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INTRODUCTION 

Statement of the Problem 

·The problem to be addressed in this study is what effect diagnostic doses of 

radiation may have on the healing phase of osseointegration of titanium dental 

implants. 

The placement of oral implants to replace teeth lost to disease or trauma 

emerged in the 1980's as an accepted alternative and addition to existing 

conventional prosthodontic techniques. Numerous dental implant systems have been 

designed and marketed by various manufacturers. Only one dental implant system, 

the N obelpharma system, has been granted full acceptance by the American Dental 

Association to date. The manufacturer's protocol for this approved implant system 

recommends that implants and peri-implant tissues not be exposed to diagnostic 

radiation immediately following implant placement. 

Various criteria for success of endosseous dental implants have been published 

(Sewerin, 1989; American Academy of Periodontology, 1989; Albrektson et al., 1991). 

Whether the implant is of a blade form or root form, central criteria for success 

include the use of standardized radiography procedures in a longitudinal evaluation. 

Standardized radiographic evaluations of peri-implant bone tissue may allow for 

1 
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recognition of potentially failing implants before clinical.symptoms (advanced bone 

loss with implant mobility) develop. A distinction between successful implants versus 

implants that have merely survived has been reported (Albrektson et al., 1991). 

The threaded commercially pure titanium implant (Nobelpharma AB, 

Gothenburg, Sweden) introduced and trademarked as "The Branemark System" 

offers the most controlled scientific and clinical studies over time intervals from five 

·to fifteen years. While originally designed and evaluated for restoration of the 

edentulous arch, the Nobelpharma imphint system has recently been expanded for 

restoration of partially dentate arches as well as the replacement of single teeth. 

Long term clinical data is not available for the expanded use of the Nobelpharma 

system. 

The prospective and retrospective studies evaluating the success of the 

Branemark system . have in common a strict adherence to the surgical protoco,l. 

outlined for implant placement and for management during the submerged healing 

phase. Included in this protocol i~ the rec<?mmendation that the implant not be 

exposed to ionizing radiation during the healing phase. The protocol recommends 

that radiographs of the implants not be made during the three to six month period 

after implant placement. Follow-up studies for this implant system compare alveolar 

crestal bone height changes to baseline radiographs taken three to six months after 

implant placement. Other. ·titanium implant systems use radiographs taken 

immediately following implant placement as their baseline for evaluation (Babbush 

et al., 1986). 
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The partially dentate arch is a different environment than the edentulous arch 

used in longitudinal studies of the Nobelpharma implant (Albrektsson et al., 1988). 

In the dentate arch, teeth adjacent to· an implant may require treatment during the 

implant healing phase and radiographs may be necessary for both diagnostic 

purposes and to document treatment provided. 

Failure of implants has been related to surgical technique, occlusal overloading, 

and microorganism related inflammatiohof surrounding tissues. Early identification 

of healing problems at peri-implant tissues may lead to interceptive procedures that 

can fa-cilitate adequate osseointegration. While not a stand-alone benchmark for 

success, d~ntal radiographs are a non-invasive means· for clinical evaluation of 

peri-implant health. 

This study is designed to quantify and compare the host response following 

placement of commercially pure screw-shaped titanium implants (Nobelpharma AG) 

not exposed to radiation, and the host response to implants exposed to varying doses 

of radiation immediately following implant placement. Techniques employed to 

evaluate the tissue responses include: standardized radiography, light microscopy, 

scanning electron microscopy, and morphometry using scanning electron 

micrographs. 
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Review of the Literature 

Endosseous Dental Implants 

Endosseous dental implants are artificial biomaterials inserted into either the 

maxilla or mandible for the purpose of restoring or improving the functional 

occlusion of an individual who has lost natural dentition as a result of disease or 

trauma. 

The threaded commercially pure titanium implant introduced by Branemark et 

al. (1977) is considered the standard against which all other endosseous implant 

systems are compared. In a multicenter study of 13,901 consecutively inserted 

N obelpharma implants, five year success rates of 85 to 100 percent in the maxilla and 

93 to 99 percent in the mandible were reported (Albrektsson et al., 1988). Five, ten 

and fifteen year success rates for maxillary implants of 84 (5 year), 81 (10 year) and 

78 (15 year) percent respectively and success rates for mandibular implants of 91 (5 

year), 89 (10 year), and 86 (15 year) percent have been reported for Nobelpharma 

implants inserted between 1971 and 1976 (Adell et al., 1990). 

Many other endosseous root form implant systems have been introduced since 

the publication of clinical success rates of the Nobelpharma implant. These other 

systems include the Core-Vent titanium alloy implant (Niznick, 1982), the IMZ 

titanium implant (Kirsch, 1983), the ITI titanium screw type implant (Buser et al., 

1990), the titanium plasma-sprayed hollow cylinder implant (Babbush et al, 1986), 
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and the hydroxyapatite coated (HA-coated) implants (Block et al., 1989). The 

product literature of many of these systems cite laboratory and clinical data of 

osseointegration as presented with the original Nobelpharma work, but none have 

produced the combined laboratory and clinically documented research as the 

N obelpharma group has. The documented long term success rates in humans have 

led to the full acceptance of the Nobelpharma titanium screw type dental implant 

system by the American Dental Association (Adell et al., 1983; Worznaik, 1986). 

Osseointegration 

Osseointegration is a term introduced by Branemark to describe a direct 

structural and functional connection between living bone and the implant surface 

(Branemark et al., 1977). Three phases of osseointegration are described. The 

healing phase, during which new bone is formed close to the implant, lasts for up to 

6 months following implant placement. In the second phase, bone remodels around 

the implant in response to the loads of masticatory forces. The steady state or 

equilibrium phase is achieved after approximately eighteen months. At this time a 

balance occurs between intraoral forces acting· on the implant and the remodelling 

capacities of the anchoring bone (Branemark et al., 1985). 

Branemark outlines specific recommendations for radiographic procedures 

including preoperative radiographs, radiographs following abutment connection 

(remodelling phase), and at regular follow-up appointments. The protocol for 
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diagnostic ·radiographs proscribes the use of diagnostic radiographs during the 

healing phase (Branemark et al., 1985). 

Titanium as an implant material 

Commercially pure titanium has demonstrated excellent biocompatability 

(Branemark et al., 1969, 1977, 1983, 1985) with long term studies of titanium 

implants in bone demonstrating a lack of adverse tissue reaction over a period of 20 

years (Albrektsson and Sennerby, 1991). The biocompatability of titanium implants 

may depend on the tightly ad.herent oxide layers on the surface (Albrektsson et al., 

1983) that makes titanium extremely resistant to the corrosive environment of the 

body (Laing et al., 1967). Hypotheses of chemical processes and possible bonding of 

peri-implant tissues to the metal oxide layer have been. reported (Kasemo et al., 

1983, 1988). Titanium implants inserted with a minimally traumatizing surgical 

technique will become osseointegrated or directly anchored in bone without 

intervening soft tissue layers (Branemark et al., 1977). 

Early experimental studies indicated that calcified tissue may be in direct contact 

with titanium oxide at a resolution level of 30-50 Angstroms (Albrektsson et al., 

1982). Albrektsson believes that titanium may be viewed by the body's defense 

mechanisms as "self' rather than "non-self'. 
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Techniques to evaluate osseointegration 

Electron microscopy studies of the periodontium have provided valuable 

information about the attachment apparatus of the dento-gingivaljunction in humans 

(Listgarten, 1966) and the attachment complex of epithelium to dental implants 

(James et al., 1974; Steflik et al., 1988). The healing sequence of attachment to 

tooth surfaces over varying time intervals has been elucidated by electron microscopy 

protocols (Listgarten, 1972). 

Scanning electron microscopy (SEM) has been employed for over twenty years 

as a method to evaluate dental implant-tissue interfaces. Advantages of SEM as 

compared to light microscopy (LM) evaluation include the use of thicker samples 

allowing for three dimensional viewing, simplicity of surface preparation and a wide 

range of magnification possibilities (Babbush and Staikoff, 1973). 

Hansson et al. ( 1983) described the interface of successfully osseointegrated 

titanium implants in both humans and animals using SEM. . Bone was firmly 

adherent to titanium with Haversian systems regularly found around the 

circumference of the implant. · There was no evidence of connective tissue 

encapsulation and occasional blood vessels were observed adjacent to the implant. 

Hansson hypothesized that titanium induced bone formation. Steflik et al. (1991) 

reported similar observations of peri-implant responses. Parr ~1: al. (1992) compared 
I 

sham operated control surgical sites versus surgical sites with placement of implant 

fixtures and could find no evidence of bone induction caused by titanium. With 
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SEM, Steflik et al. (1991) documented the close juxtaposition of bone to one-stage 

titanium and ceramic implants with reversal lines of the Haversian systems closely 

apposed to the implant interface. 

Observations of osseointegrated titanium implants at the light microscope level 

offer an insight into the initial healing response at the implant-tissue interface. 

Deporter inserted tapered conical titanium alloy implants into the mandibles of 

beagle dogs and observed th,e healing response at both four and eight weeks 

(Deporter et al., 1986). Using computer·assisted histomorphometry, they defined the 

percent of bone in contact with sections of the porous coated implant as the "contact 

length fraction" (CLF). Th~ CLF was calculated as follows: CLF=length of implant 

contacted by bone/total implant length. The amount of bone in contact with the 

implant sections ranged from 45 percent to 65 percent with no significant difference 

between the four and eight week specimens. Non-calcified areas showed areas of 

loose and oriented fibrous connective tissue. Parr et al. (1992) used similar 

quantifiable protocol~ to evaluate the bone response to titanium implants inserted 

immediately following tooth extraction. 

While SEM and LM studies afford structural and ultrastructural evaluations of 

the implant-tissue interface, radiographs offer the sole non-invasive method of 

analysis of the peri-implant area (Branemark et al., 1985). Various standardized and 

reproduceable techniqu~s to quantify alveolar bone level changes have been reported 

(Albandar arid Abbas, 1986). Differences· in image~ produced by variances in 
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exposure time, circumference ~of object being x-rayed, and kY have been reported 

(van der Linden and van Aken, 1970). 

The importance of a reproduceable technique to evaluate crestal bone height and 

peri-implant radiolucencies has been presented (Albrektson et al., 1991; Sewerin, 

1989). A specially constructed implant radiographic paralleling device (Adrian, 1991) 

assures reproducible visualization of the implant abutment cylinder to implant head 

complex and crestal alveolar bone height. 
1 . 

Success Criteria 

Albrektsson made observations concering the literature and reported success 

rates (Albrektsson, 1991) versus mere survivability of dental implants. Various 

success criteria have been presented in the literature· (Schnitman and Schulman, 

1979; Cranin et al., 1982; Mckinney et al., 1984; Albrektsson et al., 1986, 1991; 

American Academy of Periodontology, 1989). Regardless of the criteria selected, 

central to all of these proposed success criteria is radiographic analysis. 

Nowhere in the published and proposed success criteria is a bonafide specific 

alveolar bone height at implant placement time used as a specific criteria, nor is the 

presence of a peri-implant radiolucency at placement time used as a success/failure 

criteria. Interestingly, both of these criteria are relied upon as central to the 

evaluation and/or prognosis of implant stability at later time frames (American 
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Academy of Periodontol<;>gy, 1989; Albrektsson et al., 1991; Smithloff and Fritz, 1982, 

1987). 

Alveolar Remodelling Followfng Surgery 

Numerous studies have reported the effects of alveolar bone remodelling, 

including alveolar crest remodelling following periodontal surgery. Using a specially 

constructed metal stent to cover occlusal surfaces, Wood measured alveolar crestal· 

responses following reflection of full and partial thickness mucoperiosteal flaps in 

humans and found crestal alveolar bone loss in clinical re-entries at time intetvals 

varying from four to six months (Wood et al., 1972). He reported an average crestal 

bone loss for full and partial thickness flaps of 0.62mm and 0.98mm respectively. 

This agreed with Pfeifer's conclusion (Pfeifer, 1965) that if a split type flap is so thin 

that it does not give protection to bo~e, then osteoclastic activity will occur. Stahl 

et al. (1982) also observed crestal resorption without any evidence of significant 

osteogenesis in clinical re-entries. This investigation utilized a histologic study of 

block specimens taken from four to six months following periodontal surgery. 

Average radicular bone loss of 0.84mm ·at three months and 0.54mm at six months 

were recorded by Moghaddas et al. ( 1980) in another clinical re-entry study on 

humans. Pennel et al. (1967) reported similar· crestal bone loss averaging 0.54mm 

following flap surgery. Donnenfeld et al. (1970) reported loss of crestal alveolar bone 

averaging 0.8mm to l.Omm in three patients regardless of whether ostectomy or 
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osteoplasty· procedures were performed. He also noted more radicular bone loss 

than interradicular bone loss. 

All of the aforementioned studies tend to support the observations of Wilderman 

et al. (1970). In a detailed histological investigation of the origin, rate and extent of 

repair of human periodontal tissues following osteoplasty procedures, Wilderman 

showed bone. necrosis immediately beneath the reduced bone surface. An initial 

osteoclastic phase for the firs~ ten days was followed by an osteoblastic phase with 

peak activity at the third to fourth week post surgery. Following deposition of 

uncalcified osteoid, an immature type of calcified bone was observed at 28 days. 

Later postoperative· histologic-specimens showed a maturation process for bone with 

an intermediate type of bone observed at six months followed by mature bone 18 

months after surgery . 

. . Given the above .findings, crestal alveolar bone loss may be expected following 

surgical flap reflection regardless of any ostectomy/osteoplasty procedure. The 

histologic evidence of osseous repair in phases (Wilderman et al., 1970) appears 

consistent with the phases of osseointegration described by Branemark et al. (1985). 

Just as there is a need to delineate success criteria from survivability 

(Albrektsson et al., 1991), so too is there a need to establish a definitive radiographic 

baseline from implant insertion time. Given success criteria of the abse~ce of 

peri-implant radiolucency and crestal bone loss of less than 0.2mm per year after the 

first year (American Academy of Periodontology, 1989; Albrektsson et al., 1991 ), one 
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might accept 1mm of crestal alveolar resorption from implant placement time as the 

"baseline" for radiographic analysis. 

Other criteria for success may develop as the original model for osseointegrated 

implants changes from the edentulous arch (Branemark et al., 1977) to the dentate 

arch. The placement of implants immediately following tooth extraction expands the·· 

parameters of clinical evaluations. . The advantage of immediate placement of 

implants in extraction sites (Lazzara, 1989) further broadens the scope of the original 

Branemark studies and could make radiographic confirmation of implant placement 

necessary. 

Bone 

Bone is a connective tissue with osteocytes, osteoblasts and osteoclasis living in 

a structure of three principle constituents. These constituents are collagen fibers, 

crystals and a "cement". While collagen fibers make up nearly a third of the dry 

weight of bone, crystals (hydroxyapatite being the main form) form two thirds of the 

dry weight of bone .. The "cement.-' that holds together the fibrils and crystals includes 

mucopolysacharides, glycoproteins, lipids, carbonate, citrate, sodium, magnesium and 

fluoride (Pritchard, 1972). 

The osteocyte is a fixed post mitotic cell not capable o~ further cell division 

(Tonna, 1979) and is found within a lacuna in mature bone. Lacunae are arranged 

in a concentric pattern (the Haversian system) around a central vessel located in the 
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Haversian canal. Osteocytes get their supply of nutrients and oxygen and dispose of 

wastes through a diffusion mechanism with the Haversian canal. Canals of Volkmann 

pierce the cortical Haversian bone and maintain the vascular supply to these 

Haversian systems (Copenhaver, 1971). The surfaces of the canals of Volkmann and 

the Haversian canals are lined with cells·possessing osteogenic capability. Endosteum 

and periosteum surfaces are also lined with these osteogenic cells (Pritchard, 1972). 

Owen reports that these cells are chiefly undifferentiated mesenchymal cells which 

give rise to preosteoblasts and osteoblasts (Owen, 1980). Osteoblasts actively 

produce and secrete components of the bone matrix (Pritchard, 1972). When 

cortical Haversian bone is formed, the osteoblast becomes trapped in its lacuna and 

is now called an osteocyte. Osteoclasts are responsible for the resorption of bone 

and may be derived from· either local tissue precursors (Owen, 1980) or from 

blood-born mononuclear precursors that unite to form the multinucleated osteoclasts 

(Hanaoka, 1979; Chambers, 1980; Bonucci, 1981). 

Since bone is a heterogenous tissue, its healing process may be complex. Urist 

(1968) proposed the release of an osteogenetic inducer from the extracellular space 

and designated it as Bone Morphogenic Protein, (BMP). Other authors proposed 

piezoelectric signals as a stimulus to bone repair (Bassett et al., 1962; Colella, 1981 ). 

The previously mentioned undifferentiated mesenchymal cells lining blood vessels in 

the Haversian canals, canals of Volkman,' and in the stroma pf bone are considered 

progenitors of preosteoblasts which evolve into osteoblasts through mitosis (Young, 

1963; Pritchard, 1972). 
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Radiation 

Ionizing radiation used in medical practice includes both particle radiation (alpha 

and neutron beams) and photon-radiation (x-radiation and gamma radiation). 

Densely ionizing radiation (alpha and neutron) affects living cells through direct 

damage to intracellular targets while low density ionizing radiation (photon 

radiation) exerts its affect on living cells by the formation of free radicals from water 

(Jacobsson, 1985). Water may constitUte 70% of the cellular volume. The unit for 

absorbed dose of radiation is the Gray (Gy) or rad (1 Gy = 100 rad). The Gy is 

defined as the absorbed energy per unit mass (1 Gy = 1 joule/kg). Biologic effects 

usually are related to the radiation absorbed dose and the rad is the unit most often 

used to quantify radiation received by a patient (Bushong, 1987). Although five units 

are used to measure radiation, diagnostic radiology is concerned primarily with 

x-radiation. It should be noted that 1R (roentgen) is approximately equal to 1 rad 

(0.01 Gy) and to 1 rem (rad equivalent man) for x-rays. Radiation measuring 

instruments usually are calibrated in roentgens and the output of x-ray machines is 

specified in roentgens or milliroentgens (mR). The roentgen is equal to the radiation 

intensity that will create 2.08 x 109 ion pairs per cubic centimeter of air. One 

roentgen equals 2.58 x 10-4 C/kg (Coulombs/kilogram) and is represented in terms 

of electric charge per ·unit mass of air (Bushong, 1987). The rem is the unit dose 

equivalent often used in personnel monitoring devices such as film badges. 
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Tissue sensitivity to radiation 

Bone can be spongy (cancellous) or compact (cortical) and differs significantly 

from soft tissues with respect to radiobiological interactions. The increased density 

of bone and its heterogenous composition provide for a more intense interaction with 

radiation. Bone may provide a probability of x-ray interaction or a linear attenuation 

coefficient of seven times that of soft tissue for 30 ke V photons (Strid, 1986). 

Different rates of cellular proliferation determine the sensitivity of cells to 

radiation (Bergonie and Tribondeau, 1906) and cells can be classified according to 

their pattern of regeneration. Highly specialized cells or fixed post mitotic cells are 

the most radioresistant (Rubin and Casarett, 1968). Cells that do not normally 

divide or have lost the capability to divide include neurons, cardiac muscle cells and 

osteocytes (Tonna, 1979). A second group of cells that possess minimal potential for 

regeneration with cell division and referred to as "reversible post-mitotic cells" 

include smooth muscle cells and osteoblasts of the periosteum and endosteum. 

Differentiating intermitotic cells are radiosensitive and include ovocytes and 

spermatogonia. Lastly, the "vegetative intermitotic cells" include free stem cells of 

hematopoietic tissues, dividing cells in i.ntestinal glands and designated 

osteoprogenitor cells and preosteoblasts. It is these kinds of cells that possess the 

most rapid regeneration and hence are most susceptible to radiation (Tonna, 1979). 
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Effects of Radiation on Osteoblasts/Osteocytes 

I~ the rat model; a new layer ·of osteoblasts lining a fractured bone surfac~ has 

been shown to occur in as little as 24 hours (Ham et al., 1971). Osteoblasts form an 

·osteoid which is the organic part of the bone matrix. Alkaline phosphatase acts as 

a pyrophosphatase to remove pyrophosphate (an inhibitor of calcification) and the 

osteoid becomes calcified (Pritchard, 1972). Bone regeneration is impossible without 

nutrition from vascular elements. The maximum vascular p~netration rate in 

cancellous bone is estimated to be 0.5mm per day (Rhinelander, 1974). Albrektsson 

demonstrated a vascular penetration rate of 0.05mm per day in cortical bone 

(Albrektsson, 1980). 

Bone reactions to radiation may include ·effects on the osteoblasts at the 

periosteal and endosteal surfaces. Radiation may also exert effects on the osteocytes, 

the osteoclasts, the· bone marrow itself, or the blood vessels perfusing bone 

(Jacobsson, 1985). 

While most authors believe that irradiation is detrimental to osteoblasts, others 

present the view that osteoblasts are stimulated by irradiation. Periosteal apposition 

of new bone four months after irradiation (4750 rads) on mandibular alveoli 

following extraction has been reported (Bond, 1967). Also, histologic evidence exists 

of new bone formation six months after tissue exposure to a 4000 rad dose (Rohrer 

et al., 1980). Morphologic changes to the periosteum as evidenced by a loss of 

distinction between the outer fibrous layer and the inner cellular layer is common 
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(Rohrer et al., 1979). Tonna reported an initial depression in the labelling index of 

endosteal osteoblasts of mice subjected to 25-800 rads. This depression was directly 

proportional to the radiation dose given (Tonna, 1970). 

While some believe that the loss of dynamic activity in the osteoblasts is the 

main reason for breakdown of bone tissue following radiation (Sengupta et al., 1973), 

others feel that the primary cause of reduced formation following irridation is 

damage to the osteoprogenitor cells (Amsell et al., 1971; 1972; Savostin-Asling et al., 

1978). Rohrer et al. (1979) claimed that osteobla~t precursors become stimulated 

rather than injured. The elevated alkaline phosphatase levels observed in patients 

following therapeutic radiation injections were considered to be signs of activation 

of the osteoblastic cell pool (Schmidt et al., 1974). Other investigators have failed 

to find any signs of decreased numbers of osteoblasts or functional impairment 

following irridation to mice ·skeletons (Anderson et al., 1979), or to monkey 

mandibles (Gowgiel, 1960). 

The reported effects of radiation on osteocytes are just as diverse. It has been 

reported that there is no reduction in the number of osteocytes after irradiation of 

IOOOR orthovoltage in the mouse tibia (Blackburn et al., 1963; Sams, 1966). Similar 

findings were reported in irradiated dog mandibles (Marciani et al., 1979). Many 

investigators have reported empty lacunae, (i.e. "ghost spaces") as indicators of_ dead 

osteocytes (Bond et al., 1967; Rankow et al., 1971). However, Kenzora et al. (1978) 

demonstrated filled lacunae several days after osteocyte necrosis by using H3-cytidine 
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autoradiography. Kenzora suggested that empty lacunae were artifacts that 

accompanied the fixation and processing of bone tissue specimens. 

Effects of Radiation on Osteoclasts 

Osteoclasts have been reported to both increase in number (Horn et al., 1979) 

or decrease in number (Andersson et al., 1979) following doses of radiation. 

Osteoclasts are considered by some to be less radiosensitive than ost~oblasts (Sams, 

1966). 

Effects of Radiation on Marrow/Fat cells 

Fibrosis is the most commonly observed change in the bone marrow following 

irradiation (Bond et al., 1967). Inflammatory cells may be present in the fibrotic 

tissue (Rankow et al.,. 1971). The stimulation of fibrous tissue formation in the 

marrow may be the result of vascular leakage of serum and other proteins (Rohrer 

et al., 1979)~ Metaplastic bone formation in the marrow has been reported following 

various modalities of irradiation (Rohrer et al, 1979). · Fat cells are considered by 

some to be radioresistant (Gowgiel, 1960) while others report necrotic fat tissue 

following radiation (Kok, 1953). Reduction of alkaline phosphatase activity in 

marrow following doses of 100R has been reported (Wawrzkiewicz, 1973). 
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Effects of Radiation on Vasculature 

Subsequent to radiation trauma, blood vessels are reported to undergo an initial 

dilation as part of an inflammatory reaction. This is followed by a thickening of walls 

and decreased lumen diameter (Rohrer et al., 1979; Gowgiel, 1960). Increased 

vascular permeability with extravasation of RBC's within 24 hours following 

irradiation and vascular leakage up to twelve weeks post radiation has been reported 

(Sams, 1966; King et al., 1979). Post irradiation decrease in vessel lumen size 

primarily affects the arteries and arterioles while veins and capillaries are less 

disturbed (Zarem et al., 1983). A decrease in vasculature lumen size of 70% for up 

to eight months following 4000R dose has been reported (Cutright et al., 1971). 

King et al. ( 1979) have shown recovery of vessels at three and six months following 

this dose. No apparent changes to vascular morphology were observed twelve 

months following a ~OOOR dose to the dog mandible (Marciani et al., 1979). 

Effects of Radiation; Boundary Zone Dose Buildup 

While diagnostic radiation doses commonly used in dentistry for periapical films 

are generally considered harmless (below 1000mR per film), the root form dental 

implant may present a unique set ·of circumstances durjng its healing phase 

immediately after implant placement. Branemark refers to a boundary zone dose 

buildup that may be expected :at the peri-implant tissues and Strid presents numerous 



20 

theoretical· calculations on possible dose buildup at the implant site (Strid, 1986). 

Strid outlines circumstances that might imply increased risk of tissue damage at the 

implant-tissue interface during the healing phase. The two principal factors outlined 

include: th'e "inhomogeneity:' of the matter irradiated (the boundary zone between 

metal and tissue); and, increased cellular activity expected in a healing site. An 

increased dose to the less dense homogenous bone tissue surrounding the implant 

is expected. Dose buildup in a ten micrometer layer immediately adjacent to an 

implant may increase by a factor of twenty-five. The risk of cell damage in this area 

of dose buildup "may not be negligible" (Strid, 1986). 

In a phantom model using 4 MV x-radiation, Schwartz calculated dose 

distributions around various metal surfaces. He found an absorbed dose 

enhancement on the entrance side of the beam of 29-36 percent at lmm from the 

surface of the metal, and a significant dose enhancement up to 3.5mm from the 

metal surface (Schwartz et al., 1979). Tatcher calculated the disturbance of a 

radiation field ( cobalt-60) at titanium implants to be 20% overdosage on the 

entrance side and 25% underdosage on the exit side (Tatcher et al., 1984). 

In estimating somatic hazards to patients from intraoral x-ray exposures, White 

and Frey (1977) found an average skin exposure of 910 mR, which Strid calculates 

to correspond to an 800 mR skin absorbed dose (Strid, 1986). Strid proposed the use 

of lower mR output (300mR) to decrease the dose effect at the implant interface. 

The influence of the oxi~e layer on dose buildup at the interface of titanium 

implants and bone is a consideration addressed by Strid (1986). Strid's theoretical 
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calculations of the attenuation effect of the oxide layer on x-radiation support the 

concept that any braking effect on electrons would be entirely negligible for a 1,000 

Angstrom thick oxide layer. Strid concluded that it was only when this oxide layer 

was allowed to grow in thickness greater than several micrometers would there be 

a significant reduction in the dose enhancement at the implant-bone interface. 

Effects of Radiation; Summary 

In general, bone healing has been reported to be delayed in fractures exposed 

to ionizing radiation. In such cases, fibrous tissue occurs and a depression of the 

normal rise in the alkaline phosphatase activity exists (Bonarigo et al., 1967; 

Woodard, 1970). The mechanism of delayed healing is thought to occur by either 

damage to osteoprogenitor cells (Amsell et al., 1971) or damage to the 

neovascularization resulting in a reduced healing capacity (Green et al., 1969). 

The effects of diagnostic radiation doses commonly used in dentistry at the 

bone-implant interface are neither well understood nor well documented. Dental 

x-rays of 60kV may be expected to give an increased absorbed dose at the entrance 

side of the implant bone interface. Bone itself is a heterogenous system and healing 

tissues surrounding a recently placed implant may be expected to be more 

radiosensitive. 
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The Pig Model 

The pig has been used extensively in medical and dental research (Kalkw~rf et 

al., 1983; Weaver et al., 1962, 1964; Wirthlin et al., 1980; Bashkar, 19.71a,b,c; Hickey 

et al., 1991). 

Tooth eruption patterns of the micropig include a primary dentition that is 

complete at 15 +/-4 weeks and a permanent dentition that is complete at 102 +/-6 

weeks (Weaver et al., 1966). Desirable attributes of an ideal experimental animal 

in dental research have been outlined by Weaver and the micropig posseses many 

of these characteristics. In addition to being recognized as the mammalian prototype 

for embryologic studies, the pig posseses a tooth size similar to or slightly larger than 

man and the jaw is much larger thus allowing for access with conventional dental 

instruments. The larger jaw size may be considered an advantage in overcoming 

anatomical problems cited in implant studies with dogs (Deporter et al., 1986). With 

proper immunization, the pig is relatively resistant to infections and is suited for 

dental surgery and· general anesthetic treatment. 

Disadvantages of the pig include an arch form that is different from man, the 

inclination of incisor teeth, and size of the animal (Weaver et al., 1966). 

· Recently, a smaller strain of pig, the micropig (Sus scrofa) has been used as an 

alternate mammalian animal; model for implant studies (Hickey et al., 1991 ). This 
I 
I 

strain's small stature decreas.es the difficulty of feeding, housing and handling the 

animal. 
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Summary of Literature Review 

The dental research literature suggests that titanium dental implants are 

compatible with host tissues. Biologic effects of radiation, specifically photon (x-ray) 

radiation, on the healing of peri-implant tissues are not well documented. This 

review of the literature has documented many controversies concerning host tissue 

reaction to radiation. Reports of effects of radiation in the therapeutic dose range 

show conflicting results about enhancement or inhibition of bone healing at varying 

doses. The cell reactions of osteocytes, osteoblasts, and osteoclasts are diverse. 

Vasculature response to radiation has been reported to vary from fibrosis, to no 

effect, or to a stimulatory effect. Marrow_ and/or fat cells may be affected or 

unaffected from doses of radiation. Boundary-zone dose buildup of radiation at the 

beam entran~e side may exi~t, but there are only theoretical calculations for any 

effects of potential damage for doses of diagnostic radiation commonly used in 

dentistry. There is overwhelming evidence that flap reflection yields crestal alveolar 

resorption. Some implant systems recommend use of radiographs at implant 

placement while the Nobelpharma protocol recommends no radiographs during the 

initial three to six month healing phase. Answers to these controversies are needed 

to objectively evaluate the effect of diagnostic radiation following implant plac~ment. 

This is particularly important since success criteria for implant systems all rely to 

some extent on evaluation of radiographs. A standardized and reproduceable x-ray 

technique may make possible the objective evaluation of implant success or failure. 
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Specific aims 

The hypothesis to be tested in this study. is that diagnostic doses of radiation 

immediately following implant placement would affect the quantity and quality of 

bone tissue at the bone implant interface and peri-implant tissues. 

The following six specific: aims analyzed the effect of radiation on peri-implant 

tissues and osseointegration. ·, 

Specific aim # 1: 

To describe and quantitate the approximation of bone to titanium implants 

(at fourteen weeks heciling) not exposed to diagnostic radiation (controls) at 
I 

implant placement tim'e. 

Specific aim #2: 

To describe and quantitate the approximation of bone to titanium implants 

(at fourteen weeks healing) ~xposed to diagnostic radiation at implant 

placement time. 

Specific aim #3: 

To describe and quantitate the approximation of bone to titanium implants 

(at fourteen weeks heal~ng) exposed to excessive doses of diagnostic radiation 

at implant placement time. 



Specific aim #4: I 
I 
I 
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To compare the morPhometry of approximation of bone to titanium implants 

for control animals (~nd sites) versus sites exposed to varying doses of 

diagnostic radiation. , 

Specific aini # 5: 

To evaluate radiographic qu.ality of bone at the implant interface and 

peri-implant area by describing any radiolucency or millimeter amount of 

crestal resorption. Cpmparison will be evaluated by standardized clinical 

radiographs taken fo~rteen weeks after implant placement. 

Specific aim #6: 

To describe the micr<~vasculature of bone in the peri-implant tissue. 

There are no documented studies to date that have investigated the somatic 

effects of diagnostic doses ofx- radiation on the osseointegration of titanium dental 

implants during the "healing phase". 

I 

I. 



MATERIALS AND METHODS 

Animal Model 

This investigation used nine micropigs (Sus Scrofa) from a sole source. Animal 

weight ranged from 46 to 61 kilograms. The pig model has been used for the study 

of periodontal healing response to mucogingival procedures (Bhashkar et al. 1971 a, 

b, c; Beasley 1972; Wirthlin et al., 1980) as well as the study of inflammation 
' . 

surrounding endosteal implants (Hickey et al., 1991 ). This project was approved by 

the ·clinical Investigations Department, Animal Use Committee, Dwight David 
I 

Eisenhower Medical Center~ Fort Gordon Georgia and the School of Graduate 

Studies, Department of Oral Biology, Medical College of Georgia. 

Implant Model 

The implant system used in this experiment was the threaded cylinder 

_ commercially pure titanium implant manufactured by the Nobelpharma Company. 

All implants were sterilized and packaged by the manufacturer. All implants were 

10mm in length and 3.75mm:diameter. 

26 
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Surgical Procedure 

NIH guidelines for the care and use of laboratory animals were observed 

throughout the live animal phase of this study. Following an environmental 

adjustment period of at least six weeks, implant sites were prepared. All surgical 

procedures (Figure 1) were performed under general anesthesia. Atropine 

(O.Smg/kg) was administered subcutaneously 10-15 minutes prior to anesthesia 

induction. Induction was by a combination of ketamine. (20mglkg) and xylozine 

(2.5mg!kg) given intramuscu~arly. The larynx was sprayed with a topical anesthetic 

( cetacaine, 0.9 percent). A 7.0mm diameter endotracheal tube was placed with direct 

visualization of the trachea ~sing a laryngoscope. Anesthesia was maintained using 

halothane (0.05-2.0 percent} combined with 50 percent nitrous oxide and oxygen. 

Local anesthesia of the mand~ble was accomplished by buccal and lingual infiltration 
I 
I 

with 2 percent lidocaine with, epinephrine 1:100,000 (approximately 7.2ml solution). 

Under general and local anesthesia, surgical extraction of mandibular premolar teeth 

with minor osteoplasty to ensure adequate bucco-lingual ridge thickness at the 

implant placement procedur~ was accomplished (Figure 2). 

Prior to extractions, alginate impressions were made of the premolar areas on 

selected pigs for the purpose. of constructing a radiographic paralleling device to be 

used on experimental animals at implant placement time. Premolar teeth were 

covered by two layers of j softened baseplate wax. Triad resin (urethane 
I 

dimethacrylate) was molded ~ver this wax lining and light cured. The Triad tray was 
I 

I 
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Figure 2: Clinical photograph of extraction sites at initial surgery. 
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removed from the teeth, the wax liner removed and the tray further cured. The tray 

was perfor,ated with a #8 round bur, painted with rubber base dental adhesive and 

then alginate impressions were made of premolar sites in three pigs. From these 

impressions, a specially designed x-ray parallelling stent was fabricated (see x-ray 

procedure). 

Following ten weeks of healing for the alveolar sockets and supporting alveolar 

bone, animals were sedated and periapical radiographs were made prior to implant 

placement. Six commercially pure titanium implants were inserted into the mandible 

of each pig in a split mouth design with three implants on each side of the mandible 

(Figure 3). Mucoperiosteal flaps were elevated from an initial subcrestal incision on 

the buccal aspect of the mandible. Vertical releasing incisions were carried from the 

initial horizontal incision over the ridge crest and into the lingual alveolar mucosa. 

All bone preparation was accomplished using an electric handpiece (Nobelpharma 

Co.) with copious amounts of external irrigation with previously chilled (15oC) sterile 

saline and at a maximum rotational speed of 2,000 revolutions per minute. Implant 

sites were identified and marked by cortical bone perforation with a #2 round bur. 

A minimum of 10 mm clearance from the center of one ~plant to the center of an 

adjacent implant was allowed. >All site preparation was accomplished with 

manufacturer's instruments (Nobelpharma Co.). Sites were then further prepared 

by sequential use of the 2mm stainless steel twist drill (to the ten millimeter depth 

indicator), pilot drill, and 3mm diameter stainless steel twist drill. A countersink bur 

was inserted to its inclicated depth. Preparation was completed by hand-tapping 



Figure 3: Clinical photograph of mandible with three implants inserted and cover screws 

in place. 
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(threading} the site with the manufacturer's tap at. speeds not exceeding 20 

revolutions per minute. Implants were connected to the fixture mount and inserted 

with the hand instrument at speeds no greater than 20 revolutions per minute. 

For experimental animals, a specially designed Rinn XCP parallelling device was 

secured to the implants on the randomly designated radiation side. Experimental 

implants in three pigs were subjected ·to two doses of diagnostic radiation and 

experimental implants in another three pigs were subjected to ten doses of radiation 

(Figure 4). Sham radiation exposure (stent affixed to implant but no radiation 

made) was performed on the contralateral side of each experimental animal. Sites 

adjacent to and across arch from each radiated implant were shielded (Figure 5) with 

lead foil (Johnson Matthey/Alfa, P.~. Box 8247, Ward Hill, MA 01835-0747). 

Following x-ray procedures, cover screws were placed in each fixture and the surgical 

flap closed with interrupted 4-0 chromic gut sutures (Figure 6). 

The three control animals were subjected to sham x-rays on one side of the 

mandible (with radiographic stent affixed) while the remaining side received no 

radiation nor was the radiographic parallelling stent placed. 

Animals were maintained on a soft diet for a minimum of 14 days by 

pre-softening 800-l,OOOg of Purina Pig chow in warm tapwater to a paste consistency. 

Three weeks following implant placement, all animals were sedated by intramu~cular 

injection of a combination of atropine (0.5mglkg) and ketamine (20mglkg) and 

clinical photos of the healing fixture sites were taken. 



Figure 4: Clinical photograph of radiographic stent (without film) affixed to implant. 
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Figure 5: Clinical photograph of radiographic stent affixed to implant with lead 

shield in~ (~l adjacent sites. 



34 



Figure 6: Clinical photograph of surgical flaps sutured after implant placement. 
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Radiographic Procedures at Implant Placement 

Radiographs were made of implant sites in the experimental group at implant 

placement procedure and on all implants at sacrifice procedure. All radiographs 

were taken using a Phillips Oralix 50, 50kVp, 7.5mA, portable dental x-ray machine. 

The kvp's and rnA's are fixed on this machine and the only variable is exposure time 

setting. An exposure time of 2.5 seconds was employed for all radiographs and 

calibration of the x-ray machine with measurement of mR output was recorded 

before all surgeries by using a -Radcal MDH Model 1515 Radiation Monitor. At 

tube head, measurement of mR output averaged 1185 mR. 

A specially designed and constructed parallelling stent (Figure 7) was employed 

for all x-ray procedures to ensure a reproduceable film to object and film to source 

distance. A standard impression transfer coping (Nobelpharma AG) was soldered 

to a Rinn XCP parallelling device. Quarter-arch mandibular models from 

impressions made at the extraction surgery on selected pigs were used to set the 

transfer coping in proper alignment with the Rinn device to ensure a film-object 

distance compatible with the- anatomy of the pig mandible. By utilizing the direct 

transfer coping affixed to the Rinn device, distances from tube head to object 

(implant) and object to film· were fixed and stationary at 2 3/4 inches and 3 1/2 

inches respectively (Figure 8). ·This device was secured to the inserted implants for 

all x-ray procedures and all sham x-rays. 



Figure 7: Photograph of component pans of radiographic stent (R= Rinn XCP device, 

X= plastic film holder, arrow= impression transfer coping). 



37 



Figure 8: Diagram of implant radiographic paralleling device with fixed distances from 

radiographic tube head (T) to implant (/) and implant to film. 
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Kodak ·D speed pedodontic periapical film was secured in the parelleling device. 

for all exposures. Lead foil 2mm thick was draped over adjacent implants and cross 

arch for shielding purposes. Periapical films were placed behind the lead shielding-

and later developed to validate shielding effect. Implant sites in the control group 

were subjected to sham x-ray procedures by affixing the x-ray stent without actual 

x-ray exposures being made. 

All films were hand developed in freshly prepared Kodak "Rapid Access" film 

developing and fixing solution according to manufacturer's directions. Films were 

agitated in developing solution for 15 seconds, washed for 30 seconds and fixed for 

a minimum of three minutes followed by washing. 

Euthanasia, Perfusion and Fixation Procedures 

After a fourteen week healing period and under general anesthesia as previously 

described, radiographs of all implants were obtained. Tissues of the head were· then 

perfused with 10% neutral buffered formalin. Neutral buffered formalin offers the 

advantages of penetrating well, tends not to overharden tissue; processes fatty tissues 

well and reduces pigment artifacts produced by formalin alone. Vascular perfusion 

was accomplished by the following procedure: 

1. The animal was placed in .the supine position with the neck hyperextended to 
l 

allow for adequate surgical access. A 20 gauge catheter was inserted into a 

superficial leg vein and 5,000 units of heparin was injected. 
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2. Bilateral incisions were made in the anterior neck, underlying fat and fascia were 

bluntly dissected to expose the external jugular veins and common carotid arteries. 

These vessels were tagged with sutures. 

3. The common carotid arteries were loosely ligated with sutures at the distal extent 

of exposure and ligated with both sutures and vascular clamps at the proximal extent 

of exposure. The arteries were then cannulated through a small incision· made with 

a # 10 Bard Parker blade. Cannulas Were inserted approximately four inches into the 

arteries (Figure 9) and secured. with suture material. 

4. Immediately following the cct:nnulation procedure, the animal was killed by 

intravenous injection of T-61 euthanasia solution (American Hoechst Corp., Animal 

Health Division, Somerville, New Jersey 08876). Each milliliter of T-61 euthanasia 

solution contains: N -(2-(m-methoxy-phenyl)-2-ethylbu tyl-( 1) )

gamma-hydroxybu tyramide (200mg), 4,4' -methylene-his( cyclohexyl

trimethyl-ammonium iodide) (50mg), tetracaine hydorchloride (5mg), and 0.6ml 

dimethylformamide in distilled water, stabilized with sodium bisulfite 0.0005 percent. 

5. Tissues were perfused with two liters of warmed (35oC) heparinized saline (2,500 

units/liter); the external jugular veins were severed to allow for escape of perfusate 

and blood. 



Figure 9: Micropig in supine position with external carotids cannulated. 
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6. Following heparinization, tissues were perfused with 2.5 liters of 10% neutral 

buffered formalin over a 25 minute period. The mandibles were removed by 

sectioning with a Stryker bone saw approximately 20mm distal to the most posterior 

implant and then immersed in 10% neutral buffered formalin. 

Individual implant specimens were obtain_ed by sectioning between implants with 

a table mounted band saw (Figure 10). Further trimming of specimens was done 

with a Gillings-Hamco thin sectioning saw to reduce the bulk of alveolar supporting 

bone both proximal and apical to the implants. Prior to embedding, wooden dowels 

were inserted into the implant cover screw openings to allow for proper long-axis 

orientation at the sectioning procedure (F~gure 11). 

Histologic Preparation 

After fixation in 10% neutral buffered formalin for a minimum of 48 hours, the 

samples were dehydrated for 24 hours in each of a series of graded ethanols (70%, 

95%, 100%, and 100%) to remove all water from the samples without significant 

cellular distortion. 

Specimens were infiltrated and embedded in JB-4 Plus Embedding Media 

(Polysciences, Inc., 400 Valley Road, Warrington PA 18976-2590). This water 

soluable plastic resin kit is a glycol methacrylate specifically designed for high 



Figure 10: Block section of retrieved mandible with three implants (a"ow). 
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Figure 11: Wooden dowels (a"ows) placed in implant cover screw opening to allow for 

/onf!, axis orientation of specimens at sectioning procedure. Samples were assigned 

arbitrcuy numbers to assure investigator blinding. 
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PO LYSC I ENCES , INC. 

JB-4 Embedding Kit 

-------
Background: 
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resolution light microscopy evaluation and eliminates the need for clearing agents 

(such as xylene or chloroform) to :remove alcohol. It completely polymerizes at room 

temperature in two hours~ Infiltration resin was prepared according to manufactu_rer's 

instructions. One hu:qdred milliliters of JB-4 Plus Solution A and one gram of JB.4 

Plus Catalyst powder were stirred slowly until all powder dissolved. Specimens were 

placed in the first infiltrate for a minimum of 48 hours, fresh infiltrate was then 

prepared and a second infiltration of 24 hours was accomplished prior to embedding. 

Embedding resin was prepared by adding 4 ml of JB-4 Plus Solution B to 60 ml of 

fresh infiltration solution with stirring. Specimens were placed in 100 ml plastic cups, 

completely submerged in embedding solution, randomly numbered and tightly 

covered with wax paper. Random numbering of specimens was accomplished to 

ensure examiner blinding throughout the the experiment until all.histologic and SEM 

morphometric analyses were completed. Embedded specimens were removed from 

_ the mold and stored in a dessicator prior to sectioning. Block specimens were 

further reduced on a dental laboratory lathe and trimmed to allow for implant long· 

axis orientation on a Buehler Isomet low speed saw (Buehler Ltd., 41 Waukegan Rd., 

Lake Bluff, II., 60044) equipped with a diamond wafering blade. 

The low speed Buehler Isomet saw with a diamond wafering blade was used to 

obtain multiple bucca-lingual sections of 150-200 micron thickness paralleling the 

long axis of each implant (Figure 12). The two most central sections of each implant 

were identified for SEM analysis. Remaining sections were further prepared for light 

n1icroscopy evaluation. 



Figure 12: Embedded specimens mounted on the low speed Buehler Isomet saw with 

diamond wafering blade. ·Parallel orientation of the blade to the wooden dowel is 

apparent. 
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Scanning Electron Microscopy 

The two most central sections were evaluated by SEM. Mter polishing with 

Dedeco wheels, (Dedeco International Inc., Long Eddy, N.Y. 12760) sections were 

attached to SEM stubs using double sided tape. A conductive path of carbon paint 

was placed to connect the upper surface to the aluminum stub. Sections were 

sputter coated with gold to a thickness of approximately 100 Angstroms (10nm), 

using a Technics "Hummer V" Ion Sputtering Apparatus. Sputter coated sections 

were examined in a JEOL Model JSM-35CFIII Scanning Electron Microscope 

(SEM) at 20x magnification. Sections were then micrographed using Polaroid Type 

55 PIN 4x5 Sheet Film. Print enlargements (2x magnification) of these micrographs 

were made using a Durst EM45 Enlarger and Kodak type "R" Kodabromide paper. 

Determination of bone or s·oft tissue was made on these print enlargements by using 

colored marking pens to identify areas as either bone or soft tissue at the 

implant-tissue interface (Figure 13). Implant total length (in one plane) was recorded 

using a Summagraphics MM1201 Digitizer connected to a Zenith "286" PC. Total 

bone in contact with the implant was recorded and the percentage of implant length 

in contact with bone without intervening soft tissue was calculated using the Sigma 

Scan (Jandell Scientific) software package. The percent of implant length in contact 

with bone has been reported as the Contact Length Fraction. (CLF) by Deporter et 

al. (1986). 



\ 

Figure 13: Photograph of two scanning electron micrographs overlaid and used to 

identifi' osseous tissue (red) and soft tissue (blue) along the implant length. 
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Obtained data were then subjected to a two-tailed T test to assess statistical 

significance between experimental and control variables. A significance leveJ of 

~.05 was assigned . 

. Light Microscopy 

Selected sections f~om experimental and 'control groups were prepared for light 

microscopy. Sections were reduced to 75-100 urn thickness on an Ecomet grinder 

(Buehler Ltd., 41 Waukegan Rd., Lake·Bluff, II., 60044) using #30 micrometer gri~ 

followed by # 15 micrometer grit diamond polishing discs. Sections were stained with 

a multi-purpose stain consisting of 2.92 grams of toluidine blue with 1.08 grams of 

basic fuchsin in 400 ml of 30 percent ethanol. This stain is similar to the Paragon 

stain described by Spurlock et al. ( 1966). The stain was warmed to approximately 

SOoC (Steflik et al., 1982). Sections were immersed from 15 to 60 seconds until 

desired stain intensity was obtained, then washed with two changes of distilled water, 

one change of 70% ethanol, one change of 95% ethanol, two changes of 100%. 

ethanol and one change of xylene. Sections were then mounted with Permount on 

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

viewed and photographed with a Zeiss II Photomicroscope and Kodak 

Panchromatic-X film. The microvasculature of peri-implant tissues including relative 

number of vessels in a selected field, vessel lumen size, integrity, thickness, and 
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relative amount of perivascular inflammatory cell infiltrate was recorded for both 

experimental and control specimens. 

Radiographic Evaluation 

Standardized clinical radiographs were compared to evaluate the crestal alveolar 

bone height and any appearance of peri-implant radiolucency. Areas of crestal 

resorption from the implant collar were recorded to the nearest millimeter by a 

modification of the Absolute technique (Albander and Abbas, 1986). Radiographs 

of implants taken at animal sacrifice were overlaid on a transparent grid marked in 

millimeter increments. These radiographs were then viewed without magnification 

on a standard clinical radiographic view box. Alveolar crest height was recorded by 

connecting a line from mesial to distal alveolar crest. Alveolar crestal resorption was 

recorded to the nearest millimeter by measuring the length of a perpendicular line 

from crestal height to coronal extent of bone at the implant collar or threads. The 
:f::-

average of mesial and distal measurements was then recorded as the millimeter 

amount of crestal resorption. Any di~cernable radiolucent areas along the extent of 

the entire implant length were recorded separately from the crestal response 

measurements. 



RESULTS 

Clinical Observations at Euthanasia 

All animals tolerated the surgical procedures without adverse effects. Animal 

weights at euthanasia were within five percent of pre-surgical weights. Initial healing 

of the soft tissues overlying the implants was in most cases by secondary intention 

as many of the flaps had either partially or completely opened at the end of the first 

week after implant placement. .Healing after the first week was uneventful. One of 

the ten dose experimental implants and six of the control implants had perforated 

the overlying soft tissue prior to animal euthanasia. One of the six control implants 

that perforated soft tissue was clinically mobile at time of euthanasia. 

A total of fifty-four implants were inserted into the posterior mandibles of nine 

micropigs. Each micropig received six implants in a split mouth design. Forty-nine 

implants were present.at time of euthanasia fourteen weeks after implant placement. 

The two most central sections of each implant were evaluated by scanning electron 

microscopy (SEM) for morphologic and morphometric analysis. A total of ninety

seven sections from forty-nine implants were included in the SEM analysis; 9ne 

section was destroyed in processing. Four control implants were mobile at euthanasia 

and judged to be clinical failures. Eighty-nine sections from forty-five non-mobile 

implants were included in morphometric statistical analysis (Table I).-

51 
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TABLE I: Clinical data, results at euthanasia and subsequent sections included in 
morphometric analysis. 

ABS STNT 2X 2X lOX 
CTRL CTRL RAD CTRL RAD 

#IMPLANTS 9 9 9 9 9 
INSERTED 

#IMPLANTS 8 9 7 9 8 
PRESENT AT 
EUTHANASIA 

#IMPLANTS 1 0 0 l 0 
MOBILE AT 
EUTHANASIA 

#IMPLANTS 7 9 7 8 8 
INCLUDED IN 
MORPHOMETRY 

#SECTIONS 14 18 14 16 16 
INCLUDED IN 
MORPHOMETRY 

ABS CTRL: Implants inserted without radiation and without 
radiographic stent affixed at implant placement procedure. 

STNT CTRL: Implants inserted without radiation but with 
radiographic stent affixed at implant placement procedure. 

lOX T 
CTR 0 
L T 

9 5 
4 

8 4 
9 

2 4 
* 

6 4 
5 

11** 8 
9 

2X RAD: Implants inserted and exposed to two doses of radiation at implant 
placement procedure. 

2X CTRL: Implants inserted cross arch from 2X RAD but not exposed to 
radiation. 

lOX RAD: Implants inserted and exposed to ten doses of radiation at implant 
placement procedure. 

lOX CTRL: Implants inserted cross arch from lOX RAD but not exposed to 
radiation. 

TOT: Total each column. 

* represents eight percent of implants present at euthanasia: 
* * one section destroyed during processing. 



53 

Five implants were missing at time of euthanasia. One missing implant was from 

the zero radiation dose group (control), two missing implants were from the 

experimental dose x2 group (experimental), and two implants were missing from the 

./ 

experimental dose xlO group (one control, one experimental). 

Four implants were clinically mobile (failures) at euthanasia. One failed 

implant was from the zero dose group (control), two failed implants were from the 

experimental dose xlO group (both controls), and one failed implant was from the 

experimental dose x2 group (control). The four clinically mobile implants presented 

with complete soft tissue encapsulation and represent eight percent ( 4/49) of the 

implants recovered. 

At time of euthanasia, two implants in the zero radiation control group had 

perforated the overlying mucosa and demonstrated marked accumulation of calculus 

with inflammation in the soft tissues adjacent to the implant. One implant in this 

control group was not clinically present at euthanasia. The remaining implants in this 

group were completely covered with keratinized tissue. Upon flap reflection to 

expose implants, three implants in this group demonstrated bone overgrowth 

covering the implant while the remaining implants were covered with soft tissue 

varying in depth from one to 2.5mm surrounding the collar of the implant. 

For the group receiving two doses of radiation, three control implants had 

perforated the soft tissue time of at euthanasia. Calculus was present on two of 

these implants, soft tissues were edematous and purulent exudate was noted at one 

implant. Two implants demonstrated bone overgrowth covering the collar of the 
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implant. Two implants were missing (both experimental) at euthanasia. The 

remaining implants demonstrated varying amounts of soft tissue encircling the 

implant collar. 

In the group of pigs receiving ten doses of radiation, three implants (two controls 

and one experimental) had perforated the soft tissue, two implants showed minimal 

accumulations of calculus with minimal clinical inflammation present. Three implants 

had lost their cover screws and bone growth over the collar of the implant was 

observed. Two implants were missing (one experimental and one control) at 

euthanasia. The remaining implants showed varying amounts of soft tissue covering 

the implant at the alveolar crest. 

Scanning Electron Microscopy · 

Description and quantification of the approximation of bone to titanium implants 

not exposed to radiation (controls) at fourteen weeks following. implant placement. 

A total of sixty-seven sections were included among all controls. Eight sections 

(from the four clinically mobile implants) were completely encapsulated with soft 

tissue. Fifty-nine sections from clinically non-mobile implants were included in 

morphometric statistical analysis. 

In general, implants presented with varying amounts of bone, non-calcified areas 

suggestive of soft fibrous connective tissue, and fatty marrow abutting the implant 
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surface. Morphologic observations of the control sections demonstrated highly 

ordered cortical bone seen directly apposed to the implants in some areas (Figure 

14 ). Trabecular bone patterns were often intimately associated with implant surf~ces. 
. ' 

In some areas, these trabecular patterns were separated from the implant by areas 

of both mineralized and unmineralized tissues. This unmineralized tissue was often 

consistent with the appearance of fibrous connective tissue. Other unmineralized 

zones resembled fatty marrow. Crestal cupping or sa11:cerization of alveolar crestal 

bone was a common finding (Figure 15). 

Vascular elements were observed in soft tissue at the apex of implant threads as 

well as in soft tissues in areas neighboring the implants. Vascular elements were also 

apparent in calcified tissues in .close proximity to the implants, both in dense cortical 

bone and in trabecular bone. 



Figure 14: Scanning electron micrograph showing highly ordered cortical bone 

directly apposing a control implant. Bar= 1,000 micrometers. 
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Figure 15: Scanning electron micrograph showing alveolar crestal saucerization 

(arrows) at a control implant. Bar= 1, 000 micrometers. 
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~ Morphometric. analysis of the fifty-nine control sections yielded a range from 

fifteen percent to eighty-one percent implant length in contact with bone (contact 

length fraction). The mean contact length fraction for all controls was 47.72 percent 

(Table II) with a standard deviation of 18.39. 

TABLE II: SEM morphometric results for all control implants subjected to no 
radiation at implant placement time. 

2X lOX ABS STENT TOTAL 
CTRL CTRL CTRL CTRL CTRL 

#SECTIONS 16 11 . 14 18 59 

MEAN CLF% 52.67 55.50 36.81 47.04 47.72 

STD DEY 15.12 16.16 15.37 21.38 18.39 

2X CNTRL: split mouth controls within 2X radiated pigs. 
p 

lOX CNTRL: split mouth controls within lOX radiated pigs. 

ABS CNTRL: implants exposed to no radiation nor any radiographic stent affixed. 

STENT CNTRL: implants exposed to no radiation but with radiographic stent 
affixed. 

Description and quantification of the approximation of bone to titanium implants 

(at fourteen weeks healing) exposed to diagnostic radiation at implant placement 

time. 

A total of fourteen sections from seven implants receiving two doses of 

diagnostic radiation at implant placement time were analyzed. In many sections, 

( 
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dense cortica:I bone was closely apposed to the implant with no apparent intetvening 

soft tissue. Some sections exhibited patterns of crestal alveolar bone saucerization 

consi~tent with the pattern obsetved in the control sections. The sec~ions 

demonstrating crestal saucerization showed implants separated from bone by wide 

areas of soft tissue in the coronal extent of the implant. Trabecular bone patterns 
r 

were a consistent finding in the middle third of many sections (Figure 16). 

Fatty marrow spaces were obsetved in the apical area of many implants. In these 

cases, the implant appeared supported by unmineralized tissue. Other samples 

presented trabecular bone patterns in the apical fatty marrow spaces with these 

trabecular patterns either in close apposition to implants or distinctly separated from 

the implant. 

Vascular elements were identified in both soft tissues adjacent to the implants 

and in calcified tissues supporting the implants. These vascular elements were 

present along the entire length of the implant. Morphologic characteristics of this 

group of implants exposed to two doses of radiation were consistent with the 

appearance of control sections (Figure 17). 



Figure 16: Scanning electron micrograph of an experimental implant (two doses) 

showing alveolar crestal saucerization (S) and trabecular patterns (T) at middle third 

of implant length. Bar= 1, 000 micrometers. 
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Figure 17: Scanning electron micrograph of a control implant with vascular elements 

(arrows) in both calcified tissue and soft tissue adjacent to the implant. 

Bar= 1, 000 micromefer~. 
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The mean contact length fraction (CLF) for implants exposed to two doses of 

radiation was 53.83 percent of implant length in contact with bone. The range of 

CLF values for implants exposed to two doses of radiation was from twenty to 

seventy-six percent with a standard deviation of 17.80 (Table III). 

TABLE III: SEM morphometric results for experimental group of pigs subjected to 
two doses of radiation and split mouth controls within the two dose group. 

2X RADIATION 2XCONTROLS 

#SECTIONS 14 16 

MEAN CLF% 53.83 0 0 52.67 

STANDARD 17.80 15.13 
DEVIATION 

Description and quantification of the approximation of bone to titanium implants 

(at fourteen weeks healing) exposed to excessive doses of diagnostic radiation at 

implant placement time. 

A total of sixteen sections from eight implants that received excessive doses of 

radiation were analyzed. Close adaptation of bone to the implant surface was a 

consistent finding. 



Figure 18: Scanning electron micrograph of control implant with unmineralized 

tissue (arrow) abutting the apex of the implant threads and prominent vascular 

elements (arrowheads) along the implant length. Bar= 1, 000 micrometers. 
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Figure 19: Scanning electron micrograph of experimental implant (ten doses) 

showing bone apposition over the implant collar ( a"ow) and vascular elements in 

hoth soft and calcified tissues. Haversian systems (H) were apparent within the 

osseous tissue. Bar= 1, 000 micrometers. 
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Comparison of the morphometry of approximation of bone totitanium implants for 

control sites versus sites exposed to varying doses of radiation. 

Both control and radiated implants exhibited a wide range of bone to implant 

appearances as well as a varied presentation of crestal alveolar patterns. Morphologic 

observations were not particular to any group but rather were similar for all groups. 

In some sections, crestal alveolar resorption was evident while other sections 

demonstrated obv:ious osteogenesis to include bone growth over the collar of the 

implant. Fatty marrow spaces were observed in all groups. Vascular elements were 

prominent in some sections both in mineralized and non-mineralized tissues. Blood 

vessels were observed at the implant bone interface in numerous control and 

experimental sections. 

The mean CLF for all controls was 47.72 percent. .The mean CLF for implants 

. exposed to diagnostic doses of radiation and excessive doses of radiation was 53.83 · 

percent and 53.15 percent respectively. A two-tailed T-test (p<.05) revealed no 

statistically significant difference between the contact length fractions for control 

implants versus implants exposed to diagnostic doses of radiation or implants 

exposed to excessive doses of radiation (Table V). 



67 

TABLE V :· SEM morphometric results, comparison of contact length fractions for 
implants exposed to two doses of radiation, ten doses of radiation and control 
implants exposed to no radiation. · 

2XDOSE lOX DOSE ALL CONTROLS 

#SECTIONS 14 16 59 

CLF% 53.83* 53.15** 47.72 

STD DEVIATION 17.80 22.55 18.39 

(* No statistically significant difference between 2X and controls, p<.05) 
(** No statistically significant difference between lOX and controls, p<.05) 

Radiographic Evaluation 

iY- Evaluation of crestal resorption and peri-implant radiolucency by standardized 

clinical radiographs taken fourteen weeks after implant placement. 

Evaluation of standardized radiographs taken at time of euthanasia demonstrated 

a varied clinical picture with results consistent with previously mentioned SEM 

analyses. In general, crestal alveolar resorption responses for all implants ranged 

from zero to 3.5 mm. Midlength and apical radiolucencies were observed adjacent 

to the implant in all groups of implants and to varying degrees. 

Standardized radiographs revealed a range of crestal alveolar resorption for 

control implants from zero to three millimeters. Two control implants without crestal 

alveolar resorption demonstrated radiolucent areas from the midlength of the 
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implants to their apical extent. Three of the four clinically mobile implants at 

sacrifice time demonstrated discernable evidence of peri-implant radiolucencies along 

the entire length of the implant (Figure 20) while the fourth mobile implant showed 

no distinct radiolucency along its entire periphery. One of these failed control 

implants appeared to be not countersunk to the same extent as the remaining 

implants in this study. 

For implants exposed to two doses of radiation, the range of crestal alveolar 

resorption was from zero to 2.0 mm. There were no distinct areas of peri-implant 

radiolucencies along the entire periphery for any of these implants nor was ther.e any 

evidence of distinct changes in mid-length or apical trabeculation patterns (Figure 

21). 

For implants exposed to excessive doses of radiation at placement time, the range 

of crestal alveolar resorption varied from zero to three millimeters. There were no 

implants exhibiting peri-implant radiolucencies along the entire length of the implant. 

One implant presented with a distinct changes in trabeculation at the midlength of 

the implant as well as the apex of the implant (Figure 22). 



Figure 20: Clinica) radiograph of a failed control implant at euthanasia. Note the 

complete peri-implant radiolucency. The implant on the right presents with significant 

crestal saucerization. 
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Figure 21: Clinical radiograph of an experimental implant (two doses). Minimal crestal 

alveolar hone loss is present. 
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Figure 22: Clinical radiograph of an experimental implant (ten doses). Note the distinct 

peri-Implant radiolucencies (arrows) at the periphery and apex of the implant. 

~i· 
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-Histologic Evaluation 

Description of the microvasculature of bone in the peri-implant tissue. 

Peri-implant microvasculature from selected samples of each group of implants 

(control, two or ten doses of radiation) showed generally consistent findings (Figure 

23 ). Histologic observations readily demonstrated viable osteocytes, osteoblasts, 

blood vessels and collagen stroma. lil general, the microvasculature in bone and soft 

tissue approximating the implants appeared consistent with the functioning elements 

of normal vasculature. Arterioles, venules and capillaries were observed in close 

proximity to the implant-tissue interface. Smooth muscle encapsulation of arterioles 

was apparently intact. A few sections demonstrated varying degrees of perivascular 

inflammatory cell infiltrate comprised of both acute (polymorphonuclear leukocytes) 

and chronic (lymphocytes, macrophages) inflammatory cells. In addition, red blood 

cells were evident in some vascular channels. The connective tissue abutting the 

implants showed a fine to moderately dense collagenous stroma supporting 

fibroblastic elements. 

· Calcified tissue abutting the implants showed the presence of lacunae with 

osteocytes, intact Haversian systems and Volkman canals ·consistent with the 

morphological appearance of functional osteons. There was no observable difference 

between the buccal or lingual views of the peri-implant tissues with respect to 

vasculature, perivascular infiltrate, connective tissue stromal architecture or 



Figure 23: Photomicrograph of control implant showing blood vessels (arrowheads) 

in calc~fied and soft tissues. A number of osteocytes (arrow) are apparent. No 

distinct perivascular ~nflammatory cell infiltrate was observed. Bar= 100 

micrometers. 
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appearance of calcified tissue. Fatty marrow spaces were evident In both 

experimental groups as well as the control group. 

Control sites 

Vessels in both calcified tissue and connective tissue abutting the implant 

demonstrated a normal appearance. Detailed analyses indicated that the lining 

endothelial cells appeared intactand exhibited spindle shaped or oval nuclei. Smooth 

muscle surrounding the larger vessels was apparently intact. 

Histological appearance of control sites presented varying amounts of 

perivascular infiltrate. Some areas presented with a minimal degree of perivascular 

infiltrate while other areas demonstrated a more prominent perivascular 

inflammatory cell infiltrate (Figure 24). 



Figure 24: Photomicrograph of control implant showing perivascular inflammatory 

cell inflltrate adjacent to implant, (V=vessels). Bar= 100 micrometers. 
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Experimental Dose x2 Implants 

In some· areas of low dose radiation the vasculature appeared relatively 

prominent with uninterupted endothelial cell linings surrounding clearly discernable 

lumens. Some areas exhibited a somewhat prominent microvasculature (Figure 25). 

Normal appearing vessels (Figure 26) without any surrounding fibrosis were evident. 

In general, the specimens demonstrated a healthy picture of osteogenesis with 

numerous osteoblasts lining the interface of calcified and soft tissues. 

Experimental Dose xlO Imp~ants 

Microvasculature in both the calcified tissue (Figure 27) and the connective 

tissue (Figure 28) demonstrated a normal appearance with occasional areas of 

minimal to mild inflammatory reaction. Blood vessels were evident in many sections 

approaching the midlength and collar of the implant (Figure 29). Overall, a minimal 

degree of perivascular cell infiltrate comprised of chronic inflammatory cells was 

observed. Perivascular tissues exhibited a fine to moderately dense collagen stroma 

supporting a moderate number of mesenchymal cells reminiscent of fibroblasts. 

Other sections demonstrated areas of fine collagenous stroma with numerous 

fibroblasts. 



. 
Figure 25: Photomicrograph of experimental implant (two doses) showing prominent 

microvasculature adjacent to the implant (I). Bar= 100 micrometers. 
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Figure 26: Photomicrograph of experimental implant (two doses) showing 

unremarkable appearance of blood vessels within osseous tissues. 

Bar= 100 micrometers. 
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Figure 27: Photomicrograph of experimental implant (ten doses) showing 

microvasculature (arrows) in both calcified and soft connective tissues. 

Bar= 100 micrometers. 
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Figure 28: Photomicrograph of experimental implant (ten doses) showing vascular 

elements in the connective tissue adjacent to the implant. Bar= 100 micrometers. 
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Figure 29: Photomicrograph of experimental implant (ten doses) with-vessels 

(arrows) approaching the collar of the implant. Bar= 100 micrometers. 
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DISCUSSION 

The success rate for implants present at euthanasia was ninety-two percent 

(45/49). Five implants were not clinically present at time of euthanasia .. Head and 

chest radiographs te~:ken on pigs with missing implants failed to locate any of these 

missing implants. The overall success rate (non-mobile implants) when considering 

the missing implants as clinical failures was eighty-four percent (45/54). These 

success rates compare favorably with the previously reported success rates in animals 

(Deporter et al., 1986) and the long term clinical success rate in humans (Adell et 

al., 1990). 

The percentages of contact length fraction reported for all groups in this study 

ranged from thirty-six to fifty-five percent (Table VI). These values are in accord 

TABLE VI: Data for all groups of implants., 

ABS STNT 2X 2X lOX lOX 

CTRL CTRL RAD CTRL RAD CTRL 

#SECTIONS 14 18 14 16 16 11 

MEANCLF% 36.81 47.04 53.83 52.67 53.15 55.50 

STD DEY 15.37 21.38 17.80 15.12 22.55 16.16 

82 
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the experimentally radiated ilnplants appeared to reveal no distinct difference in 

alveolar bone levels or morphologic bone appearance on radiation entrance side 

versus radiation exit side. Subjective analyses of the histologic sections supporte~ the 

scanning electron micrograph observations of no distinct difference in approximation 

of bone to implant at either the radiation entrance side or radiation exit side of the 

implant. One histologic section of a two dose radiated implant demonstrated an 

apparently increased vasculature (number of blood vessels observed) at both 

radiation entrance side and exit side when compared to other sections. Whether this 

increased vascularity is a result of radiation or is an incidental occurence could not 

be ascertained in this study. 

For all sections analyzed by scanning electron microscopy and histologic 

analysis, there was a demonstrable consistency in bone patterns adjacent to the 

implants as well as bone patterns abutting the implants. The crestal saucerization 

apparent in scanning electron micrographs was consistent with unmineralized tissue 

observed in histologic sections. Trabecular patterns observed in scanning electron 

micrographs were also observed in correlative histologic sections. Soft tissue 

encapsulation of the failed implants was apparent on both scanning electron 

micrographs and histologic sections. Of ·particular note was the clinical radiograph 

radiolucency observed around the entire circumference on three of the four failed 

implants and the absence of a complete peri-implant radiolucency observed on the 

fourth failed implant. Although presenting as clinically mobile, the fourth failed 

implant demonstrated no radiographic evidence of peri-implant soft tissue 
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intetvention. Problems encountered with attempting to associate periodontal ligament 

space width in the dentate arch have enumerated factors involved in detecting the 

width of soft tissue around the periphery of an object (Van der Linden et al., 1970). 

These factors include the thickness of the ·overlying cortical plates, the circumference 

of the object being radiographed, the kVp setting and the angulation of the incident 

beam. A peri-implant radiolucency may be consistent with the width of a periodontal 

ligament and may be difficult to ascertain on clinical radiographs. 

Radiographs are considered to be one non-invasive evaluation of clinical 

osseointegration. The presence of definitive soft tissue intetvention on a clinically 
, 

failed implant was confirmed by both scanning elecron microscopy and histologic· 

sections. The inability of clinical radiographs to detect implant soft tissue 

encapsulation points to the shortcomings of clinical radiographs as a tool to evaluate 

successful "osseointegration". Reported guidelines for implant success cite a crestal 

radiographic loss of up to 0.2mm per year as acceptable (Albrektsson et al., 1991; 

American Academy of Periodontology, 1989). The previously reported problems 

encountered in assessing the width of the periodontal ligament coupled with the 

failure in this study to detect the soft tissue intetvention around a mobile implant 

underscore the limitations of clinical radiography. The ability of non-standardized 

clinical radiographs to detect changes of alveolar crestal levels 0.2mm m~y be 

questionable. 

In this study, the effect of varying doses of radiation on soft tissue closure may 

be considered. Within all groups of pigs there was no clinically evident difference on 
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soft tissue closure at one week betWeen the experimental or control pigs. All animals 

presented with evidence of flap opening and healing by secondary intention at one 

week. Soft tissue flap opening was observed, in absolute control si~es (no radiation 

and no radiographic stent affixed) to the same extent as in other control and 

experimental sites. Observations from this investigation failed to demonstrate any 

adverse effects of these radiation doses on soft tissue closure. 

The experimental diagnostic radiation e,mployed in thjs protocol is consistent 

with diagnostic radiation commonly· used in clinical dental settings. Differences in 

kVp, rnA or exposure time were compensated for to obtain the effect of dose at 

target site. An accentuated mR (milliroentgen) exposure (high end of accepted 

values) was employed in this study to obtain any effect. Reported mR exposures for 

diagnostic dental radiation vary from 400 mR to over 1100 mR per film (White and 

Frey, 1977). This study utilized 1185 mR per exposure with a 50kVp, 7.5mA portable 

dental x-ray machine set at 2.5 seconds. Standard dental radiographs may use a 

higher kVp setting and this higher kVp setting may provide less damage to viable 

cells at the target area. Higher kVp settings provide more penetrating power and 

hence produce less direct damage at target sites. The exaggerated exposure time used 

in this experiment was to compensate for the lower kVp setting. Previously 

mentioned studies reporting effects of radiation on living tissues (Blackburn et al., 

1963; Marciani et al., 1979) dealt with radiation doses on the magnitude of 1000R 

to 5000R. The diagnostic radiation doses employed in this study are on a magnitude 

of one hundred to five hundred times less and are of a different type (low energy 
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versus higher energy) radiation. Without considering the attenuating effects of 

medium or distance, the twenty-five fold boundary zone dose buildup hypothesized 

by Strid (Strid, 1986) would give a dose of 286 R for the ten dose implant in this 

study. This maximum dose is well below the 500 to 800 rad doses reported to give 

a reduction in bone formation of twenty percent in the rabbit tibia at four weeks 

(Jacobsson et al., 1985). 

Alveolar crestal saucerization was a consistent finding among both 

experimental and control implants. Whether this crestal saucerization was a result 

of flap opening during the initial healing, or surgical technique at implant placement 

time cannot be ascertained. The reuse of the stainless steel countersink bur for all 

six implant sites in each pig may have contributed to crestal saucerization. The dense 

cortical bone in this animal model may have caused a significant dulling of the 

stainless steel countersink bur that could lead to less efficient bone preparation and 

possible heat generation at the implant site. Both control and experimental implants 

exhibited similar crestal alveolar saucerization patterns and these observations would 

seemingly indicate that radiation had no significant effect on crestal saucerization. 

The expanded use of dental implants to include their placement in the dentate 

arch may make it more probable that the implant could be subjected to diagnostic 

radiation during the initial healing phase. Adjacent dentition may require evaluation 

by clinical radiographs during the implant healing phase. Radipgraphic evaluation of 

implants may be used to confirm placement to ensure that implants have not 
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encroached on adjacent roots or other anatomical considerations. This study suggests 

that diagnostic dental radiographs can be used during the implant healing phase. 

SUMMARY 

The purpose of this study was to evaluate what effect diagnostic doses of 

radiation may have on the healing phase of osseointegration of titanium dental 

implants. Fifty-four root form titanium dental implants were inserted into the 

posterior mandible of nine micropigs. In a split mouth design, implants on one side 

of the mandible were subjected to either no radiation, two doses of, diagnostic 

radiation, or ten doses of diagnostic radiation at settings commonly used in clinical 

dental practice. After a fourteen week healing period, the animals were euthanized 

and samples were obtained after bilateral vascular perfusion. Implants with 

surrounding alveolar bone were embedded in glycol-methacrylate and prepared for 

light microscopy and scanning electron microscopy. Clinical radiographs were made 

at time of euthanasia to evaluate crestal alveolar responses and to compare clinical 

radiographic evaluations with both scanning electron microscopy and light 

microscopic samples. 

Histpmorphometric analyses of scanning electron micrographs was 

accomplished to calculate the percentage of implant in direct contact with bone. 

Statistical analyses.was performed using a two-tailed T-test with p<.05. Correlative 

light microscopy to evaluate the microvasculature in tissues adjacent to the implants 
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was accomplished. Standardized clinical radiographs were employed to evaluate 

crestal alveolar responses. 

The results of this study revealed no detectable differences in the measured 

parameters. There was no statistically significant difference in contact length fractions 

for implants exposed to varying doses of radiation versus controls. The 

microvasculature in tissues adjacent to and abutting the implants was consistent 

regardless of whether the implant was exposed to radiation or served as a control. 

Standardized clinical radiographs employed to evaluate crestal alveolar responses 

failed to demonstrate any apparent trends in control versus radiated implants. Within 

the confines of the present animal study, diagnostic doses of radiation to titanium 

dental implants at implant placement time produced no effect on quantity or quality 

of bone at the implant interface after fourteen weeks of healing. The results of this 

study suggest that diagnostic radiation may be used at healing implant sites without 

any adverse effect. 
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CONCLUSIONS 

1. The use of a radiographic stent affixed to dental implants at ~plant 

placement time doe~ not adversely affect the initial healing phase of titanium dental 

implants. 

2. Diagnostic doses of radiation to titanium dental implants at implant 

placement time seem to have no detrimental effect on the initial healing of peri-

implant alveolar tissues. 

3. Multiple doses of diagnostic radiation to titanium dental implants at 
) 

implant placement time seem to have no detrimental effect on the initial healing of 

peri-implant alveolar tissues. 

4. There were no differences in the appearance of the peri-implant 

microvasculature elements between implants not exposed to radiation versus implants 

exposed to varying doses of diagnostic radiati9n. 
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