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INTRODUCTION 

statement of the Prob1em 

The problem to be addressed in this study is the 

lack of basic research in the area of bone healing around 

endosseous dental implants which have been placed 

immediately following tooth extraction. 

The goal of dentistry is the preservation of the 

oral structures in a state of complete health. When this 

is not fully accomplished and a tooth is lost it becomes 

the function of prosthetic dentistry to replace the 

dental unit in a manner which restores function and 

preserves or does no harm to the remaining oral 

structures. 

At present there is a growing interest in dental 

implantology. The ideal of immediate replacement of a 

lost tooth with a long lasting, functional, and esthetic 

tooth analog which, at the same time, will minimize the 

changes which are known to occur following tooth loss, 

has yet to be realized. This area of immediate 
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replacement has evoked considerable controversy. The 

anatomical and clinical conditions which exist 

immediately after tooth loss are definitely different 

than those which exist after several months of healing. 

At the present time there are no implants specifically 

designed for the immediate extraction site forcing 

operators to use the same implants for immediate and 

delayed applications. True resolution of the problem has 

been hampered by lack of basic research into the 

reactions and mechanisms which accompany such immediate 

replacement procedures. However, the hope of immediate 

replacement of a lost tooth remains the ultimate goal of 

dental implantology. 

Today, the most predictable implant restorations 

are placed in precisely prepared bony crypts in bony 

ridges which have been allowed to heal for as long as 12 

months following tooth extraction. This delay represents 

a significant sacrifice to the patient who must suffer 

loss of esthetics and function for this period. It also 

represents a problem to the dentist who must find some 

economical way of restoring esthetics and function in a 

transitional manner during the healing period. Hence, the 

interest in immediate replacement. 
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The rationale for this investigation is an attempt 

to understand and quantify the host response to implant 

surgery alone, and to screw-shaped, pure titanium 

implants, which have been placed immediately following 

extraction of natural teeth in an in vivo mammalian 

system. This will be accomplished using the techniques of 

light microscopy, scanning electron microscopy, and 

histomorphometry. 

Review of the Literature 

Osseointegration of delayed implants: experimental 
background 

Implantology, broadly defined as the study of 

implants and their uses, has taken many forms depending 

on the part of the body being implanted. The field of 

dentistry has recently entered the implant arena • 

. Although there are numerous historical references to 

dental implantation (Lee, 1970; Driskell, 1987) the true 

modern era of implant dentistry in the United states 

began with the NIH-Harvard Consensus Development 

Conference in 1978, and with the series of basic biologic 
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studies which lead to the introduction of the concept of 

osseointegration into the american literature in the 

1980's (Eriksson and Albrektsson, 1981; Albrektsson, 

1983; Hansson et.al ,1983; Kasemo, 1983; Albrektsson et 

al., 1983; Eriksson, et al., 1982; Linder et al., 1983; 

McQueen et al., 1982; Skalak, 1983). one conclusion which 

the Harvard conference presented was that the 

statistical reliability and validity of much of the data 

collected at the conference was very poor and required 

closely controlled prospective clinical trials before 

validity .could be established (Schnitman and Shulman, 

1980). Unfortunately, this problem still plagues implant 

dentistry, with little progress observed ten years later 

during the 1988 Consensus Conference (Rizzo, 1988). Some 

of the problems with the existing implant literature, 

which have been cited by noted authors, are: 

nonconformity of patient selection or reporting methods, 

lack of controls or predetermined end points, incomplete 

follow-up and lack of outside review, and lack of 

pre-existing animal studies (Schnitman et al., 1988a). 

Osseointegration, loosely defined, is close bone 

adaptation (healing) to a dental implant as observed 

through the light microscope. Other clinical modifiers 
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have since been debated and added to the definition of 

osseointegration. Involved in the development of the 

concept of osseointegration was a vast amount of basic 

biological research in animals, followed by sound, 

longterm human clinical studies ( Haraldson and Carlsson, 

1977; Branemark et al., 1982; Adell et al., 1981; 

Haraldson, 1982; Branemark, 1983; Adell, 1983; Lekholm, 

1983; Lundqvist and Carlsson, 1983; Zarb and Symington, 

1983; Zarb, 1983; Adell et al., 1986; Lekholm et al., 

1984; Laney et al., 1986; Patrick et al, 1989.). These 

initial studies have now reached the 25 year mark, with 

full documentation and in-depth statistical analysis 

(Adell et al., 1990). The increased knowledge generated 

by this research resulted in improvements in materials, 

improvements in techniques of placement and restoration 

and, most importantly, improvements in the predictability 

of implant treatment. This improvement in predictability 

allowed implant dentistry to move from the research lab 

into the mainstream of American dentistry. 

The result of these events (the Harvard Conference 

and the introduction of Osseointegration) created a 

virtual explosion of interest in implant dentistry and 

initiated the development of numerous implant designs and 
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techniques, many of which have been used in humans with 

very little scientific research to justify their use 

outside of the research setting. The main research 

emphasis behind many of these new implant systems. has not 

been the establishment of biological acceptability or the 

definition of the biological process of acceptance of the 

implant by the body, but rather the receipt of the status 

of "Accepted" by the American Dental Association, for use 

as a marketing and sales tool. One result of this 

activity has been an increasing number of reports 

detailing implant failures (Parr, et al., 1988; Marshall 

et al., 1989; Malmqvist, 1990). Regardless of this lack 

of scientific background, a few of these new implant 

systems have moved into the mainstream of c+inical 

practice in many dental offices around the world 

(Branemark et al., 1977; Albrektsson et al., 1981; 

Babbush and Staikoff, 1973; McKinney et al., 1984a; 

McKinney et al., 1984b; Lum and Bernie 1986; Lum et 

al,1988; Albrektsson et al., 1988; Albrektsson et al., 

1988; Patrick et al, 1989; Adell et al,1990). 
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Titanium: use as an implant material 

Although many materials including acrylic resins 

and ceramics, as well as many metals, including gold, 

vitallium, and stainless steel, have been used for body 

implantation studies, pure titanium is one of the most 

popular and successful implant materials used today. It 

possesses a long and convincing history of clinical use 

in places other than the oral cavity, dating as far back 

as 1940 ('Bothe et al., 1940). Use in the mouth occurred 

more recently (Beder and Eade, 1956) . Titanium 'does not 

cause sensitization or allergic reactions as do other 

metals such as nickel, cobalt and chromium (Sullivan and 

Berg, 1990). It has no apparent carcinogenic potential 

when used in its pure or alloyed forms and it resists 

tissue reactions due to corrosion (Lang et al., 1986; 

Memoli et al., 1982; Clarke and Hickman, 1953; Leventhal, 

1951; Meachim and Williams, 1973; Woodman et al., 1984). 

The material is not biologically inert, as shown by its 

ability to stimulate interlukin, tumor necrosis factor 

and complement production (Perala et al., 1991; Miller et 

al., 1991) • 
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Recently, Johansson has reported ultrastructural 

differences in the interface zone between bone and 

titanium alloy and pure titanium implants and suggests 

that these may be of long term importance (Johansson et 

al., 1989). These findings are contradicted by Linder 

(1989) who, .using the light microscope and a rabbit 

model, found no differences between the two metals and 

concluded that the reaction seen depends on the biologic 

tolerability of the implant material and the insertion 

technique, rather than the use of a pure metal alone. 

Keller et al. (1991), using Scanning Electron Microscopy 

(SEM) and other associated techniques, concluded that 

commercially pure and alloyed titanium showed similar 

patterns of reaction to such mechanical activities as 

passivation and sterilization and that these materials 

therefore could be expected to react similarly in the 

biological environment. 

steflik et al. (1990a) have elucidated a 

three-part support mechanism. In this complex they 

include: junctional epithelial attachment to the superior 

portion of the (in this case, ceramic) implant utilizing 

hemidesmosomes; non-loadbearing fibrous connective tissue 

separating the epithelial attachment above from the bone 
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below; a bone attachment complex consisting of 

unmineralized matrix and osteogenic connective tissue 

bridging between the implant and the calcified bone of 

the jaw. They observed that this bone support complex 

appeared to be different and not as easily identified on 

identically prepared ceramic implants. 

To date, it appears that there are many factors 

which interact in complicated ways, leading to different 

reactions such as those cited above. Titanium, however, 

is the most widely used implant material for dental and 

other medical applications. 

Tissue adaptation to delayed implants 

Schroeder (1969) defined the normal mechanism by 

which gingiva attaches to the normal tooth. He 

demonstrated the existence of a junctional epithelial 

apparatus containing hemidesmosomes and an external basal 

lamina. Toto (1965) had previously demonstrated that this 

external lamina consisted of mucopolysaccharides. 

Listgarten (1972), Listgarten and Lai (1975), and Taylor 

and Campbell (1972) furthered our knowledge concerning 



10 

the attachment mechanism of gingiva to tooth. Garnick and 

Ringle (1988) examined the attachment apparatus in the 

human and compared the results of light microscopy and 

scanning electron microscopy, demonstrating the value of 

SEM for this purpose. The establishment of a similar 

implant-bone "attachment", and a biologically effective 

soft tissue ''seal" when implants are placed in well 

healed ridges, has been studied in some detail in both 

the pure research and clinical settings. James and Kelln 

(1974), using SEM, described the relationship between 

implants and both epithelium and its underlying 

connective tissue. Their description of abrupt 

termination of plaque on the implant was suggestive of 

epithelial attachment. James and Schultz (1974), using 

vitallium implants in primates, was the first to 

demonstrate in vivo the existence of an attachment 

complex to provide a mechanism of epithelial cell 

attachment to an implant. Gould, Brunette, and others, 

have reported similar findings, both in vivo and in 

vitro, to titanium and titanium al+oys in a manner 

similar to that seen in a tooth (Gould et al., 1981; 

Brunette et al., 1983). McKinney et al. (1985a,1988) and 

Steflik et al. (1984a,1988) have established that, at the 

ultrastructural level, all of the components required for 
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epithelial attachment to the surface of an aluminum oxide 

implant (ie. an attachment complex made up of an external 

basal lamina and hemidesmosomes) are present. They 

theorize that this "seal" is similar to a long junctional 

epithelial attachment. They have further demonstrated 

membrane-bound secretory vesicles in' the epithelial cells 

adjacent to implants and theorize that these are the 

source of ruthenium red staining'mucopolysaccharides 

which form the lamina densa component of the basal 

lamina. This adhesive material, they claim, provides the 

mechanism for hemidesmosomal attachment to implants. 

Brash (1988) theorized that adsorption of proteins to the 

implant surface provides the interface for cell 

interaction with, and adhesion to, the implant surface. 

While the exact nature of the attachment has yet to be 

determined, the development and maintenance of this 

"seal" seems to depend on multiple factors, many of which 

apply also to the immediate implant. Among these are: 

the health of the surrounding gingival and periodontal 

tissues (McKinney et al., 1984c,1985b; Lavelle, 1981; 

Steflik et al., 1987); the implant material (Gould et al, 

1984; Jansen et al.,1985 ), its biocompatibility 

(Schroeder et al, 1981), shape (James, 1983), physical 

properties (Baier et al, 1984,1985;Baier ,1986), and 



12 

surface configuration due to manufacture and handling 

prior to placement (Hetson et al., 1988; Baier et al., 

1982;Kasemo and Lausma, 1988; Doundoulakis, 1987); the 

faithful accomplishment of adequate oral hygiene 

procedures; and, the careful prosthodontia restoration of 

the implant to keep functional stresses on the implant 

within yet to be established physiologic limits (Roberts 

et al., 1984; Brunski et al., 1979; Karagianes et al., 

1982) . 

The relationship of "peri-implantitis" and 

periodontal disease continues to be a heavily researched 

topic (Adell et al., 1986; Seym,our et al., 

1989;Brandtzaeg, 1973; Walsh et al., 1987; Seymour, 

1987). Jaffin (1989) suggests that more predictable 

indicators of peri-implant disease are needed as the 

traditional periodontal measurements do not seem to 

correspond with active disease around implants. He 

further states that control of microbial flora around 

implants is vital to their success and notes that a 

potentially more pathogenic bacterial flora is more 

likely to occur in the partially edentulous patient, 

making this type of patient a more likely candidate for 

implant problems. Block and-Kent (1990) suggest that the 
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location of the implant in keratinized tissue is 

important to optimal soft and hard tissue healing. Newman 

and Flemming, (1988) suggest that implant failures a~ter 

primary healing and osseointegration are due either to 

bacterial infection or mechanical stress of a faulty 

prosthetic restoration. If this is true, an implant which 

has been placed into an immediate extraction site and 

which has become osseointegrated might be expected to 

react in a similar manner. 

Scanning Electron Microscopy and its use in analysis of 
implants 

SEM analysis of implant-tissue reactions is useful 

in many ways. Babbush and Staikoff (1973) reviewed, in 

great detail, the advantages of using SEM for implant 

research. These include: thicker samples can be used, 

allowing for a three-dimensional picture; availability of 

a wide range of magnifications beginning at the light 

microscope level; and, simplicity of surface preparation, 

compared to other techniques. As Steflik has noted, SEM 

can act as an important intermediary between more 

macroscopic observations such as those made with the 

light microscope and the ultrastructural observations 
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made at the cellular level with Transmission Electron 

Microscopy (TEM) (Steflik et al., 1990b). Arvidson et al. 

(1989) have used SEM to characterize the oral mucosa both 

in vivo and in vitro. Silbermann et al. (1989) have used 

SEM to study the structural and compositional changes in 

aging bone in rats. Baier (1988) has used the SEM and 

other associated techniques to study implant surface 

morphology, and to provide elemental and chemical 

analysis of the materials in the area of the implant-body 

interface. In other papers, he discusses the need for and 

the value of such analyses (Baier and Meyer, 1988) and 

presents data which helps to understand surface 

morphology and how it relates to tissue adherence to th~ 

dental implant (Baier et al., 1988). Jasty et al. (1989) 

have demonstrated that a computer-assisted image analysis 

system attached to a scanning electron microscope 

equipped with a back scattered electron detector could be 

used to examine and quantify the amount of bone ingrowth 

into a porous surfaced implant. The ultrastructural 

features of osteoclasts in situ have been studied using 

SEM (de Saint-Georges et al.,1989). They noted that, in 

mice, resting bone was covered with flattened bone lining 

cells which seemed to form a physical barrier between 

bone and marrow. On resorption surfaces with excavation 
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cavities, osteoclasts were pleomorphic and spread over 

the bone surface with pseudopods. osteoclasts in this 

domain appeared to be connected to adjacent osteoclasts, 

suggesting that osteoclastic cells form a functional unit 

(syncytium) in areas of bone resorption. The structure 

and function of bone lining cells was characterized by 

Miller (Miller et al., 1989.) 

Albrektsson et al. (1981,1983), using the 

scanning electron microscope, examined the relationship 

between well-healed bone and the implant. He noted a 

very close relationship between the bone and the implant 

in many areas, suggesting attachment. Schroeder et 

al.(1981), examining 30 implants used SEM to show close 

bone contact and functional connective tissue orientation 

;: with the implants. Steflik et al.(1989), using SEM, 

demonstrated similar bone reactions to loaded one-stage 

ceramic and titanium implants in dogs. They also showed 

evidence of bone remodeling at the apex of the implants, 

presumably in response to loading. 
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Light Microscopic analysis: delayed implants 

The sequence and time course of bone-implant 

interface development has been studied by Roberts (1988) 

using dog and rabbit long bone models. He has 

extrapolated the projected time sequences from these 

animal models to humans. Following insertion of an 

implant in the long bones of rabbits, he observed that a 

woven callus bridged the periosteal and endo~teal 

surfaces in about four weeks in dogs. Extensive stripping 

of the periosteum will substantially delay this healing 

response at the periosteal side of the wound and 

extensive loss of the inner cellular layer of the 

periosteum may, in humans, preclude periosteal callus 

formation altogether. Reapproximation of the retracted 

periosteum may position the outer fibrous layer of the 

periosteum next to the implant, leading to fibrous tissue 

invasion rather than bone bridging. This may also be 

responsible, to some degree, for the saucerization seen 

at the necks of many implants. As the outer third of the 

cortex receives its blood supply from the periosteum, 

stripping of the periosteum and placement of the implant 

may compromise the surface layer of bone adjacent to the 

implant. The initial callus of woven bone is very weak 
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and can not function in load bearing to any great degree. 

In the dog, lamellar compaction, filling in the lattice 

of the woven bone, begins at around six weeks and is 

probably complete by 10-12 weeks. This requires 

approximately 18 weeks in the human. The interface of 

bone with the implant is.also being remodeled during this 

time. Surgical trauma , inflammation and poor collateral 

circulation lead to bone death for a variably small 

distance adjacent to the delayed implant. This dead bone 

initially provides implant stability until remodeling 

occurs from the endosteal surface with osteoclastic 

removal preceding osteoblastic replacement in a 

cutting/filling cone process. This remodeling of the 

interface leaves the implant apposed by vital bone which 

matures and is maintained by remodeling in response to 

functional demands. The effect of loading on the 

modeling/remodeling sequence was examined by Higuchi et 

al. (1990) using long bones of dogs. ·They noted increased 

collection of vital bone labeling around loaded test 

implants vs. unloaded control implants. They theorize 

that a regional acceleratory phenomenon is responsible 

for this bone response to mechanical load. It would be of 

interest to characterize this process for the immediate 

implant in the jaw in a manner similar to what has been 
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done in long bones and for the delayed implant in the 

jaw. 

The initial healing reaction at the implant site 

is predominantly modeling of new bone at the periosteal 

and endosteal bone surfaces with the production of 

primitive and poorly organized woven bone in a lattice or 

trabecular pattern around capillaries and blood vessels 

(Roberts, 1988). In man, the osteogenic (inner) portion 

of periosteum is initially very thin and may be easily 

destroyed by the normal procedures of raising a 

periosteal flap prior to implant placement. This flap is 

a necessary part of the procedure and is required to 

completely visualize the bone present, its thickness, 

angulation and irregularities. Replacement of the flap 

with sutures places the outer fibrous layer of periosteal 

tissue at the implant neck which may preclude complete 

bone healing in favor of fibrous connective tissue 

formation at the critical neck of the implant. Over time, 

the area between trabeculae fills (compacts) with more 

mature lamellar bone which has a greater capacity to bear 

weight. The implant surface which lies between the 

periosteal and endosteal areas is remodeled over time via 

an osteoclastic-osteoblastic process which replaces bone 
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which is mostly devitalized during the surgical placement 

procedure. This process emanates from the endosteal 

surface and is responsible for a vital bone interface 

along the implant surface. Progressive and continual 

remodeling due to functional damage to the bone interface 

occurs throughout the life of the implant (Roberts, 1988; 

Roberts et al.,1990). 

Histomorphometric implant studies 

criteria for implant success have been proposed by 

various authors (Schnitman and Shulman,1979; Cranin et 

al., 1982; McKinney et al., 1984d; Albrektsson et al., 

1986). These criteria can be applied to both maxillary 

and mandibular implants but are primarily of a clinical 

nature. One criteria, implant mobility, can be directly 

related to the presence or absence of a certain 

percentage of bone or connective tissue in contact with 

the implant surface (Smith and Zarb, 1989). 

The proportion of the implant surface which must 

be apposed by bone in order to have a functional implant, 

and the three dimensional time course of healing and 
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remodeling, has been studied to some degree using 

histomorphometric techniques and fluorescent microscopy 

of fluorochrome time-markers (Brunski et al., 1979; 

Roberts et al. ,1984) Hipp et al. (1987), using 

histomorphometric and fluorochrome findings in dog 

mandibles after 4-7 monttis of healing, reported mean 

values of 59% bone and 26% soft tissue in contact with 

the implants. Arvidson et al.(1990), using dogs, reported 

61.3% bone contact at the interface. The influence on 

implant function relative to the amounts of cortical 

bone, cancellous bone, and soft tissue adjacent to the 

implant has also been examined in the delayed implant, 

but nothing has been done. for the immediate implant. 

Gotfredsen and Hjorting-Hansen (1990) compared submerged 

and non-submerged implants and noted no significant 

difference in bone-to-implant contact length in relation 

to loading when hygiene was accomplished. Percentages 

varying from 36% to 52% have been noted adjacent to 

delayed implants of varied designs. Some researchers have 

attempted to improve this amount of bone apposition by 

coating the implant with various materials (Block et al., 

1988). Kohn et al.(1990) have cautioned that the problem 

of reduced fatigue strength of the coatings is a problem 

which should be studied before they are widely used. 
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Recently, Barzilay et al. (1988) have reported 

encouraging results of a pilot study using a pure 

titanium implant in one monkey. The implant was placed 

immediately after extraction of a mandibular central 

incisor, allowed to heal for six months and loaded for 

six months. They reported no mobility or clinically 

visible inflammation. Histologically they observed an 

absence of inflammatory cells, highly vascularized bone 

in intimate contact with the implant and evidence of 

remodeling, suggested by the presence of macrophages and 

osteoclasts. Bone was seen in contact with 58.2% of the 

embedded implant length. Bone marrow spaces occupied 

24.7% of the implant and soft fibrous tissue 17.1% of the 

implant. An oxytetracycline marker administered (35mgfkg) 

ten days before sacrifice showed evidence of bone growth 

and a stable implant-bone interface. 
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Location: effect on implant success 

Jensen (1989) has proposed a classification system 

of potential implant sites based on the quality and 

quantity of bone in the area as well as the location of 

vital anatomical structures which may limit implant 

placement. His rationale for this classification is the 

fact that success rates are definitely site related and 

vary with the area of the mouth selected. Thus, 

cataloging the various sites available could be an 

important research and prognostic tool. 

The problem of placement of implants into the 

maxilla was studied by Branemark et al. (1984). They 

recognized that in many cases of severely resorbed 

maxillae there is inadequate quantity and quality of bone 

to allow osseointegration. They postulated that either 

bone grafting or nasal cavity/maxillary sinus penetration 

could be possible solutions to the problem. In dogs they 

found complete healing, adequate osseointegration, and no 

adverse tissue reactions to sinus/cavity penetration 

after one year. In humans, a total of 139 implants were 

placed in 101 patients. Forty-four of these penetrated 

the maxillary sinus and 47 penetrated the nasal cavity. 
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These were observed for 5-10 years with a success rate of 

70% and 72% respectively. For 25 sinus and 23 nasal 

penetrating implants followed for 2-5 years the success 

rates were 88% and 96% respectively. Most implant losses 

occurred within the first two years due to infection and 

implant mobility. Schnitman, in a human study of 137 

implants followed for a two year period, using life table 

analysis, demonstrated that the area of implantation was 

directly related to the rate of success. He concluded 

that implants placed in the posterior maxilla 

demonstrated a significantly lower survival rate (78%) 

when compared to other areas of the oral cavity (anterior 

maxilla: 93%; anterior mandible 100%; posterior mandible 

92%) (Schnitman et al., 1988a,l988b). Interestingly, he 

noted that larger diameter cylinders seemed to survive 

better than narrow diameter in the maxilla. This could be 

important to the immediate implant which is placed in a 

ridge which has not suffered narrowing due to 

post-extraction bone atrophy. Block and Kent (1990), 

reporting on a series of 772 hydroxylapatite-coated 

implants followed for 5 years reported that 45% of those 

implants placed into the posterior maxilla without 

previous sinus augmentation procedures perforated the 

maxillary sinus but were without adverse sequelae. 
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Vertical bone loss associated with these implants in the 

posterior maxilla was frequently related to placement of 

the implant into thin bone or bone dehiscence at the time 

of placement. They noted that those implants placed into 

adequate bone most often showed no signs of bone 

morbidity. They also noted that facial bone loss in 

posterior maxillary implants was frequently associa~ed 

with palatal incisions and sinus elevation procedures. 

Kahnberg et al.(1989) detailed the problems encountered 

when ten patients were treated with bone grafts in 

conjunction with titanium implants in cases of severely 

resorbed maxillae. They recommended that this procedure 

receive only limited application until further long-term 

evaluations are completed. 

Ahlqvist, studying 50 edentulous jaws (17 

maxillary and 33 mandibular) found a survival rate of 89% 

in the maxillae and 97% in the mandible after two years. 

The average bone loss seen in the maxillae was 1.7 mm 

with 1.1 mm in the mandible (Ahlqvist et al., 1990). In 

his study, Schnitman noted similar bone loss but observed 

that it was mostly confined to the first year, with a 

plateau period after the first year (Schnitman et al., 

1988a). 
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The mandibular anterior region is generally 

accepted as being the safest region for implant location 

due to be absence of limiting anatomical structures. 

This area usually has adequate bone and can be reshaped 

surgically to accept implants. The problem of flexure of 

the anterior mandible has been studied to some degree. 

Schwab determined that the anterior mandible distorts a 

·clinically significant amount during function (Schwab and 

Hobkirk, 1990). The effect of this distortion on healing 

around immediate implants has not been studied. 

Glass and ceramic implants 

Much of the current literature on healing 

following immediate placement of an implant is related to 

the use of hydroxylapatite, used in solid or granular. 

form (DeLange et al., 1989; Ducheyne, 1980; Cook et al., 

1983; Piecuch and Fedarka, 1983; Holmes et al., 1984; 

Beirne and Greenspan, 1986; Kent et al., 1982,1983), 

tricalcium phosphate, used in solid or granular form 

(Ferraro, 1979; Brandies, 1985), or bioglass (Hench and 

Ethridge, 1982; Hench •nd Wilson, 1984), used as a 
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coating or in solid cones. The scanning electron 

microscope has been instrumental in examining the 

interfaces and reactions of these various materials with 

the body (Gross and stunz, 1985). 

Interest in calcium-phosphate ceramic implants 

began in 1971 when Rhinelander observed bone trabeculae 

in contact with and growing into implanted ceramic 

materials (Rhinelander et al., 1971).The solid cone forms 

of these ceramic materials are placed into fresh 

extraction sites to prevent ridge resorption following 

extraction. The granular forms were used to augment or 

rebuild a ridge which has been reduced by alveolar bone 

resorption. Granular forms are also used to repair 

periodontal defects. An electron dense layer similar to a 

basal lamina has been demonstrated adjacent to 

hydroxylapatite particles with close bone apposition, 

providing further evidence of bone apposition, but not 

necessarily true attachment or molecular bonding, to the 

hydroxylapatite particles (Kent et al., 1986). 

Brose, using finned, tapered, rectangular, ceramic 

(alumina) implants placed immediately post-extraction in 

baboons concluded that immediate rigidity following 
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placement was critical. Further, with the proper 

surgical protocol, this implant would remain rigid with 

"no significant connective tissue at the ceramic-bone 

interface", even when loaded three months postplacement 

with single post and core crowns (Brose et al., 1987). 

Results with bioglass indicate that a silicon and 

Calcium-Phosphate -rich gel layer is formed on the 

surface of the implant when it reacts with the body, thus 

fulfilling the definition of bioactive behavior as 

proposed by Hench (Hench et al., 1972). Using SEM, Hench 

(1980) has observed this interface and examined its 

composition. It is theorized that this gel layer may act 

in a manner similar to the periodontal ligament when it 

is produced adjacent to soft tissue. When this gel 

surface is adjacent to bone it may serve to promote bone 

growth although the thickness of the gel layer does not 

seem to be directly related to the amount of bone growth 

seen (Schepers et al., 1988,1989). Using SEM, the 

production of collagen fibrils as the first event in this 

interaction of bioglass with bone was described by Davies 

and Matsuda (1988). Apparently, however, the bioactivity 

and bioreactivity are very delicate and can be effected 

by the initial composition of the glass, the method by 
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which it is coated to its metallic substrate, the 

composition of the substrate, and the procedures 

accomplished to surgically place the implant (Barth et 

al., 1990; Wilson et al., 1991). The use of bioglass in 

humans has not been heavily reported. Hall reported good 

results after 2 years with cone shaped bioglass implants 

aimed at preserving the alveolar ridge by preventing bone 

resorption (Hallet al., 1988). Kudo et al. (1990), 

followed 73 root-coated bioglass implants for a four year 

period and noted a 52.4% to 63.3% interface with bone 

after one year. 

Results with hydroxylapatite indicate that this 

material may be osteoconductive, allowing bone to grow on 

its surface. Block et al. (1987a) reporting in dogs, and 

El Deeb et al.(1989), reporting in monkeys,showed that no 

bone will be produced on the surface of the 

hydroxylapatiteparticles unless organic additives such 

as demineralized bone are mixed with the hydroxylapatite 

before placement. Boyne and Fleming (1982) have noted 

that hydroxylapatite placed into intrabony defects of 

monkeys became associated with bone only in the deeper 

apical regions. The more coronally located particles 

simply became encapsulated in connective tissue. The use 
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of hydroxylapatite in repair of bony periodontal defects 

has shown mixed results. Froum et al. (1982) reported no 

signs of osteogenesis associated with implanted 

hydroxylapatite particles. Meffert et al. (1985) reported 

partial calcification. Galgut (1990), reporting 

radiographic results in two human cases, indicated 

variable healing depending on length of healing time, 

oral hygiene, and area of the mouth. Other authors have 

noted problems of erosion, material loss migration or 

displacement, nerve damage or over-filling (Kent et al., 

1986,Dennisen et al., 1989a,1989b; Rieger et al., 1989; 

Holmes et al, 1988; Smiler 1987). Hydroxylapatite used as 

an implant coating (Kent et al., 1990). seems to improve 

the rate of bone adaptation to dental implants (Block et 

al., 1989; Morimoto et al., 1988). oucheyne (1988), using 

SEM showed that surface coating with hydroxylapatite may 

lead to earlier healing and the production of greater 

amounts of bone when compared with non-coated implants .• 

This finding was corroborated by Block et al. (1987b) who 

found hydroxylapatite-coated implants in dogs to be 

biointegrated as early as one month. caution is 

warranted, however, as the processing technique by which 

the hydroxylapatite is applied to the implant can 

significantly change its physical and chemical properties 
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and hence its biocompatibility and bioactivity (Ducheyne, 

1988). Fracture of the coating from the implant surface 

and bacterial contamination of the surface have also been 

noted problems (Krauser et al., 1990). 

The titanium immediate implant 

Loss of alveolar bone is considered to be an 

irreversible process which, if left un-checked, can lead 

to severe esthetic problems as well as loss of oral 

function and possible additional systemic problems 

(Mercier and Lafontant, 1979; Carlsson and Persson,1967; 

Tallgren,1972; Heartwell and Rahn,1986). It has been 

suggested that the dental implant may slow this process 

by changing the pattern of force and stress distribution 

(James, 1983) or by increasing function and thus 

increasing load-related bone formation (von Wowern et 

al.,1990). Lazzara (1989), in fact, recommends the 

immediate placement of implants to overcome the anatomic 

changes that occur following dental extractions. The 

ability of immediate implants to preserve bone was tested 

by Karagianes, et al. (1982). Using thirteen porous 

titanium implants in monkeys immediately following tooth 
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extraction, these investigators found that the success 

rate with immediate implants was less than that with 

delayed implants placed in healed sockets. Eight of the 

thirteen implants were listed as failures. Four of the 

successful implants showed bone loss at the neck areas, 

indicating that the implants did not seem to function in 

preserving alveolar bone. 

While several implant systems suggest the 

possibility of immediate placement (Core-vent, 1983; 

Tatum, 1986,1987,1989) there is little basic or clinical 

research to validate such suggestions (Worthington, 

1988). such implants must pass through epithelial tissue 

into soft connective tissue or compact cortical bone and 

often into trabecular bone and marrow cavities or sinus 

areas. The maxilla and mandible differ markedly as do the 

anterior and posterior regions of the maxilla and 

mandible. Loading of such implants varies by a factor of 

ten as one passes from anterior to posterior and the 

angle of loading changes from oblique to vertical 

(Lemons, 1987). Tatum (1989) suggests that immediate 

implantation should generally be avoided except in the 

instance where periodontal disease has destroyed the 

alveolus and formation of an implant socket would 



32 

obliterate the remainder of the socket. He describes 

techniques for socket expansion and sinus augmentation, 

for use in the resorbed maxilla. Chanavaz (1990) suggests 

that delayed placement (ie. after healing of the 

augmented sinus) can improve the long term prognosis of 

sinus augmentation procedures. 

Shulman (1988) suggests that placement in the 

healed ridge (ie. delayed implantation) is the only means 

of assuring that there is quality bone in the area which 

can provide immediate stabilization of the newly placed 

implant. In the unhealed ridge and obviously in the 

fresh extraction site (ie. immediate implantation), one 

can not assure that remodeling will be accomplished. 

Certainly, this process proceeds at different rates in 

different individuals. It is postulated by Melcher (1988) 

that the implant and the host will interact during the 

healing process and that the healing response will be 

modulated by such things as the implant material and 

surface characteristics, implant size and shape, location 

of the implant in relation to vital structures, 

micro-movements of the implant, and many other as yet 

unknown factors. Michney et al. (1989) using computer 

assisted densitometry to study implants in humans, 
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concluded that, based on the bone density levels, it was 

possible to place implants in fresh or healed extraction 

sites with equal chances of success. Brose supported this 

information by reporting the results of longitudinal 

follow-up of 52 titanium cylinder implants placed in 

humans. He determined that bone remodeled to 90% of the 

pre-surgical level in 5 months in both the fresh and 

healed extraction sites with no difference in bone loss 

following 6 months. Implants which supported removable 

prostheses however showed 30% greater loss of bone after 

18 months following restoration when compared with those 

supporting fixed prostheses, regardless of placement in 

fresh or healed sites. He verified these results 'with 

optical digitalized densitometry (Brose et al., 1989). 

Woolfe, in a study using five dogs, concluded that 

it is possible to predictably accomplish immediate 

implantations. He noted histologically and 

radiographically, that bone seems to adapt well to 

immediate implants (Woolfe et al., 1989). Ohrnell has 

recently described a modified surgical technique 

utilizing immediate placement, conical self-tapping 
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implants and an as yet commercially unavailable implant 

head (second stage) which can be cut to fit and then 

screwed to place (Ohrnell et al., 1988). 

Block and Kent (1990), discussing a series of 41 

immediate implants in humans, suggested that 

countersinking the implant 2 mm below the alveolar bone 

crest and immediate grafting of any labial bone defects 

observed at the time of placement were both important to 

success of the immediate implant. A later publication 

reporting on 62 hydroxylapatite-coated implants placed 

immediately into human extraction sites (42 maxillary and 

20 mandibular) and followed for up to four years reported 

greater bone loss around the generally successful 

maxillary implants when immediate grafting was used. 

Their research supports the use of hydroxylapatite-coated 

implants in immediate extraction sites (Block and Kent, 

1991) . 

Parel and Tripplett (1990), in a recent article, 

suggest that immediate implant placement might be a 

viable alternative treatment plan in the complicated 

patient. strategic extractions and retention of posterior 

teeth for the support of an interim prosthesis are among 
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the many advantages they discuss. They also suggest that 

the use of this procedure in the maxilla might, however, 

be more difficult and less predictable as there is less 

bone apical to the roots of the remaining teeth. 

Krump recommends that immediate implants be 

limited to areas where adequate bone exists at the 

proposed implant apex to promote implant stability upon 

placement (Krump and Barnett, 1991) . In his clinical 

study 11 patients received 41 immediate implants with a 

success rate of 92.7% after 19 to 48 months as compared 

to 35 patients with 154 delayed implants with a success 

rate of 98.1% after a similar time period. The 

differences were not significant either statistically or 

clinically. He stated that although his study was limited 

to the anterior mandible, other areas of the body could 

be also considered if adequate bone existed. 

Tolman and Keller (1991) reported on a six year 

study of 301 implants placed immediately in the maxilla 

(44 implants) and the mandible (259 implants). They warn 

of the potential for implant instability because the 

implant does not fit the socket well, allowing room for 

soft tissue ingrowth. Complete removal of the periodontal 
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ligament and absence of local infection were absolute 

necessities for success. They further recommended radical 

alveoloplasty due to expected bone loss of the cortical 

bone at the alveolar crest and extension of the implant 

to engage the inferior cortex of the mandible or the 

floor of the nose in the maxilla. At the time of 

publication, only two mandibular and no maxillary 

implants had been lost. Those remaining were functioning 

well and supporting prostheses. 

Bone loss following implantation in immediate vs. 

delayed implant sites was studied by Brose. Observing 13 

immediate and 27 delayed implants both in the maxilla and 

mandible, they observed no difference in post-insertion 

bone loss after 6 months (Brose et al., 1988). He 

postulated that early rigid fixation and lack of movement 

during healing were critical to proper bone healing 

around the immediate implant. 

Nyman suggested that the use of the GTR· ("guided 

tissue regeneration") technique, which makes use of a 

polytetrafluoroethylene membrane (Gore-Tex, WL Gore, 

Flagstaff, Arizona) placed over the wound to provide a 

mechanical barrier against the migration of unwanted 
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cells into the wound area, can improve osseous healing 

around immediate titanium implants (Nyman et al., 1990). 

Becker et al. (1990) evaluated bone formation around 

implants placed into fresh extraction sockets in three 

mongrel dogs. The animals received tetracycline before 

and du~ing the study for bone labeling. Six test 

sites(titanium implant plus Gore-Tex) and six control 

sites (titanium implant only) were evaluated. After 18 

weeks, test sites had a mean height increase of 2.63 mm 

and width increase of 1.5mm of new bone, control sites 

had vertical increase of 1.0 mm. and width increase of 

0.8 mm. These were statistically significant. They 

concluded that the membrane material improved bone 

healing of immediate implants. Caudill et al. (1991) did 

the same procedure with delayed implants and found 

improved healing with bone apposition rather than loss at 

the implant neck. Lazzara and Warrer, reporting on use 

in humans indicated that immediate placement with the use 

of GTR not only preserved the bony ridge but also allowed 

the clinician to place implants in normal tooth 

positions, rather than those dictated by the resorbed 

ridge. This allows the fabrication of more normal sized 

and shaped restorations (Lazzara 1989,1990; Warrer et 

al., 1991). Jovanovic et al.(1990,1991), reporting on the 
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use of GTR in humans, evaluated 12 dehiscent bone sites 

at first stage implant placement; 4 bony defects around 

immediate implants; and 4 bony defects around implants 

with progressive peri-implantitis. They reported 

favorable bone regeneration in most cases upon re-entry 

which in most cases was in 4-6 months. Similar findings 

have been reported by others (Guttu et al.,1991). Other 

types of membranes have also been tested (Balshi et al., 

1991; Sevor and Meffert, 1991) with similar encouraging 

results. Linde et al. (1991) reported that the use of 

membranes could produce new bone on pre-existing bone 

surfaces when space was allowed to form between the 

membrane and the surface. 

summary of Literature Review 

Although the review of the literature has shown 

that the potential exists for serviceable immediate 

implants, the state of the art in both the scientific and 

clinical areas is much more advanced with the delayed 

implant than it is with the immediate implant. Both 

descriptive and statistical studies, especially in vivo 

studies which utilize the jaws rather than the long bones 
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of the research animal, are lacking, especially for the 

immediate titanium implant. The effect of implant surgery 

in the area of a dental extraction has not been described 

or measured. The amount of bone which can be expected to 

interface with the immediate implant on a predictable 

basis is unknown. 

It has been shown that bone healing and implant 

success varies in different anatomical regions. 

Maxillary immediate implants are less successful than 

mandibular immediate implants. Histomorphometric 

verification of this fact is, however, lacking. Factors 

which might enhance the chances of success with the 

immediate implant are unknown. When these questions are 

answered, the predictability and clinical usefulness of 

the immediate dental implant will be greatly improved. 
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Specific Aims 

This study will examine the healing response 

around the first stage of two-stage titanium root-form 

dental implants which have been immediately placed, in 

vivo, into fresh extraction sites in dogs. The variables 

to be examined are: (a) the amount of bone and associated 

tissue in close apposition to a maxillary implant, and to 

a mandibular implant, after five months of healing; (b) 

the amount of bone and associated tissue found in a 

normal extraction site and a sham implant receptor site 

after five months of healing in both the maxilla and 

mandible. 

The specific aims of this proposal are to: 

1. Identify and quantify the tissue types involved in the 

healing phenomena five months following the implantatiqn 

of a submerged two stage endosteal dental implant which 

has been placed immediately following tooth extraction 

into either maxillary or mandibular sites. 
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2. Identify and quantify the tissue types involved in the 

healing phenomena at five months within a healed 

extraction site in both the maxilla and mandible. 

3. Identify and quantify the.tissue types involved in the 

healing phenomena at five months within an extraction 

site which has been surgically prepared (sham implant 

site) to receive an endosteal implant. 

4. Compare histomorphometric tissue percentages existing 

in healed extraction sites (control), prepared 

extraction/implant (sham control) sites, and healed 

implant sites. 

5. Compare maxillary versus mandibular histomorphometric 

tissue percentages existing in experimental (implant) and 

control sites at five months following surgical 

intervention. 
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MATERrALS AND METHODS 

Animal Model 

This investigation was accomplished using three 

(3) 20-25 kg mongrel dogs (Canis familiaris). Mixed 

breeds rather than pure breeds were selected to include a 

variety of host responses and to eliminate the 

possibility of breed related rejection phenomenon. This 

animal model has previously been used at MCG with good 

success. It has been shown that this model is fairly 

inexpensive and can be used to reliably demonstrate 

implant healing reactions. An analogous primate model was 

rejected due to the need for sedation during routine 

animal handling for such procedures as examination and 

evaluation. The main disadvantage of this model is the 

possibility of differences in healing response between 

man and dog. The differences in occlusion and loading 

are not important as the implants will be totally buried 

and will not be placed into occlusal function. 
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Approval of this project has been pbtained from 

the Institutional Committee on Animal Use for Res'earch 

and Education. 

Impl.ant Model. 

Each implant or control. site was prepared for 

receipt of a 3.8mm x 8.0mm textur~d, screw- shaped, 

cylindrical, endosteal dental implant (#2208 STERI-OSS 

Dental. implant; Denar Corp., Anaheim, CA, 92805) (Fig.l.). 

These implants are made of commercially pure titanium and 

are cleaned, packaged and sterilized by the manufacturer 

before delivery. The double aseptic vial system contains 

the healing collar, which was placed in superior portion 

of the implant during the healing period, and the implant 

insertion carrier. 



Figure 1: Photograph demonstrating screw shaped, 

pure titanium endosteal dental implants in relation 

to the extracted tooth roots which they replaced. 
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FIGURE 1 
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surgical Procedures 

Following the required quarantine period, the 

animals were anesthetized with pentobarbital,thirty 

milligrams per kilogram (30 mgfkg), titrated to effect, 

followed by endotracheal intubation and halothane/oxygen 

inhalation anesthesia. The animals were draped and 

presurgical radiographs obtained. The areas were then 

swabbed with surgical soap and the maxillary and 

mandibular premolars were extracted bilaterally under 

aseptic conditions using thirty-six milligrams (1.8 

milliliters) of 2% xylocaine with 1:100,000 epinephrine 

injected locally for control of bleeding (Figs 1,2). 

Large and small straight elevators and #150 and #151 

dental extraction forceps were used for this purpose. 

Following extraction, a #15 Bard~Parker Blade and a Molt 

Curette were used to prepare a surgical flap. Following 

this, each implant or control site was prepared for 

receipt of a 2208 (3.8mm x 8.0mm) STERI-oss implant 

(Denar Corp., Anaheim, CA, 92805). 

The bone preparation was accomplished using a 

steri-OSS (Denar Corp., Anaheim, CA, 92805) electric 



Figure 2: Photograph demonstrating the surgical 

site in an experimental animal prior to the 

extraction of the maxillary premolar teeth. 
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FIGURE 2 



Figure 3: Photograph demonstrating the surgical 

site in an experimental animal prior to the 

extraction of the mandibular premolar teeth. 
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FIGURE 3 
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handpiece equipped with an internally irrigating (sterile 

saline) pump. The revolutions-per-minute were set using 

anLED readout on the front of the unit. Three hundred 

rpm was used for the drilling procedures, 50 rpm was used 

for the tapping procedure, as recommended by the 

manufacturer. Micromotor control and feedback circuitry 

allows for constant torque at any drilling speed. Such 

careful surgery is important since low instrument speed 

is one way of assuring that the bone will not be 

over-heated during drilling. Instrument speed, to the 

maximum of 300 rpm, was controlled by a foot pedal. 

Irrigation volume was set with a control knob on the 

front of the unit and automatically increased or 

decreased with increasing or decreasing instrument speed. 

Bone drills and taps, as supplied by the 

manufacturer are made of surgical stainless steel coated 

with titanium nitride. The nitride coating imparts a 

gold color to the instruments. As sharpness of the 

drilling instruments is lost (ie. wear occurs) the gold 

coating will be lost, giving the surgeon a visual control 

of instrument sharpness. Bone preparation was 

accomplished following the manufacturers recommended 

protocol with the exception of the first two instruments 
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used. In the normal protocol, the alveolar crest is 

penetrated with a small round bur followed by a 2 mm 

pilot drill which is placed to depth and at the 

angulation desired. A radiograph is usually made at this 

point to assure that the implant will be placed in the 

proper location and angulation. In this experiment, 

since the implants were being placed into pre-existing 

extraction sites rather than healed ridges, the initial 

round bur and pilot drill were unnecessary. Next, a guide 

drill rotating at 300 rpm was used to widen the superior 

portion of the site. This drill is shaped so that its 

bottom half follows the path prepared by the pilot drill. 

In the case of this experiment, this was the first bone 

drill used and its bottom half was allowed to follow the 

direction of the socket formed by the tooth which had 

been extracted. Following the guide drill, a depth drill 

was used, rotating at 300 rpm (Fig.4). This drill 

followed the path made by the guide drill and widened the 

socket to the width of the implant. It also prepared the 

socket to the proper length. A counter-bore was then used 

to widen the superior part of the bone crypt to allow for 

the neck of the implant, which is wider than the body. 



Figure 4: Clinical photograph demonstrating the 

depth drill creating an implant receptor site in 

an extraction socket. 
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FIGURE 4 



Figure 5: Clinical photograph demonstrating the 

threading of the implant receptor site with a bone 

tap prior to implant placement. 
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Finally, a thread-former (bone tap) rotating at 50 

rpm was used to thread the socket (Fig.5). Gentle 

pressure was applied to the top of this instrument until 

the bone was engaged, at which time the tap was allowed 

to feed by itself until it progressed to full depth. This 

instrument was used in both maxilla and mandible (for 

continuity), even though the manufacturer states that it 

is unnecessary to tap the maxillary site due to the type 

of bone present. All instruments, with the exception of 

the round bur, t~e pilot drill and the bone tap were 

internally irrigated with sterile saline. 

Some extraction sites in both the maxilla and in 

the mandible were left unsurgerized to serve as control 

sites (C). Additional control sites in the maxilla and in 

the mandible were prepared for implant placement in a 

manner similar to the experimental sites but no implant 

was placed (S). When the nasal cavity was encountered at 

either an implant or a control site, care was taken to 

treat the involved tissues as atraumatically as possible. 

These locations were not avoided as a matter of 

presurgical planning as they would be in humans. A total 

of thirteen (13) implants were placed and twelve (12} 
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sites were available for control. Several areas were 

avoided which were to be used in other experimental 

procedures not involved with this study. Following 

irrigation with sterile saline, the implants were screwed 

to place using the plastic carrier supplied and finger 

pressure. The healing collar was then placed (Figs.6,7) 

and the periosteum was closed over the implants with 

interrupted 3-0 resorbable gut sutures and radiographs 

taken (Figs. 8,9,10). 

The animals were given daily subcutaneous 

injections of 600,000 units of penicillin G with 0.75 

grams equivalent of dehydrostreptomycin sulfate for five 

days. A soft diet (moist pelleted chow) was maintained 

for the first seven days, followed by a normal hard 

pelleted diet. Details of the implant placement are shown 

on the following chart (Table I). 

The unloaded and submerged implants were allowed 

to heal for five months. The animals were housed at the 

Gracewood animal facility during this time. Here, a 

weekly regime of evaluation and oral hygiene was 

accomplished, using the sedative Rompun (60 mg. 

subcutaneously) if necessary. Healing was uneventful. 
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TABLE I 

Location of Implant and Control sites :by jaw 
and :by animal 

ANIMAL MAXILLA M}lliDIBLE 
NUMBER RIGHT LEFT RIGHT LEFT 

1 I,I,C,S I,I,S,C I,C 0 

2 I,C,I C,I,S I,S,S 0 

3 I,I,C S,I,I 0 0 

!=implant C=control site S=sham control site 
O=unused extraction site 

sum I = 13 sum c = 6 sum s = 6 

., 



Figure 6: Clinical photograph displaying two 

completed implant insertions in maxillary 

extraction sites. Silicone healing caps are 

observed closing the coronal aspect of the implants 

prior to tissue closure. 
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FIGURE 6 



Figure 7: Clinical photograph demonstrating the 

three representative sites used in this 

investigation. The silicone healing cap covers the 

implant CiJ which was placed immediately after 

·tooth extraction. One sham surgical site (sJ is 

also observed adjacent to a control extraction site 

J.s;J__,_ 
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FIGURE 7 



Figure 8: Clinical phorograph demonsrraring rhe 

rissue closure of the maxillary ridge immediately 

following implanr placemenr. 
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FIGURE 8 



Figure 9: Clinical photograph demonstrating the 

tissue closure of the mandibular ridge immediately 

following implant placement. 
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FIGURE 9 



Figure 10: Radiograph of a maxillary implan~ and 

two control sites a~ ~he ~ime of implant placement. 
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FIGURE 10 
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Perfusion and Fixation Procedures 

At the time scheduled for euthanasia, the animals 

were returned to the Medical College of Georgia Vivarium 

where they were sedated with pentobarbital (30 

milligrams/kilogram). The animal's neck was then shaved, 

bilaterally, from the inferior border of the mandible to 

the shoulder. Radiographs-were then obtained. The animal 

heads were then fixed by.bilateral vascular perfusion 

with three percent (3%) phosphate buffered glutaraldehyde 

(pH 7.4) using the following procedure: 

1. The perfusion apparatus (which included the 

peristaltic perfusion pump, manometer,tubing, and 

cannulas) was assembled, checked, and flushed with 

sterile saline. The manometer tubing was extended to a 

height of approximately sixteen inches (16 in.) above the 

animal. 

2. The animal was placed in the supine position with the 

neck hyperextended to allow for better surgical access. 

A springloaded mouth prop was placed to separate the 

jaws. 
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3. The neck of the dog _was surgically opened using 

bilateral incisions in the anterior neck to expose the 

fascia overlying the carotid sheath. An electro-cautery 

unit was used to control bleeding from the superficial 

vessels when necessary. 

4. The external jugular veins, which lie superficial and 

posterior to the carotid sheath, were isolated and tagged 

with suture material. The carotid sheath was then entered 

and the common carotid arteries were isolated and tagged. 

5. The common carotid arteries were then loosely ligated 

with suture material at a location distal to point of 

cannulation. A vascular clamp was-placed proximally to 

occlude the vessel. 

6. The common carotid arteries were then cannulated 

through a small incision in each artery, made with 

surgical scissors. The cannulas were inserted to a length 

of approximately two inches and secured with suture 

material. They were then connected to the reservoir of 

the perfusate (Fig.ll). 



Figure 11: Clinical photograph demonstrating 

vascular perfusion via carotid artery cannulation. 

The cannulae are visible_extending into the common 

carotid arteries and ligated with silk sutures. 

The cannulae extend from a reservoir of fixative 

which is not observed in the photograph. 
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FIGURE 11 
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7. Immediately upon completion of the cannulation 

procedure, the vascular clamps were removed and five· (5) 

milliliters of pentobarbital (325 milligrams per 

milliliter) was injected intravenously. At the same 

time,. fifty (50) milliliters of potassium chloride was 

injected intracardially. 

8. For perfusion, one liter of heparinized (1000 units of 

heparin per liter) saline was initially administered by 

peristaltic pump at a rate of 175 ccfmin and 

approximately aomm of mercury pressure. 

9. When perfusion was initiated, the previously tagged 

external jugular veins were severed to allow escape of 

the perfusate and blood. 

10. The saline was qontinued until the exiting perfusate 

was clear, at which·tine approximately four (4) liters of 

3% phosphate buffered glutaraldehyde was administered 

over a 45 minute period. 

Segments of each jaw containing the implants and the 

surrounding bone and soft tissue were then retrieved 
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using the Stryker bone saw and placed in 10% neutral 

buffered formalin (Fig.l2). 

Neutral buffered formalin w.as used because it 

penetrates rapidly, will not tend to overharden the 

tissue, processes fatty tissue well, reduces pigment 

artifacts produced by formalin alone, and can be used 

with a variety of stains. A Gillings-Hamco thin 

sectioning saw was used to reduce the size of each 

specimen (Fig.l3). Each specimen was then radiographed 

(Fig.l4). 



Figure l2: Photograph showing a retrieved 

mandibular block sample obtained. after animal 

euthanasia and prior to embedding in PMMA. The 

implant healing cap is clearly visible. 

' 
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FIGURE 12 



Figure 13: Radiograph of a retrieved maxillary 

block sample prior to plastic embedding. One 

implant deeply penetrates the maxillary sinus (sl. 

The other, more anterior implant, is mostly in the 

bony sinus wall. 
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FIGURE 13 



Figure 14: Photograph of the macroscopic view of a 

maxillary specimen displaying the base of an 

implant which penetrated the maxillary sinus. The 

sinus lining C*) has retracted following fixation. 

The arrow marks the superior aspect of the implant 

and denotes its long axis. 
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FIGURE 14 
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Histological Preparation 

After fixation in 10% neutral buffered formalin for 

at least 48 hours, the samples were then dehydrated 

through a series of graded ethanols (70%, 95%, 100%, 

100%) for 24 hours (2 changes) at each stage to remove 

all water from the sample without significant cellular 

distortion and thus allow embeddment in non-aqueous 

materials. Following dehydration, the samples were 

placed in absolute acetone for 24 hours to clear them of 

alcohol. The specimen was then placed in a 1:1 mixture 

of acetone-methyl methacrylate monomer for 24 hours under 

vacuum, followed by immersion in pure monomer for 24 

hours. 

Fluid polymethyl-methacrylate (PMMA) was prepared 

by first mixing 2.5 grams of benzoyl peroxide (TJ Baker 

Chemical Co., Phillipsburg, NJ, 08865) with 250 ml of 

methyl methacrylate monomer (TJ Baker Chemical Co., 

Phillipsburg, NJ, 08865) • At hourly intervals, aliquots 

of 10 grams of PMMA were added to the solution while 

being magnetically stirred at 25 degrees c until a total 
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of 100 grams of PMMA had been incorporated. The 

resulting solution was totally clear and without 

precipitate. This solution was stored in sealed 

containers at o degrees c until needed. 

The samples were then placed in graduated 

polyethylene beakers, immersed in fluid polymethyl-

methacrylate (PMMA), and refrigerated for 24 hours. They 

were then placed into fresh PMMA, properly oriented, and 

bench cured at room temperature under vacuum for 7 days 

before being cured in a vacuum oven at 37 degrees 

centigrade for at least 24 hours. During this period the 

samples were checked daily and if shrinkage of the PMMA 
. 

had occurred, additional PMMA was added to cover the 

specimen. Vacuum embedding increased the speed at which 

the embedding material infiltrated the sample and 

decreased the number of ~ubbles in each embedded 

specimen. The use of PMMA allowed the production of thin 

sections for LM and SEM use. 

After curing, the PMMA blocks were serially 

sectioned with a Buehler Isomet low speed saw (Buehler 

Ltd., 41 Waukegan Rd., Lake Bluff, Il., 60044) rotating 

at 100-500 rpm with 0.3 to 7 N force applied to the 
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specimens and Isocut fluid lubrication (Fig.15). The saw 

was equipped with a 4-inch diameter, 0.012 inch thick low 

concentration diamond wafering blade to provide 

bucco-lingual sections of the implants at various 

locations along their long axes (Fig.16). These sections 

were prepared either for light microscopy of scanning 

electron microscopy. 

At least four sections of 150-200um thickness were 

obtained from various locations along the implant long 

axis. These were reduced to 75-100um thickness by means 

of standard metallurgical grinding/polishing techniques. 

This procedure utilized an Ecomet grinder (Buehler Ltd., 

41 Waukegan Rd., Lake Bluff, Il., 60044) with 30 and then 

15 micrometer grit diamond polishing discs. They were 

then stained for light microscopic examination with 

warmed Paragon 1301 stain. This stain was prepared by 

mixing 2.92 grams of toluidine blue with 1.08 grams of 

basic fuchsin in 400 ml of 30% ethanol. The stain was 

heated to 50 C on a hot plate and the section immersed 

for 1-4 minutes, until the desired stain intensit~ was 

obtained. The sections were then washed with two changes 

of distilled water, one change of 70% ethanol, one change 

of 95% ethanol, one change of 100% ethanol, and two 
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changes of xylene. They were then mounted with Permount 

on 27x40 mm. glass slides and cover slipped with a 27x36 

mm. cover glass. This staining procedure allowed for 

visualization of the entire specimen and of the implant 

tissue interface in situ with a clear distinction of 

implant, cortical bone, trabecular bone, marrow space, 

connective tissue, epithelium and respiratory space 

(Steflik et al., 1982; DePorter et al., 1986}. Slides 

were viewed and photographed with a Zeiss II 

Photomicroscope and Kodak Panchromatic-X film (Eastman 

Kodak Co., Rochester, N.Y. 14650). 

Specime,ns ·which .. we·re inadequa:,te- .f·.or histologic 

analysis were retained for morphometric analysis via 

secondary electron emission scanning electron miqroscopy. 

(Steflik et ·al., 1983,1984a,1984b,1987; Humphries et al., 

1979; Thomas and Hollahan, 1974}. Specimens were coated 

with carbon via vacuum evaporation and viewed with a JEOL 

JSM- 35 CF Scanni~g Electron Microscope at an 

accelerating voltage of 10 KV • Images were recorded 

with Polaroid Type 55, Positive/Negative, 4x5 inch, black 

and white film (Polaroid Co., 784 Memorial Drive, 

Cambridge, Mass. 02139) at 20X magnification. Most 

implants required three exposures to record the entire 
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implant and surrounding tissues. Control and sham control 

areas were also recorded. The resulting photomicrographs 

were then overlayed to create a single image and then 

analyzed using the same histomorphometric protocol 

(detailed below). as was used for the other specimens. The 

SEM specimens, however, were examined for total bone 

contact length (percentage) only, since the SEM images 

did not disclose tissue types well (Figs. 17,18). 

Areas at the necks of the implants which appeared 

"saucerized" due to focal bone loss or areas where bone 

trabeculae contacted the implant surface were recorded 

for analysis at higher magnification (x130) (Fig. 19). 

Morphometric Analysis 

Sections prepared for light microscopic (and SEM) 

analysis were also used for morphometric analysis of the 

amounts and types of bone and soft tissue present and for 

comparison with control sites. This morphometric analysis 

was accomplished using a Zenith Z-200 personal computer 

(Zenith Data Systems, st. Joseph, Mich., 49085) which was 

interfaced with a Microcomp 39CZ graphic digitizer 



Figure 15. Photograph demonstrating a maxillary 

block specimen containing a submerged implant, 

prior to sectioning. 
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FIGURE 15 



Figure 16: Photograph demonstrating a maxillary 

sample being sectioned with a diamond wafering 

blade attached to a Buehler Isomet low speed saw. 

The implant and its healing cap (White!; bone 

(arrowhead!; soft tissue and sinus lining f*! are 

visible grossly. 
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FIGURE 16 



Figure 17: Photograph demonstrating a carbon coated 

implant section (il attached to a mounting stub fsl 

prior to insertion into the scanning electron 

microscope. 
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FIGURE 17 



Figure 18: Photograph demonstrating a collage of 

three scanning electron micrographs used for 

histomorphometric measurements. 
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FIGURE 18 



Figure 19: Scanning electron ~icrogr~ph 

demonstrating the neck of an implant Cil where bone 

loss Cbl described as •saucerizaton• may be 

seen. Bar= 100 micrometers. 
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FIGURE 19 
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(Numonics Corp., 101 Commerce Dr., Montgomeryville, PA.). 

Image analysis was accomplished with the Microcomp PM2 

planar morphometry package, version 1.0 (SMI Corp., Inc., 

I-20 Interstate North Parkway East, Atlanta, GA., 30339) 

(McKinney et al, 1985c; Hipp and Brunski,1987; Recker, 

1983) (Fig. 20) . 

To perform this analysis the sections were 

photographed using Kodak Panchromatic-X black and white 

film with a Zeiss II photomicroscope and a 1x objective. 

The resulting negatives were enlarged to 8 x 10 inches. 

The photographs were then examined and the areas of 

interest (cortical bone, trabecular bone, marrow space, 

connective tissue, epithelium, and respiratory space) 

were outlined with colored markers (Fig.21). When it was 

difficult to discriminate tissue types., the photographs 

were microscopically compared to the original sections on 

glass slides. The digitizing pad and the Microcomp PM2 

program were then used to measure and record the lengths 

(in millimeters) of the implant and of the tissues of 

each particular type in contact with the implant. The 

tissue length and the total implant. length were then used 

to generate the percent contact leng:th.of each particular 
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tissue type. For the control sites, the areas of the 

particular tissue types were measured within a control 

area which represented the photographic area of a typical 

implant. This area was delineated by placing a clear 

plastic overlay containing the outline of an implant 

traced ~rom one of the photographs mentioned above 

(Fig.22). The digitizer was then used to measure and 

_record (in square millimeters) the areas of the tissues 

present within this control area. By comparing the total 

area to the area of each tissue type, a percent area of 

each tissue was developed. The percentages of each 

tissue type available could then be compared to the 

percentage of each tissue type actually in contact with 

the implant. 



Figure 20: Photograph demonstrating the equipment 

used for histomorphometric measurements. Equipment 

includes: raJ digitizing pad; (b) video displav 

terminal; fcl computer keyboard; (dl microscope. 
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FIGURE 20 



Figure 2l: Photomicrograph which was used for 

histomorphometric measurement of an implant 

specimen. Colors outline various tissue types to be 

measured.For example. Red= connective tissue or 

respiratory epithelium. 
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FIGURE 21 



Figure 22: Photomicrograph which was used for 

histomorphometric measurement of a control area. 

Clear plastic template defining control area 

overlies the photomicrograph. Colors outline 

various tissue types present in the control area. 

For example, Red= connective tissue. 
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FIGURE 22 
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Statistical Analysis 

Results are expressed as the length percentage of 

tissue of a particular type (total bone, cortical bone, 

trabecular bone, marrow space,connective tissue 

epithelium, and respiratory space) in contact with the 

implant surface. Control areas are expressed as the area 

percentage of tissue of a particular type in an area 

identical to that of the implant. 

The mean and standard deviations for each tissue 

type were calculated using n equal to the number of 

samples examined per group. 

As the total sample size is small and the 

assumption of normality cannot be made, any two groups of 

results in the same animal (ie. implant vs. control, 

implant vs. sham, control vs. sham) were analyzed using 

the two-tailed Wilcoxin Signed Rank with p=0.01(Daniel, 

1991). 
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RESULTS 

All animals tolerated the surgical procedures 

without adverse effects. None of ·the animals lost weight 

as a result of the tooth extractions or the subsequent 

surgical pr'ocedures, and no signs of trauma to the 

mandibular nerve were observed. After initial healing 

there was no evidence of acute or chronic inflammation. 

There was no evidence of infection and no other 

sinus-rela.ted symptoms were observed. The healing caps 

could be observed through the muc~sa over some of the 

implant~ with no apparent negati~e effect. ~11 soft 

tissue areas over the implants appeared to heal well. 

Radiographs of the harvested specimens showed normal 

appearing bone healing around those implants which had 

been placed into bone. 

Specimens prepared for light microscopic analysis 

revealed well healed soft tissue coverage over all of the 

implants. Osseous healing around the implants showed a 

great deal of variability both visually and 

statistically, depending on the jaw in which the implant 

had been placed and on the original anatomy of the 

implanted site. 
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Identification and quantification of tissue types found 
around healed dental implants placed immediately 
following tooth extraction 

The tissue types observed around the implants 

included: cortical bone, trabecular bone, connective 

tissue, and respiratory epithelium. Additionally, some 

of the implants had been placed into the mandibular canal 

(marrow space) or into the nasal sinus (respiratory 

space) (Fig.23,24). It was also noted that all implanted 

sites were covered with well healed epithelium and healed 

periosteum. As these latter tissues were not the focus 

of the study, their presence was noted but they were not 

measured histomorphometrically. 

The results of the histomorphometric examination of 

the implant sites are shown in Tables II and III. 

Results are expressed as a percentage of the length of 

each particular type of tissue in contact with the 

implant surface. The mean and standard deviations for 

each tissue type were calculated. N was defined as the 

number of implants examined per group. Variability 

resulting in total percentages greater than 100% were 
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caused by inaccuracies in the measuring device. Those 

causing results less than 100% were due to other 

variables, such as processing artifacts, which resulted 

in areas which could not be classified into any of the 

measured categories. 

Table IV shows the Total Bone results which were 

obtained when the scanning electron micrographs were 

examined histomorphometrically. 

TABLE rr 

Percentages of tissue in contact with maxillary 
implants 

IMP# %BC %BT %TB %CT %RE %RS %MS 

1 41.2 0.0 41.2 24.7 23.9 14.3 0.0 
2 13.7 o.o 13.7 25.8 36.3 24.3 0.0 
3 20.7 1.9 22.6 37.0 11.2 10.8 5.9 
4 15.4 0.0 15.4 25.9 52.3 11.9 0.0 
5 69.2 0.0 69.2 30.3 3.3 o.o 0.0 
6 21.5 65.6 87.2 4.0 o.o 0.0 7.2 
7 56.7 0.0 56.7 38.5 10.2 3.0 o.o 
8 41.8 0.0 41.8 34.1 21.5 5.9 0.0 
9 27.1 28.6 55.6 31.5 8.7 o.o 7.2 
10 26.2 43.9 70.0 18.1 o.o 12.4 3.9 
11 27.1 8.9 36.0 21.4 32.4 10.5 3.3 

MEAN 32.8 13.5 46.3 26.5 18.2 8.4 2.5 
+f-SD 16.8 21.6 22.7 9.3 16.0 7.2 3.9 

IMP #= implant number BC= cortical bone 
BT= trabecular bone TB= total bone 
MS= marrow space CT= connective tissue 
RS= respiratory space RE= respiratory epithelium 



TABLE III 

Percentages of tissue in contact with mandibular 
implants 

IMP# %BC %BT . %TB %CT %MS 

12 
13 

MEAN 
+/-SD 

55.0 8.3 
38.8 18.5 

46.9 13.4 
8.1 5.1 

IMP #= implant number 
CT= connective tissue 
TB= total bone 
MS= marrow space 

63.4 20.5 14.0 
57.3 35.0 9.4 

60.3 27.8 11.7 
3.0 7.3 2.3 

BC= cortical bone 
MS= marrow space 
BT= trabecular bone 

TABLE IV 

Total bone percentages, SEM samples 

SM# %TB;::MAXILLARY %TB-MANDIBULAR 

1 47.4 58.0 
2 26.0 33.4 
3 28.1 
4 10.1 
5 20.1 
6 25.0 
7 42.8 

MEAN 28.5 45.7 
+f-SD 11.9 12.3 

SM# = sample number %TB= total bone 
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Those implants which had been placed into the 

mandible showed the greatest amount of bone apposition 

(total bone: mean= 60.3%; standard deviation= 3.0). This 
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consisted primarily of well vascularized, highly ordered, 

cortical bone (Fig.25) interrupted with occasional pockets 

of connective tissue (Fig.26)along the superior one-half 

to two-thirds of the implant surface. The inferior portion 

of many of these implants also had finger like projections 

of trabecular bone touching the implant surface in an 

irregular fashion. Most implants had penetrated the 

mandibular canal but no signs related to nerve trauma were 

observed at any time during the course of the study. In 

some sections the intact neurovascular bundle could be 

identified. A few chronic inflammatory cells were noted 

but these were not a prominent feature in any of the 

sections. It should be noted that much of the bone 

seen in Figure 25 appears to be older bone with well 

organized haversian systems, which may pre-date placement 

of the implant. This suggests that the tooth extraction 

and subsequent surgical procedure to place the implants 

did less damage to the existing bone than might have been 

expected. Figure 26 seems to have slightly more new bone, 

as evidenced by its less organized appearance. 

Those implants which had been placed into the 

maxilla showed a lesser amount and a higher variability 

(both visually and statistically) of bone apposition to 
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the implant (total bone: mean=46.3%; SD= 22.7%). In many 

implants it appeared that cortical bone had been lost at 

the superior most portion of the implant, leaving the 

superior portion of the cortical crest with a "saucerized" 

appearance (see Fig.24, previous). In all instances, 

connective tissue filed the void left by the apparent loss 

of bone at the crest. The average amount of connective 

tissue present in implant samples in the maxilla and 

mandibl~ showed remarkable_similarity (maxilla: mean= 

26.5, SD= 9.3 ; mandible: mean=27.B%, SD=7.3). Variable 

amounts of highly vascularized cortical bone, trabecular 

bone and connective tissue were seen adjacent to the 

healed maxillary implant, depending on the location of the 

implant and the anatomy of the original site. Those 

implants which had been placed anterior to the maxillary 

sinus had·been placed mostly into the bony wall of the 

maxillary sinus and were apposed primarily with bone which 

was mostly cortical in typ_e. Those implants which had 

been placed partially into the sinus we~e opposed by a 

variable amount of bone and a variable amount of 

respiratory epithelium and respiratory space. Gross 

examination of those specimens which had penetrated the 

maxillary sinus revealed that the sinus membrane appeared 

to be intact (see Fig. 14). This indicated either that 
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the membrane had healed uneventfully or that the surgical 

procedure had pushed the membrane aside but had not 

penetrated it. In all instances, microscopically, the 

respiratory epithelial nature of the membrane lining 

appeared not to be disturbed (Fig. 27). The presence of 

bony trabeculae.within the sinus was also noted. These 

trabeculae were included in the histomorphometric tally of 

available bone when they were present within the defined 

control area although it was realized that they would 

probably have contributed very little to the support of an 

implant placed into the area. Variable amounts of highly 

vascularized cortical bon~, trabecular bone, connective 

tissue,respiratory space, marrow space, and respiratory 

epithelium were seen. Large marrow-filled spaces appeared 

common in the posterior maxillae of the animals (Fig~28). 

Once again, septae of trabecular bone were noted within 

the sinuses of the animals. Chronic inflammatory cells 

appeared more commonly in maxillary sections than in 

mandibular, especially around implants which had sinus 

penetration. Once again, however, this finding was not a 

prominent feature in any of the sections. 
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Analysis of the prepared samples using the secondary 

electron detector of the scanning electron microscope 

allowed for easy differentiation of calcified and 

non-calcified tissues. This examination verified the close 

and variable adaptation of bone to the implants (Fig. 

29). Further, electron microscopy allowed examination of 

the interface at much higher magnification. The mean total 

bone present was about 15 percent less with the SEM 

samples than for the light microscopic specimens, however, 

the mandibular sections exhibited more bone than the 

maxillary sections. such observations demonstrated the 

same general trend as the light microscopic specimens. The 

irregular nature of the ridge crest was markedly evident 

in the control areas using SEM. It was more difficult with 

SEM, however, to distinguish between cortical and 

trabecular bone. One intriguing feature of the scanning 

electron micrographs was the demonstration of the ordered 

nature of the bone, which was more evident with SEM. 



Figure 23: Photomicrograph demonstrating tissues 

seen around a maxillary immediate implant. These 

include: Cal cortical bone; Cb) trabecular bone; 

CcJ connective tissue; CdJ respiratory epithelium; 

CeJ respiratory space. Bar= 1 millimeter. 

\ 
' 
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FIGURE 23 



Figure 24: Photomicrograph of tissues seen around a 

mandibular immediate implant. These include: Cal 

cortical bone; Cbl trabecular bone; (c) connective 

tissue; (dJ marrow space. The root of the 

canine tooth CrJ is seen in an area adjacent to the 

implant. Bar= 1 millimeter. 
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FIGURE 24 



Figure 25: Photomicrograph of a mandibular implant 

surrounded by highly organized cortical bone. Bar= 

1/2 millimeter. 
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FIGURE 25 



Figure 26: Phoromicrograph demonsrraring corrical 

bone inrerrupred by packers of newly 

vascularized connecrive rissue,adiacenr ro a 

mandibular implanr. Bar= 1/2 millimerer. 
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FIGURE 26 



Figure 27: Photomicrograph demonstrating a 

maxillary implant farrow) in close relation to 

columnar epithelium of the maxillary sinus f*l • The 

sinus membrane has retracted due to fixation but 

remains intact. Bar= 1 millimeter. 
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FIGURE 27 



Figure 28: Photomicrograph demonstrating a 

maxillary implant associated with large marrow 

spaces. Bar- 2 millimeter. 
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FIGURE 28 



Figure 29: Scanning electron micrograph 

demonstrating highlY ordered bone (bl in close 

apposition to an implant Ci J • Components of bone 

include a Haversian Canal (*l and a formed 

Haversian System (dotted line) Bar= 1.00 

micrometers. 
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FIGURE 29 
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Identification and quantification of tissue types found in 
healed extraction sites and healed sham surgical sites 

The types of tissue found in the control areas were 

similar to those found adjacent to the implants. The 

results of the histomorphometric examination of the 

extraction sites (C-control areas) are shown in Tables V 

(maxillary) and VI (mandibular); and the sham surgical 

sites (S- control areas) are shown in Tables VII 

(maxillary) and VIII (mandibular) • Control areas are 

expressed as the area percentage of tissue of a particular 

type (total bone, cortical bone, trabecular bone, marrow 

space, connective tissue epithelium, and respiratory 

space) in an area identical to that of the impla,nt and are 

numbered in a fashion similar to the implants for easier 

comparison. The mean and standard deviations were 

calculated with n equal to the actual number of control 

sites examined. Table IX shows the results when the 

scanning electron micrographs were examined 

histomorphometrically. 

Control sites in both the maxilla and the mandible 

healed with well-vascularized, highly ordered, cortical 

bone and well. developed interconnecting trabecular bone. 

It was impossible to visually or statistically 
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discriminate between sham surgical control sites (S) and 

routine control sites (C) (Figs. 30,31,32). Variable 

amounts of highly vascularized cortical bone, trabecular 

bone, connective tissue, respiratory space, marrow space, 

and respiratory epithelium were seen. Large marrow filled 

spaces. appeared common in the posterior maxillae of the 

animals. Septae of trabecular bone were noted within the 

sinuses of the animals. Many C and S areas showed variable 

irregular healing of the ridge crest over the site as is 

commonly found in many extraction sites. Some chronic 

inflammatory cells were noted in all sections but these 

were not a prominent feature in any of the sections. 

Bone healing appeared fairly normal in all areas 

with the exception of the "notching" which was noted at 

the necks of some of .the implants and the crests of some 

of the control sites. In many instances, with the 

exception of the presence of the implant, it appeared that 

nature had duplicated the original anatomy fairly closely 

during the healing process. Statistically it was 

impossible to distinguish the implant and either of the 

control sites when comparing the percentages of any of the 

tissue types quantified. Visually, it was impossible to 

distinguish c 'from s sites. This would seem to indicate 
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that either the implant surgical procedures and implant 

placement procedures had little effect on the tabulated 

values beyond tooth extraction alone; or, that some other 

factor had a greater effect. In this instance, the 

original anatomy of the site appeared to be of greater 

importance, adding to the variability of the final result. 

More bone was seen around those implants which had been 

placed into more bone. 

SEM analysis of the prepared samples verified the 

irregular nature of the ridge crest in the c and s sites. 

The external surfaces of these areas appeared rough and 

irregular. In some places the cortical layer was 

incomplete allowing interconnection between the soft 

tissues covering the ridge and soft tissues in the deeper 

layers beneath the cortical bone. Large marrow spaces and 

regularly arranged lacunae were also visible (Fig. 33). 
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TABLE V 

Tissue percentaqes for maxillary extraction 
control sites (C) 

C# IMP# %BC %BT %TB %CT %RE* %RS %MS 

1 1 24.8 5.2 30.0 0.0 61.3 6.5 
2 24.8 5.2 30.0 o.o 61.3 6.5 

2 3 21.9 4.3 26.2 0.9 67.3 3.4 
4 21.9 4.3 26.2 0.9 67,3 3.4 

" 
3 5 2.7 5.5 48.2 1.5 33.8 17.7 

4 6 29.1 4.3 33.5 2.0 36.6 29.9 
7 29.1 4.3 33.5 2.0 36.6 29.9 

8 X X X X X X X 
9 x· X X X X X X 

5 10 29.2 3.4 32.5 1.6 53.1 14.6 
11 29.2 3.4 32.5 1.6 53.1 14.6 

MEAN 29.5 4.5 34.1 1.2 50.4 14.4 
+/-. SD 7.2 0.8 7.5 0.7 13.3 9.3 

*= unable to measure %RE area value 

IMP#= implant number BC= cortical bone 
CT= connective tissue TB= total bone 
RS= respiratory space MS= marrow space 
C#= control site number X= no control site 
BT= trabecular bone 
RE= respiratory epithelium 



TABLE VI: 

Tissue percentaqes for mandibular 

IMP# %BC %BT 

12 30.4 21.3 
13 X X 

IMP#= implant number 
CT= connective tissue 
BT= trabecular bone 
X= no control site 

control sites (C) 

%TB %CT %MS 

51.7 0.16 44.4 
X X X 

"BC= cortical bone 
TB= total bone 
MS= marrow space 
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extraction 
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TABLE V:[]: 

Tissue percentaqes for maxillary sham surqical 
control sites (S) 

S# IMP# %BC %BT %TB %CT %RE %RS %MS 

1 1 16.1 5.5 21.6 1.4 X 75.0 0.0 
2 16.1 5.5 21.6 1.4 X 75.0 o.o 

2 3 32.7 6.7 39.3 0.6 X 45.5 12.6 
4 32.7 6.7 39.3 0.6 X 45.5 12.6 

3 5 53.4 3.6 57.0 10.8 X 9.6 15.8 

6 X X X X X X X 
7 X X X X X X X 

4 8 32.0 6.9 38.9 0.4 X 47.4 13.3 
9 32.0 6.9 38.9 0.4 X 47.4 13.3 

10 X X X X X X X 
11 X X X X X X X 

MEAN 33·. 5 5.7 39.2 3.3 X 44.4 10.4 
+/-SD 13.3 1.3 12.5 4.3 X 23.2 6.1 

IMP#= implant number BC= cortical bone 
CT= connective tissue TB= total bone 
RS= respiratory space MS= marrow space 
S#= control site number BT= trabecular bone 
RE= respiratory epithelium X= no value measured 



Figure 30: Photomicrograph demonstrating rough. 

irregular. incomplete healing of a maxillary 

control area. Labeled tissues include: cortical 

bone (c/, trabecular bone (t/, marrow space (m/, 

maxillary sinus (s/. Dotted line indicates the 

approximate location of the extraction socket. 

Arrow indicates approximate position of the ridge 

crest. Bar= 1 millimeter. 
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FIGURE 30 



Figure 31: Photomicrograph demonstrating what might 

be described as "notching" or "saucerization" of a 

healed maxillary control area. Dotted lines 

indicate approximate location of extraction socket. 

Arrow indicates approximate ridge crest. Bar= 1 

millimeter. 
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FIGURE 31 



TABLE VI:I:I: 

Tissue percentages for mandibular sham 
surgical control sites (S) 

IMP # %BC %BT %TB %CT %MS 

12 37.9 22.6 60.4 0.0 39.5 
13 36.0 15.5 51.5 1.2 45.9 

MEAN 36.9 19.0 56.0 0.6 42.7 
+f-SD 0.9 3.5 4.4 0.6 3.2 

IMP #= implant number BC= cortical bone 
CT= connective tissue TB= total bone 
MS= marrow space BT= trabecular bone 

TABLE I:X 

Total bone percentages for maxillary and 
mandibular control sites, SEM samples 

107 

SM # %TB-MAXILLARY %TB-MANDIBULAR 
c 

1 48.1 
2 X 
3 X 
4 X 
5 X 
6 X 
7 X 

SM #= sample number 
X= no value 

s c s 

47.2 X X 
X X X 
X 
X 
X 
X 
X ' 

%TB= total bone percent 



Figure 32: Photomicrograph of a mandibular control 

area showing rough. irregular healing of the ridge 

crest farrow). Bar= 1/2 millimeter. 
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FIGURE 32 



Figure 33: Scanning electron micrograph 

demonstrating healing of a controi site with large 

marrow cavities f*l. Dotted line indicates the 

approximate location of the previous extraction 

socket. Bar= 100 micrometers. 
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. . 

FIGURE 33 
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Comparison of histomorphometric tissue percentages found 
in healed E;!Xtraction sites, sham surgical sites, and 
around healed immediate implants 

The mean value (and standard deviation) for each 

category, extracted from other tables, is displayed in 

Table X. Examination of the raw data disclosed that the 

measured results were dependent on the animal in which the 

implants or control sites were located and should be 

compared in this fashion. 

The histomarphometric results were co~pared 

statistically using the Wilcoxin Signed Rank Test. This 

method of statistical analysis disclosed that there was no 

discernible difference between the control sites (C vs S} 

or between the control and implant sites (C vs I and S vs 

L) at the p=0.01 level with the exception of the 

maxillary c vs I marrow space comparison. These 

comparisons proved tru·e for both maxillary and mandibular 

sites. 



TABLE X 

Comparison of mean tissue values for l:mplant, 
control, and Sham Surqical Control sites 

Maxilla and Mandible 

MEAN l:MPLANT CONTROL SHAM 
(+/- SD) n= 11 n=5 n=4 

MAXI:LLARY 

BC 32.8 29.5 33.5 
(+/-16.8) (+f-7.2) (+/-13.3) 

BT 13.5 4.5 5.7 
(+/-21. 6) (+f-0.8) (+/-1.3) 

TB 46.3 34~1 39.2 
(+/-22.7) (+f-7.5) (+/-4.3) 

CT 26.5 1.2 3.3 
(+/-9.3) (+f-0.7) (+/-4.3) 

RE 18.2 
(+/-16.0) 

RS 8.4 50.4 44.4 
(+f-7.2) (+f-13.3) (+/-23.2) 

MS 2.5 * 14.4 * 10.4 
(+f-3.9) (+f-9.3) (+f-6.1) 

MANDI:BULAR n=2 n=1 n=2 

BC 46.9 30.4 36.9 
(+f-8.1) (+/-0.9) 

BT 13.4 21.3 19.0 
(+f-5.1) (+f-3.5) 

TB 60.3 51.7 56.0 . 
(+f-3.0) (+/-4.4) 

CT 27.8 0.2 0.6 
(+f-7.3) (+f-0.6) 

MS 11.7 44.4 42.7 
(+/-2.3) (+f-3.2) 

BC= cortical bone BT= trabecular. bone 
CT= connective tissue TB= total bone 
RE= respiratory epithelium 
RS= respiratory space MS= marrow space 
* statistically siqnificant difference (p=O.Ol) 
between implant and control 
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1.1.2 

As described previously, a greater amount of bone 

apposition was seen to the implants which had been placed 

into the mandible than those placed into the maxilla. 

Further, irregular bone loss, often termed "saucerization" 

when seen on radiographs was observed at the superior 

portion of the implants. This amount of bone loss was not 

statistically significant when compared to the S and C 

sites which also showed irregular healing and a variable 

degree of crestal bone loss which is often termed 

"cupping" or "notching" when seen by radiographs. In all 

instances, connective tissue filled the void left by the 

apparent loss of bone at the crest. The statistically 

significant difference between maxillary implant and 

control sites in the marrow space measurement can be 

explained as a location related phenomenon associated with 

the wide anatomical variation in the dog maxilla. 

Comparison of histomorphometric tissue percentages in 
healed maxillary and mandibular implant and control sites 

Table XI compares the total bone and total soft 

tissue values for the maxillary and mandibular implant and 
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control sites. Due to the small sample size only simple 

descriptive statistics were utilized for comparison. 

TABLE Xl: 

comparison of total bone and total soft tissue 
mean values for maxillary and mandibular l:mplant, 

control and Sham Surgical control sites 

MEAN 
(+/-SD) 

MAX:J:LLARY 
total bone 

soft tissue 

MANDIBULAR 
total bone 

soft tissue 

l:MPLANT 
n=11 

46.3 
(+/-22.7) 
47.2 * 
(+/- 9.7) 

n=2 
60.3 

(+/-3.0) 
39.5 

(+/-4.8) 

CONTROL 
n=5 

34.1 
(+/-7.5) 
15.6 * 
(+/-5.0) 

n=1 
51.7 

* Does not include Respiratory Space 
values. 

SHAM 
n=4 

39.2 
(+/-12.5) 
13.7 * 
(+/-5.2) 

n=2 
56.0(+/
(+/-4.4) 
43.3 
(+/-1.9) 

Five months after placement of the implants it was 

expected that both soft tissue and bony healing would be 

complete and that lamellar compaction of_ the surgical 

sites would have resulted in a highly organized type of 

composite bone. Indeed this was observed, with highly 

organized cortical-bone and .a well formed interconnecting 

trabecular network· filling the sites (Fig. 34). Values 

obtained for the total amount of bone resulting from five 

months of normal healing of the control and sham sites 
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were consistent with values obtained for bone 

approximating .the implants after the same healing period. 

This was a substantial finding that seemed to indicate 

that implants neither helped nor hindered normal bone 

healing. 

The control sites, both S and c, showed irregular 

healing and sometimes slight but inconsistent "notching" 

of the cortical bone at the ridge crest. The implant 

sites showed slight but inconsistent "saucerization" at 

the necks of the implants due to loss of cortical bone in 

these areas. It is possible that these two observations 

are related and are a part of one and the same process 

where-by extraction sites in alveolar bone do not always 

totally cover with new cortical bone. 



Figure 34: Photomicrograph demonstrating 

relationship of corticalfc) and trabecularft) bone 

to an implant fiJ. Roots of adjacent teeth (tl are 

also seen. Bar= ~millimeter. 
. . 
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FIGURE 34 
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DISCUSSION 

Studies previously cited, such as that by Woolfe et 

al.(1989), suggest the possibility of successful immediate 

implantation. 

The presence of low grade chronic inflammation 

appeared to have no effect on healing in the control or 

implant sites. Penetration of the maxillary sinus or the 

mandibular canal also had no apparent effect. This relates 

to the findings of Branemark et al. (1984) who reported 

similar findings in dogs. 

As mentioned earlier, the work of Roberts (1988) 

suggested that both soft tissue and bony healing would be 

complete in the animals used in this study. In fact, this 

was observed. I.t is not known how much bone was present 

or would be expected to interface with the implant (or the 

control areas) at the time of surgery and 

implant insertion. This would be an interesting addition 

to a future study using more animals than were available 

for the present study. The lack of evidence of remodeling 

(presence of mature haversian systems which probably 

pre-date implant placement, lack of osteoclasts or 
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macrophages, etc.) of the interface suggests·that careful 

surgery did less damage to the bone than was expected. It 

also could be explained by the fact that the implants in 

this study were still submerged and not yet subject to 

occlusal loading. With occlusal load from a prosthetic 

device we would expect that interface remodeling in 

response to this applied load would take place (Roberts, 

1990). The ability of the bone around immediate implants 

to withstand functional loading should be the subject of a 

future histomorphometric study. 

The problem suggested by Tolman and Keller (1991), 

that the immediate implant does not fit the extraction 

socket, was overcome in this study by selecting an implant 

which was very similar but slightly larger than the root 

being replaced. some implant socket preparation was 

always necessary, assuring a close fit between the implant 

socket and the bone. Additionally, manipulation of the 

lamina dura, the denser bone surrounding the tooth in its 

socket, might be beneficial to the healing process ·by 

stimulating osteogenic cells already present in the area. 
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Varied percentages of total bone in apposition to 

implants have been cited in the literature. Hipp et 

al.(1987) cites an average of 59% in dog jaws. Arvidson 

et al. ( 1990) cited 61. 3% in dogs. Barzilay et al. ( 1988) 

cited 58.2% adjacent to an implant in one monkey. Others 

have cited lower percentages.If one considers the range 

of 40% to 60% total bone apposition to be a rough 

benchmark for osseointegration, all of the implants, both 

maxillary and mandibular, showed osseointegration with a 

better prognosis for the mandibular implants. 

The variability in the measured values which was 

seen with the maxillary implants, when coupled with the 

more variable maxillary anatomy, relates well to what has 

been noted in the literature regarding the success rates 

for maxillary versus mandibular implants (Jensen and 

Greer, 1990; Ahlqvist et al., 1990; Schnitman et al., 

1988a,b). considering these facts, the suggestion might be 

made that a modified surgical technique, a different 

implant design, or a different implant surface or material 

might be in order for maxillary implants. Block et al. 

(1988, 1989), and Block and Kent (1990,1991), suggested 

modification of the surgical procedure to counter-sink the 

implant head beneath the bone surface. The irregular 
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healing seen around the implant necks and in the control 

sites suggests that this may be a valid recommendation. 

These same authors also suggested the use of 

hydroxylapatite coated implants, especially in maxillary 

situations. Several of these studies have found earlier 

and greater bone apposition to coated implants. The lower 

bone percentages found around maxillary implants in this 

current study suggest that these recommendations be 

pursued. 

Results from the current study suggest that similar 

percentages of bone exist around implants as normally 

exist in healed extraction sites. This is in agreement 

with Lazzara (1989), who suggested that immediate implants 

might preserve bone when placed into extraction sites. 

However, a comparison of the degree of long term alveolar 

bone loss due to non-use atrophy versus retention of bone 

with immediate implants needs to be verified with long 

term loaded studies. The use of occlusive membranes and 

other novel approaches should also be pursued in future 

studies. 
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Albrektsson et al. (1981,1983), Schroeder et 

al.(1981), and steflik et al.(1989) have all discussed the 

value of SEM as a research tool in evaluating implants. 

Ease of specimen preparation, usefulness of thicker 

samples, and the wide range of available magnifications 

all proved to be true in this investigation. Indeed, this 

study showed that the SEM was extremely valuable when the 

implant-bone interface was the subject of interest. The 

secondary electron detection mode easily disclosed the 

difference between calcified and non-calcified tissues and 

between the implant and tissue. The tissue percentages 

measured with this modality were less than those measured 

with light microscopy. However, this modality verified the 

general trend disclosed with the light microscope- that 

mandibular implants healed with more bone than maxillary 

implants. The weakness of this modality was that it was 

difficult to differentiate tissue types. Such observations 

demonstrate the critical need for correlative microscopic 

investigations evaluating implant-tissue interfaces. 
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SUMMARY 

In summary, the purpose of this study was to examine 

the healing response around the first stage of a-two-stage 

titanium root form dental implant which had been placed 

into fresh extraction sites in dogs. The maxillary and 

mandibular pre-molar teeth were extracted in three mongrel 

dogs and implants placed into some of the sites. Other 

sites were utilized as control sites (extraction but no 

surgery) and sham control sites (extraction and implant 

surgery, but no implant). After five months of healing, 

the animals were euthanized and samples obtained after 

bilateral vascular perfusion. Fixed specimens were 

embedded in polymethyl-methacrylate and prepared for light 

microscopy or scanning electron microscopy. 

Histomorphometric analysis of the sections was 

carried out to calculate the percentages of cortical bone, 

trabecular bone, total bone, connective tissue, 

respiratory epithelium, respiratory space and marrow space 
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interfacing with the implants and present in the control 

areas. Statistical analysis was performed using the 

Wilcoxin Signed Rank Test with p=O.Ol. 

The results of this study revealed that there was no 

detectable difference in the measured parameters. It is 

suggested that some other variable such as the original 

anatomy of the area studied is more important than those 

measured and may have been responsible for the larger 

amounts of bone found around mandibular implants. 

If it is indeed the goal of prosthodontics to 

replace while preserving, the data suggests that the 

surgical procedures and the immediate placement of dental 

implants satisfy this precept Q¥ at least doing no harm to 

the bony alveolus beyond that done hY normai tooth 

extraction. It is further suggested that the original 

anatomy of the implanted site may be ~ highly critical and 

important variable. 
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CONCLUSXONS 

Conclusions which were drawn from this study are: 

1. Careful implant surgery (including low speed 

bone preparati9n with internally cooled rotary 

instruments) and placement does little damage to the bone 

of the alveolar ridg~ beyond that dqne by simple 

extraction alone. 

2. As the percentages of bone and soft tissue found 

apposing ~mplants was similar to that found in healed 

extraction sites, the implants placed into immediate 

extraction sites seem to have no detrim~ntal effects on 

the normal healing process. 

3. Maxillary implants show a lower degree of bone 

apposition and therefore would be expected to show a lower 

success rate when placed in function. such differential 

success rates have been suggested in the clinical 

literature. 
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4. Titanium implants placed into immediate 

extraction sites do not stimulate the growth of bone. 
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