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To Readers: 

This thesis is a combined study of 15 different experiments 

on bone implantation and allied studies. To decrease the 

volume of this thesis, various experiments were briefed, 

as far as tables and appendices go. Review of literature 

stressed mainly on decalcified bone matrix. If the reader 

is interested in bone transplantation in general, he 

should review the Master's thesis; if interested in one 

particular experiment in this thesis, he should review 

the literature for forthcoming publications in journals. 
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ABSTRACT 



Decalcified allogenic bone matrices were implanted 

in var1ous areas such as fracture sites, joint spaces, bony 
, 

defects, intact cortical bones and on edentulous ridges in rats, 

dogs and monkeys. Clinical, radiographic, fluorscent and histo­

logical studies revealed that such grafts were resorbed and 

replaced by new bone. Decalcified allogenic bone grafts have 

great potential in new bone formation and they are not rejected 

from the implanted sites. 

Calcium determination of fibular fracture gaps in 

rats treated with decalcified allogenic bone matrix (DABM) , 

decalcified xenogenic bone matrix (DXBM), fresh autologous bone 

grafts (FAuBG's) and fresh allogenic bone grafts (FAlBG's) 

revealed that there was a gradual increase in calcium contents 

at sites treated with DABM and a return to near normal limits 

in eight weeks. Fracture gaps treated with DXBM showed a very 

slow increase in Ca after four weeks, thus a very slow and 

gradual calcification. There was a decrease in Ca contents in 

gaps treated with FAuBG's and FAlBG's for first two weeks and 

then followed by a gradual increase in Ca contents. Most of 

DXBM grafts and FAlBG's were exfoliated from the tissues,whereas 

all DABM grafts and FAuBG's were accepted by the host tissues. 

Fibular fractures treated with DABM demonstrated 

early healing, bony union and prevented fibrous union, where as 

in the control animals fracture gaps treated without DABM showed 

nonunion and fibrous tissue presence. Similar results of new 



bone formation were achieved by implanting DABM in T.M.joint 

spaces of one day old rats after condylectomy, in fibula-femur 

.. 
joint spaces in adult rats after excision of the head of fibulae 

and on intact fibulae in rats. 

Similar results were achieved in dogs by implanting 

DABM on intact cortical facial bones, bony defects in palate 

and on edentulous ridges. DABM were used to promote new bone 

growth around experimentally exposed roots of anterior and 

posterior teeth. Similarly DABM was implanted around acrylic 

resin tooth implants. The results of all above experiments 

demonstrated new bone formation and bony union was present 

between the grafts, new bone and host bone. 

In monkeys, DABM implanted on intact cortical facial 

bones, bony defects in palate, inferior border of the mandible 

and around plastic tooth implants demonstrated similar results 

as achieved in rats and dogs. All cancellous DABM implanted on 

edentulous ridges and on facial cortical bones were exfoliated 

from the tissues, where as cortical DABM were not rejected and 

they had potential of new bone formation. 



INTRODUCTION AND PURPOSE 



• 

Various bones and bone substitutes have been used in 

the treatment and repair of bony defects. Autologous bone grafts 

are excellent but they require additional surgery, cause dis­

comfort, sometimes it is difficult to shape them into proper 

form, and the quantity is limited. Some of the disadvantages of 

autologous bone grafts can be overcome by the use of calcified 

allogenic and xenogenic bone grafts but they are seldom successful. 

The major problem has been rejection of such grafts by the host. 

Thus search for another substitute is necessary. An ideal graft 

or substitute should have the following properties: 

i.) It should cause least or no immunological response. 

ii.) should not require additional surgery in the same subject. 

iii.) should be available in abundance. 

iv.) could be stored indefinitely. 

V •) could be shaped in any form. 

vi.) Fast and early vascularization and/or replacement by the 

host tissues. 

At present no such ideal substitute is available. 

Recent studies in animals have shown that decalcified 

bone and dentin when implanted in tissues undergo resorption and 

are replaced by new bone. The purpose of this study was to in­

vestigate the usefulness of DABM to fill the gaps between the 

ends of fractured bones, where loss of bone structure requires 

more than normal repair and the prevention of fibrous union is 

essential. The fibular fracture gaps treated with various kinds 

of grafts were also studied for Ca estimation in rats. An 
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additional study was carried out to investigate the regenerative 

properties of DABM for addition of new bone on intact fibulae 
r 

and in joint spaces in rats; on edentulous ridges, on facial 

cortical bones and filling of bony defects for coverage of exposed 

roots in dogs. 

Similar investigations were conducted in monkeys with 

the use of DABM in bony defects of palate, mandible and around 

plastic tooth implants. These experiments were conducted in three 

different species for studying the regenerative potentials of 

DABM. 



REVIEW OF LITERATURE 



Senn (25) used DABM as a substitute for fresh auto­

logous bone grafts in dogs and humans in 1888. He decalcified 
r 

bone in 15% solution of HCl for 2-4 weeks before transplantation 

in bone cavities. These grafts were not rejected and prevented 

infection. Similar results were reported by Deaver (13), Miller 

(19) and Mackie (17). Deaver used decalcified bone in osteomyelitic 

bony cavities with success; Miller reported even better results 

with DXBM taken from ox's ribs and utilized in large tibial 

cavities in human beings. Miller stated that fresh bone not only 

was of no use but actually hindered the closure of the wound in 

the large cavities of tibia. Finally Mackie (17) transplanted 

ox's bone with good results in fifteen clinical cases of 

osteomyelitis, tuberculosis and fractures. 

Since all the investigators carrying out these animals 

experimentation utilized different decalcifying solutions, in 

different concenterations, for different lengths of time, thus 

they reported conflicting results. While Bier (6) reported 

complete failure and rejection of decalcified bone grafts, Barth 

(5) utilized decalcified bone matrix and reported that all 

grafts behaved successfully in rats, rabbits and dogs. As a 

consequence the use of decalcified bone matrix almost dis­

appeared from bone surgery for sixty years. 

In · 1957, Ray and Holloway (24) compared osteogenesis 

of bone implants in skull defects, suggesting that decalcified 

• 



matrix in rats was replaced more rapidly than calcified bone. 

They sugg~sted that successful replacement of an implant 

depends on the readiness with which it can be invaded by vas­

cular elements. The presence of inorganic salts in the implant 

would appear to impede rather than accelerate the process of 

replacement by new bone. Murray et al (21) compared organic 

matrix and anorganic bone grafts in rats. Decalcified bone 

graft -s were far superior to anorganic grafts. There occured 

earlier osteogenesis, earlier fixation of new bone to the host 

bone, faster replacement and quicker incorporation into the 

host bone by decalcified bone grafts. For a graft to be incor­

porated by the host tissues either decalcification or covering 

by osteoid of the graft were necessary. 

On the other hands Chalmers and Sissons (12) found 

that various types of bone grafts (fresh autologous, fresh 

allogenic, autoclaved allogenic, freeze dried allogenic, depro­

tienized, decalcified allogenic and freeze dried irradiated 

allogeni~ bone grafts) in bony defects in the femur of dogs 

behaved alike. 

Sharrard and Collins (26) decalcified bone with EDTA 

and used it in three scoliotic children for spinal fusion 

necessitating multiple stage operations. The long term results 

were satisfactory and X-ray examination revealed excellent 

degree of calcification of the repair tissue at the sites of 

the decalcified grafts. Similar results were reported by 



Burger et al (9) by using decalcified bone in skull defects of 

rats 21lU11. in diameter, which healed completely in nine weeks. 
r 

Hejna and Ray (16) implanted decalcified bone matrix, plaster 

of paris and collagen in surgical defects of the radii of rats 

and reported that decalcified bone was superior to others because 

it was resorbed and replaced by new bone faster than others. 

However Young (36) reported the least bone formation 

in the cranial vaults of young adults rabbits with decalcified 

bone as compared to deprotienized and deep frozen allogenic bone. 

Similar negative results were reported by Freiberg and Ray (15), 

each probably employing different decalcifying solutions or 

different concenterations for different length of times. 

In 1965 Urist (27) described the basic principles 

involved in the process of decalcification to achieve identical 

results without damaging the regenerative potential of decalcified 

bone grafts. Bone formation by autoinduction had been reported 

by Urist. He suggested that when using implants of decalcified 

bone the degradation products of the organic matrix stimulated 

the production of wandering histiocytes, foreign body giant cells, 

inflammatory cells and connective tissue cells, all of which 

grow into and repopulate the area of the implant. Histiocytes 

are more numerous than any other cell form and may transfer 

collagenolytic activity to the substrate to cause dissolution 

of the matrix. The process is followed immediately by new bone 

formation by autoinduction. This involves both inducer cells 



and induced cells which are derived from the ingrowing cells 

of the host bed. The inducer cell is a descendant of a wandering 
, 

histiocyte, while the induced cell is a fixed histiocyte or peri-

vascular young connective tissue cell. Wherever bone induction 

occurs, there is a pool of stem cells, osteoprogenitor cells 

and small capillaries surrounded by a palisade of osteoblasts. 

Different decalcifying solutions have been used by 

different investigators with equally positive results. Van de 

Putte and Urist (33,34) reported that cortical bone matrix 

decalcified in HCl, EDTA and Formic citric acid provided the 

local conditions for histiotypic organotypic formation of new 

bone. Bone matrix decalcified in Nitric acid did not induce 

bone formation but disintegrated in the extracellular fluid and 

incited a deleterious inflammatory reaction. Calcified or recal­

cified matrix was resorbed more slowly and produced less new bone 

than decalcified matrix. Mineralization of decalcified bone 

occured faster than in collagen sponge. 

Urist et al (28) also implanted surface decalcified 

bone grafts in rats and rabbits and reported the sequence of 

events leading to bone induction. Each implant floated in a pool 

of serosangious fluid within an hour after surgery; this fluid 

persisted for 12 days. Leukocytes and wandering histiocytes 

gradually increased in number. After 10-12 days the fluid was 

gradually absorbed and replaced by an envolpe of inflaunnatory 

connective tissue. At 24-26 days the deposits of new bone app­

eared, grafts were remodelled by osteoclasts, and new bone was 

• 



formed by osteoblasts. Wherever bone induction occured, the 

induced fiel8 consisted of clusters of capillaries, surrounded 

by layers of mesenchymal cells. After 24 days these cells 

deposited layers of collagenous matrix and the new bone was 

seperated from the old, dead, decalcified matrix by a film of 

cement substance, The new bone thus formed was lamellar and bone 

marrow. 

Dubuc and Urist (14) described further the bone induc­

tion principle (BIP), a process of differentiation of mesenchymal 

cells into osteoblasts. BIP is destroyed by heat above ao0 c, 

cryolysis, Cobalt 60 gamma radiation in doses in excess of 2.0 

million rads, or proteolytic enzymes. BIP resists and may be 

enhanced by doses of cobalt 60 irradiation of less than 0.5 million 

rads, It may be associated with the collagen fibres of bone, but 

the primary and secondary structure of the collagen molecule is 

probably not involved in its effect on mesenchymal cells. Never­

theless, BIP is unaltered by fat solvents, salt solutions and 

enzymes that extract protein polysaccharide or lipoprotein from 

the bone or dentin collagen. The shelf life of BIP is not known 

but prolonged exposure of the bone to 0.6NHC1 for ten days or 70% 

acid alcohol for three days destroys BIP. Fixation in 70% neutral 

alcohol alone for 30 days was not injurious to the BIP in decal­

cified bone matrix. Surface decalcification of the bone matrix 

(lgm. of bone/200 ml. of 0.6N HCl for 1-2 hours) is sufficient to 

make the bone induction principle readily accessible and retains 

it locally in a biologically active form. 



With this knowledge, Buring and Urist (11) decalcified 

lyophilized,bone matrix and exposed i t to graduated doses of gamma 

rays of Cobalt 60 source and implanted it i~to muscle pouches in 

the anterior abdominal walls of rats and rabbits. A smaller dose 
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of Cobalt 60, 0.2-0.5 million rads, enhanced bone induction at an 

earlier time and in a larger volume than non-irradiated bone matrix. 

Similar results were reported by the production of cartilage,chondro­

osteoid, or bone induction occurs in the interior of the millipore 

chambers, loaded with minced muscle cells mixed with lyophilized 

decalcified bone matrix, in the anterior abdominal wall of young 

adult Belgian rabbits (10). 

Allogenic bone that Urist and Dowell (30) decalcified 

at 2°c for less than 8 days was also lyophilized and implanted 

in muscles. The bone thus formed was more consistantly in larger 

quantities than fresh autologous viable bone. New populations of 

mesenchymal and collagenolytic connective tissue cells resorb old 

matrix; the progeny of cells that resorb matrix at one stage appear 

to proliferate, modulate and differentiate into osteogenic cells 

at a later stage. 

Bang and Urist (3) also implanted decalcified dentin in 

the anterior chamber of the eye in rats and rabbits and stated that 

collag~nous matrix of dentin similar to the bone matrix can induce 

bone formation. The new bone forms excavation chambers in the old 

dentin by means of a series of interactions of mesodermal cells 

in the aftermath of inflannnation and ingrowth of capillary sprouts. 



The mechanism of bone induction is not known, yet there is the 

possibility that inducer is mobilized from old dentin matrix by 
r 

collagenolytic cells and transferred to the undifferentiated peri­

vascular connective tissue cells. 

But Bang et al (4) found no new bone formation in the 

process of implanting decalcified dentin from the tooth buds of 

suckling rats and teeth of mature rats. Similarly, they discov­

ered no new bone formation while implanting decalcified dentin 

from the tooth buds of mature rabbits and adult human beings into 

anterior chambers of the eyes and pouches in the rectus abdominus 

muscles of rats and rabbits. Fetal tooth buds, decalcified in HCl, 

without fixation and implanted in the anterior chamber of an eye 

were rapidly absorbed and did not constitute a calcifiable matrix. 

But decalcified dentin pretreated in a strong solution of calcium 

ions became recalcified in the rat eye. 

Yeomans and Urist (35) compared decalcified bone, dentin, 

tendon and muscle in three different sites, muscle pouch, drill hole 

in the mandible and extracted tooth socket. They reported positive 

results similar to Bang et al (4) with decalcified bone and dentin 

and negative results with tendon and muscle. The new bone thereby 

produced forms a separate unattached ossicle of primarily bone and 

bone marrow not a solid bone tissue inside the bone cavity. 

Urist et al (31) continued the studies and reported that 

autologous tendon and implants of nonviable allogenic freeze dried 

tendon were resorbed and replaced slowly by fibrous tissue in 

muscles. Where as implants of decalcified tendon were invaded and 



resorbed rapidly by new populations of mesenchymal, endothelial 

and giant eells forming new bone and bone marrow. Urist et al 

(32) demonstrated that mesenchymal cell populations of the conn­

ective tissues of a muscle migrate into the implant of bone matrix 

and proliferate, thus filling all the available old and new int­

erstices within 5-10 days. If the implanted bone is decalcified 

0 in dilute HCl in 2 C for only 96 hou~s, protecting the cross 
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linked structure of the organic matrix, mesenchymal cell populat­

ions not only proliferate but also modulate and secrete a substratum 

for differentiation of new bone and bone marrow. 

The comparative histologic and radiographic studies of 

autologous bone and DABG's in the standardized surgical defects 

on the buccal surfaces of the canine mandible revealed that both 

kind of grafts were accepted and behaved alike (22). DABG's 

underwent complete resorption and were replaced by new bone, bone 

regeneration being faster than in autologous grafts. 



MATERIALS AND METHODS 



In this project male albino Holtzm an rats, mongrel 

dogs andrmonkeys were used as experimental animals. These 

animals were housed in clean cages, food and water were provided 

ad libitum, 

PREPARATION OF BONE MATRIX 
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Sixty hooded rats obtained from Blue Spruce Farms, Inc, 

were sacrificed by ether inhalation. Long bones were quickly 

excised and carefully defleshed under relatively aseptic conditions. 

The ends of the bones were removed, the remaining diaphyseal 

portion weighed and placed in 0.6N HCl (100 ml HCl/gm wet bone) 

for 24 hr at 28°c. Similarly three dogs and a monkey were sac­

rificed with excessive doses of pentobarbital sodium. All cor­

tical bones were excised under aseptic conditions and were de-

o calcified for 1-7 days in 0,6N HCl at 28 C. After decalcification, 

the marrow was removed, the matrices were then rinsed repeatedly 

with fresh aliquots of 70% neutral ethanol at 2°c and stored 

seprately in 70% neutral ethanol at 2°c. Just prior to use, the 

decalcified cortical matrices were thoroughly rinsed with sterile 

distilled water to remove the ethanol. 

EXPERIMENT !:The surgical procedure utilized to create the mid­

fibular gap in rats was as follows. Under ether anesthesia, the 

right or left hind limb was shaved and the operative site cleansed 

with Zephrin. The fibula was exposed by careful, blunt dissection 

and a piece of bone 4-5 mm in length was cut with sharp scissors 

and removed from the midfibular region. In the experimental rats, 

• 



a 5-6 mm piece of decalcified allogenic bone matrix was placed 

into the gap. The decalcified graft was slightly longer than 

the rese~ted piece of bone and the ends 6f the graft overlapped 

the cut ends of the bone. The wounds were then closed with 

0000 catgut sutures. In control rats, no grafts were placed in 

the gap created by resection of the bone fragment. All rats 

appeared to tolerate the procedures without undue difficulty and 

required no postoperative medication. All wounds were carefully 

examined on a daily basis for signs of inflammation or graft rej­

ection. Experiment I consisted of 90 experimental and 32 control 

rats. Rats from both groups were sacrificed with an overdose of 

ether at various intervals, up to 14 weeks after surgery (Table!). 

At sacrifice, the operated limbs were carefully removed and 

radiographs were taken and devolped under standard conditions. 

The limbs were than fixed in 10% neutral formalin and processed 

for histological study. 

The surgical procedures utilized in experiment II were 

the same as those in experiment I. In 55 adult rats, similar 

defects were created and DABM were implanted. Animals were sac­

rificed in groups up to 8 weeks according to schedule in table II. 

At sacrifice, the operated and the contralateral, intact, legs 

were removed, radiographed, and placed in a steam autoclave for 

minutes. The tibia-fibula complex was carefully freed of adherent 

connective tissue and defatted for 24 hr in 2:1 (v/v) mixture of 

chlorofonn and methanol. After drying in an oven at 105°c for 

24 hr, the specimens were allowed to cool. The graft area was 



carefully excised from the fibula and weighed. The sample was 

then dissolved in a small amount of concent er ated HCl for 24 hr. 
,. 

After dilution with demineralized water, th e concenteration of 

calcium was determined by titration of the samples with EDTA, 

NaoH and peroxide dye and a graph recording was done by aspect­

rophotometer(Graph I). 

Surgical procedures in experiment III were the same 
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as those in experiment II. However, DXBM obtained from dog was 

implanted at fracture gaps instead of DABM in 160 rats and calcium 

estimation was done similar to as in experiment II (Table III and 

graph I). • 

Surgical procedures in experiment IV were the same, 

however there were slight variations. Mid-fibular gaps were 

created bilaterally in forty adult rats. The bone removed from 

the right fibula was transplanted to the left fibula and vice a 

versa, thus acting as a fresh autologous grafts. Animals were 

sacrificed according to schedule in tabl e IV in groups up to 8 

weeks. Procedures were same as in experiment II. After drying 

the fibulae in oven, the specimens were weighed and ashed in 

furnace for 48 hr at 600°C. The calcium estimation was done as 

described previously (Graph I). 

Surgical procedures in experiment V were same, but with 

little variations. Fresh allogenic bone obtained from hooded rats 

were implanted in bilateral fibular gaps in 84 rats. The accepted 

specimens obtained were studied for calcium estimation and ash 

study (Table V and graph I). 



Surgical procedures involved in experiment Vi were 

exposing of fibulae in sixty rats. DABM were implanted on intact 

fibulae and animals were sacrificed at 4 and 8 weeks. Clinical, 

radiographic and histological studies were carried out. 

EXPERIMENT Vll:Surgical procedures involved in this experiment 

were performed under ether anesthesia in 43 one day old rats. In 

19 animals right condylectomies were done and DABM were implanted 

in the joint spaces. In other 5 rats right condylectomies were 

performed and right mandibles were left without condylar heads. 

In 7 young rats, right condyles were fractured and left in place. 

Whereas six rats under ether anesthesia were sham operated and 

six rats served as control without any surgery. All surgical 

procedures were carried out under relative aseptic conditions, 

bleeding was avoided by careful surgery in the pre-auricular 

region and all animals were sacrificed after nine weeks. Food 

and water were provided ad libitum after 21 days of surgery. 

Incisors of condylectomized rats had to be clipped every two 

week because of malrelation of incisor teeth due to undergrowth 

of right mandibles. At sacrifice time the mandibles were steam 

boiled for 30 minutes, cleaned and their anterior posterior length 

was measured (Table VI). 

EXPERIMENT VIII: Surgical procedures performed in 71 adult Holt­

zman rats were as follows. Under ether anesthesi~ the heads of 

fibulae were excised and DABM were implanted at the fibula-femur 

joint spaces in 36 animals. In 25 animals,after excision of the 

fibular heads, the wounds were closed without grafts and ten 

animals served as a sham controls. Food and water were provided 



ad libitum. Animals were sacrificed in groups up to 10 week as 

shown in table VII. The limbs were resected carefully, radio-

graphs were taken and specimens were placed in 10% formalin for 

further histological studies. 

EXPERIMENT IX: Surgical procedures were performed in 64 adult 

(8 week old) holtzman rats. Animals were devided into two major 

groups, one in which the right legs were to be denervated and the 

others to be sham operated. Water and food were provided ad 

libitum. Under ether anesthesia, the segments of Sciatic and 

femoral nerve were excised carefully in right legs of 32 animals, 

remaining 32 animals were sham operated. After one week, each 

major group was further subdevided into four groups of eight rats 

each. In group I- midfibular fracture gaps were created as des­

cribed before and filled with DABM.(Dener+ Fx + DABM) Group II 

served as control without any graft (Denerv + Fx and no graft). 

In group III, DABM were implanted on intact fibulae as described 

before (Denerv + intact fibulae+ DABM) and in group IV the 

fibulae were exposed and closed without graft. (Denerv + intact 

fibulae+ no graft). Similar procedures were performed in 32 sham 

operated animals thus group V (sham+Fx+DABM) served as control of 

group I. Group VI (sham+Fx+no graft) served as control of group II. 

Similarly Group VII (sham+intact fibulae+DABM) and group VIIlsham+ 

intact fibulae+no graft) served controls of groups III and IV 

respectively. All animals were weighed pre-operatively and at the 

sacrifice time, which was carried out after 8 week of grafting. 



Radiographs were taken, limbs were excised as described in previous 

experiments and two experimental limbs from each group were stored 
r 

in 10% formalin for histological studies. Remaining six right 

and six left legs from each group were studied for ash and dry 

weights.(Table VIII). 

All specimens in previous experiments were decalcified 

in 5% nitric acid for 2 days and washed for 24 hours in running 

water. After other appropriate histological technics, the spec­

imens were serially sectioned at a thickness of 6-8 microns and 

stained with hematoxylin and eosin stains. 

• 



EXPERIMENT X: Addition of bone in experimental periodontal 

defects:- Forty two mongrel dogs, of both sexes, weighing 15-

40 kg were used as the experimental animals. They were caged 

individually and fed either Purina Dog Chow or a soft diet 

consisting of ground beef (Hap-ee all beef dog food). Food 

and water were available ad- libitum. 

Anesthesia was obtained with intravenous pentobarbital 

sodium (8 mg/kg of body wt.) Under aseptic conditions, muco­

periosteal flaps were retracted in 105 quadrants, and inter­

proximal, labial or buccal alveolar bone was removed with the 

help of an a air drill while tooth vitality was maintained by 

not disturbing the periapical tissues. In 77 quadrants, the 

denuded roots were covered with DABM, which , because of their 

soft texture, could be trimmed to fit the defect closely. The 

wounds were closed tightly with 0000 catgut sutures. In remain­

ing 28 quadrants the wounds were closed without DABM, thus serving 

as control. After surgery the dogs were fed soft diet and observed 

daily for signs of infection or rejection of the grafts. The only 

antibiotic used was tetracycline which was administered (lOmg/kg) 

IM/ week to some of the dogs inorder to label newly formed bone. 

Dogs were sacrificed at various postoperative intervals with an 

excessive dose of pentobarbital sodium (Table IX). 

EXPERIMENT XI: Addition of bone matrix on edentulous areas: 

Anesthesia was obtained as described in previous experiment. There 

were three different experimental situations created. In one 

type, the bicuspid teeth were extracted and, after reflecting a 



mucoperiosteal flap with one horizontal and two vertical incisions, 

approximately two thirds of the coron al alveolar bone was removed 
r 

with a high speed air drill. One, two or three pieces (3cmXlcmX0.4 

cm.) of DABM were then placed on the coronal portion of the ridge 

and submucous relaxation carried out to enable proper closure of 

~he flaps over the decalcified grafts. In second procedure, no 

alveolectomy was performed and the extraction sites were allowed 

to heal for a period of atleast six weeks. The edentulous ridge 

was then exposed by means of a mucoperiosteal flap and one,two 

ot ·.three pieces (3cm X 1cm X0.4cm) of DABM were placed on the 

edentulous ridge. In the third procedure, a similar experiment 

was carried out but DABM of cancellous nature obtained from ribs 

was employed as a grafting material. All the wounds were closed 

with 0000 catgut sutures. The grafts maintained their position 

on the alveolar ridge with or without the use of circumfrential 

sutures. DABM were used in 29 quadrants by first procedure, 30 

quadrants by the second procedure and in 12 quadrants by the last 

method. 

EXPERIMENT XII: Addition of bone on facial cortical plates: This 

procedure in dogs and monkeys was carried out as follows. In 

the molar region, a vertical incision, one cm in length, was made 

just apical to the mucogingival region. The mucoperiosteum was 

undermined with a periosteal elevator,and a piece (2.5cm XO.Scro 

X 0.5cm) of DABM of cortical nature was implanted on to the buccal 

plate. The incisions were closed with 0000 catgut sutures. A 

total of 137 cortical DABM were implanted in either maxilla or 



mandible. In a variation in 16 areas grafts of cancellous DAHM, 

obtained,from ribs, were implanted. Similarly in 32 dogs, cortical 

DAHM were implanted in chin areas by degloving technic. 

EXPERIMENT XIII: Use of DAHM around plastic teeth implants in dogs 

and monkeys: Six monkeys (weighing 4-7kg) and 7 dogs(weighing 15-
' 

20 kg) were caged individually and were fed soft diet and water ad 

libitum. Each monkey was sedated with 0.5-0.Bml of sernalyn IM 
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and additional pentobarbital sodium was administered IM to provide 

anesthesia for operative procedure, whereas each dog was anesthetized 

as described previously. The tooth to be replaced was extracted 

carefully, without fracturing the tooth or the alveolar bone. These 

teeth were reproduced in methyl methacralate (self curing acrylic 

resins). Each tooth was notched, making undercuts in the root areas 

with inverted cone burs. In some roots, through and through holes 

were drilled for possible new bone formation and retention of these 

implants. The acrylic resin teeth were splinted with stainless steel 

wires and duralay. Some of these teeth were splinted after DABM were 

packed into the grooves, undercuts and holes for possible faster 

bone formation. The crowns were made smooth for possible natural 

contours for self cleansing surfaces. Animals were returned in cages. 

Soft food was provided at all times. Animals were encouraged to 

drink as much water as possible for probable improvement in oral 

hygiene. Animals were injected tetracyclines lOmg/Kg of body wt IM 

each week and at that times prophylaxis was provided. Animals were 

sacrificed according to schedule in table XI up to 22 week. 



EXPERIMENT XIV: Use of DABM in palatal bony defects in dogs and 

monkeys: In this experiment six monkeys and four dogs were used. 

After anesthetizing the animals as described before, a palatal 

flap was reflected and rectangular bony defect was created by air 

drill and DABM were implanted. The wounds were closed with 0000 

catgut sutures and animals sacrificed according to schedule in 

table XII. 

EXPERIMENT XV: Use of DABM in inferior border of mandible in 

monkeys: Seven monkeys were used as experimental animals in this 

experiment. After anesthetizing the animal, the bilateral sub­

mandibular areas were shaved and prepared with several applications 

of tincture of Zephrin (1:1000). Sterile drapes were placed around 

the head of monkey, keeping the suhmandibular area exposed. A two 

inch incision was made in submandibular area, with careful dissection 

the external surface of the mandible was exposed. The vessels were 

ligated and cut. Rectangular defects 1cm X 1cm X 5cm were made 

and DABM were implanted on the right side whereas the left side 

defects were left as control. The wounds of both sides were closed 

in layers with 0000 catgut sutures. Animals were sacrificed according 

to schedule in table XIII. 

Dogs and monkeys of experiment X-XV were sacrificed at 

various postoperative intervals with excessive dose of pentobarbital 

sodium according to schedule in tables IX-XIII. All operative 

sites were carefully examined for signs of infection or rejection 

and then the areas containing the grafts were excised in toto. 



Specimens for microscopic study were fixed in 10% fonnalin,decal-
r 

cified in 5% nitric acid for five days and washed for 24 hr in 

running water, After other appropriate histological preparation 

the specimens were serially sectioned at a thickness of 6-8 microns 

and stained with hematoxylin and eosin stains. In those animals 

which had recieved tetracycline, the sections were ground on a 

diamond wheel to a thickness of 500-700 microns with or without 

plastic embeddings. Fluorscence was detected with an ultraviolet 

light and photographed in a dark room using ultraviolet illum­

ination supplied by wood's light lamp. High speed Ectachrome 

(Kodak) film (ASA160) was used. Filteration was accomplished 

with the use of a Kodak series VI wratten filter No. 81 EF and 

an Argus Dy Optical Glass filter. An exposure time of 4-8 

seconds was used. 



RESULTS 



Rats:- Mid-fibular fracture gaps were filled with DABM in 160 

animals, with DXBM in 160 animals, FAuBG's in 80 gaps and with 

FAlBG's in 168 gaps. In sixty rats DABM were implanted on intact 

fibulae. DABM grafts were implanted in 19 one day old rats after 

right condylectomy and compared with shams, control and condylec­

tomized rats. Similarly DABM grafts were implanted in 36 adult 

rats in fibulo-femur joint after excision of head of the fibulae 

and compared with joint spaces of shams and with rats in which 

the head of the fibulae were excised. In another variations 

DABM grafts were implanted in midfibular fracture gaps of dener­

vated legs; normal control legs and also on intact fibulae.(64 rats) 

CLINICAL OBSERVATIONS:-

The fracture gaps treated with DABM grafts showed no 

signs of infection or rejection. The soft tissues healed in 3-

7 days and all grafts remained in their position even after 14 

weeks. There were no apperent swellings or exudate and the wt. 

gains were identical in experimental and control animals. Fracture 

sites could not be refractured at the same sites in animals 

treated with DABM after 5 week. Whereas in the control animals 

there were no union of the fractured fragments and the gaps rema­

ined unfilled due to the presence of muscular tissues. 

Most of the fracture gaps treated with DXBM grafts and 

FAlBG's showed presence of exudate, swelling in legs and fibulae 

could be refractured at the same sites even after eight weeks. 

Eighty nine out of 160 DXBM and 75 out of 168 FAlBG's were rejected 

and slowly exfoliated from the tissues in first two weeks. Thus 



45; ,of DXBM grafts, 55% of FAlBG's, 100% of DABM grafts and 100% 

of FAuBG's were accepted at the fracture gap sites. All the sixty 

DABM grafts implanted on intact fibulae were also accepted as 

there were no signs of infection or rejection by the host tissues. 

In animals with post natal right condylectomy there was 

malgrowth of right mandibles as compared to left (normal) sides. 

However in the areas where DABM were implanted after right condy­

lectomy; there was tendency towards normal growth. The anterio-

. posterior length of aandibles in control, condylectomized and 

condylectomized with DABM grafts were 2.20cm, 1.58cm and 1.88cm 

respectively.(Fig 7B &C) There were variations in sacrifice wts 

at nine weeks of age in three groups; 252Gm, l90Gm and 228Gm 

respectively. The incisor teeth of the condylectomized rats had 

to be clipped every two weeks to prevent death of rats because of 

elongation of incisors (figure 7A). There were complete regeneration 

of condylar heads in animals where DABM grafts were implanted after 

condylectomy (figure 7B & C). There were change in location of 

mandibular foramen in three groups as shown in figure 7C. 

Similarly in experiment VIII, where head of fibulae were removed 

and DABM grafts were implanted; there were no signs of infection 

or rejection of these grafts. 

In experiment IX,in which the left leg of half the 

animals (32) were ~enervated showed signs of necrosis and gangrene 

of legs as shown in figures 9C,D and E. DABM grafts implanted at 

the fracture sites and intact fibulae behaved in the sam~ fashion 



as experiment I and VI inspite of gangr ene of the legs. There 
�~� 

were no signs of infection or rejection of th ese grafts. It was 

observed at sacrifice time that these legs had less blood supply 

as compared to right legs or control legs; and bones were more 

fragile and brittle. The left denervated legs were thinner than 

the right legs and muscular atrophy was evident. There were very 

slight variations in sacrifice weights of experimental and control 

animals. The animals in which the left legs were denervated were 

5-20Gms lighter than non denervated animals. 

ROENTGENOGRAPHIC STUDIES: 

Beginning two weeks following surgery the radiographs of 

the legs bearing DABM (fig lN) grafts showed a gradual increase in 

radiopacity at the fracture gaps. In the control animals the gaps 

between the fractured fragments remained radiolucent after 2,8 & 

14 weeks as depicted in figures lR,S and T respectively. There was 

a gradual increase in the width of the radiopacity at the fracture 

gaps, which corrosponded to fracture callus, followed by gradual 

return to normal by the 14th week (lQ). 

Fracture gaps treated with DXBM grafts exhibited radio­

lucent areas, however after 8 weeks there was only very thin radio­

paque line around the graft revealing a callus (f ~gure lP). Radio­

graphs of fracture gaps treated with fresh autologous and fresh 

allogenic bone grafts exhibited normal healing phase and callus 

formation. Radiographs of the intact fibulae where DABM grafts 

were implanted showed increased radiopacity after 8 week? (fig 9G). 

In adult rats where head of fibula was excised and DABM 



were implanted;demonstrated increased radiopacity after 4 weeks 

(fig 13D:3) and a near complete formation of the fibular head by 

ten weeks (fig 8D:4). Whereas in the animals where head of the 

fibulae were excised and wounds were closed without grafts, dem­

onstrated no radiopacity (osteoid tissue) even after ten weeks 

as depicted in figure 8D:2. Radiographs of denervated legs be­

haved in the same fashion as in experiment I and VI. 

Histological studies: 

The microscopic study of the gaps from the legs with­

out DABM grafts revealed the presence of fibrous and muscular 

tissues between the fractured fibular ends (fig lM). In the legs 

where the gaps were filled with DABM grafts, there were gradual 

proliferation of mesenchyrnal tissue into the channels of acellular 

bone matrix (fig lF,G & H). Osteoclastic resorption was first 

evident on the edges and channels of DABM after a 2 week interval 

(11). New bone formation was evidenced at the fracture sites by 

the presence of osteoid tissue, osteoblasts and chondroblasts 

(fig lJ,K and L). The bone regeneration was very rapid in and 

around the grafts; the grafts were completely resorbed in eight 

weeks and were replaced by new bone and bone marrow(fig 11). 

The histologic study of fracture gaps treated with 

DXBM grafts revealed, grafts and empty spaces between the fract­

ured ends, but there was an absence of fibrous tissue. A very 

thin callus(osteoid tissue) was present around the acellular grafts 

after 8 weeks in few specimens. Microscopic studies of intact 

fibulae treated with DABM grafts revealed new bone formation after 

8 weeks (fig 9F). Mlcroscopic studies of fracture sites and intact 



fibulae treated with DABM grafts in denervated legs demonstrated 

the same-pattern as experiment I and VI. The histological studies 

in experiment, where head of the fibulae were excised and DABM 

grafts were implanted, behaved identical to fracture gaps. The 

DABM grafts were resorbed, replaced by new bone, formation of 

near normal joint cavity and tendency to form normal epiphyseal 

cartilage (figure 8H,I and J). 

CHEMICAL DATA: 

Calcium estimation of whole fibulae and fractional 

fibular gaps containing DABM grafts revealed that there was a 

gradual increase in calcium levels. Calcium was recorded at the 

fracture sites as early as three days (2.93mg%) and in eight 

weeks it had reached near normal levels as compared to the control 

intact fibulae (Table II and graph I). Where as fracture gaps 

treated with DXBM grafts could not be recorded from the fractional 

graft sites up to 4 weeks; and then there was a very slow rise in 

the calcium level and it did not return to normal levels in 8 

weeks (Table III and graph I). Calcium estimation of fracture gaps 

treated with fresh autologous and fresh allogenic bone grafts 

depicted a decrease in calcium levels up to 2 weeks. Then there 

was a gradual increase in the calcium level from three weeks 

onwards; and a return to normal by 8 weeks (Table IV and V; and 

graph I). There was a slight fall in ash wt/ dry wt% of fracture 

sites treated with fresh autologous and fresh allogenic bone grafts 

in initial weeks and then there was a gradual rise after 3-4 weeks; 

thus corresponding to calcium levels (Tables IV and V). 



The ash wt/dry wt% of denervated legs treated with 

DABM ~t fracture sites and on intact fibulae showed a slight 

fall in% as compared to control and sham animals with DABM 

(Table VIII). Histological studies of various vital organs 

showed no variations in the experimental and control animals, 

thus eliminating any possibility of extraskeletal bone or stone 

formations. 

DOGS and MONKEYS: The addition of DABM was investigated in perio­

dontal bony defects in 77 quadrants and remaining 28 quadrants 

with bony defects served as controls (without grafts) in 27 dogs. 

The addition of DABM grafts of cortical nature immediately -after 

tooth extraction and alveolectomy was carried out in twenty-nine 

quadrants in nine dogs. Implantation of the cortical matrix bone 

grafts onto the healed alveolar ridges was performed in 30 quad­

rants in nine dogs. Similarly decalcified cancellous bone matrix 

was implanted in 12 quadrants in three dogs. Implaatation of DABM 

grafts of cortical type onto the molar buccal plate was carried 

out in 137 quadrants in 35 dogs. Whereas in four dogs DABM of 

cancellous nature were implanted. Similarly DABM of cortical 

nature were implanted in 30 quadrants of 11 monkeys and also DABM 

grafts were implanted in 32 dogs in chin areas for genioplasty. 

A total of 65 plastic tooth implants were placed in 

fresh extraction sockets of 6 monkeys and 7 dogs. 21 of these 

teeth were surrounded by DABM placed in the holes, undercuts or 

grooves of plastic tooth implants. Similarly DABM grafts were 

implanted in rectangular fresh experimental palatal defects - in 



six monkeys and four dogs. In seven monkeys, bilateral rectangular 

defect& were made on the inferior border of the mandible and DABM 

grafts were implanted on the right defects, where as the left 

defects served as controls. 

CLINICAL OBSERVATIONS: 

The DABM grafts implanted in periodontal bony defects, 

were not rejected. The wound sites healed in 10-14 days, although 

inflammation was present around the gingival margins up to eight 

weeks, which gradually disappeared by the end of 8 weeks. This 

inflammation was also present on the control operated sites, which 

could be attributed to soft diet and poor oral hygiene, Gingival 

sulci in the operative sites were within normal limits when comp­

ared with unoperated sites after 8 weeks and there were no rejec­

tion of the grafts. 

All cortical DABM grafts appeared to remain in approxi­

mately same position in which they were placed at the time of surgery 

in experiment XI and XII (addition of DABM on edentulous ridges, 

and on buccal cortical bones). However grafts of DABM moved from 

its original implanted position in chin area in dogs due to extreme 

angulation of dog's mandible (12K). The animals were observed daily 

and there were no clinical signs of local infection in, or around, 

the wound sites. The mucosa covering the DABM cortical grafts placed 

on to the alveolar ridges healed within 10 days and appeared relat­

ively normal (fig 11D &E). The same was true for the cortical matrix 

grafts placed on to the buccal plate in the molar region; that is, 

the mucosa healed uneventfully without visible signs of infection or 



rejection of these grafts (fig 12A &B). However the DABM of 

ca,ncellous type were exfoliated from the tissues at the implanted 

sites. 

The DABM implanted around the plastic tooth implants 

prevented the recession of gingivae and maintained the normal 

gingival sulci depth (fig. 13A,B,C & D). However plastic tooth 

implants without DABM demonstrated recession of gingival margins, 

increased inflammation and greater gingival sulci depth (fig. 13E, 

F,G,H,I & J). The mobility of plastic tooth implants were more 

marked when implanted without DABM. Some of the splints fractured 

as these animals have a tendency to bite on the cages (fig 13 0). 

All animals were fed soft diet; and debris around the plastic tooth 

implants were mechanically removed at weekly intervals, which could 

be partly attributed to the ultimate success of the implants. 

The DABM grafts implanted in palatal defects and defects 

on the inferior border of the mandible retained their position and 

demonstrated no signs of infection or rejection in monkeys.Gross 

appearance of right mandible with DABM demonstrated complete repair 

of lower border of the mandible as compared to left side without 

grafts, 11 week postoperatively (fig lSK & L). 



R0ENTGEN0GRAPHIC STUDIES: 

Radiographs of the periodontal defects depicted gradual 

increase in radiopacity on the implanted sites and the control 

sites. There were no significant difference of the two sites after 

six weeks as there appeared to be normal healing on both operated 

sites. Similarly radiographs of the areas where DABM were implanted 

on edentulous ridges and on intact facial cortical bones were of 

no significance. 

Radiographs of plastic tooth implants with DABM demon­

strated more radiopacity with increasing time (Figures 13L & N 

the right side) as compared to plastic tooth implants alone (13 

M,N-the left side and 130). There was gradual loss of bone and 

increased radiolucency around plastic tooth implants without DABM 

grafts (fig 130). 

Similarly radiographs of the defects of inferior border 

of the mandible treated with DABM demonstrated complete healing & 

continuity of the lower border of the mandible as compared to 

control defects without a graft, which demonstrated the presence of 

defect even after 11 weeks (fig 15G). 

FLU0RSCENCE STUDIES: 

When ground sections of the areas containing DABM grafts 

;that had been implanted in the periodontal bony defects were viewed 

under U/V light, marked fluorscence was seen in these areas contain­

ing grafts. This concenteration of fluorscing tetracycline appeared 

to increase with increasing time after placement of the grafts ( 

figures 10S,T,U & V; 3,7.9 & 10 weeks respectively).This increased 



fluorscence corrosponded to new bone formation and early calcifi­

cation. , The same was true for the DABM implanted on the buccal 

plate (fig 12C & D). 

38 

Similarly there was increased fluorscence around plastic 
�~� 

tooth implants when DABM grafts were implanted around these implants 

as shown in figures 13 BB,DD,FF,GG and HH. However there was less 

fluorscence in 13CC,EE,II,JJ and KI< as DABM grafts were not impl­

anted around these implants. Thus tetracycline labelled all the 

newly formed bone in the DABM grafts areas. Similarly there was 

increased fluorscence in defects of inferior border of the mandible 

treated with DABM (fig 15M,N & 0) as compared to control (15P); 

13 weeks postoperatively without any grafts. 

HISTOLOGICAL STUDIES: 

Microscopic study of the DABM grafts placed in fresh 

experimental periodontal bony defects revealed that the matrix 

was gradually removed by osteoclastic resorption and replaced by 

new bone and bone marrow (fig lOF,G,H & I). Osteoclastic resorption 

of the DABM was preceded by infilteration of mesenchymal tissue 

into the channels within the relatively acellular grafts, similar 

to DABM grafts at fracture gaps in rats. Bony union between the 

grafts, new bone and host bone was evident at early stages. Simi­

larly there occured union of the new bone and cementum (tooth 

surface) thus causing ankylosis of the tooth (fig lOC,D,E,J,K,L, 

M,N,O,P and Q). New bone formation was evident in control sites, 

but ankylosis was absent. 



Microscopic study of ridge extensions and addition of 

DABM ~n cortical buccal plates exhibited same pattern of osteocl­

astic resorption of the grafts and replacement by new bone. 

Grafts placed on the healed alveolar ridges appeared to behave in a 

similar fashion to that of grafts on fresh extraction sites ( 

fig llF,G,H,l,J & K). Similarly new bone formation and bony union 

was evident when DABM grafts were implanted on intact buccal plates 

(fig 12E,F,G & H). However when DABM grafts were implanted in chin 

areas (for genioplasty) in dogs, it formed new bone, but the grafts 

had shifted their position into the vestibule due to the anatomy 

of dog's mandible (fig 121,M & N). 
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The microscopic appearance of DABM implanted around plastic 

tooth implants, palatal bony defects and in defects of inferior 

border of the mandible in monkeys followed same pattern of osteo­

clastic resorption of the matrix and new bone formation at the 

same site. When DABM were implanted around plastic tooth implants 

it demonstrated maintainance of interradicular and interseptal 

bone (13P,Q and R). However there was loss of bone by resorption 

around plastic tooth implants , when DABM were not implanted as 

shown in figures 13S,T,U and V. This loss of bone can be attributed 

to increased inflammation and mobility of these implants. On the 

other hand figure 13W,X,Y,Z and AA demonstrated new bone formation 

and bony union between the grafts, host bone and new bone when DABM 

were implanted into holes of plastic tooth implants. Similarly 

new bone and bony union was evident between the host bone and new 



bone on inferior border of the mandible after 13 weeks when DABM 

werer used in the experimental bony defects (fig 15H,I & J) • 

• 

' 



DISCUSSION 



The result of thes e invest ig at io ns i ndi cat e that 

decal~ified allogenic bone grafts are not reject ed and that 

they are capable of new bone formation in multiple areas in 

rats, dogs and monkeys. Decalcified xenogenic bone grafts 

are much less effective; for, at fracture gaps, a majority 

of the xenogenic grafts were rejected, and those not rejected 

induced the formation of only minimal amounts of new ossified 

tissue. 

The changes in the concenteration of calcium in the 

decalcified allogenic grafts are comparable to those reported 

by Urist et al. In the intramuscular implants there was a 

steep rise in ash content, in total calcium and in radiopacity 

between the 15th and 30th postoperative days. Similar results 

were not observed in the xenogenic grafts, however the calcium 

concenteration remained well below control levels throughout 

the experiment. This is additional evidence that decalcified 

xenogenic grafts, even if not rejected, fail to form fully 

mineralized tissue. 

The changes in the concenteration of Ca in fresh auto­

logous and fresh allogenic bone grafts were similar and of great 

interest. There was fall in Ca content of the experimental 

fibulae up to two week. This fall in Ca level could be only 

surface demineralization of the calcified grafts or complete 

decalcification being counteracted by the Ca of newly formed 

osteoid tissue (the callus) at the fracture gap sites. This 



is an additional confirmation that th e decalcif ic at io n of allo­

geni~ bone probably accelerates the mechani sm of r esorption and 

replacement by new bone. This probably holds true regarding 

DABM because we achieve decalcification of allogenic bone before 

implantation, thus expediting the mechanism of osteoclastic 

resorption and new bone formation. It would be of further interest 

to determine the Ca estimation of the transplanted calcified bone 

grafts, at a different thickness of the graft, for a longer 

interval to find out the exact procedure of partial or complete 

demineralization of such grafts. Another advantage of decalcifi­

cation would be, if a surgeon accidentally drops autologous 

grafts, he could perform surface decalcification in 0.6N HCl for 

one hour in O.R. and then can proceed with the transplantation. 

The results further suggest that DABM may be of use 

in treatment of joint spaces without causing ankylosis, since 

it formed new bone of same shape and size as of the transplanted 

bone matrix. However in young rats DABM served partially as a 

growth center for mandibular growth in an effort to near normal 

length of the mandible. DABM may eventually be of use in humans 

necessitating bone grafting in joint spaces. Similarly DABM 

stimulated new bone at fracture sites and on intact fibular bones 

in denervated areas; thus has a future implication of its use in 

denervated areas in humans. 

The results indicate that DABM formed new bone on exp­

erimental periodontal bony defects in dogs. It not only induced 

new bone formation, but actually resulted into bony ankylosis of 



the new bone to the cementum sur f ace ; thu s ev entu al l y could be 

use9 in human beings with loos e , periodontally involv ed teeth. 

Similarly DABM stimulated new bone formation on edentulous areas 

and on intact cortical bones, which could be utilized for increase 

of height of ridges, genioplasty and f or correction of any maxi­

llofacial deformities. One of the most important factor for 

success, being the close proximity of the DABM to the defect for 

proper bony union, otherwise it would result into fibrous union. 

Genioplasty in dogs resulted into a failure due to extreme angu­

lation of the mandible thus forcing the graft into the vestibule, 

but it still formed new bone. However better results could have 

been achieved by proper placement of the DABM with circumfrential 

sutures or a proper selection of the experimental animal such 

as monkeys. 

New bone formation around and through the plastic tooth 

implants in monkeys and dogs is of great interest. DABM preserved 

the alveolar socket height which was lost in plastic tooth implants 

alone. DABM would be of great inter est to use them around porus 

metals, below and above the subperiosteal implants to prevent 

exposure of these implants and to give additional bony support to 

these implants. It is speculated at this time that DABM may induce 

new bone formation through the porus metals similar to plastic 

tooth implants; thus could increase the longvity of the metallic 

implants. It may be a key to eventual success of maxillary sub­

periosteal implants which in most of the cases fail. It is spe­

culated at this time that DABM may change the inherent structure 



of maxillary bone; thus might change the ultimate success rate 

of maxillary subperiosteal implants. It would be of great 

interest to use DABM for correction of bony deformities in cleft 

palate patients. IF successful, it might improve the speech and 

could eleminate the need of obturators (prosthetic appliances)at 

an early age. 

The results of the present investigations indicate that, 

within the experimental period (22 week), grafts of DABM are not 

rejected and that they induce the formation of new bone at the 

site of their placement. These results provide additional con­

firmation of the work of Urist et al. All cortical DABG:s were 

accepted and all cancellous DABG!s were exfoliated from the tissues. 

These cancellous DABG!s did not induce new bone formation, pro­

bably these grafts did not have enough organic matrix to stimulate 

new bone formation. 

On the basis of extensive studies of the bone forming 

actions of DABM, Urist et al have advanced the hypothesis that 

it is the three dimensional structure of the DABM, and not some 

extractable or diffusable macromolecular material within the 

matrix, that is responsible for its ability to induce new bone 

formation. Their hypothesis suggests that the DABM interacts 

with cellular elements at the site of implantation to form a bone 

inducing substrate, which they have entitled the "bone inducing 

principle". From this BIP they postulate that there is a diff­

usion of electrons which, in some way, induce cellular elements 



in the host bone and surrounding tissue to undergo cytodifferen-
, 

tiation into osteoblasts and to begin the formation of new bone. 

The size of the grafts used in these experiments were 

from 4mm-4cm. in size, but it had no bearing to the acceptance or 

rejection of the grafts. The new bone formation was mainly dep­

endent upon the amount of organic matrix and its density. The 

acceptance of DABG's in these investigations was probably because 

of proper decalcification of bone, complete removal and neutra­

lization of acid, complete removal of ethanol, asepsis and proper 

planning and closure of surgical sites. However according to 

Urist, better results can be achieved with combination of irrad­

iation with 0.2 million rads, surface decalcification of allogenic 

bone by 0.6N HCl at 2°c for 24 hours and lyophilization. 

The fact that DABM induces little or no immune response 

suggests that it has a very weak, if any, antigenic activity. It 

cannot, however, be concluded that DABM is, in general, a poor 

antigen; for, it has been shown by Urist et al and in part of 

present studies that grafts of DXBM elicit a very marked immuno­

logical response and are usually rejected by the host. At the 

present time there is no really clear explanation for the fact 

that DABM does not elicit an immune response. However all DABG's 

undergo osteolytic destruction and new bone formation, this could 

itself be a indirect very slow process of rejection, but it 

achieved the necessary purpose of such grafts. 



The main advantages of DABG's are that these grafts are 
• 

soft, can be shaped in any form and additional surgery in the same 

subject is eleminated. The present investigation of DABG's at 

fracture gaps, addition on edentulous ridges, on cortical facial 

bones, experimental periodontal bony defects, bony defects of 

palate and mandible and around plastic tooth implants appear to 

be an ideal substitute for autologous grafts. The DABM grafts 

can be stored indefinitely and could be available in abundance. 

These grafts can be used in multiple areas and they have great 

potential of new bone formation. The results of these experiments 

suggest that DABG's should be investigated in more detail for 

more clinical trials especially in maxillofacial areas. 
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TABLE I .. 

Sacrificing ~chedule of rats with fibular fractures: 

Animals Time duration Decalcified grafts Control Total 

Rats 0 hours 4 1 5 

It 3 days 4 2 6 

" 1 week 6 3 9 

" 2 week 8 3 11 

It 3 week 8 2 10 

" 4 week 20 7 27 

II 5 week 6 2 8 

" 6 week 4 2 6 

" 8 week 15 7 22 

" 10 week 5 1 6 

" 12 week 5 1 6 

" 14 week 5 1 6 

Total 0-14 week 90 32 122 

Average comparative weights 

Control Experimental 

Pre-operative 427 443 

At sacrifice time 471 492 

Average Wt. gain 44 49 



TABLE II 

Ca Estimation of DABG'S at Fibular Fx sites 

Duration /!Samples Whole Fibulae Graft site* Control 

1 day 5 23.55mg% 25.32% 

3 days 5 21.75mg% 2.93mg% 25.37mg% 

1 week 5 22.31mg% 4.02mg% 25.72mg% 

10 days 5 23.58mg% 5.53mg% 25.79mg% 

2 week 5 25.39mg% 6.48mg% 25.97mg% 

3 week 5 25.39mg% 9.25mg% 25.68mg% 

4 week 5 25.64mg% 16.19mg% 25.95mg% 

5 week 5 22.98mg% 19.38mg% 24.93mg% 

6 week 5 22.43mg% 22.00mg% 25.49mg% 

7 week 5 23.19mg% 23.69mg% 26.56mg% 

8 week 5 23.64mg% 23.98mg% 25.54mg% 

* Ca estimation of fracture site only. 



TABLE III 

Ca Estimation of DXBG's at Fibular Fx sites ,. 

Duration II Samples Whole Fibulae Graft site Control 

1 day 5 22.12mg% 24.9lmg% 

3 days 5 18.23mg% 27.35mg% 

1 week 5 24.46mg% 26.00mg% 

10 days 5 20.65mg% 24.23mg% 

2 week 5 22.84mg% 25.07mg% 

3 week 5 24.24mg% 25.84rng% 

4 week 5 21.98mg% 9.26rng% 26.63rng% 

5 week 5 21.79mg% 10.08mg% 26.58mg% 

6 week 5 22.46mg% 10.67rng% 26.79mg% 

8 week 5 23.04mg% 10.97mg% 26.60mg% 



TABLE IV 

Ca~Estimation of Fresh Au.B.G'S at Fibular Fx sites. 

Duration II Samples Av. Weight Av.Ash/Av.Dry Wt% CA mg% 

0 day 8 185gm 61.88mg% 25.58+.31 

1 day 8 189gm 61.41mg% 24.24+.32 

3 days 8 196gm 61.58mg% 21.23+.17 

1 week 8 255gm 56.45mg% 20.38+.30 

10 days 8 257gm 52.55mg% 19.13+.45 

2 week 8 294gm 60.63mg% 19.04+.41 

3 week 8 323gm 60.83mg% 19.95+.48 

4 Week 8 34Agm 62.54mg% 21.12+.28 

6 week 8 374gm 63.87mg% 24.16+.25 

8 week 8 390gm 66.47mg% 25.28±.06 



TABLE V 

Ca Estimation of Fresh AL.B.G.'9*at Fibular Fx sites 

Duration -# Samples Av.Ash/Av.Dry Wt% Calcium mg% 

0 day 8 60.76mg% 25.16+.66 

1 day 8 59.36mg% 23.46+.Sl 

3 days 8 61.68mg% 21.04+.17 

1 week 8 57.02mg% 20.49+.23 

10 days 8 59.19mg% 18.58+.41 

2 week 8 

3 week 8 

4 week 8 

6 week 8 

8 week 8 

54.37mg% 

56.86mg% 

59.85mg% 

65.49mg% 

64.78mg% 

17.90+.11 

20.63+.22 

21.24+.28 

24.04+.10 

25.00;t.06 

Av. Weight 

186gm 

187gm 

194gm 

256gm 

252gm 

300gm 

332gm 

338gm 

372gm 

402gm 

* Fresh allogenic bone grafts, only the accepted bone grafts 

(55%) 

., 



TABLE VI 

DABM in ioung Condilectomized rats 
., 

Group/I I/Animals Length of Rt. Mandible 

I 6 2.2000cm+.0282 

II 6 2.2000cm+.OOOO 

III 7 2.1571cm+.0447 

IV 5 l.5800cm+.0509 

V 19 l.8831cm+.0927 

Group!: Control no surgery. 

GroupII: Shams. 

Length of Left Mand. 

2.2083cm.+.0374 

2.2083cm +.0223 

2.2785cm +.0489 

2.2100cm +.0374 

2.1710cm +.0565 

GroupIII: Unilateral condylectomy(RT) and condyle left in the 

joint cavity. 

Group IV: Unilateral Condylectomy (RT) and complete removal of 

condyle, 

GroupV: Unilateral condylectomy ~RT) and implantation of DABM. 

Total animals 43 all sacrificed after 9 weeks at the age of 64 

days.(surgery performed when rats were one day old) 



TABLE VII 

DABM IN FIBULO-FEMUR JOINTS IN ADULT RATS 
-

Duration Group I Group II Group III 

1 week 2 3 6 

2 week 1 4 5 

3 week 1 3 5 

4 week 2 4 5 

6 week 1 3 5 

8 week 1 4 5 

10 week 2 4 5 

Total 10 25 36 - 71 animals 

Group I; Sham surgery. 

GroupII: Excision of Fibular head. 

GroupIII:Excision of fibular head and implantation ofDABM. 



TABLE VIII 

DABM IMPLANTS IN DENERVATED AND CONTROL LEGS in RATS 

Group/I Pre-opwt post-op-wt Ash wt/Dry wt%Ex. Ash wt/Dry wt%Cont. 

I 198 386 59.42+1.0700mg% 67.48+1.3800mg% 

II 210 397 70.9o+2.1638mg% 69.42+o.9900mg% 

III 221 393 60.24+1.1800mg% 69.48+1.5000mg% 

IV 215 405 71.87+1.1300mg% 68.44+1.4100mg% 

V 201 409 61.23+o.8700mg% 70.3o+0.6100mg% 

VI. 189 402 70.7o+l.1200mg% 70.24+o.5000mg% 

VII 193 413 61.48+o.5500mg% 70.So+0.8200mg% 

VIII 187 409 74.16+o.8800mg% 71.41+1.0800mg% 

Group I -Denerv. Fibular Fx DABM 

Group II -Denerv Fibular Fx No graft 

Group III -Denerv Intact Fibula DABM. 

Group IV -Denerv Intact " No graft 

Group V Sham Fibular Fx DABM 

Group VI Sham Fibular Fx No graft 

Group VII Sham Intact Fibula DABM 

Group VIII Sham Intact Fibula No graft 

All animals sacrificed after eight weeks, eight animals in each 

group. Denerv- Excision of a segment of Sciatic and Femoral 

nerves. 



TABLE IX 

DABM IN EXPERIMENTAL PERIODONTAL BONY DEFECTS 

DURATIO~ ANTERIOR QUADRANT POSTERIOR QUADRANT 

1 week 

2 week 

3 week 

4 week 

5 week 

6 week 

7 week 

8 week 

9 week 

10 week 

13 week 

14 week 

15 week 

16 week 

18 week 

20 week 

21 week 

Total ·· 

Graft 

6 

4 

3 

4 

2 

3 

2 

2 

2 

4 

2 

3 

37 

Control 

2 

2 

4 

Graft 

4 

2 

2 

2 

4 

2 

4 

2 

4 

3 

5 

2 

2 

2 

40 

Control 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

24 

1/M Tetracycline injections lOmg/Kg. of body Wt/week. 



TABLE X 

ADDITION OF BONE BY DABM 

DURATION EDENTULOUS AREAS* CORTICAL FACIAL BONES INTACT FIBULAE 

* 

4 0 week 

1 week 

2 week 

3 week 

- +4**** 

1 +8**** 

1 

4 week 1 

5 week 5 

6 week 6 

7 week 10 

8 week 8 

9 week 3 

10 week 

11 week 

13 week 

14 week 

4 

4 

4 

15 week 4 

16 week 

17 week 

18 week · 

TOTAL 

4 

59+12**** 

* Implants in dogs. 

** Implants in monkeys. 

*** Implants in rats. 

* 
7 

17+8**** 

14+8**** 

6 

8 

8 

10 

12 

17 

8 

10 

4 

4 

8 

4 

** 

5 

5 

2 

2 

8 

4 

4 

137+16**** 30 

*** 

30 

30 

60 

**** Implants of DABM cancellous in nature.(Rejected) 



TABLE XI 

PLASTIC TEETH IMPLANTATIONS IN DOGS AND MONKEYS 

Duration Monkeys 
., 

8 week 2*+1 

9 week 

10 week 

2*+2 

11 week 1 

12 week 3*+2 

13 week 1 

14 week 4 

15 week 3 

16 week 

18 week 

21 week 

22 week 

5 

2 

2 

TOTAL 7*+23 

* Plastic teeth 

TOTAL II ANIMALS 

surrounded by 

6 MONKEYS 

Dogs 

2 

2 

6 

6 

5 

2* 

6* 

6* 

21+14* 

DABM 

7 

Type of Implants: Plastic Plas.+DAM PLAS. 

23 7 21 

A + p A + p A + p 

16 + 7 4 + 3 21 + 0 

A: Implantation of teeth in anterior region. 

P. Implantation of teeth in posterior region. 

DOGS 

Plas.+DAM 

14 

A + p 

12 + 2 



TABLE XII 

~PALATAL BONY DEFECTS IN DOGS AND MONKEYS 

II Animals Duration I/M Tetracycline 

1 3 week 3 

2 6 week 6 in each animal 

4* 7 week 7 in each animal 

3 8 week 8 in each animal 

10 total animals six monkeys and four dogs. 

* dogs 

I/M Tetracycline injections lOmg/Kg of body Wt/ week. 



II 

1 

2 

2 

2 

7 

TABLE XIII 

BONY DEFECTS lcm.X lcm.X 5cm. on Inferior border 

of the mandible in monkeys. 

monkeys Experimental Control Duration II I/M Tetracycline 

1 1 8 week 8 

2 2 9 week 9 

2 2 11 week 11 

2 2 13 week 13 

7 7 Total 

Experimental: Bony defects on right mandibles with DABM. 

Control: Identical bony defects on left mandibles with no 

grafts. 

I/M Tetracycline injections: lOrng/Kg of body weight/week. 



APPENDIX 



FIGURE 1 

SURGICAL PROCEDURE OF FIBULAR FRACTURE GAPS 

lA:- demonstrating two kinds of rats; A-albino and H-hooded. 

Allogenic bone was obtained from hooded rats, decalcified 

and used as a grafting material. 

lB:- Arrow demonstrating exposed fibula (F) by careful dissection. 

lC:- Arrow demonstrating a 4-5 mm. fracture gap in the fibula. 

1D:- Implantation of DABM graft at the fracture site. (g) 

lE:- Closure of surgical site with 0000 catgut sutures • 

.... 
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FIGURE 1 

OSTEOCLASTIC RESORPTION OF DABM 

lF:- demonstrating dense DABM one week post-operatively. (lOOX) 

lG:- demonstrating gradual infilteration of matrix at 2 week.(lOOX) 

lH:- demonstrating extensive infilteration of DABM by mesenchy-

mal tissue at six week. (lOOX) 

11:- demonstrating the presence of osteoclastic activity around the 

matrix at 2 week interval. (43SX Hematoxylin and Eosin stain) · 

G:- graft. 

MT:- mesenchymal tissue, 

Oc:- osteoclast. 
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FIGURE 1 

NEW BONE FORMATION 

lJ, lK and 11:- demonstrating presence of osteoid tissue, cartilage 

and new bone at 2, 6 and 8 week respectively.(lOOX) 

lM:- demonstrating the presence of fibrous connective 

tissue at the fracture site · in control animal at 

six week interval. (lOOX, Hand E stain) 

OT:- osteoid tissue. 

CA:- cartilage, 

NB:- new bone. 

BM:- bone marrow. 

FCT:- fibrous connective tissue. 

F:- fibula, 

• 
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FIGURE 1 

RADIOGRAPHIC APPEARANCE OF FIBULAR FRACTURES 

lN:- Fracture gap treated with DABM; notice the presence of callus 

(Ca) at 2 week postoperatively. T:- tibia. 

10:- demonstrating bony union (BU) at 8 week with the use of DABM.• 

lP:- demonstrating very little amount of callus (Ca) at fracture 

gaps treated with DXBM, 8 week postoperatively. 

lQ:- demonstrating complete bony union (BU) at fracture sites 

treated with DABM, 14 week postoperatively. 

lR, lS and lT:- demonstrating non-union (NU) in control animals 

without the use of any grafts after 2, 8 and 14 week respectJII 

- IV~~ • 
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GRAPH 1 

CALCIUM DETERMINATION AT FRACTURE SITES 

DABM :- curve demonstrating gradual rise in calcium levels. 

DXBM :- curve demonstrating very slow rise in Ca after 4 week. 

FALBG and FAVBG :- curves demonstrating a initial decline in 

calcium level and then rise in calcium contents. 

Control :- unoperated fibulae demonstrating no change in Calcium. 
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FIGURE 7 

POSTNATAL CONDYLECTOMY IN RATS AND USE OF DABM 

7A:- demonstrating nine week old rat with right condylectomy(R) 

with no graft, notice the mandibular incisors (I) elongated 

due to malgrowth of right mandible and malocclusion. 

7B and 7C:- demonstrating buccal and lingual views respec~ively of 

control, condylectomized alone and condylectomized with use 

of DABM. Notice the difference in anterio-posterior length of 

the mandibles, the change in location of mandibular foramen (o) 

and complete regeneration of condyles in animals with the use 

of DABM after condylectomy. 

, 

• 

CONDYLECTOMIZED + DABM 
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FIGURE 8 

EXCISION OF FIBULAR HEAD IN ADULT RATS 

8A:- demonstrating the line of incision (LI) at fibulo-femur joint 

area. 

8B:- excision of fibular head (FH). 

8C:- demonstrating implanted DABM graft (G) in the joint space. 

8D:- Postoperative radiographs. 

1. arrow demonstating control joint space. 

2, arrow demonstrating ten week postoperative after excision 

of fibular head and no graft. 

3. arrow depicting osteoid tissue four week after excision of 

fibular head and implantation of DABM. 

4. arrow demonstrating complete regeneration of fibular head 

after excision of fibular head and implantation of DABM 

ten week postoperatively. 
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FIGURE 8 

HISTOLOGICAL APPEARANCE of JOINT CAVITIES 

FIBULO-FEMUR JOINT 

8E,F & G:- Microscopic appearance of head of the normal fibula; 

(4X, lOOX and lOOX respectively; H & E Stains) 

Notice the normal joint space (J) ·marked with open arrow 

and epiphyseal cartilage with dark arrow in BE which is 

enlarged in 1 and G respectively. 

8H, I, J:- Microscopic appearance of head of the fibula after ten 

week implantation of DABM.(after fibuloectomy) 

(4X, lOOX and lOOX respectively; Hand Estain.) 

Notice the very close similarity to joint space formation 

(J) and epiphyseal cartilage. (EC) 

EC- epiphyseal cartilage. 

J- joint cavity. 
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FIGURE 9 

DENERVATION OF RATS LEG AND USE OF DABM 

9A:- demonstrating isolation of sciatic nerve. (SN) 

9B:- showing femoral nerve. (FN) 

9C:- Necrosed denervated left leg nine week postoperatively. 

9D:- comparison of denervated leg (DL) and normal leg. 

9E:- necrosed left legs after nine week of denervation; 

notice the variations. 

9F:- arrow demonstrating addition of bone on intact fibular bone 

with DABM.(4X, hematoxylin and eosin stain) 

9G:- arrow demonstrating a radiopacity in area where DABM was 

implanted on intact fibulae after 8 week in denervated leg. 
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FIGURE 10 

SURGICAL PHASE OF PERIODONTAL BONY DEFECTS 

lOA:- demonstrating experimental bony defects (ED) on the buccal 

aspects of upper bicusp1ds in dog. 

10 B:-demonstrating implanted DABM grafts (G) at the periodontal 

bony defects. 

lOC, 10D and lOE:- demonstrating bony union (ankylosis) of new 

bone and graft to the cementum surface (C); 15 week post 

operatively.(magnification 4X, 35X and lOOX respectively; 

hematoxylin and eosin stain.) 

g- graft. 

D- dentin. 

P- pulp. 

ANK- ankylosis. 

PL- periodontal ligament. 

C- cementum. 

I 
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FIGURE ,10 

OSTEOCLASTIC RESORPTION OF DABM 

lOF,G,H and I:- Microscopic appearance of the graft to the exper­

imental defect ten week postoperatively.(2X, 35X 

lOOX and 435X respectively) Notice the appearance 

of osteoclasts (Oc) around· DABM. (H & Estain). 

g- graft, 

d- dentin. 

c- cementwn. 

pl-periodontal ligament. 

oc- osteoclast. 
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FIGURE 10 

BONY UNION OF GRAFT TO THE HOST BONE 

l0J, K, Land M:- Microscopic appearance of DABM at 10 week post­

operatively demonstrating new bone formation and 

union of the graft to the host bone.(4X, 35X,100 

X and 435X respectively; hematoxylin and eosin 

stain) 

g- graft. 

nb- new bone. 

hb- host bone. 

bu- bony union. 

ocy- osteocyte. 

79 





FIGURE 10 

ANKYLOSIS OF NEW BONE TO THE TOOTH SURFACE 

lON, O, P and Q:- Microscopic appearance of DABM at the periodontal 

defect 14 week postoperatively, demonstrating bony 

union of new bone to the cementum surface .resulting 

into ankylosis. (4X, 35X, lOOX and 435X respectively; 

hematoxylin and eosin stain.) 

• • 

g- graft. 

c- cementum. 

d- dentin. 

nb- new bone, 

ank- ankylosis • 
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FIGURE 10 

FLUORSCENCE AND RADIOGRAPH OF PERIO DEFECT TREATED WITH DABM 

l0R:- radiograph depicting a experimental defect {ED). 

10S, T, U and V:- demonstrating gradual increase in the fluorscence 

after 3, 7, 9 and 10 week respectively. 

G- graft site. 
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FIGURE 11 

SURGICAL PHASE RIDGE EXTENSION 

llA:- demonstrating experimental site (ES) after extraction of all 

bicuspids and radical alveolectomy. 

11B:- Implantation of DABM grafts (g) with a circunfrential suture 

around the mandible. 

llC:- closure of surgical site with 0000 catgut sutures. 

11D and llE:- demonstrating clinical appearance of mandibular ridge 

after 13 week and maxillary ridge after 8 week respectively. 

Notice complete ' healing of alveolar mucosa. GS-graft site. 
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FIGURE 11 

HISTOLOGICAL APPEARANCE OF RIDGE EXTENSIONS 

llF,G,H& I:- microscopic appearance of DABM on edentulous ridge 

after 16 week, notice the presence of new bone and 

bony union.(4X,35X,1OOX and 435X; H & Estain.) 

llJ & llK:- demonstrating three layers of grafts (G) over the 

host bone. (4X and 35X; Hand Estain.) 

IM- intact mucosa. 

NB- new-bone. 

HB- host bone. 

BU- bony union. 

Ocy- osteocyte. 

G- graft, 
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FIGURE 12 

CLINICAL APPEARANCE AND FLUORSCENCE OF ADDITION OF BONE ON INTACT BONES 

12A and 12B:- demonstrating normal healthy mucosa over the grafts 

after 6 and 10 week in dog and monkey respectively ~ 

12C and 12D :- demonstrating gradual increase in fluo .rscence at 14 

and 18 week respectively. 

GS- graft site. 

g- graft 

N.B- new bone. 

, 
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FIGURE 12 

HISTOLOGICAL APPEARANCE 

12E and 12G:- microscopic appearance of addition of bone on cortical 

bone ten week postoperatively, notice the union between 

the new bone and the host bone.(4X and lOOX respectively; 

Hand Estain) 

12F and 12H:- histological appearance of DABM 14 week postoperatively 

on intact buccal cortical plate demonstrating bony 

union. (4x and 3SX respectively; Hand Estain.) 

121:- demonstrating presence of osteoclast (Oc) causing 

osteolytic destruction of DABM. (lOOX) 

G- graft. 

NB- new bone. 

HB- host bone. 

Oc- osteoclast. 
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FIGURE 12 

GENIOPLASTY IN DOGS 

12J:- demonstrating submucous relaxation in chin area with a hemostat. 

12K:- 18 week postoperatively demonstrating the presence of graft.(GS) 

12L,M and N:- demonstrating the presence of graft (g), new bone (NB) 

and mesenchymal tissue in chin area.(4X, lOOX and lOOX respectively; 

Hand Estain.) Notice the complete sepration of graft from the 

mandibular bone by fibrous tissue as shown by · arrow in 12L.(due 

to extreme angulation of ,dogs mandible. 

, 
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FIGURE 13 

CLINICAL APPEARANCE OF PLASTIC TOOTH IMPLANTS WITH AND WITHOUT USE 

OF DABM IN DOGS AND MONKEYS 

13A:- demonstrating implanted right lower 4th bicuspid plast;f.c tooth 

implant as shown by arrow; with the use of DABM; 13 week post­

operatively. Notice the level of gingivae as compared to 13F 

which is plastic tooth implant alone 14 week postoperatively and also 

notice the recession of gingivae around the distal root in 13F. 

13B:- Plastic tooth implants as shown by arrows with the use of DABM; 

maxillary central incisors (15 week postoperatively). compare 

the thickness of attached gingivae and inflammation as compared 

to 13G; which is plastic tooth implant alone without any use of 

DABM.(14 week postoperatively) 

13C and H:- Compare the inflammation around left upper se.cond bicuspids 

with and without use of DABM respectively as shown by arrows(9wks). · 

13D and 1:- Compare the recession of gingival margins as shown by 

arrows; 13D(plastic tooth +DABM) and 131 (plastic tooth alone); 

along lateral incisors.(12 week postoperatively) 

13E and J:- Increased inflammation of gingivae around plastic tooth 

implants as shown by arrows; ..iland(s; 22 week postoperatively 

without any grafts. 
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FIGURE 13 

RADIOGRAPHIC APPEARANCE OF PLASTIC IMPLANTS 

K:- demonstrating the immediate postoperative radio.graph of ili. plastic 

tooth implants with DABM in~ dog. 

L:- demonstrating the increase in radiopacity after 15 week of implant­

ation in same animal as K. 

M:- showing loss of bone around a plastic tooth implantJJ in a monkey 

after 18 week of implantation without DABM. 

N:- demonstrating comparison of two types of implants 8 week postoperatively; 

_1.l with DABM andk._without DABM; notice relative more densit~ 

around~. 

0:- demonstrating loss of bone around plastic tooth implantsT2after 

22 week without DABM; notice fracture of splint and wire marked by 

wider arrow. 
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FIGURE 13 

HISTOLOGICAL APPEARANCE 

Magnification 4X; Hematoxylin and Eosin stain. 

P,Q & R:- arrows demonstrating the maintainance of interradicular and 

interseptal bone levels with the use of DABM. 

P:- sJ 13 week post-op; in a dog. 

Q:-!L_ 12 week post-op; in a monkey and notice the presence of 

bone depicted by an arrow. 

R:-'2,_ 12 week post-op; in a monkey. 

S,T,U,V:- arrows demonstrating the loss of bone in cross and vertical . 

sections without the use of DABM. 

S:- ll.L12 week post-op; in a monkey; curved arrows demonstrating . 

loss of interseptal bone. 

T:~Jl 18 week post-op; curved arrows showi~g loss of bone in a 

monkey. 

U& V:-~ 9 week post-op; dark arrows demonstrating loss of bone in 

a monkey. 

p- plastic tooth implant; washed during histological preparation. 
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FIGURE 13 

HISTOLOGICAL APPEARANCE 

PLASTIC TOOTH IMPLANTS IN A DOG 15 WEEK POST-OPERATIVELY 

!:- Cross section demonstrating the presence of grafts and 

its union to the alveolar bone. (4X; H & Estain} 

x,v,z and AA:- Histological specimens (SOX, 43SX, SOX and 

SOX respectively) demonstrating new bone formation and 

bony union as depicted by arrows. 

P:- plastic tooth implant. 

G:- graft (DABM}. 

NB:- new bone. 
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FIGURE 13 

FLUORSCENCE of 

PLASTIC TOOTH IMPLANTS 

BB and DD:- demonstrating increased fluorscence around plastic tooth 

implants with the use of DABM in dogs 16 and 15 week 

respectively. ( fil) 

' 

CC and EE:- demonstrating decreased fluorscence (increased radiolucency) 

around plastic tooth implants without the use -0f DABM in 

monkeys 18 and 21 week respectively. (2li) 

p- plastic tooth implants. 

' 
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FIGURE 13 
, 

FLUORSCENCE AROUND PLASTIC TOOTH IMPLANTS 

FF:-b.._12 week post-op in a monkey. 

GG:-__Jj 8 week post-op in a monkey. 

HH :-Ll_ 12 week post-op in a monkey. 

Notice the increase in fluorscence around 

(FF,GG and HH) due to implanted DABM. 

II:-J4th bicuspid 14 week post-op in a dog. 

JJ:-f4th bicuspid 14 week post-op in a dog. 

KK:- .,.ll 22 week post-op in a monkey. 

these implants 

, 

All these implants (II,JJ and KK) demonstrating decreased 

fluorscence or increased radiolucency due to less new bone 

formation because these implants were implanted without any 

DABM. 

P- plastic tooth implant. 

Arrows- demonst-rating empty holes in a plastic tooth implani KK. 
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· FIGURE 14 

SURGICAL PROCEDURE PALATAL BONY DEFECTS 

A:- Demonstrating a experimental defect (ED); a bony defect in palate. 

B:- placement of graft.(g) 

C:- closure of operative site. 

D:- arrow showing decreased fluorscence at the palatal defect-6 week 

postoperatively. 
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FIGURE 15 

SURGICAL PHASE OF BONY DEFECTS ON INFERIOR BORDER OF MANDIBLE 

A:- demonstrating sterile, draped submandibular area. 

B:- demonstrating line of incision (LI) in submandibular area. 

C:- exposure of external surface of the mandible.(M) 

D:- Creation of rectangular (1cm X 1cm X 5cm) experimental bony 

defect.(ED) 
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FIGURE 15 

RADIOGRAPHIC APPEARANCE 

E:- arrow demonstrating the right mandibular defect immediately after 

implantation of DABM. 

F:- arrow showing the left mandibular defect immediately after closure 

without DABM, 

G:- demonstrating experimental and control sides in another animal 

after 11 week, Notice complete repair of lower border of the mandible 

on right side which was filled with DABM; whereas in the control 

the left defect still exists in the lower border of the mandible, 

' 
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FIGURE 15 

HISTOLOGICAL APPEARANCE OF REPAIR OF INFERIOR BORDER OF THE 

MANDIBLE WITH DABM. 
. 

H,I & J:- demonstrating new bone and its union to the host bone. 

(mandible) 

(4X, lOOX and lOOX respectively; Hand E stains.) 

NB- new bone. 

HB- host bone. 

Arrows- showing bony union. 

' 

• 

• 
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FIGURE 15 

GROSS APPEARANCE AND FLUORSCENCE 

K:- Buccal views of right side(treated with DABM) and left side(unfilled); 

notice complete repair of lower border of the mandible on the right 

side as compared to the left side 11 week postoperatively. 

· L:- Lingual views of same specimen: 11 week postoperatively, compare 

the two sides ie complete repair vs existing bony defect. 

E- experimental; C- control. 

M,N and 0:- demonstrating gradual increase in fluorscence of mandible 

after 8, 13 and 13.week of right sides with DABM as compared to 

left side 1-SP; the control side without DABM after 13 week. 
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