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INTRODUCTION 

Statement of the Problem 

The problem to be addressed in this study is whether the technique of 

recontouring exposed titanium implant threads causes a change in temperature 

sufficient to damage surrounding bone. 

The development of dental implants has evolved over the past thirty years 

from a questionable and controversial therapy to a truly viable treatment option. 

Although good clinical success rates have been reported for numerous dental implant 

systems, long term scientific documentation of the Nobelpharma system is by far the 

most extensive. However, Jess than optimal results may occur as the result of poor 

surgical technique or premature functional loading. Once implants have 

osseointegrated and been placed into function, progressive marginal bone loss has 

been attributed to biomechanical factors associated with occlusal overload and to 

bacterial proliferation in peri-implant soft tissues. 

It is generally accepted that the long term success of an implant depends on 

maintenance of healthy peri-implant soft tissues. If plaque induced inflammation 

develops around the implant, the underlying soft tissue seal may be compromised. 

Many studies have demonstrated that the epithelial-attachment to implants is similar 

1 
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to the junctional epithelium in natural teeth. In a natural dentition inflammation in 

the sulcular area results in loss of underlying connective tissue and apical migration 

of epithelium. In the case of an implant, this same process may result in eventual 

soft tissue encapsulation of the implant, and thus implant failure. 

Recent studies have demonstrated that the microflora associated with failing 

implants is comparable to that found in periodontally diseased sites in a natural 

dentition. Whether these periodontal pathogens are the primary cause of implant 

failure or if they are present secondary to other factors has not yet been determined. 

Plaque accumulation around implants has been associated with marginal bone loss 

and it therefore seems advisable to maintain optimal hygiene around dental implants. 

Any local factors which make plaque removal difficult may contribute to 

implant failure. When bone loss results in an exposed implant surface, features such 

as implant threads may communicate with the oral environment. The threads may 

cause mechanical trauma to the peri-implant soft tissues. In addition, the exposed 

threads provide a larger surface area for plaque accumulation which is difficult for 

both the patient and the therapy team to clean. One treatment regimen which has 

been used to treat this complication has been to remove these exposed threads using 

rotary instruments in order to create a surface which is more amenable to 

mechanical plaque control measures. 

When recontouring and polishing the implant surface, creation of a certain 

amount of frictional heat may be expected. The critical threshold for irreversible 
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bone damage has previously been established. The question to be answered is 

whether recontouring the implant-screw threads raises the temperature of the 

implant sufficiently to damage the surrounding bone and compromise the remaining 

osseointegrated areas around the implant. 

Review of the Literature 

Endosteal implants 

Various implant designs and materials have been used to replace missing teeth 

in order to restore a functional dentition. Endosteal implants are one category of 

implants which includes both blades and root form cylindrical implants. 

The Nobelpharma implant is a threaded commercially pure titanium root form 

which was introduced by Branemark et al.(1977). Numerous studies demonstrate 

good clinical long-term success for Nobelpharma implants. In a fifteen year study 

reporting on the success rate of osseointegrated implants placed in edentulous jaws, 

895 implants placed in 130 jaws were evaluated over an observation period of five 

to nine years. Eighty-one percent of the originally installed maxillary implants and 

91% of the mandibular implants remained stable (Adell, et al., 1981). In a 

prospective study of 697 consecutively placed Nobelpharma implants, a 96-98% 

success rate for the lower jaw and 92% for the upper jaw have been reported over 
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an observation time up to 52 months (Van Steenberghe et al., 1987). In a 

multicenter study of 8,139 consecutively placed Nobelpharma implants, success rates 

of mandibular implants followed for five to eight years was 99.1% while maxillary 

implants followed for five to seven years had a success rate of 84.9% (Albrektsson 

et al., 1988). 

Currently more. than twenty cylindrical implant systems are commercially 

available. The Core-Vent system (Niznick, 1982) has been widely used and includes 

various implant models, some made from titanium alloy while others are made of 

commercially pure titanium. Several of the Core-Vent (Densply) models offer a 

hydroxyapatite coating. The IMZ implant (Kirsch, 1983) is made of commercially 

pure titanium and is coated with either plasma sprayed titanium or hydroxyapatite. 

The m (International Team for Oral Implantology) system offers several designs 

including a titanium screw-type implant and a hollow basket (Buser et al., 1990). 

The Steri-Oss implant is another cylindrical screw design previously made of 

commercially pure titanium, but now manufactured from titanium alloy. 

To date, the Nobelpharma implant system has the most well documented long 

term research data of any implant system currently available (Adell, 1981). Based 

on the system's high success rate, the Nobelpharma implant system has received 

ADA acceptance for reconstruction of the totally edentulous jaw (Worzniak, 1986). 
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Osseointegration 

The term osseointegration was defined by Branemark as a direct structural 

and functional connection between ordered, living bone and the surface of a load-

carrying implant at a light microscopic level (Branemark et al., 1977). This term was 

defined in reference to use of a screw-shaped titanium implant of a defined finish 

and geometry. Albrektsson and Zarb have recently suggested that osseointegration 

be defined as a process whereby clinically asymptomatic rigid fixation of alloplastic 

materials is achieved and maintained in bone during functional loading (Albrektsson 
} 

1992). 

After implant placement, a hematoma forms between the threaded bone site 
>· 

and the implant. If proper surgical technique has been employed, the clot wiii be 

replaced by bone as osseous remodeling occurs prior to functional loading. An 

unloaded healing period of three to six months is recommended if osseointegration 

is to be predictably achieved (Albrektsson et al., 1981). Once the implant is exposed 

to masticatory forces, the surrounding bone wiii remodel to a shape and density that 

relates to the magnitude, direction and frequency of the applied load. This 

remodeling phase may continue for several years, but is generaiiy thought to reach 

a steady state after about eighteen months (Branemark et al., 1987). In a study of 

blade implant supported bridges, Schnitman et al. (1988) found that bone changes 
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around the implants reached a plateau in the majority of patients by 12 months. 

This steady state reflects a balance between the forces acting on the implant and the 

remodeling capabilities of the supporting bone (Branemark et a!., 1987). 

Due to inevitable surgical trauma at the time of implant placement, some 

marginal bone loss is to be expected during the initial healing period and in the first 

year after prosthetic connection of a bridge. Mean marginal bone loss was reported 

to be 1.5 mm during the healing period and the first year after abutment connection 

with only 0.1 mm of additional bone loss annually thereafter in a group of patients 

observed for 5-9 years (Adell et al., 1981). In another study with an observation 

period of up to 6 years, even smaller amounts of bone loss were reported; 

approximately 0.5 mm was lost during the first postsurgical year followed by 0.06 to 

0.08 mm annuaiiy thereafter (Lindquist et a!., 1988). 

Titanium as an implant material 

An ideal implant material should be chemically inert and elicit no local or 

systemic reactions. Commerciaily pure titanium has been a proven implant material, 

with studies documenting long term clinical success and a favorable tissue response 

(Branemark et al., 1969, 1977, 1983, 1985; Adell et al., 1981). Titanium 

spontaneously oxidizes when exposed to air or to body liquids and it is the nature of 

this oxide layer that determines reactions at the implant interface, rather than the 

metal itself (Kasemo,1983; Toth eta!., 1985). Upon exposure to air, an oxide layer 
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of 10 angstroms is formed within a millisecond, and the thickness increases to 50-100 

angstroms within one minute. This oxide layer does not break down under 

physiologic conditions and it accounts for titanium's resistance to corrosion. 

(Kasemo, 1983; Parr, 1985). 

Bone 

Bone is a highly specialized connective tissue which is composed of an organic 

matrix and a mineralized component The organic matrix of bone consists of 

approximately 95% type I collagen, while an amorphous ground substance consisting 

of water and polysaccharide/protein complexes comprises the remainder (Junqueira 

et al.,1989). Inorganic matter constitutes up to two-thirds of the dry weight of bone 

(Copenhaver et al., 1971) and it is composed primarily of calcium and phosphorous. 

In addition, small amounts of bicarbonate, citrate, magnesium, potassium and sodium 

are present. Calcium and phosphorus form hydroxyapatite crystals which align along 

the collagen fibrils as the matrix calcifies (Junqueira et al., 1989). 

Bone contains four different cell types. Osteoprogenitor cells are capable of 

division and give rise to osteoblasts. Osteoblasts then synthesize the organic 

components of the bone matrix. Once the osteoblast becomes embedded in the 

matrix, it is known as an osteocyte. Since osteoblasts communicate with each other 

via connecting cytoplasmic processes, once encapsulated in the mineralized matrix, 

the cells and their processes are found in lacunae and channels called canaliculi. 
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The fourth cell type is an osteoclast, a motile multinucleated cell involved with bone 

resorption, which is thought to be derived from -blood borne monocytes (Sterret, 

1986; Roberts et al., 1987). 

Layers of connective tissue and osteoprogenitor cells called endosteum and 

periosteum cover the internal and external surfaces of bone, respectively. The 

principal functions of these membranes are to provide a continuous source of new 

osteoblasts for bone formation and repair and to provide nutrition for the underlying 

osseous tissue (Junqueira et al., 1989; Weinlaender, 1991). 

Mature bone exhibits a lamellar structure surrounding a vascular channel 

known as a Haversian vessel. Volkmann's canals perforate the lamellae and these 

vascular channels communicate with Haversian canals. The canaliculi of the 

osteocytes communicate with the Haversian vessels and it is through these channels 

that cells in compact bone receive their nutrition. Small bony spicules in bone do 

not contain Haversian systems, but receive their nutrients by diffusion from 

surrounding capillaries (Junqueira et a!., 1989). 

Bone-titanium interface 

Once a titanium implant is placed into bone, a bridging callus forms in close 

proximity to the margin of the implant site. A lattice of woven bone reaches the 

implant surface in about six weeks in human adults. This initial callus is woven bone 

which is more cellular and less mineralized than mature bone. Woven bone also has 
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a more random fiber orientation which accounts for its poor load- carrying capability. 

Under ideal conditions, this lattice structure becomes filled with well organized 

lamellar bone which achieves load bearing capability no sooner than eighteen weeks 

after implant placement in humans (Roberts et al., 1987). 

Removal of non-vital bone resulting from surgical procedures, as well as from 

continuous remodeling at the bone-implant interface is by the action of cutting/filling 

cones. These cutting cones are accumulations of osteoclasts which remove bone. 

This is followed by vascular ingrowth and subsequent new bone formation by 

osteoblastic activity. (Roberts et al., 1987; McKinney, 1991). 

The bone-titanium implant interface has been examined microscopically, at 

both the light microscopic and electron- microscopic level. At the light microscopic 

level, intimate adaptation of the bone and the implant were reported for pure 

titanium implants (Hansson et al., 1983) and for titanium coated polycarbonate 

implants (Linder et al.,1983) with no evidence of interposed connective tissue. 

Haversian systems were seen and the presence of parallel "lamellae was interpreted 

as indicating that the bone surrounding the implant had undergone active remodeling 

in response to applied forces. No inflammatory response was evident in the interface 

region indicating the biocompatability of titanium. 

At the electron microscopic level, no sign of a connective tissue layer between 

the bone and the implants was reported by Albrektsson et al., 1981. There appeared 

to be a close topographical relationship between the bone and the implant. Collagen 

fibers from the bone approached the implant surface and were embedded in a 
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proteoglycan layer found to be up to several hundred angstroms thick. Using 

scanning electron microscopy, cell processes were seen approaching the titanium 

surface separated again by an amorphous coating approximately 20 nanometers thick 

(Hansson et a!., 1983). Other investigators have reported similar findings utilizing 

transmission electron microscopy (Linder et a!., 1983; Steflik et a!., 1992). In 

contrast to these general observations, Listgarten et a!., (1992) reported that a 

proteoglycan layer was not found at the bone-implant interface of a titanium coated 

model system. 

Using high-voltage transmission electron microscopy, Steflik et a!. (1992) 

demonstrated osteocytes of normal morphology encased in lacunae near titanium 

implant interfaces with their cell processes often extending to the implant interface. 

Osteoblasts were often seen in areas of unmineralized tissue adjacent to the implant 

surface. The fact that their cell processes were seen extending into both mineralized 

and unmineralized areas, suggested that these were areas of calcifying osteoid. An 

electron dense deposit visualized at the periphery of an osteocyte lacunae and within 

canaliculi was similar in appearance to the electron dense deposit seen at the implant 

interface. The authors suggest that the interfacial material may have been 

synthesized by the osteocytes. 

Due to constant remodeling of bone, an implant will not be completely 

approximated by calcified bone. The percent of bone in contact with the implant at 

any one time, the contact length fraction, was in the range of 40-60 percent for 

porous-surfaced titanium alloy implants (Deporter et al., 1986). Buser eta!. (1991) 
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reported percentages of direct bone-implant contact as high as 50-60% against 

commercially pure titanium implants. Increasing implant roughness was found to be 

positively correlated to the amount of bone in apposition to the bone-implant 

interface. 

An investigation of the bone-implant interface of titanium and ceramic 

implants by Steflik et a!. (1992) demonstrated an implant surrounded by a 

combination of mineralized, non-mineralizedand partially mineralized tissues. These 

zones of tissue were found within fifty nanometers of the implant surface. They were 

separated from the implant by an electron dense area presumed to be a 

glycosaminoglycan layer, similar to findings in other studies (Albrektsson et al., 1981; 

Hansson et al., 1983). The presence of these various zones is thought to reflect the 

normal ongoing remodeling process in bone (Steflik et a!., 1992). Analysis of a 

similar electron dense material was recently found to contain titanium, calcium and 

phosphorous (Budd et al., 1992). 

Vascular Response to Thermal Injury 

Early studies of the vascular response to prolonged heat exposure were 

reported for dermal vessels as would be involved in superficial burn injuries. 

Increased capillary leakage was reported between 41 to 45 degrees Centigrade, while 

stasis was apparent at exposure to 47-48 degrees Centigrade. Mter an injury, blood 
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vessels initially exhibit an immediate increased permeability due to contraction of 

endothelial cells (Gabbiani et al., 1975). 

Using electron microscopy to study a burn injury, Gabbiani et al (1975) 

demonstrated that large cavities developed in the endothelial clefts of small blood 

vessels after exposure to 54 degrees Centigrade for 20 seconds. Within hours, 

numerous gaps were found between endothelial cells and intracellular degenerative 

changes such as ballooned mitochondria and dilated areas of the endoplasmic 

reticulum were seen. These findings were thought to provide morphologic evidence 

for the delayed phase of increased vascular permeability after a burn injury. 

The vascular response in bone to heating was well documented in studies 

using a thermal chamber for vital microscopy of heated bone (Eriksson et al., 1982; 

Eriksson et al.,1983). An initial hyperemia was observed when bone was heated to 

40 to 41 degrees Centigrade. Venular and arteriolar dilation were seen when bone 

was heated to 50 degrees Centigrade for 1 minute as well as when heated to 47 

degrees Centigrade for either 1 minute or 5 minutes. However vascular stasis was 

only seen in some minor vessels in bone heated to 50 degrees Centigrade for 1 

minute. These vessels disappeared from the field of observation after 8-10 days. 

Thermal injury to bone 

Reports in the literature offer conflicting data as regards the critical 

temperature for bone necrosis. Until recently, it was commonly thought that the 
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critical temperature for bone injury was about 56 degrees Centigrade, since alkaline 

phosl_Jhatase denatures at this temperature (Matthews et al., 1972; Eriksson et al., 

1983). 

The definition of cell death may vary depending on the method used for 

analysis and this explains the wide disparity in reported bone death temperatures. 

Histochemical analysis demonstrating the presence or absence of diaphorase enzyme 

activities was found to be a more reliable method than conventional histology for 

evaluating bone viability following heat injury (Eriksson et al., 1984 ). Histologic 

analysis is not as accurate because osteocyte lacunae may contain cellular elements 

and appear normal for up to 16 weeks after cell death (Kenzora et al., 1978). 

Utilizing histologic examination,. Berman et al. (1984) reported that the critical level 

for cortical bone necrosis was about 70 degrees Centigrade. In a study of thermal 

damage to living bone done in rabbit tibiae, histochemical evidence of osteocyte 

necrosis was found at a temperature 50 degrees Centigrade applied for 30 seconds 

(Lundskog, 1972). 

To provide more reliable data, an optical thermal chamber made of 

commercially pure titanium was developed for in situ microscopy of living bone 

tissue (Eriksson et al., 1982). In a series of experiments, Eriksson et al. determined 

that exposure of bone to a temperature of 47 degrees Centigrade for 1 minute was 

the threshold level for bone survival. If exposed to 53 degrees Centigrade for 1 

minute (Eriksson et al., 1982), 50 degrees Centigrade for 1 minute or to 47 degrees 
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Centigrade for 5 minutes, fat cell degeneration followed by fat cell invasion and 

bone resorption took place (Eriksson et a!., 1983). 

It was suggested that endothelial cells were more resistant to heat injury than 

osteocytes since vascular injury was seen at 50 degrees Centigrade while osteocytes 

were damaged at 47 degrees Centigrade (Eriksson et a!., 1983). This supports the 

work of Lundskog (1972), who previously reported detecting endothelial enzyme 

activity in areas devoid of osteocytes following thermal injury. 

Utilizing vital microscopy, bone remodeling was not observed until three 

weeks or more after the thermal injury (Eriksson et al., 1983). This finding may 

explain the underestimation of bone damage after a thermal injury in short term 

studies utilizing conventional histologic techniques. 

The extent of a thermal injury to bone is limited to a relatively small area 

(Lundskog, 1972). The circumscribed area of increased temperature rise resulting 

from a local thermal stimulus was suggested to be the result of thermal properties 

of bone and a steady state occurred after 120 seconds. It appeared that exposure 

time ·and temperature are two factors which affect heat distribution in bone. 

Therefore these variables should be stated whenever heat studies are performed. 

This is clearly demonstrated when examining the studies by Eriksson eta! (1983). 

Using a bone growth chamber, a dividable titanium implant that permits 

numerical estimation of ingrowing bone, the effects of a defined temperature rise on 

bone regeneration were specifically studied. Heating the test implants to 47 degrees 

Centigrade or 50 degrees Centigrade for 1 minute resulted in significant deleterious 
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effects on the regenerative capacity of bone. No significant adverse effects were 

observed after heating to 44 degrees Centigrade for 1 minute (Eriksson eta!., 1984). 

Thus recent findings indicate that bone is more sensitive to thermal injury 

than previously believed. The importance of careful surgical techniques which 

minimize heat generation in bone during surgery is evident. 

With the widespread use of screw type implants, it is important to know the 

temperature change in bone during drilling procedures. Using a drill speed of 20,000 

rpm, temperatures as high as 89 degrees Centigrade have been recorded 0.5 mm 

from the drill site in living human cortical bone, even though saline irrigation was 

used (Eriksson et a!., 1984). In an in vitro study utilizing human cortical bone, 

temperatures greater than 100 degrees Centigrade were recorded when no provision 

for cooling was made when drill speeds up to 2900 rpm were used (Matthews et a!., 

1972). 

When placing Nobelpharma implants in vivo using a graduated series of drills 

run at a speed of 1,500 to 2,000 rpm with room temperature saline irrigation, the 

maximum temperature recorded 0.5 mm from the drill surface was 33.8 degrees 

Centigrade (Eriksson et a!., 1986). This was well below 47 degrees Centigrade, the 

critical level for bone regeneration. 

Temperature measurements made in bone have demonstrated that cooling 

with irrigation is effective in minimizing the temperature rise in bone when drilling 

(Matthews et a!., 1972; Eriksson et a!., 1986; Watanabe et a!., 1992). Costich et a!. 

(1964) demonstrated histologically that the heat effect in bone was less when cuts 
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were made using burs with irrigation as compared to those made without a water 

spray. Use of high speed burs with irrigation resulted in a faster initial repair 

response in bone than cuts made without irrigation, regardless of the rotation speed 

of the burs studied. No actual temperature measurements which could be related to 

the histologic findings were made in this study. 

Implant-soft tissue interface 

When an implant passes into the oral cavity, a soft tissue interface consisting 

of both epithelium and connective tissue components is created. The nature of this 

soft tissue interface has been investigated by many researchers. 

At the electron microscopic level, an attachment apparatus consisting of 

hemidesmosomes and a basement lamina has been shown to connect epithelium to 

natural teeth (Listgarten, 1966; Kobayashi, 1976). The connective tissue attachment 

of the gingiva to the tooth is mediated by collagen fibrils inserting into cementum 

(Listgarten, 1966). These tissues serve a protective function for the underlying 

tissues. 

The marginal tissues surrounding an abutment should provide a functional 

barrier between the oral environment and the underlying bone. It has been 

suggested that the effectiveness of this barrier relates to long term changes in 

marginal bone height (Adell et al., 1981 ). This soft tissue barrier has been referred 

to as a biologic seal and maintaining its integrity is thought to be necessary for long 
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term implant success (Albrektsson et a!., 1981; Karagianes et a!., 1982; McKinney 

et a!., 1985; Steflik et a!., 1988). 

The first ultrastructural evidence in vivo of hemidesmosomes and a basal 

lamina between regenerated junctional epithelial cells and a Vitallium implant was 

demonstrated in monkeys by James and Schultz (1974). Electron microscopy revealed 

that hemidesmosomes were formed against vitalJium two to three days after 

implantation in monkeys (Swope et a!., 1981). Hemidesmosomes have also been 

demonstrated against epoxy resin implants and were found to develop in two weeks 

(Listgarten et al., 1975). A similar attachment mechanism was reported to alumina 

oxide ceramic implants (McKinney et a!., 1985). 

Karagienes et a1.(1982) demonstrated the presence of hemidesmosomes and 

a basal lamina attaching epithelial cells to titanium alloy implants in monkeys. An 

in vitro study examined the attachment of epithelial cells cultured from porcine 

periodontal ligament to thin films of titanium on epoxy resin (Gould eta!., 1981). 

When examined under an electron microscope, epithelial cells were seen attached 

to the titanium surface by means of a basal lamina and hemidesmosomes. A later 

in vivo study reported similar findings in a human subject (Gould eta!., 1984). 

Epithelial cells have been shown to attach to many different materials 

(Baumhammers eta!., 1978; Jansen eta!., 1985). In contrast with the findings of 

other studies, Jansen reported that hemidesmosome attachments were not seen 

against metal or carbon surfaces in an in vitro study. 
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Below the epithelial attachment to the implant is a zone of gingival connective 

tissue. The connective tissue fibers cannot insert into the implant as would be seen 

in a natural dentition. Rather they are thought to form a tight cuff around the 

implant abutment which may limit epithelial migration in an apical direction (Van 

Steenberghe, 1988; Steflik et al., 1991). Studies of the connective tissue- implant 

interface have shown fibers oriented both in a parailel or a perpendicular 

relationship to the implant surface. An amorphous layer which is suggestive of a 

glycosaminoglycan layer has been observed for both titanium and ceramic implants, 

with connective tissue fibers extending perpendicularly into this zone (Steflik et al., 

1991). However later studies by the same investigators have not verified this 

perpendicular fiber arrangement. A perpendicular arrangement of connective tissue 

fibers has also been demonstrated in relation to a plasma sprayed neck portion of 

an implant (Schroeder et al., 1981). 

In contrast, inserting perpendicular fibers were not found using light 

microscopy in a study inyolving pure titanium implants placed in dogs (Buser et al., 

1992). Rather the connective tissue fibers were arranged in a circular arrangement 

around the implant. This dense avascular zone was surrounded by a well vascularized 

connective zone exhibiting collagen fibers oriented in multiple directions. Similar 

findings of a paraiiel orientation of gingival connective tissue fibers were 

demonstrated in a study of titanium-coated epoxy resin implants placed in dogs 

(Listgarten et al., 1992). Even though the fibers were arranged with a parallel 
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orientation, this arrangement appeared to be adequate to prevent apical proliferation 

of the epithelium to the level of the underlying bone. 

Even though there does not appear to be an absolute biologic attachment of 

gingival connective tissue to an implant, the connective tissue appears to prevent 
' 

apical epithelial migration and thus serves ··a protective function as part of the 

biologic seal (Steflik et al., 1991). The lack of significant inflammatory reactions in 

the connective tissue may be a reflection of the effectiveness of this perimucosal seal 

(Albrektsson et al., 1981; Karagienes et al., 1982; Lekholm et al., 1986). 

Plaque control 

The relationship between bacterial plaque and periodontal disease is well 

documented (Theilade et al., 1966; bistgarten, 1976; Listgarten and Helleden, 1978). 

The microbial flora of healthy and periodontally diseased sites has been shown to 

differ from each other (Listgarten et al., 1978). A predominantly gram positive 

coccoid flora with few motile forms and spirochetes has been associated with healthy 

sites with a shift towards a more motile gram negative and anaerobic microflora in 

disease (Listgarten, 1976; Listgarten et al., 1978). 

Microbial samples from successful and failing implants have been investigated. 

A microbiota comparable to that in a natural dentition was found around stable 

implants as compared to failing implants. Healthy implant sites were associated with 

a smaller amount of bacteria of which coccoid forms were the predominant type 
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(Lekholm et a!., 1986; Mom belli et al., 1987). Failing implant sites were associated 

with a large number of gram negative anaerobic organisms, including high numbers 

of black-pigmented Bacteroides organisms which have been associated with 

destructive periodontal disease. (Mombelli et a!.; 1987; Newman et a!., 1988)). 

Spirochetes have also been associated with failing implants (Rams et a!., 1983; 

Mombelli et a!., 1987). DNA probe analysis has detected moderate levels of A. 

actinomycetemcomitans, P. intermedia and P. gingivalis at clinically failing implant 

sites (Becker et a!., 1990). The findings of periodontal pathogens suggests that the 

etiology of peri-implantitis may be similar to that of periodontitis. 

The microflora around implants in partially edentulous mouths have been 

compared to those in fully edentulous cases. Apse et a1.(1989) found more 

periodontal pathogens around implants in partially edentulous mouths. Quirynen et 

a!. (1990) found more coccoid forms and fewer motile forms in edentulous implant 

cases as compared to partially edentulous cases. These findings seem to suggest that 

implants placed in partially edentulous patients may be more at risk than in 

edentulous cases. 

Accumulation of bacterial plaque as a result of poor oral hygiene has been 

associated with increased bone loss around implants. In a st)ldy using dogs, cases in 

which gingivitis persisted exhibited progressive bone resorption amounting to one 

fourth of the total height of the implant (Branemark et a!., 1969). Based on the 

results of a fifteen year study in edentulous patients, it was suggested that if gingivitis 

persisted, it might cause bone resorption (Adell, et al., 1981). Poor oral hygiene 
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around implants supporting mandibular fixed prostheses was reported to be the most 

important factor associated with marginal bone loss in a study by Lindquist et 

al.(1988). In a ligature induced peri-implantitis model in microswine, increased bone 

loss which resulted in exposed implant threads was demonstrated when compared to 

controls (Hickey et al., 1991). 

Therefore it appears important to correct factors that make plaque removal 

around implants difficult, since poor oral hygiene seems to be implicated in implant 

failure. Creating a surface around the neck portion of an implant which would 

minimize the amount of plaque accumulation and facilitate cleansing by the patient 

is advisable (Skerman et al., 1974). The removal of implant threads exposed to the 

oral environment has been suggested .in order to create the smoothest surface 

possible (Lozada et al., 1990; Zablotsky, 1992). 

Surface characteristics 

It has been suggested that the adhesion of soft tissue to an implant surface 

dep~nds both upon the chemistry and surface finish in the cervical region of an 

implant (Lavelle, 1981; Toth et a!., 1985). When discussing surface roughness of 

implants, different geometric dimensions need to be considered. At a level greater 

than 100 micrometers, surface roughness may be advantageous by providing suitable 

stress distribution. At levels below 100 micrometers but above the nanometer level, 

the interaction of cells and large biomolecules may be influenced, since they are of 
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the same order of magnitude as the curvature of the roughness (Kasemo et al, 1987). 

At the nanometer level some degree of roughness is expected and effects at this level 

are on an atomic scale (Kasemo et al., 1987). 

The effect of surface geometry of a titanium alloy on the orientation of 

human gingival fibroblasts was studied in vitro (Inoue et al., 1987). Fibroblasts 

oriented themselves parallel to the circumferential grooves that resulted from 

machining on the smooth surfaced titanium disc. Fibroblasts did not exhibit any 

preferred orientation on a porous coated disc, but they retained the more 

perpendicular orientation seen during migration onto the rim surface of the disc. 

These results suggested that cell orientation could be influenced by the surface 

morphology of the substrate. 

Using cells derived from human gingival explants, Brunette et al. (1983) found 

that epithelial cells also aligned themselves parallel to the direction of the grooves 

on a titanium surface. The above findings suggest that an abutment surface with 

microscopic grooves oriented at right angles to the long axis of the implant may 

inhibit apical migration of epithelium which is associated with implant failure. 

Reports by Chehroudi et al. (1989) and Buser et al., (1992) support this concept 

Porous surfaces in the transgingival region have been associated with implant 

failure (Klawitter et al.,1977; Deporter et al., 1986). These porous surfaces were 

difficult to clean and bacterial contamination resulted in an inflammatory response 

which damaged the biologic seal and resulted in eventual loss of the implant 
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In a study of miniature pigs, increasing surface roughness on titanium surfaces 

was associated with a greater amount of bone in contact with the implant interface 

(Buser et al., 1991). Higher levels of attachment of osteoblast-like cells have been 

found in vitro to titanium surfaces with rougher surfaces, particularly those with 

irregular patterns produced by sandblasting (Bowers et al., 1992). 

The nature of the soft tissue attachment appears to be influenced by the finish 

on the surface of the implant in the transmucosal region. A rougher surface can be 

expected to enhance accumulation of both plaque and calculus. (Skerman et al., 

1974; Newman et al., 1988). A smooth surface such as that of polished titanium has 

been suggested (Lavelle, 1981). 

When marginal implant threads exposed to the oral environment are removed, 

the surface of the implant will be altered. The surface created should be made as 

smooth as possible (Lozada et al., 1990). Although the titanium can be expected to 

spontaneously oxidize, the nature of the newly formed surface has not been 

examined. It appears that a smooth coronal finish is desirable for soft tissue 

attachment, whereas a textured apical portion would optimize bone growth. 

Contaminants 

The chemical composition of an implant surface can be determined using 

emission spectroscopy (Kasemo et al., 1988; Binon et al., 1992). Using this method 

of analysis, various brands of screw-type titanium implants were examined and all 
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demonstrated varying degrees of contamination (Binon et al., 1992). In addition to 

the titanium oxide layer, carbon was typically present on the surface. Small 

concentrations of sulfur, calcium, silicone, chlorine, fluoride, sodium, nitrogen and 

phosphorus are often detected (Kasemo et al., 1987; Kasemo et al., 1988; Binon et 

al., 1992). 

Inadvertent metal transfer to the implant surface may occur during final 

tooling and in a biologic environment these surface contaminants may accelerate 

deterioration at the implant surface (Baier et al., 1988). The method of sterilization 

used after machining can also affect the nature of the surface contaminants. 

Sterilization of implants by radio-frequency glow discharge results in a surface which 

is clean and has a high surface energy, conditions associated with enhanced cell 

adhesion (Doundoulakis, 1987; Baier et al., 1988). Sterilization using ultraviolet light 

also has been found to produce a surface compatible with osseointegration (Budd et 

al., 1991). 

The invariable presence of small amounts of contaminants on implant surfaces 

is thought to result from the creation of unsaturated bonds when a new surface is 

created (Kasemo et al., 1987; Kasemo et al., 1988). These unsaturated bonds soon 

bind to contaminant molecules in their immediate environment. The presence of 

contaminants on the implant surface can be expected to influence interactions at the 

interface (Kasemo, 1983). However, the effect of various surface contaminants on 

the biocompatability of the implant material is not well understood. In systems with 

well documented clinical success, a manufacturing protocol which predictably results 
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in a surface with minimal contamination should be used (Kasemo et al., 1988; Binon 

et al., 1992). 

Factors leading to implant failure 

Abnormal vertical bone loss around implants can be related to surgical 

technique, peri-implantitis and occlusal overload (Adell et al., 1981; Branemark et 

al., 1987; Lozada et al., 1990). Surgical trauma involving excessive frictional heat 

generation as well as inadequate site preparation with insufficient depth of both 

preparation and countersinking can cause marginal bone loss ( Adell et al, 1981; 

Branemark et a!., 1987; Albrektsson et al., 1981; Eriksson et al., 1983; Eriksson et 

al., 1984). Assuming proper site selection and minimal surgical trauma, once the 

implants have been placed into function the most critical factors are occlusal 

overloading and peri-implantitis (Adell et al., 1981; Branemark et al., 1987; 

Lindquist et al., 1988). 

Regardless of the etiology, marginal bone loss around an implant may result 

in exposed implant threads. Cases have been reported in which mucosa appeared 

to have been traumatized by the most coronal implant threads (Adell et 

al., 1981). As the peri-implant tissue becomes increasingly tender, the patient may 

become more reluctant to practice adequate hygienic measures in the area. This 

results in plaque accumulation around the implant with resulting soft tissue 

inflammation. Exposed implant threads may also provide additional surface area for 
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plaque accumulation and adequate plaque removal may be difficult even for the most 

motivated patient. 

Treatment of failing implants 

Even though success rates for various implant systems are impressive, 

problems arise which may be amenable to treatment. A failing implant may exhibit 

bone Joss, pocketing, bleeding upon probing, purulence, and other indications that 

the bone loss patterns are progressing (Meffert, 1992). 

Due to the similarities between peri-implant disease and periodontal disease, 

various treatment modalities used to treat periodontal disease have been attempted 

to rescue failing implants. These include open debridement and placement of a 

membrane using the principle of guided ,tissue regeneration (Jovanovic et al., 1992), 

bone grafts (Lozada et al., 1990), porous hydroxyapatite grafts (Kraut et al., 1991), 

and the removal of exposed implant threads with rotary instruments in order to 

create a less plaque retentive surface (Lozada et a!., 1990; Zablotsky, 1992) 

When attempting to treat a failing implant, the technique utilized depends in 

great part on the morphology of the peri-implant defect. When a horizontal pattern 

of bone loss or wide one-walled defects are present, guided tissue regeneration 

procedures would not be indicated. In these situations removal of exposed implant 

threads in an attempt to reduce future plaque accumulation has been recommended 
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(Zablotsky, 1992). Thread removal has also been used in conjunction with bone 

grafting procedures with good clinical results reported (Lozada, 1990). 

The roughness of the modified implant surface needs to be as smooth as 

possible in order to minimize its potential for plaque accumulation. The process of 

recontouring the threads and subsequent polishing procedures, may be accompanied 

by a rise in temperature in the implant and surrounding bone. This temperature rise 

may be of sufficient magnitude as to damage the remaining bone supporting the 

implant. It is therefore the purpose of this investigation to examine these potential 

temperature increases and to examine the implant surface created during this 

procedure. 

In vitro bovine bone model 

In vitro bone specimens have been used previously in studies of heat 

generation during drilling procedures. Human (Matthews et al., 1972; Lundskog, 

1972)), pig (Watanabe et al., 1992) and bovine (Carlsson, 1990) cortical bone models 

have been employed. 

In addition to human specimens, Lundskog (1972) analyzed fresh elephant, 

ox and dog specimens. He found no significant differences between the specimens 

'when thermal properties of specific heat and thermal conductivity were compared. 

In examining rabbit, oxen and human bone tissues, the organic matrix of these 

specimens was between 90% and 96% collagen or collagen-like proteins with the 
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variations between species due to differing degrees of mineralization (Berman et al., 

1984 ). It was inferred that results of studies using various mammalian skeletal bones 

could be applied to human bone. 

A comparison of temperatures measured in vivo and in vitro when drilling in 

human cortical bone were found to be similar (Matthews et al., 1972). Similar 

findings by Lundskog (1972) indicated that cortical blood flow does not significantly 

dissipate heat in vivo. The in vitro bone specimens noted above were hydrated 

specimens. Although the relative water content of cortical bone is 8-9% (Lundskog, 

1972), the thermal conductivity of hydrated bone has been reported to be four times 

greater than for dry specimens (Vachon et al., 1967; Lundskog, 1972). The greater 

thermal conductivity of hydrated bone means that heat will dissipate more easily and 

there will not be a build up of heat centrally (Lundskog, 1972). Based on the above 

information, a hydrated bovine cortical bone model was utilized for this study. 

Summary of Literature Review 

The dental literature indicates that titanium dental implants have 

demonstrated good biocompatibility in long term studies. The epithelial attachment 

to implants of varying materials is similar to that seen to natural teeth, namely by 

means of hemidesmosomes and a basal lamina. Likewise, the peri-implant tissues 

appear to be susceptible to bacterial induced inflammatory disease in much the same 

way as natural teeth are. In fact, the microflora associated with failing implants is 
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similar to that seen in periodontally diseased sites. Studies have implicated bacterial 

plaque as one factor associated with marginal bone loss around implants. Bone loss 

can result in exposed implant threads which can cause soft tissue trauma and 

potentiate plaque accumulation. Only recently have studies regarding the treatment 

of peri-implant defects appeared in the literature, and no one method has proven to 

be predictable in treating all situations. Although regenerative techniqu.es would be 

preferable, not all situations are amenable to this type of therapy, and recontouring 

of the implant surface with rotary instruments has been attempted in order to create 

a smoother implant surface more accessible for cleansing. When altering the surface, 

the oxide layer as well as the surface morphology will be altered and these changes 

may affect the nature of the soft tissue attachment to the implant. During this 

recontouring procedure, heat may be generated which may have deleterious effects 

on the surrounding bone. Bone tissue has been shown to be sensitive to heat injury 

at levels lower than previously believed and this procedure may compromise the 

remaining areas of osseointegration. Evaluation of temperature changes at the 

implant surface and surrounding bone during recontouring will indicate whether this 

technique is an acceptable treatment alternative in rescuing failing implants. 
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Specific Aims 

The hypothesis to be tested in this study is that the recontouring of exposed 

implant threads using rotary instruments will cause a rise in temperature at the 

implant surface and in surrounding bone that may exceed the critical temperature 

for bone cell survival. 

The following seven specific aims analyzed the temperature rise on the 

implant surface and adjacent bone while recontouring exposed implant threads, and 

the resulting implant surface. All specific aims were analyzed under standardized 

experimental conditions for torque, vertical applied force, rate of instrument rotation, 

and for both the temperature and rate of irrigation. 

Specific aim #1: 

To measure the temperature change at the implant surface adjacent 

to the thread removal site when removing implant threads and 

subsequently polishing the surface with rotary instruments. 

Specific aim #2: 

To measure the temperature change 0.5 mm from the implant surface 

adjacent to the thread removal site when removing implant threads 

and subsequently polishing the surface with rotary instruments. 
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Specific aim #3: 

To measure the temperature change at the implant surface on the side 

opposite the thread removal site when removing implant threads and 

subsequently polishing the surface with rotary instruments. 

Specific aim #4: 

To measure the temperature change 0.5 mm from the implant surface on the 

side opposite the thread removal site when removing implant threads and 

subsequently polishing the surface with rotary instruments. 

Specific aim #5: 

To compare the measured temperatures with and without the use of irrigation 

when removing implant threads and subsequently polishing the surface with 

rotary instruments. 

Specific aim #6: 

To examine the temperature gradient from the coronal to apical third of the 

implant during thread removal and subsequent polishing of the surface with 

rotary instruments. 
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Specific aim #7: 

To examine the implant surface morphology created by recontouring implant 

threads with rotary instruments. 



MATERIALS AND METHODS 

Implant System 

The Nobelpharma Implant system (Nobelpharma AB of Gotenborg, Sweden) 

was used in this experiment. The screw-shaped implants are made of commercially 

pure titanium and are machined so that there is a distance of 0.6 = between 

threads. The machined implant surface exhibits a microtextured structure with 

grooves. Titanium implants, 10 =in length and 3.75 =in diameter, were utilized 

for all samples (Figure 1 ). 

Bovine Bone Model 

Freshly harvested femoral bovine bone was stripped of loose soft tissue and 

stored in plastic bags at -20 degrees Centigrade. The specimens were removed from 

storage and then cut into smaller sections of cortical bone. These cortical bone 

sections were then precision machined on a milling machine (Bridgeport Milling 

Machine-series 2J, Bridegeport, Conn.) into twenty standardized bone blocks of the 

dimension of 10x10x9 mm. All sides were machined 90 degrees to each other. In the 
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center of each block a 3.00 mm diameter precision hole was bored to a depth of 

7mm parallel to the plane of the 9mm side. Three precision 1 mm ,diameter holes 

were drilled in each face of the block and at 90 degrees to the initial 3mm hole 

(Figure 2). This resulted in twelve 1 mm holes per block. The twenty blocks were 

randomly divided into two groups each having a different distance from the end of 

the sensing hole to the initial 7mm hole. Each of the two groups were further 

subdivided in order to provide 5 samples for use with irrigation and 5 samples for 

use without irrigation. The temperature sensing hole positions were designated as 

coronal (a), middle (b), and apical (c). Blocks were divided into categories as 

foilows. 

With irrigation: 

1. group 1: 5 blocks 

coronal- drilled through for direct contact 

middle- .75mm from periphery of 3mm hole 

apical - drilled through for direct contact 

2. group II: 5 blocks 

coronal- .75mm frdm periphery of 3mm hole 

middle - drilled through for direct contact 

apical - .75mm from periphery of 3mm hole 



Figure 2: Photograph of standardized bovine bone block (left) and bone block prepared 
with 3mm diameter center hole and lmm diameter seruor holes (right). 
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Without irrigation: 

3. group III: 5 blocks 

coronal - drilled through for direct contact 

middle - . 75 mm from periphery of 3 mm hole 

apical - drilled through for direct contact 

4. group IV: 5 blocks 

coronal-.75 mm from periphery of 3 mm hole 

middle- drilled through for direct contact 

apical- .75 mm from periphery of 3 mm hole 
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For all twenty blocks the 3mm diameter hole was enlarged using a 3.15 mm 

diameter cortical bone drill manufactured by the Nobelpharma Company. Each of 

the 3.15 mm diameter holes was then tapped with the Nobelpharma System screw 

tap and a 10 mm long by 3.75 outer diameter implant was placed as per 

recommended Nobelpharma technique. This resulted in an implant in bone with the 

two most coronally located threads exposed. The screw tap widened the initial hole 

to a 3.5mm internal diameter (ID) and this placed the temperature sensing access 

holes either in direct communication or at a distance 0.5 mm from the implant. A 

distance of 0.5 mm from the implant surface to the temperature sensing device was 
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chosen because this distance is commonly used in studies of heat production during 

driiiing procedures (Eriksson et a!., 1986) ). 

All sensing hole distances from the inner diameter of the implant thread were 

verified using a radiopaque rod placed into the sensor holes and radiographs were 

made at 90 degrees from the implant axis using the Implant Radiographic Paralleling 

Device (I.R.P.D.)(Adrian, 1991). A micrometer was used to measure the distance 

from the ID of the implant to the beginning of the sensor hole on the radiographs. 

Utilizing a stereomicroscope (Bausch & Lomb Stereo Zoom 7, Rochester, 

N.Y.), temperature sensing copper-constantan thermocouples having a usable range 

of temperatur~ measurement from -200 to 350 degrees Centigrade (Omega 

Engineering Inc., Stamford, Ct.) were placed into each sensor hole (Figure 3). A 

total of twelve thermocouples were placed per block. Thermocouples were fabricated 

from copper and constantan wires spot welded at the tip and in~lated with teflon 

along the length of the wires. All thermocouples were then checked for consistent 

resistance using a digital volt-ohm meter (VOM). Ten randomly selected 

thermocouples were calibrated using boiling water as per manufacturer's directions. 

Each thermocouple was luted inside the sensing hole using a thermal conducting 

cement (Omega Thermcoat CO and COL; Omega Engineering, Inc., Stamford, Ct.) 

(Figure 4) . A digital volt-ohm meter was employed to test for continuity of the 

thermocouple with the implant. Radiographs utilizing the I.R.P.D. were again made 

to verify thermocouple location. 



Figure 3: Computer simulation of implant in bone block with the1mocouple locations 
either in contact or at a distance of 0.5mm from the implant. 

' 
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Figure 4: Photograph of implant in prepared bone block with sides and tllennocouple 
locations identified. 
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The prepared specimens were then hydrated in sterile saline for 48 hours. All 

bone specimens were kept hydrated in a temperature controlled water bath at 37 

degrees Centigrade while each thermocouple had its two wire leads connected to the 

appropriate channel of an analogue to digital computerized temperature recording 

system (Figure 5). The system consisted of an AIM 7 Thermocouple Input Module 

(Keithley Data Acquisition and Data Control, Cleveland, Oh.) interfaced to an MS 

DOS personal computer. A Labtech Notebook data acquisition software program 

(Laboratory Technologies Corp., Wilmington, Ma.) was used to acquire the real time 

data. This system can continuously record temperature measurements from sixteen 

thermocouples simultaneously, with an accuracy of .01 degree C. Each specimen was 

allowed to come to room temperature prior to instrumentation. The recording system 

was started and a baseline temperature was recorded prior to instrumentation. 

Temperature measurements were sampled every second both during the 30 seconds 

of instrumentation and for 90 seconds afterwards. 

An IMD 9 GX implant motor system was utilized (Hi-Tech Company, 

Ventura, Ca.) which could program handpiece speed, torque, and irrigation volume 

(Figure 6). The motor supplied with this system is a high torque, 40,000 revolutions 

per minute E-type model which was utilized with a handpiece contra angle with a 

16:1 reduction ratio. A bur speed of 2,000 revolutions per minute was used for all 

bur instrumentation at the maximum torque setting. In irrigated samples, continuous 

cooling with room temperature irrigation of 22 degrees Centigrade at an irrigation 

rate of 55 ml per minute was used. An intravenous bag containing sterile saline was 



Figure 5: Photograph of thennocouples connected to appropriate channels of an 
analogue to digital computerized temperature recording system. 
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Figure 6: Photograph of control coi!So/e for implant drilling equipment. 
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attached to the handpiece by means of waterbag tubing whose flow to the handpiece 

was controlled by a pump mounted on the motor unit. 

The handpiece was mounted in a custom made machine jig that controlled the 

movement of the various burs against the implant (Figure 7). A specially constructed 

table allowed a predetermined vertical force of 250 grams to be applied continuously 

to the bur (Figure 8). The implants were held in a chuck controlled by a variable 

speed reversible drive system. The implant was rotated in repeating 180 degree 

cycles at a rate of20 cycles per minute until the threads were removed. The removal 

process required a total grinding time of thirty seconds. The connection of the 

implant to the chuck consisted of a screw, one end of which threaded into the 

internal aspect of the implant, while the other end was encased in a nylon (Delrin) 

adaptor which was placed in the chuck. The nylon adaptor was used to minimize any 

heat sinking effect from the implant into the chuck assembly. The screw was 

cemented into the implant with a resin cement (Panavia, J.B. Morita). 

New burs were used for all samples. A round, medium grit, 1.8 mm diameter 

diamond bur (Brassier, Savannah, Georgia) was used first for 30 seconds to remove 

the fixture threads (Figure 9). This was followed by use of an aluminum oxide stone 

(Brassier, Savannah, Georgia) for 30 seconds in order to polish the implant surface 

(Figure 10). These procedures were done with the use of continuous room 

temperature irrigation at a controlled rate of flow for groups I and II, while the same 

procedure was carried out without irrigation for groups III and IV. The bone blocks 

were oriented with the same sides facing up (sides 3 and 4) for each run. Bone block 



Figure 7: Photograph of experimental set-up showing implant motor system, computer 
inte/face and custom made machine jig. 
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Figure 8: Photograph of custom made mechanical apparatus with implant holdingclwck 
and controlled force table. 
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Figure 9: Photograph of diamond bur in position prior: to implant thread removal. 
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Figure 10: Photograph of aluminum oxide stone in position prior to polishing of implant 
swface. 
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sides 3 and 4 were located closest to the site of thread removal (Figure 9), while 

sides 1 and 2 were located farthest away from the area of thread removal. 

Each of the samples was analyzed at all 12 thermocouple locations for the 

maximum change in temperature from baseline until instrumentation was completed 

in 30 seconds. Thus measurements were obtained for instrumentation with both a 

diamond bur, with or without irrigation as well as for subsequent instrumentation 

with an aluminum oxide bur, with or without irrigation. These measurements were 

obtained directly at the implant surface embedded in bone, as well as 0.5 mm away 

from the implant surface in bone at all thermocouple locations. 

Scanning Electron Microscopy 

Scanning electron micrographs were made of the implant surface after each 

stage of thread removal and were compared to a non-instrumented surface. Five 

additional titanium implants were utilized to examine for a repre~entative surface 

texture. Two implants were examined after instrumentation with the medium grit 

round diamond bur for 30 seconds. The implants were rinsed with distilled water 

and then air dried. Each implant was then fastened to an aluminum SEM stub using 

double sided tape. Carbon paint was placed from the implant to the upper surface 

of the aluminum stub in order to provide a conductive path. The same procedure 

was utilized for two other implants which had been instrumented first for 30 seconds 

with a diamond bur, followed by 30 seconds of instrumentation with an aluminum 
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oxide bur. An uninstrumented implant was similarly prepared and examined. A 

JEOL Model JSM 35-CFII Scanning Electron Microscope was used to examine all 

specimens at both lOX and SOX magnification. The implant surfaces were then 

photographed using Polaroid Type 55 PIN 4 X 5 Sheet Film in order to make a 

subjective comparison of surface roughness. 

Statistical Analysis 

Statistical analysis using a repeated measures ANOVA with planned 

comparisons was used to evaluate the effect of location in a coronal to apical 

direction as related to the mean change in temperature during instrumentation 

procedures. Two tailed T-tests were used to determine if mean temperature changes 

are significantly different for matching locations when compared either with or 

without the use of irrigation. 



RESULTS 

Clinical Observations 

A total of twenty threaded titanium implants were placed into standardized 

blocks of bovine cortical bone so that the two most coronally located threads were 

exposed. Temperature sensing devices were placed within the bone on all four sides 

of each implant either in contact with the implant or at a distance of O.Smm from the 

implant surface at locations designated as either coronal (a), middle (b) or apical (c) 

(Figure 4). 

Exposed implant threads were removed using a diamond bur for thirty 

seconds (Figure 9). The resulting surface was then polished for thirty seconds using 

an aluminum oxide stone (Figure 10). These procedures were carried out either with 

or without the use of continuous room temperature irrigation, according to the group 

assigned. The maximum temperature change from the baseline recording to the 

completion of instrumentation for both the diamond bur and the aluminum oxide 

stone was determined for each of the twelve thermocouple locations. 
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Bone block sides three and four were always positioned so that they were 

adjacent to the site of implant thread removal (Figure 9). Thus bone block sides one 

and two were always oriented so that they were opposite to the thread removal site. 

Temperature Change Observations 

Data were initially collected from five samples and analyzed for each 

condition and distance for all four sides at all three locations designated as a 

(coronal), b (middle), and c (apical). There were no clearly distinguishable 

differences between matching locations for sides one and two or for sides three and 

four for the varying conditions. Therefore the data for sides three and four were 

combined for matching locations and will be referred to as the side adjacent to 

thread removal. Likewise the data from matching locations from sides one and two 

were combined and will be referred to as the side opposite the thread removal site. 

Designation of two sides represents a more clinically relevant application of this data. 

Measurement of the temperature change at the implant surface adjacent to the 

thread removal site when removing implant threads and subsequently polishing the 

surface with rotary instruments. 
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The mean temperature change at the implant surface was measured at each 

location on the side adjacent to the thread removal site. When implant threads were 

removed using a diamond bur without irrigation, the mean temperature change at 

the most coronal location, location a, was 6.60°C ±1.22 with a range from 5.72°C to 

7.49°C. At locations b and c, the mean temperature changes were 4.02°C ±0.58 and 

3.07°C ±0.1.25, respectively with a range of 3.29°C to 4.80°C at location b and a 

range of 2.42°C to 3.32°C at location c (Table 1). 

TABLE 1: Mean temperature change {C) at the implant surface for side adjacent to the 

thread removal site without irrigation. 

LOCATION a b c 

DIAMOND CC) 6.60 4.02 3.07 

std. dev. ( ±) 1.22 0.58 1.25 

ALUMINUM OXIDE 12.22 6.73 5.60 

CC) 

std. dev. ( ±) 4.43 1.13 1.75 

When the resulting surface was polished using an aluminum oxide stone 

without irrigation, the mean temperature change at location a was 12.22°C ±4.43 

with a range from 10.l6°C to 16.34°C. The mean temperature change at location b 
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was 6.73°C ±1.13 with a range from 5.70°C to 7.51°C and at location c the change 

was 5.60°C ±1.75 with a range from 3.04°C to 8.41°C (Table I). 

Thread removal using a diamond bur with continuous saline irrigation resulted . 
' 

in a mean temperature change of 1.87°C ±1.00 at location a, with a range from 

1.43°C to 2.12°C when measured at the implant surface. The mean temperature 

change at location b was 1.42°C ±0.70 with a range from 0.92°C to 2.l5°C and at 

location c the change was 1.36°C ±0.77 with a range from 0.93°C to 2.13°C (Table 

II). 

TABLE II: Mean temperature change (0 C) at the implant surface for side adjacent to 

the thread removal site with irrigation. 

LOCATION a b c 

DIAMOND (0 C) 1.87 1.42 1.36 

std. dev. (±) 1.00 0.70 0.77 

ALUMINUM OXIDE 2.70 2.17 2.40 

CC) 

std. dev. (±) 1.26 0.38 1.11 

Subsequent polishing of the implant surface with an aluminum oxide stone 

with irrigation resulted in a mean temperature change of 2.70°C ±1.26 at location 
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a, with a range from 1.83°C to 3.68°C. The mean temperature change at location b 

was 2.17°C ±0.38 with a range from 1.85°C to 2.42°C, while the mean change at 

location c was 2.40°C ±1.11 with a range from 1.84°C to 3.41°C (Table II). 

Measurement of the temperature change O.Smm from the implant surface adjacent 

to the thread removal site when removing implant threads and subsequently 

polishing the surface with rotary instruments. 

Data were obtained from five samples at a distance 0.5mm from the implant 

surface in bone on the side adjacent to the thread removal site. When removing 

threads with a diamond bur without irrigation, the mean temperature change at 

location a was 4.64°C ±1.05 with a range from 4.19°C to 5.14°C. The mean change 

at location b was 3.19°C ±0.99 with a range from 2.40°C to 3.91°C, while the mean 

temperature change at location c was 1.57°C ±0.45 with a range from 1.23°C to 

1.83°C (Table III). 
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TABLE III: Mean temperature change ('C) 0.5mm from the implant sur(ace for side 

adiacent to the thread removal site without irrigation. 

LOCATION a b c 

DIAMOND CC) 4.64 3.19 1.57 

std. dev. ( ±) 1.05 0.99 0.45 

ALUMINUM OXIDE 9.34 6.54 3.07 

CO C) 

std. dev. ( ±) 2.55 1.82 0.55 

The mean temperature change recorded O.Smm from the implant surface 

when polishing with an aluminum oxide stone without irrigation at location a was 

9.34°C ±2.55 with a range from 6.62°C to 12.81°C. At location b the mean change 

was 6.54°C ±1.82 with a range from 4.82°C to 7.81°C, while at location c the mean 

temperature c~ange was 3.07°C ±0.55 with a range from 2.ll°C to 3.63°C (Table 

III). 

Removing threads with a diamond bur using irrigation resulted in mean 

temperature changes recorded at 0.5mm from the implant surface of 1.23°C ±0.43 
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at location a, with a range from .65°C to 1.83°C. Mean temperature changes of 

1.72°C ±0.70 with a range from 0.63°C to 2.45°C were recorded at location b, while 

changes of l.l7°C ±0.26 with a range from 0.95°C to 1.85°C were recorded at 

location c (Table IV). 

TABLE IV: Mean temperature change ("C) 0.5mm (rom the implant surface for side 

adjacent to the thread removal site with irrigation. 

LOCATION a b c 

DIAMOND CCC) 1.23 1.72 1.17 

std. dev. (±) 0.43 0.70 0.26 

ALUMINUM OXIDE 1.95 2.34 1.65 

eq 

std. dev. ( ±) 0.17 0.96 0.36 

Subsequent polishing using an aluminum oxide stone with irrigation resulted 

in a mean temperature change of 1.95°C ±0.17 at location a with a range from 

1.55°C to 2.40°C. Mean temperature changes were 2.34°C ±0.96 with a range from 

1.83°C to 3.09°C and 1.65°C ±0.36 with a range from 1.50°C to 2.46°C for locations 

b and c, respectively (Table IV). 
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Measurement of the temperature change at the implant surface on the side opposite 

the thread removal site when removing implant threads and subsequently polishing 

the surface with rotary instruments. 

Mean temperature changes were analyzed on the side opposite from the site 

of instrumentation. Use of a diamond bur without irrigation yielded recorded mean 

temperature changes of 5.64°C ±0.96 with a range from 4.22°C to 6.90°C at location 

a, 3.98°C ±1.20 with a range from 3.04°C to 4.50°C at location b, and 3.02°C ±1.16 

with a range from 1.81 oc to 4.26°C at location c (Table V). 

TABLE V: Mean temperature change (°C) at the implant surface for side opposite to 

the thread removal site without irrigation. 

LOCATION a b c 

DIAMOND ('C) 5.64 3.98 3.02 

std. dev. ( ±) 0.96 1.20 1.16 

ALUMINUM OXIDE 10.48 6.67 5.77 

('C) 

std. dev. ( ±) 2.90 1.24 2.06 

During subsequent polishing with an aluminum oxide stone without irrigation, 

recorded mean temperature changes were 10.48°C ±2.90 with a range from 9.27°C 



59 

to 12.55°C at location a, 6.67°C ± 1.24 with a range from 5.40°C to 8.74°C at location 

b, and 5.77°C ±2.06 with a range from 3.94°C to 6.90°C at location c (Table V). 

When instrumentation was carried out with a diamond bur using saline 

irrigation, temperature changes on the opposite side of the implant surface were as 

follows. Recorded mean temperature changes were 2.31°C ±0.91 with a range from 

1.56°C to 2.76°C at location a, 1.65°C ±0.66 with a range from 0.95°C to 2.15°C at 

location b, and 1.96°C ±0.57 with a range from 1.25°C to 2.16°C at location c (Table 

VI). 

TABLE VI: Mean temperature change (C) at the implant swface for side opposite the 

thread removal site with irrigation. 

LOCATION a b c 

DIAMOND eC) 2.31 1.65 1.96 

std. dev. ( ±) 0.91 0.66 0.57 

ALUMINUM OXIDE 3.12 2.19 2.62 

eC) 

std. dev. ( ±) 1.12 0.25 0.70 

Polishing with im aluminum oxide stone using continuous irrigation resulted 

in mean temperature changes at the opposing implant surface of 3.l2°C ±1.12 with 
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a range from 2.46°C to 3.97°C at location a, 2.19°C ±0.25 with a range from 1.85°C 

to 2.43°C at location b, and 2.62°C ±0.70 with a range from 2.41 to 3.04 at location 

c (Table VI). 

Measurement of the temperature change O.Smm from the implant surface on the side 

opposite the thread removal site when removing implant threads and subsequently 

polishing the surface with rotary instruments. 

When removing threads with a diamond bur without irrigation, the following 

mean temperature measurements were made 0.5mm from the implant surface on the 

side opposite the instrumentation site. Mean recorded temperature changes were 

4.56°C ±1.42 with a range from 3.61°C to 5.98°C at location a, 3.38°C ±0.93 with a 

range from 2.41°C to 4.53°C at location b, and 1.51°C ±0.46 with a range from 

1.21°C to 1.81°C at location c (Table VII). 
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TABLE VII: Mean temperature change (0 C) 0.5mm from the implant surface for side 

opposite the thread removal site without irrigation. 

LOCATION a b c 

DIAMOND eC) 4.56 3.38 1.51 

std. dev. ( ±) 1.42 0.93 0.46 

ALUMINUM OXIDE 7.45 6.03 2.96 

eC) 

std. dev. (±) 1.09 1.06 0.58 

Polishing of the resulting surface with an aluminum oxide stone without 

irrigation yielded mean temperature changes of 7.45°C ±1.09 with a range from 

5.99°C to 8.68°C at location a, 6.03°C ±1.06 with a range from 5.14°C to 7.52°C at 

location b, and 2.96°C ±0.58 with a range from 2.41°C to 3.34°C at location c (Table 

VII). 

Instrumentation with a diamond bur with irrigation when measured 0.5mm 

from the implant surface yielded the following results on the side opposite thread 

removal. There was a mean temperature change of 1.64°C ± 0.64 with a range from 

1.23°C to 2.l2°C at location a, 1.96°C ±0.87 with a range of 1.23°C to 2.73°C at 

location b, and 1.48°C ±0.70 with a range from 0.63 octo 2.l5°C at location c (Table 

VIII). 
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TABLE VIII: Mean temperature change (0 C) 0.5mm from the implant swface for side 

opposite the thread removal site with irrigation. 

LOCATION a b c 

DIAMOND eC) 1.64 1.96 1.48 

std. dev. ( ±) 0.64 0.87 0.70 

ALUMINUM OXIDE 2.06 2.75 2.08 

(OC) 

std. dev. ( ±) 0.38 1.14 0.37 

When polishing the implant surface witb an aluminum oxide stone while using 

irrigation the mean temperature changes recorded oil the opposite side at O.Smm 

were 2.06°C ±0.38 with a range from 1.82°C to 2.n•c at location a, 2.7s•c ±1.14 

with a range from 1.84°C to 3.65°C at location b, and 2.08°C ±0.37 with a range from 

LSs•c to 2.42°C at location c (Table VIII). 

Comparison of the measured temperatures with and without the use of irrigation 

when removing implant threads and subsequently polishing the surface with rotary 

instruments. 



63 

Two-tailed T-tests (ps.05) were employed to determine if the mean changes 

in temperature were significantly different for matching locations when 

instrumentation was compared either with or without the use of irrigation. The 

irrigation port was in a fixed location on the handpiece and was oriented so that the 

main area of contact was at the position of bur contact with the implant. When 

irrigation was employed, continuous room temperature saline was applied at a rate 

of 55 ml per minute. 

The temperature changes measured at the implant surface on the side 

adjacent to thread removal with a diamond bur were significantly lower at all three 

measured locations designated as coronal (a), middle (b) and apical (c) when 

irrigation was used as compared to samples where no irrigation was used (Tables I 

and II) (Figure 11). When the same procedure was carried out and measurements 

evaluated at a distance of O.Smm from the implant surface adjacent to 

instrumentation, the differences in temperature were significant when comparing the 

use of irrigation to the lack of irrigation in both the coronal and middle locations (a 

and b), but were not significantly different in the apical location designated as c 

(Tables III and IV) (Figure 12). 

When recontoured implant surfaces were polished using aluminum oxide 

stones, measured mean temperatures were significantly different when comparing 

irrigated to non-irrigated samples. This was true for all three measured locations 

when recorded either at the surface or at a distance of 0.5mm away from the implant 

surface adjacent to the instrumented site (Tables I and II) (Figures 11 and 12). 



Figure 11: Graphic representation of mean temperature changes at implant swface at 
thermocouple locations a (coronal), b (middle) and c (apical) with and without 
i1Tigation on the side adjacent to thread removal. 
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Figure 12: Graphic representation of mean temperature changes 0.5mm from implant 
surface at the1mocouple locations a (coronal), b (middle) and c (apical) with and 
without irrigation on the side adjacent to thread removal. 
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Mean temperature changes recorded during thread removal with a diamond 

bur on the opposing side were significantly lower when irrigation was utilized as 

compared to samples where no irrigation was employed at both the coronal and 

middle locations, when measured either at the implant surface or at a distance of 

O.Smm away (Figures 13 and 14). However, the temperature changes measured in 

the apical location were not significantly different regardless of whether irrigation 

was used or not, either at the surface or at a distance of 0.5mm away (Tables V, VI, 

VII, VIII) (Figures 13 and 14). 

When the recontoured implant surface was polished with an aluminum oxide 

stone, the mean temperature changes recorded at the implant surface on the 

opposite side were significantly lower at all locations when irrigation was employed 

as compared to when irrigation was not utilized (Table V and VI) (Figure 13). The 

difference was also significant during polishing at both the coronal and middle 

locations as measured at distance of O.Smm from the implant surface, but it was not 

significantly different at the apical location (Tables VII and VIII) (Figure 14). 

Examination of the temperature gradient from the coronal to apical third of the 

implant during thread removal and subsequent polishing of the surface with rotary 

instruments. 

Statistical analysis using a repeated measures ANOV A with planned 

comparisons was employed to evaluate the effect of location in a coronal to apical 



Figure 13: Graphic representation of mean temperature changes at implant surface at 
thermocouple locations a (coronal), b (middle) and c (apical) with and without 
irrigation on the side opposite from thread removal. 
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Figure 14: Graphic representation of mean temperature changes 0.5mm from implant 
swface at thermocouple locations a (coronal), b (middle) and c (apical) with and 
without inigation on the side opposite from thread removal. 
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direction as related to the mean change in temperature during instrumentation 

procedures. If analysis revealed that the location significantly affected the mean 

temperature change, the data was then evaluated to determine between which 

measured locations the significant differences in temperature occurred. The 

difference in mean temperature changes between locations was considered to be 

significant at a value of p~.05. Locations were designated as coronal (a), middle (b) 

and apical (c) on each of the sides examined. 

When removing implant threads with a diamond bur without irrigation, it 

appeared that location significantly affected the mean change in temperature at the 

implant surface adjacent to thread removal. The change in temperature was 

significantly different between locations a and b as well as between a and c, but it 

was not significant between locations b and c (Table IX). 
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TABLE IX: Comparison of mean temperature change (0 C) from the coronal to apical 

locations at the implant sur(ace using diamond bur without irrigation, for side adiacent 

to thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 6.60 4.02 3.07 

eq 

std. dev. ( ±) 1.22 0.58 1.25 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .005 .100 .001 .001 

SIGNIFICANCE ' Yes No Yes Yes 

(' statistically significant, p~.05) 
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Measurements at 0.5mm from the implant surface on the side adjacent to 

thread removal using a diamond bur without irrigation revealed an overall 

significance for location as related to the mean temperature change. The mean 

temperature changes were significantly different between locations a to b, b to c and 

a to c (Table X). 

TABLE X: Comparison of mean temperature change {C) from the coronal to apical 

locations 0. 5mm from implant surface using diamond bur without inigation, for side 

adjacent to thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 4.64 3.19 1.57 

eq 

std. dev. ( ±) 1.05 0.99 0.45 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .040 .009 .001 .001 

SIGNIFICANCE • Yes Yes Yes Yes 

C statistically significant, p~.05) 
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Comparison of the mean temperature changes at the implant surface adjacent 

to the area being polished with an aluminum oxide stone without irrigation revealed 

that the location was a significant factor. The difference in mean temperatures was 

not significantly different between positions a to b or b to c, but it was significantly 

different between locations a to c (Table XI). 

TABLE XI: Comparison of mean temperature change ("C) from the coronal to the 

apical locations at the implant surface using aluminum oxide stone without irrigation. 

for side adiacent to thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 12.22 6.73 5.60 

(OC) 

std. dev. (±) 4.43 1.13 1.75 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .082 .360 .013 .012 

SIGNIFICANCE • No No Yes Yes 

( statistically significant, ps.05) 
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When evaluating mean temperature changes 0.5mm from the implant surface 

adjacent to the site being polished with an aluminum oxide bur without irrigation, 

the location had an overall significant value. The difference in mean temperature 

changes was significant between locations b to c and between locations a to c, but 

the changes were not significantly different from each other between locations a and 

b (Table XII). 

TABLE XII: Comparison of mean temperature change ("C) from the coronal to apical 

locations 0.5mm (rom implant sur(ace using aluminum oxide stone without irrigation, 

for side adjacent to thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 9.34 6.54 3.07 

CO C) 

std. dev. (±) 2.55 1.82 0.55 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .230 .027 .003 .006 

SIGNIFICANCE • No Yes Yes Yes 

(. statistically significant, p:<;;.05) 



74 

Analysis of the mean temperature changes on the implant surface on the side 

opposite from thread removal utilizing a diamond bur without irrigation revealed 

that position significantly affected the mean temperature change. The differences 

in mean temperature changes were not significantly different betWeen locations a to 

b or from b to c, but the difference between locations a and c was significant (Table 

XIII). 

TABLE XIII: Comparison of mean temperature change {C) from the coronal to apical 

locations at implant sur(ace using diamond bur without irrigation, for side opposite 

thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 5.64 3.98 3.02 

(oC) 

std. dev. (±) 0.96 1.20 1.16 

COMPARISON a-b b-e . a-c a-b-c 

pVALUE .057 .089 .002 .003 

SIGNIFICANCE ' No No Yes Yes 

(' statistically significant, p:S.05) 
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Comparison of mean temperature changes measured 0.5mm from the implant 

surface on the side opposite from thread removal using a diamond bur without 

irrigation revealed an overall significant difference according to location. The mean 

temperature changes were significantly different between locations b and c and 

between a and c, but the difference was not significant between locations a to b 

(Table XIV). 

TABLE XIV: Comparison of mean temperature change (0 C) from the coronal to apical 

locations 0.5mm from implant surface using diamond bur without irrigation, for side 

opposite thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 4.56 3.38 1.51 

CC) 

std. dev. (±) 1.42 0.93 0.46 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .140 .030 .001 .005 

SIGNIFICANCE • No Yes Yes Yes 

C statistically significant, p:5:.05) 
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A comparison of the mean temperature changes measured at the implant 

surface on the side opposite to the site of polishing With an aluminum oxide stone 

without irrigation indicated that location was a significant factor. The mean 

temperature changes were significantly different from each other between locations 

a and c, but the differences were not significantly different between locations a to b 

or b to c (Table XV). 

TABLE XV: Comparison of mean temperature change (0 C) from the coronal to apical 

locations at implant sur(ace using aluminum oxide stone without irrigation, for side 

opposite thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 10.48 6.67 5.77 

(OC) 

std. dev. (±) 2.90 1.24 2.06 

COMPARISON a-b b-e a-c a-b-c 

pVALUE .095 .510 .002 .015 

SIGNIFICANCE • No No Yes Yes 

(" statistically significant, p::;.05) 



77 

When measured 0.5mm from the implant surface on the side opposite from 

polishing with an aluminum oxide stone without irrigation, the mean temperature 

changes were found to be significantly affected by location. These means were 

significantly different between locations b to c and between a to c, but were not 

significantly different from each other between locations a and b (Table XVI). 

TABLE XVI: Compt;trison of mean temperature change (°C) from the coronal to apical 

locations 0.5mm (rom implant surface using aluminum oxide stone without irrigation, 

for side opposite thread removal site. 

LOCATION a b c 

MEAN TEMP CHANGE 7.45 6.03 2.96 

(OC) 

std. dev. (±) 1.09 1.06 0.58 

COMPARISON a-b b-e a-c a-b-c 

p VALUE .130 .020 .001 .001 

SIGNIFICANCE ' No Yes Yes Yes 

(' statistically significant, ps.05) 
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Analysis of the data when irrigation was used both when removing implant 

threads with a diamond bur and polishing the surface with an aluminum oxide stone 

was similar. There were no overall significant differences in the mean temperature 

changes between measured locations, regardless of which side was analyzed. 

Scanning Electron Microscopy 

Examination of the implant surface morphology created by recontouring implant 

threads with rotary instruments. 

A scanning electron micrograph of an uninstrumented implant at 10 X 

magnification showed a 0.7 mm high hexagonal nut above a smooth 4.1 mm wide by 

0.8 mm high flange or collar (Figure 15). The most coronal thread was located 1 

mm from the bottom of the flange and the pitch of the threads was 0.6 mm. A 

higher magnification scanning electron micrograph (Figure 16) revealed a surface 

finish which displayed definite machined grooves running parallel to the screw 

threads. Small pit-like surface imperfections were occasionally observed. 

After instrumentation with a diamond bur for thirty seconds, a low 

magnification scanning electron micrograph (Figure 17 ) revealed a modified surface 

which extended 1.7 mm from the base of the flange. This encompassed removal of 

one to two threads depending on the side of the implant examined. However, not 

all threads were removed in their entirety. 
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FigU're 15: Scanning electron micrograph ofimp/ant as received from manufacturer (bar 
= 1000 microns). 
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Figure 16: Scanning electron micrograph showing zminstrumented implant surface with 
threads (bar= 100 microns). 
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Figure 17: Scanning electron micrograph of implant surface after instmmentation with 
diamond bur for 30 seconds (bar= 1000 microns). 
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A higher magnification micrograph (Figure 18) revealed that milling marks 

were no longer visible. The newly created surface exhibited a smeared appearance 

with prominent vertical striations which were parallel to the direction of bur rotation. 

Small pit-like surface irregularities were also visible. The most apical extent of the 

instrumented area exhibited an accumulation of metallic material and the irregularity 

of this edge varied with the sample. 

After polishing the surface with an aluminum oxide stone for thirty seconds, 

vertical striations were still present when examined under higher magnification SEM 

(Figure 19). However, these striations appeared to be of a finer texture than those 

observed after instrumentation with a diamond bur. Pit-like surface imperfec,tions 

appeared to be fewer in number than when instrumentation was performed with a 

diamond bur alone. The most apical extent of the instrumented surface exhibited 

a jagged edge formed by metallic material, similar in appearance to that created after 

instrumentation with a diamond bur. As seen previously, one to two implant threads 

had been removed and polished (Figure 20) over a distance of 1.7 mm, but partial 

removal of a thread was noted at the most apical extent of instrumentation. 

Differences in surface texture were even visible at a clinical level as can be 

seen in Figure 21. The surface created after polishing with an aluminum oxide stone 

appeared to be smoother than the surface created after thread removal with a 

diamond bur alone. 



Figure 18: Scanning electron micrograph of implant surface after instrumentation with 
diamond bur showing vertical striations parallel to the direction of bur rotation and 
apical ilTegularities (bar = 100 microns). 
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Figure 19: Scanning_ electron micrograph of implant surface after polishing with 
aluminum oxide stone showing fine ve11ical striations and irregular apical margin (bar 
= 100 microns). 
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Figure 20: Scanning electron micrograph of implant surface after polishing with 
aluminum oxide stone illustrating finished surface (bar = 1000 microns) . 
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Figure 21: Photograph illustrating implant swface through successive stages of 
instntmentation. Uninstrumented (left), after use of diamond bur (middle) and after 
polishing with aluminum oxide stone (right). 



86 



DISCUSSION 

The maximum mean temperature change measured at the implant surface 

when removing implant threads with a diamond bur without irrigation was 6.6 °C. 

As would be expected in any system involving a thermal gradient, the maximum 

change in temperature occurred at the location nearest to the site of heat generation. 

This corresponded to the most coronally measured location a, on the side adjacent 

to the site of thread removal. Here the greatest mean change in temperature from 

·baseline levels was recorded, a change of 6.6 oc . The mean changes in temperature 

progressively decreased in a more apical direction, 4.0 oc and 3.1 oc in the middle 

and apical locations, respectively. On the side opposite thread removal, the 

maximum mean temperature changes when removing threads without irrigation were 

of lesser magnitude than their corresponding locations on the other side. The 

maximum mean temperature change on the side opposite from instrumentation was 

5.6 oc. During subsequent polishing procedures utilizing an aluminum oxide stone 

without irrigation, the mean temperature changes were even more pronounced. On 

the side adjacent to thread removal, the maximum mean temperature change 

measured at the implant surface was 12.2 oc at the most coronal location. Again the 

mean temperature ~;hanges decreased in an apical direction as the heat dissipated. 

Although temperature changes on the side opposite from the site being polished 
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were not as great, a mean temperature rise of 10.5 oc was recorded in the most 

coronal location. These findings indicate tliat there is a potential for damage to 

remaining integrated areas both on the side adjacent to instrumentation as well as 

on the opposite side. 

As would be expected in a system involving a thermal gradient, mean 

temperature changes were always less when measured at a distance O.Smm from the 

implant surface in bone at all locations and for both sides when no irrigation was 

used. When irrigation was utilized, mean temperature changes generally tended to 

be lower when measured 0.5 mm from the implant surface as compared to 

temperatures measured at the surface. In several instances the values were slightly 

higher O.Smm out from the implant surface, but the differences were only several 
• 

tenths of a degree and due to the small sample size, this finding was not considered 

to be significant 

When dealing with an osseointegrated implant, the interface between the bone 

and the implant is the most critical area. From a clinical standpoint, the 

determination of temperature changes measured at the implant-bone interface is 

probably the most relevant if osseointegration is to be maintained. 

Titanium is not a particularly good conductor of heat as compared to a metal 

such as iron (Eriksson et al., 1982). Therefore any thermal effects at one end of the 

implant will not readily be conducted to other parts of the implant. This property 

makes the titanium implant a relatively poor heat sink for localized thermal energy. 

Bone surrounding an implant is an even poorer conductor of heat than is titanium 
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(Eriksson et al., 1982; Watanabe et al., 1992) Therefore heat generated during 

implant recontouring procedures may concentrate in the most coronal area of the 

implant for a prolonged time. Using thermography, Watanabe et al. (1992) 

demonstrated that when drilling in bone, heat continued to spread in bone even after 

drilling had stopped and that it took about ·60 seconds for the bone to return to 

baseline temperature. Thus when discussing heat injury to bone, it is important to 

consider both the temperature and exposure time (Lundskog, 1972). 

The greater changes in temperature measured when polishing the implant 

surface with an aluminum oxide stone as compared to removing implant threads with 

a diamond bur can be attributed to several factors. When removing implant threads, 

the surface area of metal in contact with the bur is composed of the threads alone. 

Once the threads are removed, the aluminum oxide stone used in the polishing 

procedure is now in contact with a larger surface area consisting of the main body 

of the implant. The bullet shaped aluminum oxide stone used for polishing in this 

investigation was chosen for two reasons. First, the manufacturer from whom 

supplies were purchased did not make a round aluminum oxide stone. Second, a 

bullet shaped polishing stone is usually employed clinically, since its tapered form can 

be used to polish more inaccessible areas as would be the case in the most apical 

area of the implant embedded in bone. The amount of frictional heat created is to 

a large extent related to the contacting surface area between the rotary instrument 

and the implant. 



90 

Another factor associated with the amount of heat generated is the sharpness 

of the cutting instrument. A diamond bur is a very effective cutting instrument and 

minimal frictional heat generation would be expected during its short duration of 

use. Research indicates that worn drills cause greater temperature elevations when 

drilling in bone (Matthews et al., 1972), and perhaps this would also be true if worn 

burs were used to remove threads. An aluminum oxide stone is an abrasive rather 

than a cutting tool. It is to be expected that more energy will be expended as 

frictional heat when abrading a surface as compared to cutting a surface. As the 

aluminum oxide stone was used to polish the implant without the use of irrigation, 

the surface became clogged with metallic residue and this may serve to reduce the 

stone's polishing efficiency. A clinician might then use it for a longer duration and 

cause an elevated temperature for a longer period of time which then might result 

in bone damage. From a clinical perspective, it therefore seems advisable to use a 

new rotary instrument whenever implant threads are removed and the surface 

subsequently polished. 

For all irrigated samples, continuous room temperature saline irrigation of 

22 oc was used at a rate of 55 ml per minute. The use of irrigation appeared to be 

very effective in limiting the maximum mean temperature change at all themiocouple 

locations. A rise in temperature of only 1.9 oc was recorded at the most coronal 

location at the implant surface on the side adjacent to thread removal with a 

diamond bur. This is in contrast to the maximum temperature change of 6.6 oc 

recorded when irrigation was not employed. 
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When polishing the implant surface using an aluminum oxide stone with 

irrigation, the maximum mean temperature change recorded at the implant surface 

adjacent to the site of instrumentation was only 2.7 •c at the most coronal location. 

This is significantly less than the 12.2 •c change measured when irrigation was not 

utilized. 

On the side opposite from instrumentation maximum temperature changes of 

2.3 •c and 3.1 •c were recorded at the implant surface during instrumentation with 

irrigation using a diamond bur and aluminum oxide stone, respectively. Again, these 

maximum changes were recorded at the most coronaily located thermocouple 

positions. 

The use of irrigation was so effective that there was no significant difference 

between measured locations when temperature changes were analyzed for both the 

side, the distance from the implant or for the rotary instrument used. Previous 

studies have demonstrated the effectiveness of irrigation in limiting the rise in 

temperature when driiiing bone with a 3mm driii in preparation for implant 

placement (Eriksson et al., 1986). In Eriksson's in vivo human study, room 

temperature saline irrigation was employed and temperatures were measured O.Smm 

from the driii surface in bone. Irrigation was so effective, that in fact the measured 

temperatures sometimes were below the initial starting temperatures. It is also 

significant to note that the mean initial temperature in his in vivo study was 29.2 •c 

as compared to a reported body temperature of 37 •c as utilized for comparison in 

the present investigation. This reduced initial temperature is probably attributable 
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to evaporation and heat loss associated with reflection of the soft tissues. If this 

lower in vivo value is then used as a historical control, there is even more of a safety 

margin as regards potential damage to bone when interpreting the results of the 

present study. 

Utilizing thermography, the generation of heat and the spread of the heat 

created into surrounding bone was shown to be minimal when irrigation was used 

during drilling procedures in an in vitro model (Watanabe et al., 1992). Histologic 

evidence of decreased damage to bone during drilling procedures when using a water 

coolant has also been demonstrated (Costich et al., 1964). 

The significance of these findings lies in their clinical applications. With an 

increasing number of implants being placed each year, a larger number of patients 

are presenting to clinicians with complications, one of which is exposed implant 

threads. With no clearly proven method to treat this complication, removal of 

implant threads to create a smoother surface to facilitate plaque removal would seem 

to be a reasonable clinical alternative. The question is whether this procedure 

damages the bone in areas which are still osseointegrated. 

The critical temperature threshold for irreversible injury to bone was shown 

to be 47 oc for a period of one minute (Eriksson et al., 1983). At this threshold 

level, bone necrosis and resorption occur and there is gradual replacement by less 

differentiated connective tissue cells, many of which are fat cells (Eriksson et al., 

1983). At an ultrastructural level irreversibly injured cells exhibit damaged plasma 
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cell membranes, and severely damaged mitochondria, leading to leakage of lysosomal 

enzymes into the cytoplasm (Robbins et al., 1991). 

Using vital microscopy, the acute vascular response in bone to heat injury was 

initially hyperemia and vascular dilatation. Increased permeability was not detected 

using this technique, but increased permeability would be expected immedi!ltely after 

a thermal injury (Eriksson et al., 1983). Delayed prolonged leakage would also be 

anticipated after a mild heat injury (Gabbiani et al., 1975). Necrosis of endothelial 

cells can result when exposed to severe injury, although these cells may be more 

resistant to heat injury than are bone cells (Lundskog, 1972). 

The results of the present investigation indicate that when both removing 

implant threads and polishing the resulting surface using continuous room 

temperature irrigation, maximum mean temperature increases of less than 3° C can 

be expected. Assuming body temperature to be 37 oc, this rise in temperature would 

be well below the critical threshold level for irreversible bone injury. However, 

without the use of irrigation, mean temperature increases of 6.6 oc when removing 

threads and 12.2 oc when polishing the implant were recorded along the implant 

surface. Again using 37 oc as the baseline body temperature, the removal of implant 

threads using a diamond bur without irrigation approached the critical level for bone 

injury, while polishing the implant surface without irrigation exceeded the critical 

temperature threshold. 

The temperatures reported in this study were measured when a standardized 

force of 250 grams was applied to the rotary instruments. In order to determine the 
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force to be applied when removing implant threads and polishing the resulting 

surface, a new implant was fixed to a Mettler scale. Ten dentists were then asked 

to use a slow speed handpiece with a new diamond bur to remove two implant 

threads until the surface appeared to be clinically smooth. The maximum force 

applied was 180 grams and the time required for thread removal was approximately 

thirty seconds. These preliminary findings led to the selection of a force of 250 

grams, since it was assumed that clinicians might be influenced in their technique 

when it was known that they were being monitored. A force of 500 grams had been 

previously been reported when drilling in bone (Watanabe et al. 1992), but removing 

threads is a more delicate procedure and a force of this magnitude would far exceed 

the force applied clinically. 

Differences in the maximum temperature changes generated during 

instrumentation procedures would be expected if conditions such as force, drill speed 

or irrigation temperature varied. In a clinical situation, these factors would be highly 

variable and the findings of this study should be. interpreted accordingly. It appears 

that the effectiveness of irrigation could compensate for many of these variables. 

However, without irrigation, the use of slightly greater force for a longer period of 

time could be expected to increase temperatures to an even greater degree. Another 

clinical consideration would include the difficulty in visually assessing when the 

threads have been removed. The surface may be over-instrumented and the implant 

might be so reduced in thickness as to compromise its ability to support the required 

load. 
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In a clinical case report, Lozada et al.(1990) described the removal of implant 

threads as described in this study. The implant surface was then treated with a high 

pressure sodium bicarbonate cleaning device in an attempt to clean and smooth the 

surface. This was then followed by chemical irrigation to decontaminate the surface 

and the osseous defect was then grafted with demineralized freeze dried bone. This 

treatment modality was found to be clinically successful in the short term follow-up 

period reported. 

Decontamination of the failing implant is necessary because of contamination 

with endotoxin while exposed to the oral environment. Tetracycline has been 

reported to be effective in removing endotoxin from metallic implant surfaces 

(Meffert et al., 1992) and this would make the newly created implant surface more 

compatible with surrounding tissues. Even if the implant surface is completely 

decontaminated, an alteration of th~ surface oxide layer on the implant can be 

expected. Various chemical contaminants would be present on the oxidized titanium 

surface. Even clinically successful implants have been shown to have small amounts 

of surface contaminants present (Kasemo et al., 1987). The effect of the 

contaminants re5ulting from instrumentation procedures is not known, but it is 

possible that their effect on the nature of the oxide layer may affect tissue 

biocompatability. The surface oxide layer normally protects the titanium from 

corrosion, but an alteration of the oxide layer may result in an increased rate of 

surface corrosion and compromise the integrity of the implant metal. 
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The surface morphology of the implant has also been altered in the process 

of thread removal. Subjective analyses of scanning electron micrographs following 

instrumentation with diamond burs and aluminum oxide stones demonstrated 

scratches of varying depths on the implant surface. Titanium is a relatively soft 

metal and it is easily scratched. The nature of the metal is such that is appeared to 

have been dragged along the implant surface during instrumentation in the direction 

of bur rotation. Both the scratches on the surface and the jagged edges of metal 

created during the procedure can be expected to increase plaque accumulation as 

compared to the originally manufactured surface. In a clinical setting, one would 

anticipate that the extent of this irregular metallic edge would be highly variable. 

The direction of bur rotation can be expected to vary as the bur is repositioned to 

gain improved access. In contrast to the experimental conditions in this study, 

intermittent contact of the bur with the implant surface would be expected as the 

clinician attempts to remove the minimal necessary amount of implant structure. 

After recontouring procedures, use of a curette or an air-powder abrasive device 

might be utilized to minimize the bulk of this irregularly created edge. 

Plaque accumulation has been implicated in periodontal breakdown around 

implants (Mombelli et al. 1987) and this may create a potential problem for the 

patient. It has been recommended that the implant surface in the gingival area be 

as smooth as possible to minimize plaque accumulation (Skerman et al., 1974; Balshi, 

1986). Although the newly created surface may be rougher than before, the removal 

of threads alters the implant morphology at a macroscopic level. Although not ideal, 
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the altered surface characteristics in the gingival area may improve access for plaque 

removal by both the patient and the dental therapy team. Surface modification of 

the implant may also be expected to reduce mechanical trauma resulting from 

exposed implant threads. From a clinical perspective, use of an antimicrobial 

mouthrinse in conjunction with mechanical plaque control measures might be 

recommended in order to maintain the health of the peri-implant soft tissues. 

This investigation disclosed areas for subsequent study. Future areas for 

research would include in vivo evaluation of mean temperatures changes generated 

during instrumentation procedures in a clinical situation. Also, examination of the 

interface between both hard and soft tissues and the altered implant surface would 

be important in evaluating the biocompatibility of the newly created surface. Both 

the newly created surface texture and the presence of contaminants on the oxide 

layer can be expected to alter tissue response and the ultimate success of this 

procedure. Even if the newly created surface is found to be biocompatible, this 

rougher surface can be expected to increase plaque accumulation on the implant 

surface and this may adversely affect the health of the peri-implant tissues. 

Longitudinal studies to determine the success of this technique in maintaining failing 

implants would be extremely valuable from a clinical perspective. 
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SUMMARY 

The results of this study suggest that exposed implant threads can be 

recontoured using rotary instruments when continuous room temperature irrigation 

is used without increasing the temperature at the implant surface more than 3 °C. 

With this minimal change in temperature, thermal injury to remaining 

osseointegrated areas is not anticipated. However, temperature changes which 

approach the critical threshold level for irreversible bone injury can be anticipated 

if irrigation is not employed while removing implants threads and polishing the 

resulting surface. The altered implant surface was found to exhibit a scratched 

surface with an irregular edge at the most apical extent of the instrumented area. 

This rougher surface may facilitate plaque accumulation and thus a strict schedule 

for maintenance is indicated if this procedure is to be used in an attempt to rescue 

failing implants. 
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CONCLUSIONS 

1. Recontouring of exposed implant threads using rotary instruments with 

room temperature irrigation is not expected to raise the temperature of the implant 

surface more, than 3 °C. This modest temperature rise is not expected to cause 

irreversible injury to remaining osseointegrated areas. 

2. Recontouring of exposed implant threads using rotary instruments without 

irrigation may raise the temperature of the implant surface as high as 12 °C. A 

temperature rise of this magnitude may have a detrimental effect on remaining 

osseointegrated areas. 

3. The highest temperature changes were primarily located and retained at the 

most coronal aspects of the implant. 

4. Recontouring exposed implant threads creates a rough implant surface 

which may facilitate plaque retention. 
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