle (44-74 

micrometers). In his subsequent study Reddi (1975), favored the use of 

particles in the range of 72-450 micrometers. This is in contract- to 

Urist's (1967) conclusions that 3 lmm. particles were 

optimal. The discrepancy between the two groups may lie in their source 

of bone and its subsequent treatment • 

. , Reddi ( 197 5) found that demineralized bone powder_ (DBP) prepared 

:from the diaphysis of long bones was more inductive than that from flat 
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bone. This was attributed to the marked difference in collagen fiber -- ' 

orientation between weight bearing bones and flat bon~· 
~~"'"'"'--~~~~ ... ~~~~~.,__...~ .. --...._~·-"1"':-,.,.-=.l'-=----.... .._..>-01.........,-...r~ ........ .-.. - .. ~-~~~ 

Reddi and Huggins -(1975) also noted in their study that the 

transformation of fibroblasts to chondroblasts and osteoblasts was 

always restricted to the center of the implant and not the periphery of 

the implant which indicated a difference between these two locations. 

Reddi and Anderson (1976) found that the sequential changes during 

matrix induced chondrogenesis, chondrolysis and osteogenesis are 

analogous to those occuring during embryonic development. Also, the 

early events in biogenesis of bone marrow, and the morphology of 

h~ematopoetic elements, was found to be similar to those of developing 

medullary bone marrow. This coincides with the reported results of 

Brockbank (1980) who demonstrated that haematopoesis in ossicles induced 

by demineralized bone matrix was similar to normal haemopoesis within 

normal bone and was responsive to systemic stimuli. Reddi (1976) 

reported c:;n exellent co~relation between increased alkaline phosphatase 

activity and calcification as indicated by 45ca incorporation in the 

mineralization phase. Reddi pointed out that the cascade of events was 

similar to those observed during fracture healing in long bones. He 

suggested that the collagenous matrix may play a role in specifying the 

morphogenetic information loca+ly at the,site of fracture. 

Reddi and his group (1975a, 1975b, 1976a) monitored the process· of 

DBP bone induction using tritiated thymidine, alkaline phosphatase, 

They found that the incorporation of the thymidine 

was increased by the third day following implant'ation and coincides with 

. the proliferation of invading fibroblasts. There was a second peak 

before osteogenesis and -vascular inv~sion and a third peak during 
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haematopoesis on day 18-21. Alkaline phosphatase increased prior to 

· 1 · · d · 45c · · · d d · m1nera 1zat1on on ay n1ne. a 1.ncorporat1on 1ncrease on ay n1ne 

associated with vascular invasion and peaked on day 12 during 

mineralization. 59F increased on day 12 when the first haematopoesis 

colonies were observed and peaked between· day 23-28 when complete 

haemopoesis of the newly· formed ossicle occured. 

The known effect of growth hormone on the process of osteogenesis 

led Reddi and Huggins (1976) to study the effect of hypophysectomy on 

bone induction. They concluded that hypophysectomy delayed the 

formation of the-ossicle and it also profoundly inhibited haematopoesis. 

In an attempt to clarify the different events that take place during 

bone induction, Reddi et " al. (1977), used the immunofluorescence 

technique to identify the different types of collagen in the implant 

during bone matrix induction. He detected type III collagen on day 3 

around invading fibroblasts, type I collagen on day 5, type II collagen 

associated with chondrogenesis, type I collagen associated with 

osteoblastic activity on day 10, and type III collagen reappearing 

during haematopoesis on day 12. 

In 1978, Reddi and Rath, reported that the collagenous bone matrix 

is a potent inducer of ornithine decarboxylase activity, an enzyme 

characteristically found in cells undergoing proliferation. 

In a. subsequent study Reddi ( 1980), found that fihronectin was 

present throughout the process of bone induction. Fibronectin is a .cell 

surface glycoprotein which is also present in serum and has an adhesive 

property which is important for cell to cell or cell to substratum 

interaction. Reddi (1980). also suggested that fibronectin might play a 

role in collagen matrix-mesenchymal cell interaction. 
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Rath and Reddi (1981) studied the effects of lysosomal enzymes 

during bone induction and found that -glucoronidase, acid phosphatase 

and especially aryl sulfatase were increased during bone remodelling. 

These enzymes peak between day 12 and 16 following implantation of the 

DBP. All of these could be used to monitor the. process of bone 

induction along with the previously mentioned markers· ( 1975a, 197 5b, 

1976). 
_, 

In 1981 Reddi identified a role for fibrortectin in his DBP model 

system. He reported that circulating fibronectin attaches to the DBP 

matrix and permits ·the subsequent attachement of osteoprogenitor cells 

to the implant. In diabetic animals the circulating insulin and 

fibronectin levels are low, and in these animals the ·amount of newly 

induced bone was reduced. This may partly be due to impaired cell 

adhesion to the bone matrix particles in the absence ·of adequate amount 

of fibronectin. 

By dissociation extraction, Reddi (1981), showed that the 

osteoinductive molecule was smaller than 50,000 daltons, but he noted 

that the collagenous matrix of bone with its extensive surface area for 

anchorage is indispensable for proliferation and differentiation. 'This 

was in contrast to the work of Urist (1983) who found that the collagen 

of bone.matrix was not essential for osteoinduction. 

Sampath and Reddi (1982) tested the osteoinductive molecule to 

dete·rmine its mitogenic activity on human and rat fibroblasts, as well 

as bovine endothelial cells. He reported that while human and rat 

fibroblasts responded by proliferating 2500 and 300% respectively,· the 

endothelial cells did not respond. 
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In a review article Reddi (1983) concluded that the bone induction 

phenomenon should be viewed not only at th'e cellular and ·subcellular 

levels but also at the tissue level where electrical gravitational and 

mechanical forces are at work. 

In summary, Reddi and his group attempted to clarify the different 

stages during the process of b~ne induction following DBP implantation 

into the subcutaneous tissues of young rats. They concluded that bone 

induction occurs in a sequence similar to that of endochondral 

ossification, the mitogenic effect of bone matrix on adjacent 

mesenchymal cells is not yet understood. 

The Harvard group is also working in the field of bone induction. 

Mulliken and Glowacki (1980) implanted demineralized bone prepared 

according to Reddi's technique (1972), and compared it to 

undemineralized bone implants used for the repair of calvarial defects 

in rats. They found that the demineralized bone implant produced better 

healing presuamably because it uncovered the BMP of the calcified 

matrix. They also concluded that induced osteogenesis is not species 

specific since they had similar results when they used human DBP to 

bridge rat calvarial defects. 

In 1980, Kahan and Glowacki confirmed the above study by applying 

DBP in an experimentally created, full thickness mandibular defect which 

included the loss of inner and outer cortical plates and intervening 

with the spongiosa in between. They found that demineralized bone 

produced better healing compared to undemineralized bone. The 

mineralized bone powder was completely resorbed by three weeks, while 

the demineralized bone powder induced new bone· formation by endochondral 

ossification without being appreciably resorbed prior to bone induction. 
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In this same study, they found that the smaller the particle size the 

greater the inductive capacity of the demineralized bone powder. 

Therefore, they favored the use of particles ranging from 72-250 

micrometers. as did- Reddi (1975). This is in contradiction to the 

findings of Urist (1967) which was mentioned before in this review. In 

1981 Kabon and Glowacki extended their study to humans. They used 

demineralized bone implants for contour augmentation, intraosseous 

implantation and bridging of bony defects. They noted some of the 

clinical advantages of using DBP in the repair of large defects. These 

include the avoidance of a graft harvesting procedure from the thoracic 

or iliac crest area with its subsequent morbidity, they also noted the 

advantage of an unlimited supply of the material through the use of 

banked bone. 

In 1982, Kahan et al. reported the successful treatment of jaw 

defects in humans using demineralized bone powder and cortico-cancellous 

chips. Their evaluation of repair was based on a two year follow up. 

They concluded that while cortical bone is more osteoinductive than 

cancellous bone,· it had to be used in the powdered form. Since the 

powdered implant is not always useful in the treatment of large bony 

defects they suggested the use of a combination of demineralized 

corticocancellous implants 'impregnated with demineralized cortical bone 

·powder. 

Oikarinen (1982) compared the results of bone induction using bone 

matrix prepared according to Reddi' s method (DBP) and according to 

Urist 's method. He found that both had comparable rates of su·ccess in 

healing scapular defects. On the other hand, Wlodarski ( 1982) , in a 

xenogenic system demonstrate~ that bone matrix gelatin, prepared 
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according to Urist's method induced more bone than wholly demineralized 

bone. 

The present research was intended to extend the work in this field 

to study the applicability of bone induction .in the oral cavity. It was 

also intended to implant DMP into animals of different ages to test the 

effect of aging on bone induction. 
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C. Rationale:. 

Reddi '-s experimental model was 
I 

used in this experiment to 

test the ability of DBP to induce bone in an oral site, and to determine 
\ 

the,· effect of age on bone induction. Urist and his ·group, were- .:aiming 

to obtain a pure ·BMP which is not available today. In addition, Urist 

was using a high concentration of acid (0.6 N HCl) to demineralize the 

bone for a long period of time (24 hours). This treatment might have a 

detrimental effect on the bone induction capacity of the bone matrix 

since it might denature the protein content and therefore delay or 

prevent bone induction. On the other hand, the Harvard group used 

Reddi's model but they were pulverizing the bone with a liquid nitrogen 

micromill which might also denature the protein. Accordingly, we 

prefered to follow Reddi's technique for obtaining DBP. 

The tongue was used as an oral implant site to eliminate the 

close association of periosteum and endosteum as has been the case in 

other oral implant studies associated with a bone implant -site. The 

tongue is highly vascular with mesenchymal cells which could migrate to 

the implanted matrix for possible transformation to osteoblast and 

resultant bone formation. Also, any bone which might have form would be 

heterotopic and easily identified. The applicability of bone induction 

in old age is important since most of the clinical problems of 

osteogenesis occur in old age. Since Reddi demonstrated new bone 

formation in young animals in the thoracic region, this location served 

as a control to test whether or not the technique worked in our hands. 
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D. Specific Aims: 

1. The following effects of DBP implantation will be 

reported: 

(a) The effect of DBP implantation in the anterior 

thoracic region in young rats. 

(b) The effect of DBP implantation in the tongue in 

young rats. 

(c) The effect of DBP implantation in the anterior 

t~oracic region in old rats. 

(d) The effect of DBP implantation in·the tongue in 

old rats. 

2. A comparison will be made between: 

(a) 1 and 3. 

(b) 2 and 4. 
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II. MATERIALS AND METHODS: 

A. Pilot Study: 

In the first part of the experimentation, twenty young adult (three 

months old) Sprague-Dawley rats were used as donors. Their long bones 

were dissected, and the bone marrow and periosteum were removed. They 

were then washed in water for two hours and then dehydrated for one and 

a half hour in absolute ethanol followed by ethyl ether for one hour. 

After being dried overnight at J7°C the bone was pulverised using a 

Spex micromill utilizing liquid nitrogen. The bone was then decalcified 

in 0.6 N Hcl for three hours. This was followed by extensive washing in 

water for two hours. The washed powder was dehydrated for one and a 

half hour in absolute ethanol and for half an hour in ethyl ether. The 

powder was dried overnight at 37°C. Twelve Sprague-Dawley rats, six 

young (45 days old) and six old (1 year old) were used for implantation. 

Two sites were used for implantation: the subcutaneous tissue of the 

thorax_ and the tongue. In the former, a subcutaneous pocket was created 

by blunt dissection in the thoracic region, one half a centimeter above 

the xyphoid cartilage. Approximately 25 milligrams of demineralized 

bone powder were ·implanted in each animal. The wound was sutured using 

000 silk. In the tongue site, approximately 15 mg were deposited in the 

lateral surface in a pocket created by the sharp points of a fine 

forceps. No stitches were ~ecessary to close the tongue incision. 

Two animals were sacrificed from each age group at 10, 20 and 30 

days post implantation. The animals were killed with an overdose of 

chloral hydrate and the implants from . each site were dissected rapidly 

and fixed in Mellonig buffered formalin. The fixed tissues were 

dehydrated in · ascending concentration of ethyl alcohol, cleared in 
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xylene, then infiltrated and embedded in paraffin. The paraffin blocks 

were sectioned using an A.O. rotary microtome in 6 micrometer thickness. 

The sections were mounted on 1x3 glass slides. The slides were immersed 

sequentially in xylene, absolute ethanol, 95% ethyl alcohol, running 

water, haematoxylin, running water, 95% ethanol, absolute ethanol and 

xylene. The slides were then cover slipped and examined with a light 

microscope~ 

B. The Main Study: 

The results of the pilot study directed us to change the protocol 

as follows: 

1. Animals: 

Sixty six Long Evans rats were purchased from Charles River firm to 

be used in this study. Male rats were used to av~oist_~'!l!Y_.-llQJJm::>nall? /s;~ 
~ .. --~~~-- l ~~ 

variations. The donor group consisted of 20, three ·months old rats. 
~ 

The remaining 40 rats were used as recipients. They were divided into 

two groups. The first group was composed of 20 young rats with· their 

age ranging from four to eight weeks. The second group was composed of 

twenty rats ranging in age from twelve to eighteen months. 

2. Food and Care of Animals: 

The rats were housed one per cage in an air conditioned room. The 

water was dispensed to each cage from a centrat supply, ad libitum. The 

animals were fed Purina Lab Chow, ad lib.itum which contained a minimum 

of 25% crude protein, 85% crude fat and a maximum 'of 5% crude fiber, 12% 

moisture and 7.5% ash. 

3. Procedure: 

a. Preparation of DBP: 

23 



Ten donor rats were killed with chloral hydrate (200mg/100g.b.w.). 

The diaphyses of their 16ng bones were dissected out and were freed of 
- ... ~~.u'.~~~·~-"L•:J#'_..;a.'P.""-.~f<~"--~._r-><t_U_ .... .._I~~~~~~-",j.;.,~---·-· --··~;~W"::-'1::'--~-·~~-

muscles and bone marrow. These bones were washed and stirred ··in 

distilled water using a magnetic stirr'er for two hours. They were then 

dehydrated in absolute ethanol for 90 minutes followed by 30 minutes in 

ethyl ether. The bones were dried overnight under vacuum 0 at 37 C. 

The following day, the bones were ground, for 20 seconds, at room 

temperature with a water cooled micromill (Bel Art Supplies). 

The resultant powder was seived to a particle size of approximately 

420 micrometers. The bone powder was demineralized in 0.9 N Hcl 
~ 

(25 meq/ gm) for s-ix hours with continuous · stirring. The acid was 

changed three times during the process of demineralization. At the end 

of demineralization, the solution was centrifuged at 3,000 rpm for ten 

m~nutes. Distilled water was added to the precipitate and stirred for 

two hours and the distilled water was changed three times. The solution 

was then centrifuged at 3,000 rpm for ten minutes. This was followed by 

dehydration in absolute ethanol for 90 minutes and e·thyl ether for 30 

minutes. The dry, demineralized bone powder was divided into ten 

portions of 25 mgs each and another ten portions 15 mgs each. 
) 

b. Implantation of demineralized bone powder in young 

rats: 

Twenty, 4-8 weeks old rats (group I) were anaesthesized with 

intraperitoneal injection of chloral hydrate (50 mg/lOOgms body weight). 

i. Thoracic sites: 

The implant~tion site was outlined with a pen half an inch 

superior to the xyphoid cartilage and was shaved. The skin was swabed 

with povidone iodine. A 1 em long incision was made in the skin using a 
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1110 Bard-Parker blade. A subcutaneous pocket was created by blunt 

dissection, and 25 mg of DBP were carried by a spatula and were placed 

adjacent to ·the muscles of the thorax. 

sutured using 000 ~urgical silk suture. 

ii., Tongue site: 

The implantation site was 

The tongue was gently pulled out and its lateral surface rested on 

the surfaces of the lower incisor teeth. A small incision was made on 

the contralateral side of the tongue using a 1111 Bard-Parker blade. The 

incision was kept open with the tips of a fine forceps.- By blunt 

dissection, a small pocket was. created and ~15 mg of DBP placed in a 

sterile 1 c. c disposable syringe were deposited at this site. The 

incision was closed with a 0000 plain gut. 

c. Implantation of demineralized bone powder in old rats: 

The implantation procedure described above, under a and b, for 

young rats was used for the _old animals (group II). 

d. Schedule for animal sacrifice: 

Group I and group II were subdivided into four subgroups of five 

animals each. The animals were sacrificed with an overdose· of chloral 

hydrate on the seventh (group I-A, group II-A), fifteenth (group I-B, 

group II-B), twenty fifth (group I-C, group II..;..C) and fourty fifth day 

(group I-D, group II-D) after implantation, and the implants were 

dissected out. 

e. Methods for evaluation: 

i. Histology and histochemistry: 

· The specimens were fixed in Mellonig' s buffered formalin for 24 

hours. The specimen was then halved: one half was used for paraffin and 

the other for methyl methacrylate embedding. 
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' . ....----------·------. 
In preparation ( for )paraffin embedding, the samples were 

' / 
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demineralized . in formic acid for. th~ee hours and dehydrated i;··-~~scencl1ng"-

grades of ethanol. They were. then cleared in xylene, and infiltrated 

substance 

For the methacrylate embedding, the samples were dehydrated in50% 

acetone followed by a 100% concentration, they were then incubated in 

thin monomer ov~rnight _and subsequently embedded in thick monomer. 

The paraffin embedded d~mineralized samples were cut into 6 

micrometers thick sections using ·a steel blade mounted on a Leitz 

(Watyler) microtome. The sections were stained with hematoxylin and 

eosin. 
~ 

,... ___ , ................................ ~, ... ~ ...... ........:.--..:-)..-....... ~-,.-. .., .. ~o:~--·~ ... ~,.,.,_~~ ...... .._.~~~~~ ... .......,.-~ ..... ~'"'~ .. -~·~·· . 

The methyl methacryla~e embedded, undemineralized samples were 

mounted on a metal specimen holder and trimmed with a razor blade. They 

were then transfered to a Jung Sledge' microtome. Three thin sections, 

5 micrometers thick were cut at 55 micromet-er interval f~om each block. 

The sections were stairidd with a modified Masson technique (30) which 
I 

stains asteoid tissue red (i.e. new bone) and mineralized bone blue. 

ii~ Histometric technique: 

In order to assess the osteogenic response to the implap.tation of 

DBP, micromorphometric analysis was done. A quantitative evaluation of 

new bone formation of three undemineralized sections stained .with 

modified Masson from each site from each rat in_group I-D and li-D, were 

made. The images of these sections were transfered '· via a camera 

mounted on a microscope, tq a T.V. screen interfaced. to an Apple 

microcomputer which was _equipped with a Houston Hipad" digitizing 

tablet. By moving a cursor on the digitizing tablet, three randomly 
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selected areas of each slide showing newly formed bone were delineated. 

The mean relative area of the delineated sites from each slide were 

automatically computed based upon their two dimensional images. The 

relative area of newly formed. bone were compared to young and old 

animals. A statistical comparison of values obtained from old and young 

animals were made using an appropriate Apple II statistical software 

which calculates the t-values based on a Student's t-test. P-values 

were also calculated based upon the degrees of freedom in each 

experiment. 

. .. 45c I . 111. a ncorporat1on: 

In groups (I-D) and (II-D) 10 mg of each sample were used to 

determine 45ca uptake using liquid scintillation counter. 

0.727 Ci/gm b.w. (1800 Ci/mole Ca) of 45cacl2 in saline was 

injected intraperitoneally 24 hours 'before sacrifice. After sacrifice, 

each implant was excised accurately weighed and put in a crucible and 

0 the samples were ashed at 450 for six hours. The ash was dissolved 

in 1ml of nitric acid (1 mole/liter). 0.1 ml of the resultant solution 

was added to 15ml of emulsifier (handifluor-Mallinckrodt) in a 

scintillation vial. Using a scintillation counter, the- counts were 

expressed as cpm/mg of recovered implant solution. The values for old 

and young animals were statistically compared to determine significance. 

P value = 0.05 was determined to be statistically significant. 

27 



III. RESULTS 

A. Pilot Study 

l. Ten days after implantation: 

a. Young rats: 

i. Thoracic sit~: 

a. Gross appearance: 

Ten days after subcutaneous implantation of demineralized bone 

powder at a thoracic site, one could see a swelling approximately • 5 

centimeter in diameter. On palpation, the implant was felt like a firm 
\ 

pellet. The implant was easily removed from the surgical site and was 

found to be encapsulated. 

b. Histology: 

The demineralized bone particles appeared eosiniphilic (with H & E 

stains). Most lacunae within these particles were mainly empty 

(fig. 2). However, some contained remnants of fragmented or piknotic 

osteocytic nuclei. Many particles showed clefts running across the most 

of their width (fig. 1). A fibrous tissue capsule surrounded the 

implant, and was richly vascularized and highly cellular with an 

increasing density of cells towards the implanted particles (fig. 3). 

Cellular components consisted mainly of fibroblast like cells, and 

undifferentiated mesenchymal cells. Multinucleated· giant cells and a 

moderate number of mononuclear inflammatory cells were also seen within 

the fibrous tissue capsule. . Fibroblasts were recognized by their 

spindle shape appearance and their long cell processes, while the 

mesenchymal cells were smaller, somewhat rounded i~ shape and contained 

round or oval nucleus. There were inward projections of the fibrous 

tissue capsule into the implant that appeared to interlace and 
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surrounded the individual demineralized bone particles (fig. 4). 

ii. Tongu~ site: 

In contrast.to the thoracic implants, the tongue implants were not 

surrounded by a distinct connective tissue capsule. Many of the 

demineralized bone particles were in contact with the surrounding tongue 

muscle. Frequently a highly cellular connective tissue was seen 

surrounding individual particles of demineralized bone powder (figs. 

5 & 6). Some particles were moderately invaded by inflammatory cells. 

Few multinucleated giant cells were seen in juxtaposition to DBP 

particles (fig. 7). These cells were referred to as matrixclasts by 

Urist and his group, and is more appropriate than the term osteoclasts. 

b. Old rats: 

Implants obtained from the thoracic subcutaneous sites (fig. 8) 

tongue sites of old rats (fig. 9) showed similar results which were 

similar to those described, above for young rats. This also applies to 

the 20 days and 30 days groups except for minor differences that will be 

described below: 

2. Twenty days after implantation: 

a. Young and old rats: 

i. Thoracic sites: 

a. Gross appearance: 

Implants from thoracic sites were removed by dissection and 

appeared as encapsulated and firm in both young and old rats. 

b. Histology: 

There,was little change from what was described above for the ten 

days qld groups. Bloo·d vessels were abundant as was a moderate amount 

of inflammatory cell infilterate (fig. 10). Fibroblast-like cells 
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appeared channeling inside fissures in individual demineralized bone 

particles (fig. 11). No cartilage formation was observed in any of the 

young or old animals. 

ii. Tongue Site: 

a. Gross appearance: 

The implant site could be distinguished by the pale color of the 

tongue at the site of the implant in contrast to the su~rounding pink 

color of the normal tongue. However, when· the implant was removed, 

there was no clear cut separation between the implant and the 

surrounding tongue tissue. 

b. Histology: 

The particles of the demineralized bone powder appeared scattered 

between the tongue muscle fibers. Some of the particles in young rats 

acquired a basophilic stain instead of the usual eosinophilic stain of 

the majority of the particles. Many multinucleated giant cells appeared 

in the vicinity of the demineralized bone particles (fig. 12). 

3. Thirty days after implantation: 

a. Yout?-g and old rats: 

i. Thoracic sites: 

a. Gross appearance: 

The implants were firm and could be dissected easily from the 

surrounding tissues. 

b. Histology: 

Most of the demineralized bone particles stained eosinophilic and 

had empty lacunae. However, some particles showed, particularly near 

the periphery, basophilic stained regions (fig. 13) which were amorphous 

or granulated in appearence (fig. 14). The eosinophilic and basophilic 
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regions could be easily distinguished by a we·11 defi-ned cement line in. 

an individual deminerfilized bone. _ particie. Thus, it appeared as a 

cementing .line. The basophilic regions, contained lacunae with cells and 

had the appearance of woven bone. In juxtaposition to some of the 

particles, fibroblast-like cells were seen but no osteoblasts were 

observed. Multinucleated giant cells in a richly vascularized fibrous 

tissue stroma were observed in all implants (fig. 15). However, ma~y 

particles had cavities which were occupied by cells which appeared to be 

undifferentiated or multinucleated cells. The streamfng of the 

fibroblast like cells inside the demineralized bone powder particles was 

still prominent at this stage (fig. 16). No cartilage or lamellar bone 

or bone marrow were observed at this sta~e. 

ii. Tongue Site: 

a. Gross appearance: 

The implants were difficult to locate, and therefore, the entire 

tongue was cut for serial histological sectionning. 

b. Histology: 

The demineralized bone particles stained eosinophilic and had empty 

lacunae. Some particles, however, had a basophilic stained area at 

their periphery. These basophilic regions contained scattered cells and. 

could be easily distinguished from the eosinophilic regions. The line 

of separation appeared similar to the resting line of bone (fig. 17). 

These basophilic areas were not seen in old animals in which 

mult.inucleated giant cells were prominent. In both the young and old 

groups of animals the fibrous tissue stroma consisted of 

undifferentiated mesenchymal cells, fibroblasts, multinucleated cells 

and blood vessels (fig. 18). No osteoblasts ·were observed (fig. 18). 
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Figure 1 

Figure 2 

Ten days after implantation of DBP in a thoracic site of a 

young animal showing cell remnants (Cr) inside an implanted 

particle (I). Note the presence of clefts (CL). 

stains, magnification 650x). · 

(H & E 

Ten days· after implantation of DBP in a thoracic site of a 

young animai showing the demineralized bone particles (I) 

with empty lacunae (Lc). (H & E stain, magnification 180x) 
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Figure 3 

Figure 4 

Ten days after implanta-tion o'f DBP in a thoracic site of a 

young animal showing the cellular fibrous tissue c~psule 

being more cellular (arrows) next to the implant (I). (H & 

E stains, magnification 168x) 

Ten days after implantation of DBP in the thoracic site of a 

yqung animal showing the fibrous tissue (Ft)' projecting 

between the implanted demineralized bone particles (I). 

(H & E stains, magnification 168x). 
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Figure 5 

Figure 6 

Ten days after implantation of DBP in a tongue site of a 

young animal showing a highly cellular fibrqus tissue (Ft) 

surrounding individual demineralized bone particles (I). 

(H & E stains, magnification 220x). · 

Ten days after implantation of DBP in a tongue. site of a 

young animal showing the demineralized bone particles (I) 

adjacent to tongue muscles 

magnification 67x). 
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Figure 7 

Figure 8 

Ten days after implantation of DBP in a tongue site of a 

young animal showing a demineralized bone particle (I) with 

osteoclasts on its surface (Oc) and moderately invaded by 

inflammatory infil~rate (If). Note the presence of fat (f). 

(H & E stains, magnification 180x). 

\ 

Ten days after implantation of DBP in a thoracic site of an 

old ,animal showing a fibrous tissue capsule (Ft) surrounding 

demineralized bone particles (I) and interdigitating between 

them. (H & E stains, magnification 180x). 
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Figure 9 

Figure 10 

Ten days after implantation of DBP in a tongue site of an 

old animal showing the implanted demineralized bone 

particles (I) pushed against tongue muscle (M). (H & E 

stains, magnification 180x). 

Twenty days after implantation of DBP in a thoracic site of 

a young animal showing the fibrous tissue 

surrounding the demineralized bone particles (I). 

capsule 

Note the 

presence of blood vessels (BL) and inflammatory cells (If). 

(H & E stains, magnification 168x). 
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Figure 11 

Figure 12 

Twenty days after implantation of DBP in a thoracic site of 

an old animal showing fibroblast (F) like cells channeling 

inside fissures in'demineralized bone particles (I). (H & E 

stains, magnification 180x). 

Twenty days after implantation of DBP in a tongue site of a 

young animal·· showing muscle fibers (M) intervening between 

the implanted particles. Some of the particles acquired a 

basophilic stain. (H & E stains, magnification 168x). 
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Figure 13 

Figure 14 

Thirt-y: days after implantation of D.BP in a thoracic site of 

a young animal showing the implanted particles (I) with a 

basophilic peripheral region (b). (H & E stains, 

magnification 168x). 

Thirty days after implantation of DBP in a thoracic site of 

an old animal showing the basophilic region ·(b) on the 

implanted part)icles (I). 

168x). 

(H & E stains, magnification 
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Figure 15 

Figure 16 

Thirty days after implantation of DBP in a thoracic site of 

an old animal showing fibroblasts (F) in juxtaposition to 

the implanted particles. Note the presence of blood vessels 

(BL) and multinucleated cells (Cm). 

magnification 650x). 

(H & E stains, 

Thirty days after implantation of DBP in· a thoracic site of 

a young animal' showing the numerous blood vessels (BL) and 

the streaming of fibroblast-like cells inside the 

demineralized bone particles (arrows). 

magnification 180x). 
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Figure 17 

Figure 18 

Thirty days after implantation of DBP in a tongue site of a 

young animal showing basophilic regions (B) inside the 

implanted bone particles (I). (H & E stains, magnification 

180x). 

Thirty days after implantation of DBP in a tongue site of an 

old showing the fibrous tissue stroma inv~sting the implant 

(I) being composed of undifferentiated cells (U), 

fibroblast(F), multinucleated giant cells (Cm) and blood 

vessels (Bl). (H & E stains, magnification 650x). 
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B. Main Study 

(1) Histology and Histochemistry: 

. I. Seven days after implantation: 

a. Young rats: 

i. Thoracic site: 

a. Gross appearance: 

The implants· appeared as a protruding. subcutaneous mass in the 

chest region. When removed, the implants had a pellet-like appearance 

and were adherent to the fascia of the underlying muscles. 

b. Histology: 

The demineralized bone particles stained eosinophilic with the 

H & E stain. Most of the particles had a collagenous organization that 

reflected the morphogenetic matrix pattern of the bone from which it' was 

produced. Most of the osteocyte lacunae of the particles were empty of 

cells (fig. 19). Many of the particles showed clefts that appeared like 

cracks (fig. 19). The, connective tissue surrounding the implant was 

highly cellular and vascularized. Most of the cellular elements 

appeared to be fibroblast-like cells, undifferentiated mesenchymal 

' cells, endothelial cells, multinucleate·d giant cells and inflammatory 

cells (fig. 20). Bands of a fibrous tissue stroma, along with blood 

vessels, interdigitated between the demineralized bone particles (fig. 

21). Some of the fibroblast-like cells appeared to enter the implant 

particles through the previously described clefts (fig. 22). At the 

interface between the demineralized bone particles and the surrounding 

connective tissue there were· many blood vesseJ_s, mononuclear 

inflammatory cells and fibroblast like cells (fig. 23). 
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ii. Tongue site: 

a. Gross appearance: 

The site where the DBP was implanted· into the tongue was similar to 

the thoracic implant site, but the implant was not palpabl~. 

b. Histology: 

The demineralized bone particles within the tongue stained 

eosinophilic and had empty lacunae. Some particles were fragmented and 

appeared to contain numerous clefts. The demineralized bone particles 

were not packed-together as was observed in the thoracic implants, but 

rather pushed between the tongu~ muscle fibers (fig. 24). Some 

demineralized bone particles were individually surrounded by a fibrous 

tissue stroma containing fibroblasts, undifferentiated mesenchymal cells 

and inflammatory cells (fig. 25). Some of these mononuclear cells were· 

found in the mononuclear clefts within the bone particles. 

b. Old rats: 

i. Thoracic site: 

a. Gross appearance: 

The demineralized bone powder implant formed a pellet that was 

palpable. 

b. Histology: 

The ' epsinophilic stained demineralized bone particles were 

surrounded by a fibrous tissue capsule which projected in between the 

DBP particles. Connective tissue surrounded the individual particle and 

contained fibroblast-like cells, blood vessels, mononucleated and 

multinucleated cells. The fibroblasts showed a well defined basophilic 

cytoplasm (fig. 26). The surface of some demineralized bone particles 

appeared indented by areas resembling Howship's lacunae and were 
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occupied by mononucleated and· multinucleated cells· (fig. 26). Many of 

the clefts within the particles contained cells which appeared 

morphologically to be as undifferentiated mesenchymal cells, and 

fibroblast-like cells or few mononuclear cells. 

2. Tongue site: 

a. Gross appearance: 

The implantation sites appeared slightly inflammed with ill defined 

borders. 

b. Histology: 

The eosinophilic stained demineralized bone particles were· mor~ 

packed together when compared to the tongue implants of the young age 

group (fig. 25). No distinct continuous fibrous tissue capsule was 

detected, however, many particles appeared surrounded by a fibrous 

tissue stroma. A few animals in· this group had a moderate inflammatory 

cell infiltrate surrounding the implant (fig. 27). Some of the 

inflammatory cells penetrated between the demineralized bone particles 

while fibroblast-like cells were found to invade the particles 

(fig. 28). 

2. Twelve days after implantation: 

a. Young rats: 

i. Thoracic site: 

a. Gross appearance: . 

The i.mplants appeared encapsulated with a distinct blood vessel 

entering the implant from underlying muscle. 

b. Histology: 

The results were similar to the ten day implants. The DBP. 

particles were surrounded with a fibrous tissue capsule (fig. 32) 
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containing connective tissue septae rich in blood vessels, fibroblast 

like cells, and undifferentiated mesenchymal cells (figs. 29 and 30). 

One major change noted was in the matrix of the connective tissue which 

was hyaline in appearance (figs. 29 and 31). Also blood vessels, mainly 

capillaries and venules, were noted (fig. 30). Fibroblasts with long 

cell processes as well as undifferentiated mesenchymal cells were 

aligned in juxtaposition to the DBP particles (figs. 30 and 31). Many 

cells with large perinuclear Golgi zones, and peripherally located 

nuclei, were found embedded in the hyaline matrix (fig. 31). Small 

areas of cartilage which contained chondrocytes embedded in a 

hyaline-like matrix were found interposed between some demineralized 

bone particles. The cartilage matrix stained basophilic (fig. 32). 

Some chondrocytes were found with their basophilically stained 

territorial matrix within the fragmented eosinophilically stained 

demineralized bone particles. Also fibroblast-like cells, some 

mononucleated and multinucleated cells appeared streaming within and 

between the implanted ·particles (fig. 32). 

ii.Tongue site: 

a. Gr0ss appearance: 

Specimens from this group were uncapsulated. 

b. Histology: 

Dense fibrous tissue containing fibroblast-like cells, inflammatory 

cells and blood vessels was found interposed betw~en the demineralized 

bone particles as well as inside some of them (fig. 33). Mononucleated 

and multinucleated matrixclasts occupied resorptive cavities on the 

surface of the demineralized bone particles. The particles were 
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eosinophilic, slightly fragmented with mainly empty lacunae (fig. 36). 

Inflammatory cells were less numerous than in the seven day group. 

b. Old rats: 

i. Thoracic site: 

a. Gross appearance: 

Specimens from this group were-grossly similar to the 12 days young 

group. 

b. Histology: 

The implant was surrounded with a fibrous tissue capsule which was 

less developed than that in the young animals. Blood vessels were 

numerous between the DBP particles. Fibroblast-like cells were found in 

juxstaposition to many of the 4emineralized, bone particles. These cells 

were also seen inside DBP particles (fig.,36). Some of the cells inside 

the demineralized bone particles were rounded and mononuclear .. while_ 

other cells appearedmultinucleate'd (fig. 36). Even though no areas of 

cartilage were seen, a faintly stained basophilic hyaline cartilage 

matrix like material was found. ·Inflammatory cells were often seen in 

close proximity to demineralized bone particles and multinucleated cells 

were observed at various locations. The cellular density in this group 

was less than in the young animals (fig. 35). 

ii. T?ngue sites: 

Specimens from this group showed a gross and histological picture 

similar to that of the young rats but with larger inflammatory cell 

infiltrate (fig. 37). 

3. ·Twenty days after implantation: 

a. Young rats: 

i. Thoracic site: 
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a.· Gross appearance: 

Samples obtained from the thoracic sites of this group were well 

encapsulated and felt firm on palpation. 

b. Histology: 

The implants ·were surrounded by fibrous tissue capsule. 

Hyaline cartilage-like with a bas~philic ground matrix and chondrocytes 

occupying lacunae was found in many areas interposing between the 

demineralized bone particles (fig. 38). Chondrocytes surrounded by a 

basophilic stained territorial matrix were found within some 

demineralized bone particles (fig. 39). Some chondrocytes appeared 

hypertrophied with rounded nuclei and one or two nucleoli while other 

nuclei appeared flat or oval in shape. The chondrocytes were embedded 

in a deeply stained basophilic amorphous ground substance (fig. 40). An 

increased density of blood vessels was seen particularly at the 

periphery of the cartilage (fig. 38). In clo.se proximity to the 

cartilage there were areas of hyaline material that appeared similar to 

the cartilage matrix but were devoid of cells (fig. 38). Some 

multinucleated giant cells were present in close proximity to the 

surface of the demineralized bone particles (fig. 33)~ For the first 
I 

time at this stage, areas of bone with osteocytes in their lacunae were 

observed. This bone was also lined by osteoblasts (fig. 41). The new 

bone had a more .basophilic stained matrix when compared to the 

underlying DBP matrix (fig. 41). Haematopoetic tissue bone marrow was 

evident in many areas of the implant (fig. 41). 

ii. Tongue site: 
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a. Gross appearance: 

Implant sites in this group wer~ grossly difficult to locate and 

discriminate from neighbouring tissues. 

b. Histology: 

There was no· fibrous tissue capsule surrounding the implant. The 

imp.lant appeared to be blending with the surrounding muscle tissues 

(fig 42). Fibroblast-like cells and ·dense collagen fibers appeared 

between the particles of the implant. In only one specimen there was an 

area of cartilage formation interposed between two demineralized bone 

_particles (fig. 43). 

b. Old rats: 

i. Thoracic site: 

a. Gross appearance: 

Specimens from this group were grossly less firm than the previous 

young group. 

b. Histology: 

Examination of implants from this group showed basophilic stained 

cartilage interposed between the demineralized bone particles. Some 

areas of cartilage were also seen inside the · demineralized bone 

particles. In these specimens, cavities were seen occupied by 

spindle-shaped and rounded cells (fig. 44). The streaming of 

fibroblast-like cells into the inside of the demineralized bone 

particles was also noted (fig. 45). Some of these cells, particularly 

near the center of the demineralized bone particles (fig. 45), appeared 

as if they were more differ_entiating __ o.<i:nto 
~·:d'i'..!I:"..-.Jr .... r.·.t,t<->~':.,·~~ ~-•··· 

chondrocytes. In some 

implants, bone apposition was detected on the surface of the 

demineralized bone powder. This new bone was covered by a 
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periosteal-like membrane formed which contained a cellular layer and a 

more superficial fibrous layer containing rather flattened 

osteoprogenitor cells (fig. 46) ~ Cells adjacent to the bone surface 

appeared as typical ost~oblasti (fig. 46). 

ii. Tongue site: 

a. Gross appearance: 

Implant sites in this group could not be identified. 

b. Histology: 

There was a mod·erate inflammatory cell infiltrate in the tissues 

surrounding the _demineralized bone particles with no evidence of fibrous 

capsule formation. Many fibroblast-like cell.s as well as mononucleated 

and multinucleated giant cells appeared between the fragmented implanted 

particles (fig. 47). 

4. Sixty days after implantation: 

a. Young rats: 

i. Thoracic site: 

a. Gross appearance: 

Samples from thoracic sites felt harder than ·those obtained in the 

20 days implants of the young animals. A blood vessel connecting it 

ventrally to the muscular bed was observed. 

b. Histology: 

Bone was formed in the implants of all rats in this group. Most of 

the bone was of the lamellar type with numerous prominent resting lines 

(fig. 48). The .newly formed bone contained prominent osteocytes in 

their lacunae (fig. 48). The bone was found consistently in. 

juxstaposi tion to the demineralized bone particles which were easily 

identifiable because of their fibrillar pattern and their empty lacunae. 

Some of the DBP particles were incorporated into the new bone. 
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Cementing lines between the demineralized bone particles and the new 

bone could be easily· descerned (fig. 49). The incorporated particles 

did not show evidence of further osteoclastic activity as was seen in 

particles which surrounded the newly formed ossicles. Osteoblast-like 

cells were interposed between the demineralized bone particles 

peripherally and the newly formed bone centrally in what -appeared 

similar to a periosteal membrane (fig 49). In the center of the 

ossicle, another layer of osteoblast-iike cells lined a bo.ne marrow 

cavity. In some implants the new bone appeared to be surrounded by 

demineralized bone particles and a fibrous tissue capsule. A bone 

marrow with moderate. cellularity was evident in most ossicles (fig. 49). 

The modified Masson stained osteoid (unmineralized bone matrix) red 

and mineralized matrix blue. The osteoid and mineralized matrix was 

easily recognized in these tissues after using this stain. In some 

implants a few of the demineralized bone particles acquired· a blue stain 

suggesting that. they were mineralized (fig. 50). At the interface 

·between the osteoblast like cells and the blue stained bone surface, a 

layer of red stained osteoid was found (fig. 51). 

ii.Tongue site: 

a. Gross appearance: 

The implant sites were unidentifiable from the investing tongue. 

b. H~stology: 

Demineralized bone particles were interposed between t-he tongue 

muscles. The _muscles were severely infilterated with an inflammatory 

cells. There was no evidence of fibrous tissue encapsulation of any of 

the implants. Fibrous tissue containing inflammatory cells and bl,ood 

vessels also appeared between the demineralized bone particles. Many of 
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the particles were fragmented and some of them were invaded by 

inflammatory cells which appeared to be phagocytosing the bone matrix 

(fig. 52). No bone was observed in any of the implants. 

b. Old rats: 

i. Thoracic site: 

a. Gross appearance: 
\ 

The implants appeared to be similar to those of the young age group 

although one implant was not as hard as the others. 

b. Histology: 

The results were similar to those of the corresponding young age 

group (fig. 53).- However, the amount of bone appeared to be smaller in 

some implants. Bone marrow appeared to be rather fatty with low 

cellular density (fig. 55-). In the- i~plant that appeared to be less 

hard, the amount of new bone formation was considerably low and fibrous 

tissue interposed between the demineralized bone particles was the 

dominant tissue observed. The newly formed bone was found consistently 

on the surface of demineralized bone particles (fig. 56). A few of the 

newly formed ossicles did not show a bone marrow cavity (fig. 54). 

Small capillaries were found within the bone ossicles. Also 

periosteum-like membranes were seen on the surface of some of the 

ossicles (fig. 54). Some demineralized bone particles contained spindle 

shaped cells similar to ·those observed in the previous group (fig. 55). 

There were multinucleated giant cells on the surface of some 

demineralized bone particles but this was not a prominent feature 

(fig. 56). Cartilage-~ike cells appeared embedded in some of the bone 

matrix of the demineralized bone particles that was incorporatedc into 

the newly formed ossicle (fig. 55). 
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The modified Masson -stained sections showed the newly formed 

ossicles enclosing the rather fatty bone marrow. A layer of red osteoid 

was formed on what appeared as the endosteal and periosteal surfaces of 

the newly formed bone (fig. 56). 

ii. Tongue site: 

a. Gross appearance: 

The implant sites were difficult to detect. 

b. Histology: 

The results were similar to those found in the young age group. 

The demineralized bone particles, appeared in close proximity to the 

tongue muscles (fig. 57). The implants were fragmented and infilterated 

with mononucleated and multinucleated cells which were also found in the 

tissue between the particles. Many blood vesse~s were seen inside the 

implant and fibrous stroma. However, no distinct fibrous tissue capsule 

was detected (fig. 57). 

Qualitative assessment of the histological results in young and old 

animals based on the appearance of each group of cells in the implant 

are shown in Tables I and II. 
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Figure 19 

Figure 20 

A few particles of demineralized bone powder (DBP). After 

demineralization the particles consist mainly of bone matrix 

(BM) collagen. 67x 

Ten days after implantation of DBP in a thoracic site of a 

young animal. Note the infiltration of the fibroblast-like 

cells (F) inside individual particles (I). (H & E stains 

488x). 
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Figure 21 

/ 

'Figure 22 

Seven days after implantation of DBP in the thoracic site of 

a young animal. An interface between demineralized bone 

particles (I), and the surrounding tissues is seen. Note 

numerous blood vessels (BL) , inflammatory cells (If) and . 

fibroblast-like cells (F) were seen. (H & E stains 488x). 

Seven days after implantation ofDBP in the thoracic site of 

a young animal. Note the fibrous tissue stroma (Ft) along 

with blood vessels (BL.) interdigitating between the 

demineralized bone particles. (H & E stains 288x). 
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Figure 23 

Figure 24 

Seven days after implantation of DBP in the thoracic site of 

a young animal. The fibrous tissue capsule containing 

undifferentiated mesenchymal cells (U), blood vessels (BL) 

, and inflammatory cells (if). ·(H & E stains 506x). 

Seven days after implantatio~ of DBP in the tongue site of a 

young animal. The demineralized bone particles (I) are 

found between,muscle fiber (M). (H & E stains 67x). 
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Figure 25 

Figure 26 

Seven days after implantation of DBP in a tongue site of a 

young animal. The fibrous tissue stroma contained 

fibroblasts (F), undifferentiated mesenchymal cells (U) and 

inflammatory celis. (H & E stains 550x). 

Seven ·days after implantation of DBP in a thoracic site of 

~n old animal, note the multinucleated cells (Oc) occupying 

_What appears to be Howship's lacunae (H). Note the cleavage 

of the bone matrix particles (arrow), the intrusion of cells 

with basophilic cytoplasm and darkly stained nuclei 

(arrowheads) inside and in between the demineralized bone 

particles. (H & E stains 550x). 
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Figure 27 

Figure 28 

Seven days after implantation of DBP in the tongue site of 

an old animal. Note the packing of the eosinophilic implant 

particles (I). Also note the cellularity of the connective 

tissue between DBP particles. (H & E stains 78x). 

Seven days after implantation of DBP in a tongue site of an 

old animal. Note the presence of inflammatory cells (If) 

and fib~oblast-like cells (F) around and inside the implant 

(I) (H & E stains 550x). 
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Figure 29 Twelve days after implantation of DBP in the thora~ic site 

of a young animal. The rounded cells (Cr) with nuclei 

pushed to the side were seen inside matrix cavities (Me). 

Note the presence of a hyaline like matrix (Mh) between the 

demineralized bone particles (I). (H & E stains 220x). 

Figure 30 Twelve days after implantation of DBP in the thoracic site 

of a young animal. There were blood vessels (bL) 

fibroblast-like cells (F) and undifferentiated mesenchymal 

cells (U) between the implanted particles· (I) that appeared 
0 

fragmented in some areas (arrows). (H & E stains 220x). 
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Figure 31 Twelve days after implantation of DBP in the thoracic site 

of a young animal. .Note the contrast between. the 

hyaline-like matrix (Mh) and the fibrillar pattern of the 

implanted bone matrix (I). (H & E stains 550x). 

Figure 32 -Twelve days after implantation of DBP in the thoracic site 

of ·a young animal.- Note the presence of the. fibrous tissue 

capsule (Ft)and the areas of cartilage (C) with embedded 

chondrocytes (Ch) between the implante·d · particles (I). 

(H & E stains 180x). 
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Figure 33 

Figure 34 

Twelve days after implantation of DBP in the tongue site of 

a young animal. Fibrous tissue (Ft) with inflammatory cells 

were interposed between and· inside the implanted particles 

(I). (H & E stains 168x). 

Twelve days after implantation of DBP in the tongue site of 

a young animal. There were resorptive cavities (Me) inside 

the implanted particles (I). Note the presence of 

osteoclasts (Oc). (H & E stains 168x). 
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Figure 35 

Figure 36 

Twelve days after implantation of DBP in the thoracic site 

of an old animal. There was low cellular density in some 

parts of the implant. (H & E stains 168x). 

Twelve days after implantation of DBP in the thoracic site 

of an old animal. The fibroblasts (F). were observed on the 

surface and inside the implanted particles (I). Note the 

presence of rounded cells (Cr) and osteoclasts (Oc). (H & E 

stains 487x). 
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Figure 37 

Figure 38 

Twelve days after implantation of DBP in the tongue site of 

an old animal. There was an inflammatory cell infiltrate 

(If) still present. (H & E stains 168x) 

Twenty days after implantation of DBP in-the thoracic site 

of a young animal. There was a hyaline basophilic cartilage 

matrix with chondrocytes (Ch) interposed between th~ 

implanted particles (I). Note the presence of blood vessels 

(BL) and multinuc~eated cells (Cm). (H & E Stains 168x). 
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Figure 39 

. ' 

Figure 40 

Twenty days after implantation of DBP in the thoracic site 

of a young animal. There were chondrocytes (C) surrounded 

by their territorial matrix (Mt). (H & E stains 487x). 

Twenty days after implantation of DBP in the thoracic site 

of a young animal. Some chondrocyt~s were hypertrophied 

(Ch) while others appeared oval (Co). (H & E stains 670x). 
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Figure 41 

Figure 42 

Twenty days after implantation of DBP in the thoracic site 

of a young animal. Newly formed bone (B) with embedded 

osteocytes (OS) was more basophilic. compared to the 

underlying demineralized bone and osteoblasts (Ob) were 

observed on the surface of the newly formed bone. Note the 

bone marrow element (BM). (H & E stains 487x). 

Twenty days after implantation of DBP in the tongue ~ite of 

a young · animal. The implanted particles (I) were found 

between the muscle fiber bundles (M). (H & E stains 267x). 
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Figure 43 

Figure 44 

Twenty days after implantation of DBP in the tongue site of 

a young animal. An area of cartilage (C) was interposed 

between the implanted particles (I). (H & E stains 487x). 

Twenty days after implantation of :OBP in the thoracic site 

of an old animal. Cartilage (C) was interposed between and 

inside the implanted particles (I). Note in the latter the 

presence of spindle and rounded cells (arrows). 

stains 168x). 
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Figure 45 

Figure 46 

Twenty days after implantation of DBP in the thoracic site 

of an old animal. Note the streaming of fibroblasts (F) and 

chondrocytes (C) inside the demineralized bone particles 

(I). Note the presence of the faint· basophilic hyaline 

matrix (Mh). (H & E stains 168x). 

Twenty days after implantation of DBP in the thoracic site 

of an old animal. Newly formed bone (B) was covered by 

osteoblasts (Ob) and a superficial ~ayer of flattened cells 

(Op). (H & E stains 487x). 
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Figure 47 

Figure 48 

Twenty days after implantation of DBP in the tongue site of 
0 

an old animal. The implanted demineralized bone particles 

(I) were invaded with moderate inflammatory cell infiltrate 

(If). (H & E stains 168x). 

Sixty days after implantation of DBP in the thoracic site of 

a young animal. There were cementing lines (CL) between the 

implanted bone (I) and the newly formed bone (B). (H & E 

stains 195x). 
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Figure 49 

Figure 50 

Sixty days after implantation of DBP in the thoracic site of 

a young animal. The demineralized implanted particles (I) 

were peripheral' to the newly formed bone (B). Note the 

presence of highly cellular bone marrow (BM) lined by 

endosteal cells (Ce). (H & E stains 135x). 

Sixty days after implantation of DBP in the thoracic site of· 

a young animal~ The implanted particles (I), fibrous tissue 

(Ft), osteoid (Ot) stained red while the newly formed bone 

stained blue (B). Note some of the implanted particles (Ib) 

also stained blue in color. (H & E stains 267x). 
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Figure 51 

Figure 52 

Sixty days after implantation of DBP in the. thoracic site of 

a young animal. The osteoid (Ot) is shown in red and the 

osteoblast, (Ob) on the surface of the bone (B). (Modified 

Masson stain 418x). 

Sixty days after implantation of DBP in the tongue site of a 

young animal. The implanted particles (I) were found · 

between the investing tongue muscle (M). Note the presence 

.Qf inflammatory cells (If). The particles appear fragmented 

(arrowheads). (H & E stains 168x). 
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Figure 53 

Figure 54 

Sixty days after implantation of DBP in the thoracic site of 

an old animal. There was newly formed bone (B) enclosing 

remnants of the implanted particles (I). (H & ·E stains 

168x). 

Sixty days after implantation of DBP in the-thoracic site of 

an old animal. A membrane of cells (arrows) surrounded the 

newly formed bone (B) without any apparent bone marrow 

cavity. (H & E stains 168x). 
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Figure 55 

Figure 56 

Sixty days after implantation of DBP in the thoracic site of 

an old animal. Newly formed bone (B) was observed in what 

appeared to be a resorptive cavity. Note the presence of 

cartilage· cells (C) in similar locations. (H & E stains 

168x). 

Sixty days after implantation of DBP in ·the thoracic site of 

an old animal. Newly formed bone (B) enclosed a ~atty bone 

marrow. (Modified Masson stain 168x). 
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Figure 57 Sixty days after implantation of DBP in the tongue site of 

an old animal. There were fragmented demineralized 

particles (I) with multinucleated cells (Cm). Many blood 

vessels could seen in the field (Bl): (H & E stains 168x) 
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Table I 

QUALITATIVE ASSESSMENT OF THE HISTOLOGICAL RESULTS 

Young Animals 

Undifferentiated Chondroblasts 
Day of Inflammatory Blood Mesenchymal and Bone 

Specimen Sacrifice Cells- Fibroblasts Vessels Cells Chondrocytes ·Bone Marrow 

Thoracic 7 days + + + + + + + + + + + + 

Thoracic 12 days + + + + + + + + + + + + 

Thoracic 20 days + + + + + + + + + + + + + + + 

Thoracic 60 days - + + + + + + + + + + + + + + 

Tongue 7 days + + + + + + + + + 

Tongue 12 days + + + + + + + + + + 

Tongue 20 days + + + + + + + + + 

Tongue 60 days + + + + + + + + 

Absent 
+ Small amount 

+ + Moderate amount 
+ + + Large amount 
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Table II 

QUALITATIVE ASSESSMENT OF THE HISTOLOGICAL RESULTS 

Old Animals 

Undifferentiated Chondroblasts 
Day of Inflammatory Blood Mesenchymal and Bone 

Specimen Sacrifice Cells Fibroblasts Vessels Cells Chondrocytes Bone Marrow 

Thoracic 7 days + + + + + + + + + + 

Thoracic 12 days + + + + + + + + + + 

Thoracic 20 days + + + + + + + + + + + 

Thoracic 60 days + + + + + + + + + + + + + 

Tongue 7 days + + + + + + + + + + + 

Tongue 12 days + + + + + + + + 

Tongue 20 days + + + + + + 

Tongue 6.0 days + + + + + 

- Absent 
+ Small amount 

+ + Moderate amount 
+ + + Large amount 
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(2) Quantitative Results) 

a. Histomorphometric results: 

i. Thoracic Site: 

The results of the histometric measurements of new bone of thoracic 

implants of young and old rats at 60, days are presented in Table III. 
I 

The relative surface areas o~ new bone was significantly higher in young 

rats with a percentage difference between the means equal to 48. 39%. 

These results tend to support the histological data. 

ii. Tongue site: 

Since no new bone was observed in the tongue sites of young or old 

rats at 60 days, the quantitative histomorphometric method was not 

applied. 

b. 45ca Incorporation:_ 

i. Thoracic site: 

The results of the incorporation o£_ 45ca in the mineralized phase 

of the thoracic implants from young and old rats at ?O days are shown in. 

Table IV. The Y?ung rats incorporated statistically significantly more 

45ca than the old rats. The percentage difference hetween the mean of 

each group was 43% (P = 0.05). ·These results are in accordance with the 

histological and the quantitative histomorphometric results. 

ii. Tongue site: 

The results of 45ca incorporation in the tongue implants from 

young and old rats at 60 days are shown in Table V. There was no 

statistically significant difference in 45ca ·incorporation between the 

young and old age group. The large standard error of the means reflect 

the great differences between rats in this group. 
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Table III 

RELATIVE SURFACE AREAS OF NEWLY FORMED BONE 

Experimental Group 

Young· 

Old 

* Values are means ± SEM 
t = 2.33 
Young vs. old P = 0.047 

OF 60 DAYS THORACIC IMPLANT 

Young.and Old Animals 

Relative Surface Areas 
Number of of Newly Formed Bone 

Animals (l'OX field), 

5 25.10 ± 3.37* 

5 12.95 ±. 3.95* 
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Table IV 

45ca INCORPORATION IN THE THORACIC IMPLANT 
OF 60 DAYS 

Experimental Group 

Young 

Old 

+ Values are means ± SEM 
t = 2.23 
p = 0.056 

Young and Old Animals 

Number of 45Ca Incorporation 
Animals (cpm) 

5 19.3 X 106 ± 7.1 X 

5 11.0 X 106 ± 3.1 X 

105 

10
6* 

10
6* 



Table V 

45ca INCORPORATION INTO THE TONGUE IMPLANTS 
OF 60 DAYS POST-IMPLANT 

Experimental Group 

Young 

Old 

+ Values are means ± SEM 
t = 0.15 
p = .88 

Young and Old Animals 

Number of 45Ca Incorporation 
Animals (cpm) 

5 2.92 X 105 ± 9 X 106 

5 3.1 X 10 5 
± 5 X 104 
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IV. DISCUSSION: 

In the pilot study there was evidence .of newly formed bone in both 

young and old animals. However, the amount of the new bone was small 

when compared to that of the main experiment. Three main factors might 

have played a role in reducing the amount of bone formed in the pilot 

study. These were: a) the use of liquid nitrogen in the grinding~ b) 

the species of rats used, and c) the amount of demineralization time of 

the bone powder. To overcome these problems the following changes were 

.instituted: 

In the main experiment the liquid nitrogen mill. was replaced by a 

mechanical grinder with a cooling ·system. Long Evans -rats were used 

instead of Sprague Dawley rats and , the time of demineralization was 

increased from three to six hours. Glowacki (1981) used a liquid 

nitrogen mill wi~h favorable results. It is suggested that increasing 

the demineralization time from three to six·hours (according to Reddi's 

model) is probably the main.fact9r responsible for-the favorable results 

of the main study since this agrees with the work of Urist (1970) who 

stressed the importance of devoting more time for demineralization. 

In the main study it was shown that the· implantation of 

demineralized bone powder in the thoracic site resulted in new bone 

formati0n. This bone could not be formed by cells within or attached to 

the implanted bone matrix since it was devoid of cells except for small 

amounts of cellular debris in some lacunae. A similar observation was 

reported by Urist (1967). since the cells in the subcutaneous -tissue of 

the thorax do not normally produce bone, it appeared that the bone 

formation after implantation of DBP is a newly induced ,bone. Evidence 

of growth of the induced bone ossicles was based on histological finding 
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of cementing lines, the observation of osteo.id by· using the modified 

Masson's stain, the presence of osteoblasts on the bone surf~ces, and 

the presence of osteocytes embedded in the ossicle. 

A large amount of cartilage was observed. Thus, it is suggested 

that bone induction occurs by endochondral ossification, which 

correlates with the work of Reddi (1972) and Urist (1970). However, on 

day 20 bone and cartilage were both present at different sites within 

the implants. The cartilage was situated deep within the implant while 

the bone formed at more peripheral locations which had increased density, 

of blood vessels. Chondrogenesis was more noticeable in the avascular 

central portion. of the impl~nt. These observations are supported by the 

work of Reddi (1973) .who showed that cartilage ~as particularly 

prominent in the deeper regions of the implant. It also agrees with the 

work of Bassett (1972) where he concluded that an oxygen tension as low 

as 5% .favors ·chondrogenesis while at 35% level it favors osteogenesis. 

The results of this study tend· to support t.he.view that DBP is capable 

of inducing bone formation via both endochondral and int.ramembranous 

ossification mechanisms. This also agrees with Tuli's studies (1982) on 

demineralized bone implantation where he concluded that the new bone 

formed by both processes. This is further supported by the work of 

Burchardt (1982) on bone grafting where the induced bone did not involve 

cartilage formation. Ham (1979) studied bone fracture repair and 

concluded that endochondral ossification was associated with areas of 

lesser vascularization. 

The qualitative impression that the newly formed bone in the 

thoracic sites of young rats was more than that found in old rats was 

confirmed by the histomorphometric and the 45ca incorporation 
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findings. The relative surface area of bone/unit area was statistically 

significantly higher in young than in old rats (the percentage 

difference between the means was equal to 48.39%). These 
.. ' 45 

histomorphometric results correlated with the Ca study in which the 

young an~mals incorporated 43% more of 45ca into the.implants than did 

the implants in old rats. The pr~cess of bone induction· can occur ·in 

old rats. However, the amount of newly formed bone was less than in the 

young rats. In addition, there was also a delay in the process of bone 

induction in the old age group sine~ cartilage was shown as early as day 

12 in the young rats, while in the old age group· it was not shown until 

day 20. This delay might correspond to . the decreased regenerative 

ability observed in fracture healing of old animals. These results 

support .the ideas presented by Urist (1980) and Reddi (1976) where they· 

stated that the bone induction process is growth hormone dependent and 

they speculated that the bo:ne ind.uctiori: capacity decreased with age. 

Since they were exposed to the tissue fluids for a longer time, 

some of the demineralized bone . particles .in the old rat implants wer~ 

remineralized. This is supported by the observation of Vandersteehoven 

(19S3) who detected mineral deposits within the demineralized bone 

particles two weeks after implantation. 

This remineralization which occurred in a few of the old animals 

might account for the slight difference between the histomorphometric 

d h 45c . . d" an t e a 1ncorporat1on stu 1es. Even though a causal effect.could 

not be established, the recalcification of some demineralized bone 

particles might have prevented them from inducing bone and consequently 

led to a lesser amount of newly formed bone in the old animals. 
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Reddi (1976) also noted that haematopoesis in the induced bone 

ossicles decreased with age. Reddi's conclusions are also supported by 

this study. In addition, a higher cellularity of bone marrow was noted 

in 'the young age group when compared to the· old animals. Another 

observed dif;ference was the persistence of cartilage in. some of the 

newly formed ossicles in the old rats which may suggest that the 

cellular differentiation potential of osteoprogenitor cells in old age 

might be lesser than in young age. 

Histological evaluation of the tongue · implants did not show any 

newly formed bone in either the young·or the old age group. 

Chalmers (1975) · suggested that bone induction in extraskeletal 

sites required three conditions. These are: ~n inducing material, an 

osteoprogenitor cell and a suitable environment. One of· these three 

factors or a combination of these might have played a .role in the loss 

of osteoinductivity in the tongue site. 

· Since the inducing material, which is the de~ineralized bone 

powder, was capable of inducing bone formation in the thoracic site, it 

might be reasonable to exclude it as one of the factors responsible for 

the lack of bone formation in the tongue sites. However, there are 

several factors which might have affected the inducing material. First, 

the inducirg substance, a relatively low molecular weight substance, 

might have been flushed away by the profuse circulation in the tongue 

before a population of osteoprogenitor cells could be ind~ced (i.~. its 

local concentration was· kept too low to activate the ,.appropriate 

receptors). 

The second possibility would be that the amount of demineralized 

bone implanted in the tongue was too small to induce histologically 
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detectable amounts of newly formed bone. These two explanations are 

supported by Urist' s work (1983) who showed that the process of bone 

induction has a dose response effect while 5 and 10 mg of BMP produced 

visible amounts of new bone, doses of less than.l mg did not. 

The second factor which may explain the lack of bone formation in 

the tongue site is the ·absence of inducible cells. Urist (1970) pointed 

out that inducible cells are present in skeletal muscles and fascia but 

not in other organs such as spleen and liver. There still remains the 

possibility that the tongue might not provide . stem cells for 

osteoinduction. However, this hypothesis requires further 

investigation. 

The third factor that might inhibit .bone formation in the tongue ts 

the environmental condition. In this regard there are two 

possibilities. The first· is that a local acidosis .. produced_ or some 

other factors by the inflammatory response noted at the early stages 

after implantation might have abated the induction process in the early 

sensitive period of ostebgenesis. The second possibility is that the 

lack of a fibrous tissue capsule similar to that which existed in the 

thoracic implants exposed the tongue implants to the environment which 

prevented the induction of new bone. This possibility is. supported by 
/ 

the observation that in some tongue implants there was a periosteum-like 

fibrous tissue which surrounded the demineralized bone particles which 

demonstrated newly formed bone. An additional factor which could 

contribute to the loss of osteoinductivity in the tongue site is tongue 

mobility. This was histologically evidenced by the presence of 

demineralized bone particles squeezed between the muscle bundles. The 

mobility of the tongue could thus generate a mechanical force in the 
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form of tension and pressure which could alter the differentiation 

pattern of the recruited cells in such a way that would stop their 

differentiation into chondroblasts and osteoblasts. 

The results of the present study agrees with and supports the 

biological cascade described by Reddi (1983) who provided evidence that 

the osteoprogenitor cells are attracted by a bone chemotactic factor· to 

the implanted bone matrix. The cells first attach by electrostatic 

forces and second by circulating fibronectiri brought to the site of 

transplantation. This is followed by mitosis of the recruited cells 

under the influence of a skeletal growth factor. Then comes the 

differentiation phase of the cells into cartilage and bone. Although we 

have not conducted any studies on fibtonectin, we have observed the 

attraction of undifferentiated mesenchymal cells and fibroblasts (known 

to form fibronectin) to the implanted DBP in both young· and old animals. 

These cells appeared to be the precursors for the observed chondrocytes 

and the osteoblasts. 

Recently Urist (1983) postulated a covert first stage during bone 

induction in which there is chondroosteogenetic gene activation followed 

by an overt stage of mitosis effected by a bone derived growth factor 
\ 

(BDGF). 

However, our observation that even though chemotactically attracted 

cells were found in both the tongue and the thoracic site, bone was only 

formed in the thoracic site supported Reddi's ideas that certain 

molecular interactions must take place before chondro-osteogenesis is 

expressed by the attracted cells. 
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V. CONCLUSION: 

1. Implantation of the demineralized bone particles in the 

thoracic . site of young and old animals induced new bone 

formation. It is speculated that both endochondral and 

intramembranous ossification are involved in this process. 

2. Three main differences were noted between the young and old 

rats under the previously mentioned experimental conditions: 

The amount and the rate of new bone ·and bone marrow formation 

in the induced bone appeared to be reduced in the old age 

group as supported by histomorphometry and 45ca 

incorporation.. A third difference was the persistence of 

cartilage in some of the old rat thoracic implants. 

3. Bone could not be induced in the tongue site of either young 

or old rats. This could be attributed to the environmental 

conditions, cellular components and mobility of the tongue. 

The appearance of cartilage in the tongue site of one young 

rat in the main study warrant further investigation. 
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