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ABSTRACT 

Cristina Maresca:  Effect of Finishing Instrumentation on Enamel and Composite 
Surface Morphology and Marginal Integrity of Resin-Based Composite 

Restorations 
(Under the direction of Dr. André Ritter) 

 

This study evaluated the effect of different finishing instruments on enamel 

and composite surface morphology, and the effects of different finishing 

instruments on marginal integrity of resin-based composite restorations. Bovine 

incisors (n=75) embedded in epoxy resin had the facial enamel ground and 

polished to 1200-grit.  A standardized Class V cavity was prepared on each 

specimen and restored with composite (Z250).  Specimens were randomized into 

fifteen groups (n=5) according to finishing instruments: positive control (coarse 

diamond), negative control (1200-grit), fine crosscut burs (CC), straight cut burs 

(StC), spiral cut burs (SpC), and finishing diamonds (FD).  StC, SpC, and FD 

were tested individually as fine, extra-fine, and ultra-fine, and sequentially as a 

series (cumulative effect).  A high-speed, water-cooled handpiece under 

standardized conditions {(pressure (0.5N) and time (40 s)} was used. Specimens 

were analyzed for Ra with a mechanical profilometer and observed using 

scanning electron microscopy (SEM) at x500 magnification for marginal integrity 

(gap measurement). Data were analyzed using two-way ANOVA and the Duncan 

test. Statistically significant differences (p<0.05) were detected among the 

finishing instruments. 
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The positive control surface created by the diamond medium band bur 

generated the roughest surface, while the negative control surface created with 

the mechanically polished enamel generated the smoothest surfaces.  When 

compared with the negative control group, StC all series, SpC all series, and FD 

fine were observed to have a statistically significant difference in surface 

roughness. These three groups presented higher Ra values when compared with 

the other groups. 

For the marginal integrity, there was no statistically significant difference 

between FD and the negative control. However, the positive control exhibited 

significantly larger gaps when compared to the other finishing instruments. 

Intermediate results were observed for CC, StC and SpC. FD (fine, extra-fine and 

ultra-fine) generated smaller gaps compared to carbides and regular-grit 

diamonds. 

Finishing diamonds: fine, extra-fine and ultra-fine, generated smaller gaps 

compared to carbides and regular-grit diamonds. 
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CHAPTER I 

 

Introduction and Literature Review  

 

Proper finishing and polishing (collectively described herein as finishing)

are important steps that enhance both the esthetics and longevity of dental 

restorations (Jefferies, 1998; Goldstein, 1989). Directly placed resin-based 

composite (composite) restorations have to be finished to reduce possible 

gingival irritation, surface discoloration, patient discomfort, and secondary caries 

(Larato DC, 1972). The smoothest surface of a resin composite restoration is 

attained when the material is polymerized against a smooth matrix band (Halim 

N., et al., 2003). However, the composite surface layer cured in such conditions 

is rich in the resin’s organic binder (Yatabe M et al., 2001). Furthermore, if a 

matrix band is not used, polymerization of the outer layer is oxygen-inhibited 

resulting in a surface prone to discoloration and wear.  In either case, removal of 

that outermost layer of composite by finishing instruments produces a harder, 

more wear resistant, and more esthetically stable surface (Lutz F, et al., 1983; 

Schmid O 1991).  

The finishing instruments recommended in the literature vary 

considerably. Many instruments have been advocated for finishing composite 
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restorations including burs (Johnson, Jordan & Lynn, 1971; Scoot & Roydhouse, 

1968; Gray & Gavin, 1975), diamond stones and green stones (Denison & Craig, 

1972), white Arkansas stones ( Gray & Gavin, 1975; Dennison & Craig, 1972; 

Weitman & Eames, 1975), diamond disks, (Chandler, Bowen & paffenbarger, 

1971), cut disk (Scoot & Roydhouse, 1968; Gray & Gavin, 1975), Sandpaper 

disks (Scoot & Roydhouse, 1968), zirconium silicate disks (Kanter, Koski & 

Graham, 1976; Mclundie and Murray, 1974), silicon carbide disks ( Dennison and 

Craig, 1972), abrasive rubber wheels (McLean & Short, 1969), Emery or cerium 

oxide paste (scoot & Roydhouse, 1968), aluminum oxide slurry ( Weitman & 

Eames, 1975), and abrasive-free disks (Elias-son & others, 1976). Resin glazes 

also have been advocated to improve the surface finish of composite restorations 

(Kun & Paameijer, 1975; Heath & Wilson, 1976), but they are generally short -

lived because of abrasion (Pameijer, 1975; Calatrava, Dennison, 1976). 

The development of micro-filled and hybrid composite resins in the late 

1970s promoted a change in the finishing instruments. Tungsten carbide burs 

and finishing stones were observed to cause an unacceptable degree of 

subsurface damage and aluminum oxide disks were recommended (Reinhardt et 

al., 1983). Subsequent advances in abrasive bonding technology led to the 

development of micro-fine diamond burs which quickly gained popularity for the 

finishing of margins and surfaces of small particle, hybrid and microfilled 

composite resins These burs were found to cause less surface and subsurface 

damage on marginal fractures in restorations than 12-fluted tungsten carbide 

burs or stones (Lutz et al., 1983). However, through improvements in design, 
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multi-blade tungsten carbide burs can be manufactured to operate with the 

minimum of run out (eccentricity) and compared with microfine diamonds in 

respect to the surface finish of composite resins and the degree of enamel 

damage at the margin restorations (Boghosian et al., 1987). However, the blades 

of such burs are susceptible to damage which may limit service life. 

Different finishing instruments and devices are available for the different 

categories of resin-based composite materials and types of restorations. Barbosa 

and colleagues (Barbosa et al., 2005) examined the average surface roughness 

of two microfilled (Durafill and Perfection), one hybrid (Filtek Z250) and two 

packable composites (Surefil and Fill Magic), before and after eight different 

finishing instruments using carbide burs, fine/extra-fine diamond burs, aluminum 

oxide discs, rubber polishing points, and fine/extra-fine polishing pastes. It was 

determined that for all composites, the use of diamond burs resulted in the 

greatest surface roughness (Ra: 0.69 to 1.44 µm). The lowest Ra means were 

obtained for the specimens treated with Sof-Lex discs (Ra: 0.11 to 0.25 µm). The 

Ra values of Durafill were lower than those of Perfection and Filtek Z250, and 

these in turn had lower Ra than the packable composite resins. Overall, the 

smoothest surfaces were obtained with the use the complete sequence of Sof-

Lex discs. In areas that could not be reached by the aluminum oxide discs, the 

carbide burs and the association between rubber points and polishing pastes 

produced satisfactory surface smoothness for the packable and hybrid composite 

resins, respectively.  
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Studies have evaluated the effect of different finishing instruments on 

surface characteristics of various restorative materials (Mitchell CA et al., 2002; 

Ashe MJ et al., 1996; Reis AF., et al., 2002; Jung M, 1997, Barbosa SG et al,. 

2005). However, limited data are available regarding the problem of marginal 

quality of resin composite restorations with enamel margins (Schmidlin PR, 

Gohring TN, 2004). Aggressive finishing instruments may lead to damage of the 

composite-tooth margin, gap formation and marginal discoloration as a result of 

internal enamel or composite micro fractures. 

 Many different rotary instruments for finishing restorations are available, 

and it is clinically important to determine the finishing instruments that results in 

the smoothest surface (Lutz F et al., 1983; Herrgott A et al., 1989; Joniot SB et 

al., 2000). However, little research has attempted to quantify iatrogenic trauma of 

the enamel margins that may occur during finishing procedures (Mitchell CA and 

Pintado MR, 2002). Some knowledge of enamel trauma may be derived from the 

orthodontic literature in which surface loss has been quantified during resin 

composite clean-up procedures after bracket removal (Thompson RE and Way 

DC, 1981). 

 Dentists have a plethora of finishing instruments at their disposal which 

are used for refinishing and polishing, eliminating excess material, worn out 

feather edges and marginal imperfections, as well as marginal and superficial 

discolorations. However, polishing itself may lead to crevice formation and 

marginal disintegration. Enamel and/or restoration fractures may occur and result 

in white margins and subsequent discoloration (Fukushima, Setcos & Phillips, 
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1988; Bryant, Marzbani & Hodge, 1992). Microleakage may thus occur 

(Ferracane & Condon, 1990). Also, there is increased risk of developing 

secondary caries (Han, Okamoto & Iwaku, 1992; Wilder et al., 2000). 

 Fitzpatrick and Way, 1978, reported that the loss of enamel during resin 

composite removal from enamel with a fluted bur at high speed was 55.6 µm. 

Push and Way, 1980, reported a mean loss of enamel of 17.2 µm when rotary 

instruments were used to remove residual cement after bracket removal. 

Gwinnet and Gorelick, 1977, compared tooth abrasion when lightly filled and 

heavily filled composites were removed from enamel surfaces.  They found that 

the most damage occurred around the heavily filled composite, as a greater force 

was required to remove deep scratch marks that could not be eliminated by 

polishing. Arcuri and colleagues (Arcuri et al., 1993), compared enamel abrasion 

when excess composite was removed with coarse and fine diamond burs or 12 

and 40 fluted tungsten carbide finishing burs.  They found that the striations and 

irregularities produced by the carbide burs were less prominent than those 

produced by the diamonds burs. 

 Mitchell and colleagues (Mitchell et al., 2002), quantified the loss of 

surface enamel and dentin surrounding Class V restorations during resin 

composite shaping and finishing instrumentation procedures.  They found that 

there was no significant difference in the loss of surrounding tooth substance 

based on composite type (low or high viscosity). 

Schmidlin and colleagues (Schmidlin et al., 2004), correlated the smooth-

surface polishing efficacy of different instruments with their potential for 
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destructive effects on restoration margins and enamel finish lines.  They reported 

that 8-µm diamond burs and 40-fluted tungsten carbide finishers produced 

smoother surfaces and less finishing-line destructions than the other instruments 

under evaluation. 

 Given the controversial nature of the existing published data and the lack 

of information available on the effect of finishing instruments on enamel-

composite margins, this study evaluated the enamel and composite surface 

morphology and enamel-composite marginal integrity produced by different 

finishing instruments. 

 The aims of the present research were: (1) to evaluate the effect of 

different finishing instruments on enamel surfaces; (2) to evaluate the effect of 

different finishing instruments on composite surfaces; and (3) to evaluate the 

effect of different finishing instruments on the marginal integrity of resin 

composite restorations with enamel margins. The results of theses studies are 

reported in Chapter II and Chapter III. General conclusions are presented in 

Chapter IV.   

 



CHAPTER II 

Effect of Finishing Instrumentation on Enamel and Composite Surface 

Morphology. 

 

Introduction 

The aim of any restoration is to replace the missing natural tooth 

substance with a material that restores the original contour and surface finish of 

dental enamel. To achieve this goal, the restoration is shaped by a matrix or 

sculpted freehand to restore the correct contour, and the surface is polished. The 

effects of finishing instrumentation on the enamel and composite surfaces have 

been frustrating problems to clinicians. Plaque accumulation, gingival irritation, 

and increased staining of the restoration result from the surface roughness 

(Weitman RT, 1975; Eliasson et al., 1970; Bagheri R, et al., 2004).  

Little research is found regarding the effects of polishing instrumentation 

on the enamel. Some knowledge of enamel abrasion may be derived from the 

orthodontic literature, in which surface loss has been quantified during composite 

cleanup procedure after bracket removal (Fitzpatrick and Way, 1977; Brown and 

Way, 1978; Push and Way 1980; Gwinnet AJ and Gorelick, 1977; Krell and 

Courey, 1993; Acurri et al., 1993). 
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Brown and colleagues (Brown and Way, 1978) used destructive methods 

of embedded steel markers to quantify the loss of surface enamel during the 

debonding of filled resin after orthodontic treatment with an unspecified finishing 

bur. The loss of material ranged from 0 to 46.8 µm, with a median value of 25µm. 

Krell and colleagues (Krell and others, 1993) described different methods 

used to quantify tooth surface abrasion after bracket removal. These methods 

include examination of the perikimata patterns on the enamel surface, the 

insertion of steel markers in the enamel surface as reference points, the use of 

impressions to record surface contours before and after debonding procedures, 

the use of model fabrication of enamel surface, and the measurements of enamel 

loss with scanning electron microscopy.  The author used high speed hand 

pieces and 12-flutet carbide burs followed by aluminum oxide disk. They reported 

a mean loss of enamel of 149 µm. 

Previous work on finishing anterior restorative materials showed that a 

very smooth surface could be obtained when composite restorations were 

allowed to set in contact with the matrix strips (Dennison JB et al., 1981; Gedick 

R et al., 2005). It was therefore recommended that as little finishing as possible is 

carried out after the insertion. However, other investigators suggest that the 

surface of composite resins allowed to set against matrix strips is limited by a 

“resin-rich layer” which must be removed to expose a more abrasion resistance 

surface (Hannah and smith, 1973). Also, it is usually necessary to reduce some 

excess filling and resurface the restoration, leaving a much rougher surface 

regardless of the method of polishing. The ultimate surface of a composite 
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restoration should be non-porous and extremely smooth, with a maximum 

amount of the hard particles of filler at the surface to resist the abrasion.  

The finishing instrumentation recommended in the literature varies 

considerably. Many instruments have been advocated for finishing restorations of 

composite resin and with the appearance of different kinds of finishing 

instruments and the development of newer composite resin materials using small 

fillers; many studies on the best method for polishing composite resin restoration 

have been reported. However, the results have been contradictory. 

Tungsten carbide and diamond burs afford the opportunity for finishing 

those areas of complex anterior inaccessible restorations which are inaccessible 

to discs. For the precise finishing of small delineated areas, and for concave and 

occlusal surfaces, rigid rotary instruments are necessary. Questions still exist 

regarding the finishing indications of diamonds vs. carbide burs. Phillips, 1983, 

showed that diamond burs produce less disrupted surfaces than tungsten 

carbide burs on various composites. Studies evaluating diamonds and carbide 

burs efficacy advocate their use under an air-water spray (Lutz et al., 1983; 

Boghosina et al., 1987). In addition to the physiological benefits derived from the 

cooling effect of the spray upon the tooth, it may also prevent dehydratation of 

the composite, increase the efficiency of the rotary instrument by keeping the 

cutting surfaces free from debris, and contribute to a smother restoration by 

preventing the surface from being scored by particles as they dislodge ( Dodge 

W et al., 1991). 
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Frequently, by the time a study is completed, the resin and/or the polisher 

have been replaced by newer, different materials, which then require continued 

research. The purpose of this study was to evaluate the effect of different 

finishing instruments: carbide, straight cut (Fig 2.1), spiral cut (Fig 2.2), and 

crosscut blue/yellow band (Fig 2.3), and finishing diamonds (Fig 2.4) (Brasseler 

USA) on enamel and composite surface texture.  
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Figure 2.1 
Brasseler Straight Cut Series: fine (red bad), extra-fine (yellow band), and ultra-
fine white band). 

Figure 2.2 
Brasseler Spiral Cut Series: fine (red bad), extra-fine (yellow band), and ultra-fine 
white band). 
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Figure 2.3 
Brasseler Crosscut: extra-fine (yellow-blue band). 

Figure 2.4 
Brasseler Finishing Diamond Series: fine (red bad), extra-fine (yellow band), and 
ultra-fine white band). 
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Materials and Methods 

Enamel:

Seventy-five crowns from bovine incisors were obtained, and stored in 

0.5% chloramine T for disinfection.  The specimens were embedded in epoxy 

resin (Epothin, Buehler Ltd., Lake Bluff, IL) using 1’’ thermosetting phenolic rings 

(Ring forms, Buehler Ltd.) with the facial enamel surface slightly protruding from 

the cast.  The exposed facial surfaces of the specimens were ground flat with 

320, 400, and 600-grit abrasive paper (CarbiMet discs, Buehler, Ltd.) under 

running water (1 minute, light pressure for each cycle).  Care was taken not to 

expose dentin.  Specimens were then polished with 1200-grit abrasive paper 

under running water and fine polished with a 5-micron diamond paste to generate 

a highly polished enamel surface (baseline). Technical profiles of the materials 

and finishing instrument tested are shown in Table 2.1, and 2.2. 

 The specimens were randomized into six treatments of five teeth in each 

group as shown in Table 2.3.  Group 1, was the negative control, which was the 

control mechanically-polished enamel, the smoothest surface, (Fig 2.5) and 

Group 2 was the positive control which was the surface created by the diamond 

medium band bur, the roughest surface (Fig 2.6). The rest of the Groups, 3, 4, 5 

and 6, corresponded to the straight cut, crosscut, spiral cut and finishing 

diamonds respectively. Because most of the finishing treatments comprise a 

sequence of instruments, the individual effect of each instrument was tested as 

well as the cumulative effects of the series. A total of five specimens were 

assigned to each group.  Revolutions per minute (RPM) were standardized 
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according to 30,000 rpm for electric high-speed instruments, (NSK Ti-Max, 

Nl400).  The handpiece was used with light stroking action along the enamel 

specimen.  A standardized pressure of 0.5 N was applied.  Pressure was 

standardized by using a “Pressure Device” shown in Figure 2.7, and Video1.  

Pressure standardization was determined by asking different operators to polish 

a sample and determined what the usual pressure when polishing a sample is.  

The pressure device consists of a load cell, a bridge amplifier, and a data 

acquisition unit connected to an IBM compatible PC through a USB port. The 

device measured the pressure applied by the hand while polishing tooth 

samples. The software collected the data of the pressure values in N in a 

Microsoft Excel spreadsheet. The single input value was saved in the 

spreadsheet for every second, for the total of the forty seconds finishing cycle. 

So, a total of forty values per sample were acquired. Also, the pressure value for 

each second was the result of the average of pressure release for every second 

during the entire cycle.  

Diamond medium bur 100 µm was included as positive (course) control 

because it is clinically widely used. The mechanically polished enamel served as 

a negative control.  Controls facilitated interpretation and discussion of the 

results. 

Enamel surface roughness (Ra) was measured with the help of a two 

dimensional profilometer (Federal Surfanalyzer System 5000, Federal Products 

Co, Providence, RI) to measure step heights and roughness of surfaces. A 
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stylus, radio 0.0002 µm, was placed in contact with the enamel surface, and then 

scans were recorded perpendicular to the finishing scratch directions; Mesial to 

distal direction over a length of 2.5 mm on sample surface, all the specimens 

were scanned by placing them in the same orientation position. The average 

surface roughness for each specimen was determined by three scan readings. 

Each reading was 1mm apart, and the average roughness of each group was 

determined by the averages of each specimen of the group (five). 

 Three measurements were recorded: the average roughness (Ra, µm), 

maximum roughness (Ra max, µm), and minimum roughness (Ra min, µm). The 

mean specimen roughness was the average of the three scans for each 

specimen, and all the mean averages (n=5 specimens per group) were averaged 

to generate a total average for each Group. The specimens were kept hydrated 

when they were not being measured. 

Composite

Finishing instrumentation procedures and roughness measurements were 

carried out as described for enamel with few differences:  

A standardized Class V-like (box-shaped) preparation was prepared in the 

facial aspect of each specimen with a No. 271 carbide bur using a water-cooled 

electric high-speed handpiece.  Each specimen received one cavity measuring 

approximately 3 X 3 X 2 mm (mesiodistally, incisogingivally, and depth wise 

respectively).  A template was used to standardize the tooth preparations, and 

the dimensions of all preparations were verified with a digital caliper. 
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The enamel and dentin of the preparation were etched with 37.5% 

orthophosphoric acid (Scotchbond Etchant Plus 3M ESPE) for 15 seconds, 

rinsed with water for 5 seconds, and light dried for 5 seconds.  An ethanol- and 

water-based dental adhesive (Adper Single Bond, 3M ESPE) was applied in two 

consecutive coats, air thinned, and light-polymerized for 20 seconds with a 

halogen light-curing unit in normal mode (Optilux 501, Kerr-Demetron). 

Before restoration, a 1mm x 1mm point mark was placed with a waterproof 

felt pen on the enamel immediately adjacent to the restoration. This mark helped 

to determine the amount of finishing instrumentation used (fig 2.9).   

 Next, cavities were restored with Filtek Z-250 resin composite, shade A2 

(3M ESPE).  The resin composite was inserted in one increment to challenge the 

adhesive interface, and light-polymerized for 40 seconds with a light curing unit in 

normal mode (Optilux 501, Kerr-Demetron).  The curing light unit was tested for 

light output using a curing radiometer (Model 100, Demetron Research Corp., 

Kerr), which showed an intensity of 600 mW/cm2 before the samples were light 

cured. After curing, the specimens were stored in deionized water at 37oC for 1 

week (fig 2.10). 

For the negative control group cavities were restored and polymerized 

against an appropriate matrix strip, to obtain the smoothest surface. 

The rest of the specimens were randomized into five treatments. Each 

specimen was evaluated according to its individual effect as well as the 

cumulative effect of the series as described for enamel, and shown in Table 2.3 
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Composite surface roughness (Ra) was measured as described for 

enamel with the difference that the stylus, was placed in contact with the 

composite surface, Mesial to distal direction over a length of 2.5 mm on sample 

surface. Care was taken that the stylus did not go over the interface of the 

enamel-composite restoration.  Three measurements were recorded: the 

average roughness (Ra, µm), Ra max, and Ra Min. The mean roughness was 

the average of the three scans for each specimen, and all the mean averages 

(n=5 specimens per group) were averaged to generate a total average for each 

group. The specimens were kept hydrated when they were not being measured.  

 

Statistical analysis: Composite and enamel:

One-way analysis of variance (ANOVA) was used to determined signicant 

interactions between the finishing instruments. To compare the negative control 

to all other treatment groups, excluding the positive control, Dunnett’s method 

(DSD) was initially employed, and Fisher’s test was used to identify differences 

among all groups. 
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Table 2.1 Technical profile of the materials tested. 

Material Product Name 
Lot No., 

Exp. Date, 
shade 

Manufacturer 

Epo-thin resin 20-8142-
016 

Epoxy resin   
Epo-thin hardener 20-8142-

016 
Buehler Ltd., Lake Bluff, IL 

1’’ thermosetting phenolic 
rings  Ring forms 20-8151-

010 Buehler Ltd., Lake Bluff, IL 

Abrasive paper 
320,400,600 and 1200 CarbiMet® Discs, 8″ Buehler Ltd., Lake Bluff, IL 

high-speed instruments NSK Ti-Max, Nl400 4800883 NSK 

Resin composite Filtek Z-250 shade A2 3M ESPE St. Paul, MN, USA 
The curing light unit  Optilux 501 Kerr-Demetron Orange Calif. 

Vinyl polysiloxane  Flexitime 180296 Heraeus Kulzer, Dormagen, 
Germany 

Table 2.2 Technical profile of the finishing instruments tested. 
Instrument Band Grit Usage Handpiece 

speed Lot No Manufacturer 

Diamond Medium No band 100 µm

Light 
stroking 
action for 
40seconds 
at 0.5N 

30,000 rpm 856542 
Brasseler 
USA,Savanna 
GA. 

Fine Red band 8 blades ET9 678799 
Extra-
fine  

Yellow 
band 

16 
blades ETF621188 Straight 

Cut       
Ultra-
fine  White band 30 

blades 

Light 
stroking 
action for 
40seconds 
at 0.5N 

30,000 rpm 

ET9UF132791 

Brasseler 
USA,Savanna 
GA. 

30,000 rpm ET9Q263777 
Crosscut  Fine  Blue/yellow 

band 
16 
blades 

Light 
stroking 
action for 
40seconds 
at 0.5N 

Brasseler 
USA,Savanna 
GA. 

Fine Red band 12 
blades H48L670299 

Extra-
fine  

Yellow 
band 

20 
blades H48LF677999 Spiral Cut 

Ultra-
fine  White band 30 

blades 

Light 
stroking 
action for 
40seconds 
at 0.5N 

30,000 rpm 

H48LUF139799 

Brasseler 
USA,Savanna 
GA. 

Fine Red band 30 µm DET9F04048 
Extra-
fine  

Yellow 
band 15 µm DET9EF01001 Finishing 

diamonds 
Ultra-
fine  White band 8 µm

Light 
stroking 
action for 
40seconds 
at 0.5N 

30,000 rpm 
DET9UF34023 

Brasseler 
USA,Savanna 
GA. 
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Figure 2.5 
Negative Control: control mechanic-polished enamel (the smoothes surface). 

Figure 2.6 
Positive control: Surface created by the diamond medium band bur (the 
roughness surface). 
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Figure 2.7 
Force device. 
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Table 2.3 

Group description for effect of finishing instrumentation on enamel and composite 
surface morphology and marginal integrity. 
 

Groups Systems Description n

Group 1 Negative Control Mechanically-polished enamel or restoration 5

Group 2 Positive Control: Diamond Medium No band 100 µm 5

Fine Red band 8 blades 5
Extra-fine  Yellow band 16 blades 5
Ultra-fine  White band 30 blades 5

Group 3 Straight Cut       

All Series Sequence 5
Blue/yellow band Group 4 Crosscut  Fine 16 blades 5

Fine Red band 12 blades 5
Extra-fine  Yellow band 20 blades 5
Ultra-fine  White band 30 blades 5

Group 5 Spiral Cut  

All Series Sequence 5
Fine Red band 30 µm 5
Extra-fine  Yellow band 15 µm 5
Ultra-fine  White band 8 µm 5

Group 6 Finishing diamonds  

All Series Sequence 5
Total 75 
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Results 

Enamel

The mean and standard deviation of surface roughness (Ra, µm) are 

listed in Table 2.4, and graphically depicted in Figure 2.8. Clearly, the positive 

control (diamond medium band bur) created the roughest surface with a mean 

Ra = 2.89±0.68. Overall, the smoothest initial surfaces were attained with the 

negative control, mechanically-polished enamel (Ra = 0.49±0.23).  When 

compared with the negative control group, StC all series (mean Ra = 1.61±0.52), 

SpC all series (mean Ra = 1.69±0.52), and finishing Diamonds fine burs (mean 

Ra = 1.83±0.85) were observed to have a statistically significant difference in 

surface roughness. These three groups presented the roughest values when 

compared with the rest of the groups (Table2.4). All other groups were observed 

to have no statistically significant differences in roughness compared with the 

Negative Control group. Comparisons of the all-series methods (groups: StC, 

CC, SpC, and FD) showed not statistically significant differences with a p-value 

of 0.1521. 
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Table 2.4  

Mean and standard deviation of enamel surface roughness.  
 

Groups Type Band Mean 
Ra µm SD 

Group 1 Negative 
Control Polished enamel 0.49a 0.23 

Group 2 
Positive 
Control:
Diamond 

Diamond 
Medium 

No 
band 2.89b 0.68 

Fine  Red 1.14a 0.52 
Extra - Fine Yellow 0.69a 0.42 
Ultrafine  White 1.07a 0.72 Group 3 Straight Cut      

All Series 1.61b 0.52 
Group 4 Crosscut  Fine  Yellow 1.02a 0.48 

Fine  Red 0.99 a 0.27 
Extra - Fine Yellow 1.08 a 0.41 
Ultrafine  White 1.04 a 0.26 Group 5 Spiral Cut  

All Series 1.69 b 0.52 
Fine  Red 1.83 b 0.35 

Extra - Fine Yellow 0.95 a 0.22 
Ultrafine  White 0.98 a 0.65 Group 6 Finishing 

diamonds  
All Series 1.09 a 0.58 

Means not statistically different share superscript letters.   
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Figure 2.8 

Box-plots of enamel study. 
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Composite

Mean and standard deviation of surface roughness (Ra, µm) for 

composites are listed in Table 2.5, and graphically depicted in Figures 2.9. The 

positive control (diamond medium band bur) created the roughest surface (mean 

Ra = 3.43±0.68). Overall, the smoothest initial surfaces were attained with the 

negative control group (mean Ra = 0.51±0.46), created against a Mylar strip. 

When compared with the negative control group, SpC all series (mean Ra = 

1.81±0.43) and finishing Diamonds fine burs (mean Ra = 1.82±0.34) were 

observed to have a statistically significant difference in surface roughness. These 

two groups presented higher mean Ra values when compared with all other 

groups. All other groups were observed to have no statistically significant 

differences in roughness compared with the negative control group. 

Comparisons of the all-series methods (groups: StC, CC, SpC, and FD) showed 

statistically significant differences among clusters of groups, linking groups StC 

and SpC  in one cluster and Cc and FD  in another. Groups StC and SpC are 

different from groups Cc and FD with a p-value of 0.0061. 

The rest of the groups did not show statistically significant differences when 

compared to the Negative Control group. 
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Table 2.5  
Mean and standard deviation of composite surface roughness. 
 

Groups Type Band Mean 
Ra µm SD 

Group 1 Negative 
Control Polished enamel 0.51a 0.46 

Group 2 Positive 
Control:

Diamond 
Medium 

No 
band 3.43b 0.68 

Fine  Red 1.15 a 0.32 

Extra - Fine  Yellow 0.86 a 0.35 

Ultrafine  White 1.53 a 1.06 
Group 3 Straight Cut      

All Series 1.61 a 0.3 

Group 4 Crosscut  Fine  Yellow 0.95 a 0.24 

Fine  Red 1.28 a 0.38 

Extra - Fine  Yellow 1.20 a 0.4 

Ultrafine  White 1.45 a 0.25 
Group 5 Spiral Cut  

All Series 1.81 b 0.43 
Fine  Red 1.82 b 0.34 
Extra - Fine  Yellow 1.35 a 0.33 
Ultrafine  White 1.07 a 0.7 

Group 6 Finishing 
diamonds  

All Series 0.99 a 0.52 

Means not statistically different share superscript letters.   
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Figure 2.9  
 
Box-plots of composite study 
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Discussion 

The effectiveness of finishing procedures on contemporary composite 

surfaces is an important consideration in the restorative process. In this study, 

the smoothest surfaces for enamel were obtained by polishing the enamel at 

1200-grit, and the smoothest surfaces for composite were obtained by curing 

against a matrix strip. This finding was in agreement with previous studies on 

resin composites (Lutz et al., 1983; Halim N., et al., 2003; Dennison JB et al., 

1981; Gedick R et al., 2005; Yap AU et al., 2004).  The surface roughness (Ra, 

µm) of both polished enamel and the Mylar formed surfaces increased by the use 

of finishing diamonds and carbide burs.  

Diamond and carbide burs are necessary for contouring anatomically 

structured and concave surfaces such as the lingual surfaces of anterior teeth or 

occlusal surfaces of posterior teeth.  With hybrid composites, finishing diamonds 

have been shown to produce rough, trough-like surfaces compared to carbide 

burs (Jung M, 1997). Jung suggested that finishing diamonds were best suited 

for gross removal and contouring due to their high cutting efficiency of composite 

surfaces, while carbide finishing burs would be best suited for smoothing and 

finishing as a result of their low cutting efficiency. Roeder LB et al., 2000, found 

that carbide finishing burs produced surfaces with Ra values that averaged three 

times as smooth when compared to surfaces finished with finishing diamonds. 

Ferracane JL., et al 1992 also found that finishing diamonds were more efficient 

in removing material from the composite surface, though they tend to leave a 

more irregular surface when compared to finishing carbide. Berastegui et al., 
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1992, suggested that both diamond and carbide finishing burs should be used 

not as instruments for finishing and polishing, but instead as instruments for 

modeling of the restoration  

On the other hand Felix et al., 1983, concluded that diamond burs 40 and 

15 µm produced a surface roughness on composite or enamel comparable to the 

widely accepted 12 and 40 fluted carbide burs. They also stated that carbide burs 

produced surface and subsurface damage caused by a hammering effect. They 

also tend to plough through restorative materials rather than abrade them. The 

hardness of traditional composite macrofillers, or the microfilled complexes, does 

not permit the flutes to cut them clean without damage. Therefore, when 

traditional and hybrid composites are finished with carbide burs, the macrofillers 

are more likely to be dislodged than grown down, causing detectable surface 

irregularities. With microfilled composites, the particles are rocked loose and 

destroyed. Consequently, when such restorations are finished with carbide burs, 

they do not have the same luster-like surface that is possible when finished with 

fine and superfine diamond burs.  

 Jung M, 2003, concluded that the use of a 30 µm diamond caused a 

large amount of detrimental effects, and did not recommend its use for finishing 

packable composites. He also concluded that the subsequent use of two finishing 

diamonds, or a finishing diamond followed by a carbide 16 blade extra-fine, 

reduced the initial roughness significantly to more than half the amount on all 

composites. Joniot et al., in 2000 stated that 30 µm and a 15 µm diamond burs 

produced a better surface than finishing carbides. Joniot further stated in this 



30

study that Raskinn and Vreven (1996) came to the same conclusion, finding that 

tungsten carbide burs caused more surface damage. Felix, Jung and Joniot’s 

results are in agreement with the results of this study. 

Kaplan and colleagues (Kaplan BA et al., 1996), using hybrid composites, 

observed that diamonds caused a greater degree of gouging.  However, the 

gouges were not as deep as those produced with carbides and could therefore 

be brought to a smother polish. These results agree with the results of this study 

for the all-series. Joniot et al., 2000, stated that finishing with burs alone 

produced a rougher surface and therefore recommended using subsequent 

finishing instruments to improve the surface quality. Finishing instruments like 

Sof-Lex discs or aluminum oxide discs can be used to minimize the defects and 

removed the surface scratches caused by the use of the diamond burs or carbide 

burs. They also provide the smoothest composite/enamel surface, similar to 

those produced by Mylar strips, in accordance with Pedrini D et al., 2003; 

Ozgunaltay G et al., 2003; Berastegui E et al.,1992; Neme AL et al., 2003. 

In this study, statistically significant differences were found among Ra 

values of the finishing diamond burs when compared to finishing carbides burs. 

The 30µm fine finishing diamond produced the roughest surfaces on enamel and 

composite, with Ra values of 1.83 µm and 1.82 µm for enamel and composite 

respectively, compared with the 1.14 µm (enamel) and 1.15 µm (composite) 

produced by the fine StC, and the 0.99 µm (enamel) and 1.28 µm (composite) for 

the SpC (Tables: 2.4 and 2.5) Jung M, 1997, Roeder LB et al., 2000, and 

Ferracane JL., et al., 1992, agree that finishing diamonds have been shown to 
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produce rough, trough-like surfaces when compared to carbide burs. However, 

the aforementioned studies only compared the effects of the fine finishing 

diamonds (30 µm) versus the ultra-fine carbides (30 blades), instead of 

comparing carbides versus the equivalent grit diamond (ultra-fine 8 µm).  

In this study the individual effect of each instrument (fine, extra-fine, and 

ultra-fine) was tested, as well as the cumulative effects for the StC, SpC, and FD.  

The findings demonstrate that the subsequent use of a 15 µm and 8 µm finishing 

diamonds reduced roughness significantly, and the cumulative effect of the all 

series for the diamonds resulted in the smoothes surfaces (Ra 0.99 µm).  

On the other hand, the effect of the all series for the carbide finishing burs 

showed roughness Ra values of 1.61 µm (StC), and 1.81 µm (SpC). It is possible 

that a small number of deep grooves created by the blades of the fine carbide 

burs remained after the initial polishing burs (fine) that could not be removed 

effectively by the extra-fine and ultra-fine burs. It could further be theorized that 

the presence of small numbers of deep grooves correlated with the greatest Ra 

values found in the enamel and composite of all series specimens. 

 The smoothness obtained with mechanically polished enamel and the 

matrix strips could not be reproduced by any of the diamond or carbide finishing 

systems.  

Composite resin fillers appear to play an intrinsic role in how well a 

composite finishes (Berastegui et al., 1992; Mitchell CA et al., 2002; Joniot SB et 

al., 2000; Yap AU 1994 and 2004). In composites where the filler particles are 

significantly harder than the matrix or resin phase, the latter may suffer a 
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preferential loss during finishing. The larger the particle size, the greater the 

surface roughness (Toledano et al., 1994; Yap AU et al., 1997). In addition, the 

effectiveness of the finishing instruments is material-dependent. Yap et al., 2004,  

investigated the surface texture of composite and compomer after treatment with 

different one-step finishing instruments and found that for the composite material 

(Z100), no significant difference in surface roughness was observed between 

one-,two and multi-step finishing instruments. Stoddard and Johnson (1991) 

suggested that, because of the variation in filler particles and types of resins, it is 

important to pair a resin composite with a matching polishing system, and 

according to Weinstein 1988, by systematically decreasing the particle size of the 

abrasive, a superior surface can be achieved. The grit in the polishing material 

should be smaller than the particle size of the restorative material that is being 

polished in order to produce better results. Weinstein further stated that 

additional factors affecting polishing results may include the amount of pressure 

utilized during polishing, the orientation of the abrading surface, and the amount 

of time spent with each finishing bur. However, in this study, each of these 

factors was closely controlled.   

Another variable of the study is that different Ra measurement instruments 

can show different roughness values. The controversy surrounding whether 

carbide or diamond finishing burs produce a smoother surface can be affected by 

the fact that different instruments can be used to measure Ra. Berastegui (1992) 

utilized a mechanical profilometer in determining that carbide burs produced a 

smoother surface than diamonds. The roughness values obtained by the 
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Berastegui study cannot be compared with the results of Joniot et at, 2000, who 

obtained better result with the diamonds when measuring with an optical 

profilometer. Also, Teixeira and colleagues (Teixeira EC et al., 2005), found 

significant differences when comparing the Ra results of the same sample using 

an AFM and a profilometer. Ra values can vary significantly, especially when 

measurements are conducted at different levels of dimensional resolution. The 

size of convolutions, special frequency, and distribution of features should be 

considered. AFM techniques can be used to measure surface features and can 

develop accurate images of the surface topography and texture even to the 

atomic scale, differing from the measurement scale of a standard mechanical 

surface profilometer. Features that can be clearly resolved with AFM, such as an 

individual filler particle in a composite, are not always seen in a mechanical 

profilometer trace. Additionally, features such as troughs created in a dental 

composite surface by finishing instruments are too large to be characterized with 

AFM. For this reason we did not use an AFM instrument in this study. 

When attempting to fully characterize surface morphology, multiple 

analytical techniques (AFM, surface profilometry, optical profilometry, etc.) 

should be considered as they can obtain information over a broad dimensional 

range. Optical profilometry permits a touch free scanning of the composite 

surface and enable the sample surface to be studied more precisely, as the 

optical beam is less limiting than the recording head. The size of the stylus tip, 

which is commonly used for mechanically profilometry, is regarded as being too 

large to penetrate the irregularities of finished surfaces (Joniot et al., 2000; Jung, 
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1997; Whitehead et al., 1999).The laser stylus is focused to a diameter of 1 µm, 

thus providing a great accuracy for the profilometric evaluation. 

The roughness parameters used by the profilometer utilized in this study, 

(Federal Surfanalyzer System 5000, Federal Products Co, Providence, RI), are 

vertical parameters since they describe surface irregularities only by their 

amplitudes. Also, this kind of profilometer does not reflect both the vertical 

(height of profile elements) and the horizontal (number of surfaces irregularities) 

dimensions of surface irregularities. The shortcomings of those parameters have 

been pointed out in the dental literature (Jung, 1997; Whitehead et al., 1999; 

Teixeira et al., 2005).  

The complex structure of a surface cannot be fully characterized solely by 

the surface roughness measurements. Therefore, it is not appropriate to draw 

definitive conclusions on the clinical suitability of a finishing instrument based 

exclusively on roughness averages. 

The “smear layer” is another variable affecting the results of this study. 

Samples were not cleansed using an ultrasonic bath before roughness was 

measured. It is indeed possible that the smear layer created during 

instrumentation could have affected the roughness values, especially for the all 

series methods, when a great deal of instrumentation polishing is performed on 

the sample.  

An additional variable is the natural and substantial variation in the quality 

and height of the enamel for the bovine teeth.  
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According to the results of this study, finishing diamonds have a tendency 

to produce smoother surfaces when compared to finishing carbides, except for 

the fine finishing diamond (red band). Among the finishing carbides, there is a 

tendency of the all series group to show the higher roughness values. 

 



CHAPTER III 

Effect of Finishing Instrumentation on Marginal Integrity of Resin-

Based Composite Restorations. 

Introduction: 

Proper finishing of restorations is desirable not only for aesthetic 

considerations but also for oral health. The primary goal of finishing is to obtain a 

restoration that has good contour, occlusion, healthy embrasure forms and a 

smooth surface. Ideally, a filler rich, enamel like, glossy polished surface should 

be achieved. In addition, perfect marginal adaptation and seal are desired. Many 

different rotary instruments are available for finishing restorations. However, 

finishing instrumentation may lead to crevice formation and marginal 

disintegration (Schmidlin et al., 2004). It is also possible that cavity preparations 

with dental burs can easily produce micro-fractures in the enamel. The degree of 

the generation of the enamel damage induced during cavity preparation can be 

influenced by the diamond grit size and type of bur (Xu HH et al,. 1997). Cavity 

preparation with minimal mechanical damage at the cavosurface margin may be 

an important factor for preventing enamel cracking at the side of resin composite 

restoration (Kozo et al., 2005). 

Significant attention has been paid to which instruments provide the 

smoothest restoration surfaces, but little research has attempted to quantify 
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iatrogenic marginal defects, which may occur during the finishing 

instrumentation. These defects will result in microleakage, which can be defined 

as the passage of bacteria, fluids, molecules or ions between a cavity wall and 

the restorative material (Kidd, 1976). Clinically, it may lead to staining, 

postoperative sensitivity and/or recurrent caries.  Variations in finishing 

instrumentation techniques have been shown to affect the ability of composite 

restorations to resist leakage. Brackett et al., 1997 evaluated the effect of three 

finishing instruments on the microleakage of Class V hybrid resin composite and 

found that the greatest incidence of leakage was observed in restorations 

finished with carbide finishing burs. 

Yu and others, 2000, evaluated the possible influence of finishing 

instrumentation on microleakage. Results indicated that finishing instruments 

affects the ability of the restorative system to resist microleakage. Under the 

conditions of this study, the best results were achieved with a 30-fluted bur 

followed by a short wet polish. Samples finished dry with polishing disks 

demonstrated considerable microleakage.  

The finishing periods serve as another factor that may influence the 

sealing ability around restorations. M Irie and colleagues (M Irie et al., 2003), 

evaluated the effect of the initial polishing period through 30 minutes, 3 hours, 12 

hours, 24 hours and 1 week after setting on the gap formation around Class V 

restorations. The authors used three resin-modified glass ionomers, one 

compomer, one conventional glass ionomer and one microfilled composite. 

When specimens were polished immediately after the setting procedure, this 
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study showed 100-140 gaps around the X-section of the restorations. In contrast, 

only 10-40 gaps around the Class V restoration were observed when the 

specimens were polished after 12 hours of storage. Significant differences were 

observed between polishing immediately and polishing after 12 hours of storage. 

However, delayed polishing did not improve gap formation for a compomer. Due 

to the structure of the glass ionomer and its hydrophilic nature, water absorption 

and subsequent swelling may lead to partial compensation of the shrinkage.  

Only limited data are available on the influence of finishing instrumentation 

on marginal quality of composite restorations. This study evaluated the effect of 

different finishing instruments on the enamel-composite marginal integrity of the 

restorations. 

 

Materials and Methods 

Seventy-five crowns from bovine incisors were obtained, and stored in 

0.5% chloramine T for disinfection.  The specimens were embedded in epoxy 

resin using 1’’ thermosetting phenolic rings with the facial enamel surface slightly 

protruding from the cast.  The exposed facial surfaces of the specimens were 

ground flat with 320, 400, and 600-grit abrasive paper under running water (1 

minute, light pressure for each cycle).  Care was taken not to expose dentin.  

Specimens were then polished with 1200-grit abrasive paper under running water 

and fine polished with a 5-micron diamond paste to generate a highly polished 

enamel surface (baseline).  
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A standardized Class V like preparation was prepared in the facial aspect 

of each specimen with a No. 271 carbide bur using a water-cooled electric high-

speed handpiece.  Each specimen received one cavity measuring approximately 

3 X 3 X 2 mm (mesiodistally, incisogingivally, and depth wise respectively).  A 

template was used to standardize the tooth preparations, and the dimensions of 

all preparations were verified with a caliper. The enamel and dentin of the 

preparation was etched and then restored as described for composite in the 

materials and methods section of the previous chapter. II  

 The specimens were randomized into six treatments of five teeth in each 

group as shown in Table 2.3.  Group 1 was the negative control, which was the 

control mechanically restoration, the smoothest surface, and Group 2 was the 

positive control which was the surface created by the diamond medium band 

bur, the roughest surface (Fig 2.6). The rest of the groups, 3, 4, 5, and 6, 

corresponded to the straight cut, crosscut, spiral cut and finishing diamonds 

respectively. Because most of the finishing instruments comprise a sequence of 

instruments, the individual effect of each instrument was tested as well as the 

cumulative effects of the series. A total of five specimens were assigned to each 

group.  Revolutions per Minute (RPM) were standardized according to 30,000 

rpm for electric high-speed instruments, (NSK Ti-Max, Nl400).  The handpiece 

was used with light stroking action along the enamel specimen.  A standardized 

pressure of 0.5 N was applied as described for composite in the materials and 

methods section of the previous chapter II.  
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Evaluation of enamel-composite marginal integrity

Samples were submerged in an ultrasonic bath for 15 min, to remove the 

debris over the margins. Vinyl polysiloxane impressions (Flexitime, Heraeus 

Kulzer) of the 75 specimens were taken. Impressions were poured with Epo-thin, 

low viscosity epoxy, (Buehler). All the specimens were mounted on aluminum 

stubs with carbon tape and were sputter coated with gold 250Å for 60 seconds. 

Specimens were observed under Scanning electron microscopy (SEM) at an 

accelerating voltage of 12 k V at 90o angle and working distance of 28mm . The 

enamel-composite marginal interface was observed initially at 20x magnification 

for localization of the all margins of the restoration, and then magnification was 

set at 300x to examine the entire periphery of the margin restoration. The two 

biggest gaps of the restoration were selected.  Images of the gaps were taken at 

500x. Two images per each sample were taken, creating a total of 150 images. 

Special care was taken in the selection of the two biggest gaps, to be sure that 

they were localized in different axis of the restoration. 

 The two largest gaps in different axis of the restoration were selected and 

the largest portion of the gap was measured using Image J 1.34 software. 

(National Institutes of health, USA). The gap measurements were averaged for 

each specimen. The group average was obtained by averaging the five values 

for each group.  

 Correlation between the location of the gaps and the orientation of the 

finishing striations was determined by observation of all SEM images.  The 

hypothesis was that more gaps are found on enamel-composite margins that are 
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perpendicular to the orientation of the finishing instrumentation, when compared 

to parallel margins. 

Statistical analysis

The Analysis of variance (one-way ANOVA) was used to determine significant 

interactions between the finishing instruments and marginal integrity. A Duncan 

test was also used to identify differences among all groups. A significance level 

of 0.05 was used for all statistical analysis. 

Results  

 Gap mean values and standard deviations for the evaluation of enamel-

composite marginal integrity are presented in Tables 3.1 and Figures 3.1.  

 When observing marginal integrity, there was no statistically significant 

difference between all the finishing diamonds and the negative control (mean 

gap= 0.73±0.25). The worst marginal integrity result was obtained with the 

positive control (medium-grit diamond bur) (mean gap= 16.23±5.87), which 

produced a statistically significant difference compared to other finishing 

instruments. Intermediate results were observed for CC, StC and SpC. SEM 

evaluation correlated well with the quantitative data. 

 There was no correlation between the location of the gaps and the 

orientation of the finishing striations. Gap formation was influenced primarily by 

the type of bur used, and not by the orientation of the finishing striations. 
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Table 3.1 

Gap Summary Table 

Groups Type Band 
Mean 
Gap 
µm

SD p < 0.05 

Group 1 Negative Control Polished enamel 0.73 0.25 a

Group 2 Positive Control Diamond 
Medium 

No 
band 16.23 5.87 f

Fine  Red 6.45 0.89 cde 

Extra - Fine  Yellow 6.28 2.06 cde 

Ultrafine  White 4.94 1.81 bcdGroup 3 Straight Cut       
All Series 9.15 4.24 e

Group 4 Crosscut  Fine  Yellow 7.78 2.64 de 

Fine  Red 6.82 1.73 cde 

Extra - Fine  Yellow 7.82 3.68 de 

Ultrafine  White 5.34 2.48 bcde Group 5 Spiral Cut  
All Series 7.46 2.48 cde 

Fine  Red 3.73 2.01 abc 

Extra - Fine  Yellow 3.54 2.73 abc 

Ultrafine  White 2.05 1.86 ab Group 6 Finishing diamonds 
All Series 1.04 0.38 a

Means not statistically different share superscript letters. 
Duncan test; GAPS (gap data finishing procedures.sta) 
Probabilities for Post Hoc Tests  
F(14,60)=5.57; p<.0000  
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Figure 3.1 
 
Gap at the margins after different finishing procedures. 
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Discussion 

Dentists are responsible for the patient’s care and need to discern and 

avoid new caries and periodontal disease and ensure the long term quality of 

tooth restorations. The longevity of the latter varies significantly (Downer & 

others, 1999), and the reported mean survival time for resin restoration is five 

years or less. The primary reasons for replacements are tooth or restoration 

fractures and secondary caries diagnosed visually or on radiographs. Gaps in the 

enamel-composite margin may result in microleakage and introduction of further 

caries (Roberson T et al., 2002; Xu et al., 1997). Enamel cracking is initiated by 

the damage caused during preparation with burs and is likely to be furthered by 

the contraction of the polymerizing resin composite (Watson TF et al., 1998). In 

this study, the effects of the various bur grits on the marginal integrity of the resin 

restorations were evaluated using SEM by selecting the two largest gaps in 

different axes of the restoration.  

 The worst marginal integrity result was observed with the positive control 

(medium-grit diamond, Figure 3.2.), which produced statistically significant 

differences when compared to all groups. Kanemura et al., 1998, reported that 

cavity preparation using a regular grit diamond or carbide bur produced 

irreversible damage to superficial enamel.  

 The finishing diamond burs generated the smallest gaps of all the groups, 

and there were no statistically significant differences between the finishing 

diamonds and the negative control group (Fig 3.3. and 3.8 a-c). These results are 

in general agreement with previous literature (Lutz et al., 1983; Nishimura K et 
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al., 2005). Lutz et al., 1983, showed that marginal quality of restorations was 

significantly superior when diamond finishing burs were used. Lutz stated, “It is to 

be assumed that the gentleness of the finishing diamond burs to the margins of 

the restorations has practical clinical consequences.”  

 In this study, among the finishing diamonds, the all series method afforded 

the best results in terms of gap formation, followed by the ultra-fine, extra-fine, 

and fine methods respectively. Xu et al., 1990, reported that cracks produced by 

course diamonds burs were effectively removed by finishing with finer diamonds. 

 No statistically significant differences were noted among the straight cut, 

crosscut and spiral cut groups (fig 3.4, 3.5, and 3.6).  However, when comparing 

the straight cut and spiral cut groups, a tendency can be noted: large gaps 

develop when the all series methods were used, leading to an interpretation that 

the more instrumentation in a restoration, the more likely to increase the gap, 

which is in contrast with the diamond group. The results of this study were 

comparable with previous investigations.  Neme et al., 2002, suggested that even 

fine and ultra-fine instruments may negatively influence the integrity of the 

enamel and, to a lesser extend, restoration margins. Therefore, every additional 

step in a polishing sequence may increase the risk of further finish-line 

destruction.  

 According to the results of this study, polishing with finishing diamond burs 

is recommended to improve the marginal integrity of resin restorations. In 

addition, as Lutz observed, the gentleness of the finishing diamond burs to the 

margins of the restorations has practical clinical consequences. 
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One significant variable is the composite used in this study (Z-250). In 

general, microfills and minifills undergo more extensive marginal degradation 

than the more heavily filled midifills composite. Ferracane et al., 1999, reported 

that the differences between the midifills and microfills were significant, and 

midifills has significantly lower breakdown. This suggests that the effects of 

finishing instruments on the marginal integrity are material dependent.  

 More in vitro test are needed to investigate the influence on surface and 

margin characteristics in order to improve the future management of adhesive 

restorations after placement and during maintenance. The use of finishing 

instruments should be minimized to avoid marginal destruction, while 

guaranteeing good performance of the restorations. 

 Restorations that are properly finished should have a superior esthetic 

quality. They should show less opaque areas of marginal enamel, as the result of 

fractures, and less marginal discoloration over time. However, the guidelines for 

use of diamond finishing burs should be heeded.  

 The finishing diamonds in this study were used with 0.5N pressure (light 

pressure) in a constant wiping motion, and under generous water spray. The 

continuous wiping motion is recommended to avoid formation of grooves. Under 

the conditions of this in-vitro study:  Finishing diamonds: fine, extra-fine and ultra-

fine generated smaller gaps compared to carbides and regular-grid diamonds. 
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Figure 3.2 

A representative SEM image (500x) of marginal integrity result observed with the 
positive control (Group 2). 
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Figure 3.3 
 
A representative SEM image (500x) of marginal integrity result observed with the 
negative control (Group 1). 
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Figure 3.4 
 
Representative SEM images (500x) of marginal integrity result observed with the 
Straight Cut (Group 3). 
 

a. Fine 
 

b. Extra-fine 
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c. Ultra-fine 
 

d. All series 
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Figure 3.5 
 
A representative SEM image (500x) of marginal integrity result observed with 
crosscut (Group 4). 
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Figure 3.6 
 
Representative SEM images (500x) of marginal integrity result observed with the 
Spiral Cut (Group 5). 
 

a. Fine 
 

b. Extra-fine 
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c. Ultra-fine 
 

d.  All series 
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Figure 3.7 
 
Representative SEM images (500x) of marginal integrity result observed with the 
Finishing diamonds Cut (Group 6). 
 

a Fine 
 

b. Extrafine 
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c. Ultra-fine 
 

d. All series 
 



Chapter IV 

Summary and Conclusion 

Summary 

Tungsten carbide and diamonds burs afford the opportunity for finishing 

those areas of complex anterior restorations which are inaccessible to discs. For 

the precise finishing of small delineated areas and for concave and occlusal 

surfaces, rigid instruments are necessary. However, literature varies in 

recommending either diamond or carbide burs. 

In the present investigation, the smoothest surfaces for enamel were 

obtained by polishing the enamel at 1200-grit, and the smoothest surfaces for 

composite were obtained by curing against a matrix strip. The surface roughness 

(Ra, µm) of both polished enamel and the Mylar formed surfaces increase by the 

use of finishing tungsten carbide and diamonds burs.  

The roughness surface in this study was created by the fine (30 µm) finishing 

diamonds and the all series carbide. The roughness values of the carbide may 

be due to the surface and subsurface damage caused by a hammering affect of 

the carbide burs as Felix and colleagues mentioned (Felix et al., 1983). Also, the 

cumulative instrumentation when the carbide all series instruments are used may 

tend to plough through restorative material rather than abrade them.  The 

hardness of traditional composite macrofillers, or the microfilled complexes, does 
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not permit the flutes to cut them clean without damage. Therefore, when 

composites are finished with carbide burs, the macrofillers are more likely to be 

dislodged than ground down, causing detectable surface irregularities. Also, the 

diamond’s degree of gouging is not as deep as those produced with carbide.  

Consequently, when such restorations are finished with carbide burs, they do not 

have the same luster-like surface that is possible when finished with extra-fine 

and ultra-fine diamonds. A fine diamond (30µm) caused a large amount of 

detrimental effects and is not recommended for finishing composites. However, 

the subsequent use of extra-fine (15µm) and ultra-fine (8µm) finishing diamonds 

reduced roughness significantly, and the cumulative effect of the all series for the 

diamonds resulted in the smoothes surface.  

On the other hand, the effect of the all series for the carbide finishing burs 

showed the roughest values. It is possible that a small number of deep groves 

created by the blades of the fine carbide burs could not be removed affectively by 

the extra-fine and ultra-fine burs. It could be further theorized that the presence 

of small numbers of deep grooves correlated with the greatest Ra values found in 

the enamel and composite of all series specimens. 

Additional factors affecting polishing results may include the amount of pressure 

utilized during polishing, the orientation of the abrading surface, and the amount 

of time spent with each finishing bur.  Other factors affecting the roughness 

values may include the smear layer created during instrumentation that may 

affect the profilometer reading, and the different Ra measurements that 

instruments can show. A mechanical profilometer roughness value can vary 
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significantly from AFM or Optical profilometer roughness values since 

measurements are conducted at different levels of dimensional resolution. The 

complex structure of a surface can not be fully characterized solely by the 

surface roughness measurements. Therefore, it is not appropriate to draw 

definitive conclusions on the clinical suitability of a finishing instrument based 

exclusively on roughness values. 

In addition to smooth surface, a perfect marginal adaptation and seal are 

desired. However, finishing instrumentation may lead to crevice formation and 

marginal disintegration. In the present investigation, it was noted that the worst 

marginal result was observed with the medium-grit diamond (100 µm), and all the 

finishing diamond burs generated the smallest gaps of all groups. These burs 

included fine (30 µm), extra-fine (15 µm) and ultra-fine (8 µm). The all series 

methods afforded the best results in terms of gap formation, followed by the ultra-

fine, extra-fine, and fine methods respectively. 

Among the finishing carbide burs, no differences were noted among the straight 

cut, crosscut and spiral cut groups. However, when comparing the straight cut 

and spiral cut, a tendency can be noted: large gaps develop when the all series 

methods were used, leading to an interpretation that the more instrumentation in 

a restoration, the more likely to increase the gap, which is in contrast with the 

diamond finishing group. 

 It is to be assumed that the gentleness of the finishing diamonds burs to the 

margins of the restoration has practical clinical consequences.   
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Conclusions 

Within the limitations of these experiments, the following can be concluded: 

1. The smoothest surface for composite was obtained when cured in contact 

with the Mylar strip. 

2. The smoothest surface for enamel was obtained mechanically polished at 

1200 grit. 

3. The worst Ra results were obtained with the fine diamond and the use of 

the SpC and StC all series. 

4.  Finishing diamonds: fine, extra-fine and ultra-fine generated the smallest 

gaps compared to carbides and regular-grit diamonds. 
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APPENDICES 

 

The following appendices contain tables describing the individual 

experimental sample data for the Effect of Finishing Instrumentation on 

Enamel and Composite Surface Morphology (Chapter II), and Effect of 

Finishing Instrumentation on Marginal Integrity of Resin-Based Composite 

Restorations (Chapter III). The data was summarized in the Results 

section.  
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Table A1 

Complete Description of Enamel Roughness Values. 

Controls 
 Control mechanically-polished enamel. Diamond, Medium (no band): 100 µm 

1 2 3 4 5 Average 11 12 13 14 15 Average 
0.30 0.60 0.40 0.30 0.80 3.30 4.10 2.30 2.20 2.80 
0.30 0.60 0.40 0.30 0.90 3.60 3.20 2.20 2.40 2.40 Ra µm
0.20 0.60 0.50 0.30 0.80 3.40 4.10 2.90 2.30 2.20 

Average 0.27 0.60 0.43 0.30 0.83 

0.49 

3.43 3.80 2.47 2.30 2.47 

2.89 

0.30 1.00 0.50 0.40 1.00 4.40 6.80 3.00 3.30 4.80 
0.30 0.90 0.50 0.40 1.10 5.00 4.70 3.30 3.40 5.40 Ra Max 

µm
0.20 0.90 0.80 0.40 1.50 5.00 6.20 4.40 3.70 4.30 

Average 0.27 0.93 0.60 0.40 1.20 

0.68 

4.80 5.90 3.57 3.47 4.83 

4.51 

0.20 0.30 0.20 0.20 0.30 0.70 0.30 0.40 0.40 0.30 
0.20 0.20 0.20 0.20 0.30 0.60 0.50 0.40 0.50 0.20 Ra Mn 

µm
0.20 0.30 0.20 0.20 0.30 0.70 0.50 0.40 0.40 0.20 

Average 0.20 0.27 0.20 0.20 0.30 

0.23 

0.67 0.43 0.40 0.43 0.23 

0.43 

Straight Cut 
 Straight Cut (ET9), Fine (Red band). Straight Cut (ET9), Extra - Fine (yellow band) 

16 17 18 19 20 Average 21 22 23 24 25 Average 
1.20 0.50 0.80 1.60 1.50 1.10 0.80 0.30 0.50 0.40 
1.10 0.40 0.80 1.40 1.90 1.10 1.20 0.30 0.50 0.30 Ra µm
1.40 0.50 0.70 1.40 1.90 1.30 1.40 0.40 0.50 0.30 

Average 1.23 0.47 0.77 1.47 1.77 1.14 1.17 1.13 0.33 0.50 0.33 0.69 
2.00 0.90 1.30 2.80 3.50 1.60 1.10 0.50 0.90 0.60 
1.80 0.60 1.40 2.40 2.90 1.90 2.20 0.50 0.90 0.30 Ra Max 

µm
2.30 0.70 1.10 2.50 3.20 2.00 2.70 0.60 0.90 0.40 

Average 2.03 0.73 1.27 2.57 3.20 1.96 1.83 2.00 0.53 0.90 0.43 1.14 
0.30 0.20 0.30 0.40 0.30 0.30 0.50 0.20 0.20 0.20 
0.30 0.30 0.40 0.40 0.40 0.20 0.30 0.20 0.20 0.20 Ra Mn 

µm
0.40 0.30 0.30 0.40 0.40 0.70 0.40 0.20 0.20 0.20 

Average 0.33 0.27 0.33 0.40 0.37 0.34 0.40 0.40 0.20 0.20 0.20 0.28 
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Straight Cut (ET9), Ultrafine (white band) Straight Cut (ET9), All Series
26 27 28 29 30 Average 31 32 33 34 35 Average 

1.50 1.40 0.30 0.30 1.80 2.00 2.00 2.10 1.70 1.20 
1.50 1.40 0.20 0.30 1.50 1.80 1.90 1.70 1.70 0.60 Ra µm
1.60 1.40 0.30 0.40 2.20 1.60 2.00 1.80 1.80 0.30 

Average 1.53 1.40 0.27 0.33 1.83 1.07 1.80 1.97 1.87 1.73 0.70 1.61 
3.20 2.60 0.40 0.50 3.30 3.70 3.80 4.00 3.10 2.00 
2.80 2.60 0.30 0.40 3.00 3.40 3.70 3.80 3.10 1.10 Ra Max 

µm
3.00 2.60 0.40 0.60 3.70 3.10 3.90 3.40 3.20 0.30 

Average 3.00 2.60 0.37 0.50 3.33 1.96 3.40 3.80 3.73 3.13 1.13 3.04 
0.60 0.20 0.20 0.20 0.50 0.40 0.30 0.50 0.40 0.30 
0.40 0.40 0.20 0.20 0.40 0.30 0.40 0.50 0.40 0.20 Ra Mn 

µm
0.40 0.40 0.20 0.20 0.70 0.30 0.40 0.50 0.40 0.20 

Average 0.47 0.33 0.20 0.20 0.53 0.35 0.33 0.37 0.50 0.40 0.23 0.37 

Crosscut (ET9Q), Fine (blue/yellow band). 
36 37 38 39 40 Average 

1.50 1.70 0.40 1.50 0.50 1.02 
1.30 1.30 0.50 1.30 0.50 Ra µm
1.20 1.50 0.60 1.00 0.50 

Average 
1.33 1.50 0.50 1.27 0.50 
2.40 3.00 0.60 2.60 0.80 1.67 
2.10 2.10 0.60 2.70 0.70 Ra Max 

µm
1.70 2.40 0.90 1.60 0.90 

Average 2.07 2.50 0.70 2.30 0.80 
0.30 0.30 0.20 0.30 0.20 0.28 
0.30 0.30 0.30 0.30 0.20 Ra Mn 

µm
0.30 0.40 0.30 0.30 0.20 

Average 0.30 0.33 0.27 0.30 0.20 
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Spiral Cuts 
 Spiral cut (48L), Fine (Red band) Spiral cut (48L), Extra - Fine (yellow band) 

41 42 43 44 45 Average 46 47 48 49 50 Average 
0.70 0.80 0.70 1.40 1.40 0.80 0.80 1.30 0.80 3.00 
0.80 0.80 0.70 1.30 1.10 0.80 0.70 1.20 0.90 1.20 Ra µm
0.90 0.90 0.80 1.10 1.40 0.90 0.80 0.90 1.00 1.10 

Average 0.80 0.83 0.73 1.27 1.30 0.99 0.83 0.77 1.13 0.90 1.77 1.08 
1.40 1.20 0.90 2.60 2.50 1.00 1.30 2.60 1.70 2.60 
1.40 1.10 0.60 2.10 1.90 1.20 1.20 2.20 1.60 2.80 Ra Max 

µm
1.80 1.40 1.30 1.50 0.80 1.80 1.30 1.30 1.70 2.50 

Average 1.53 1.23 0.93 2.07 1.73 1.50 1.33 1.27 2.03 1.67 2.63 1.79 
0.20 0.20 0.30 0.30 0.30 0.30 0.20 0.40 0.20 0.40 
0.30 0.30 0.20 0.40 0.30 0.30 0.20 0.30 0.30 0.40 Ra Mn 

µm
0.20 0.40 0.30 0.30 0.30 0.30 0.30 0.50 0.30 0.30 

Average 0.23 0.30 0.27 0.33 0.30 0.29 0.30 0.23 0.40 0.27 0.37 0.31 

Spiral cut (48L), Ultrafine (white band) Spiral Cut (48L), All Series.
51 52 53 54 55 Average 56 57 58 59 60 Average 

0.80 1.20 1.50 1.20 0.50 1.90 1.60 1.20 2.00 0.70 
0.80 1.30 1.70 1.10 1.10 1.90 2.00 1.50 2.60 0.80 Ra µm
1.00 1.00 0.90 1.00 0.50 2.00 1.90 1.30 2.40 1.50 

Average 0.87 1.17 1.37 1.10 0.70 1.04 1.93 1.83 1.33 2.33 1.00 1.69 
1.40 2.20 2.40 2.20 0.90 3.50 2.60 2.10 3.50 1.00 
0.90 2.20 2.40 1.60 1.60 3.70 3.60 2.40 4.80 1.20 Ra Max 

µm
1.50 1.50 1.00 1.60 0.70 3.60 3.10 2.20 4.60 2.10 

Average 1.27 1.97 1.93 1.80 1.07 1.61 3.60 3.10 2.23 4.30 1.43 2.93 
0.20 0.40 0.50 0.20 0.20 0.50 0.40 0.40 0.60 0.20 
0.30 0.30 0.30 0.60 0.20 0.50 0.50 0.20 0.70 0.20 Ra Mn 

µm
0.30 0.30 0.50 0.30 0.30 0.60 0.50 0.40 0.50 0.90 

Average 0.27 0.33 0.43 0.37 0.23 0.33 0.53 0.47 0.33 0.60 0.43 0.47 



64

Finishing Diamonds 

 
Finishing diamonds (ET9), Fine 

(Red band)  Finishing diamonds (ET9, Extra-Fine (yellow 
band) 

61 62 63 64 65 Average 66 67 68 69 70 Average 
1.70 2.40 1.50 2.30 1.40 0.80 0.70 0.60 1.50 1.10 
1.40 2.40 2.20 2.00 1.50 0.70 0.70 1.20 1.20 1.00 Ra µm
1.90 1.90 1.60 2.00 1.20 0.70 0.80 1.10 1.10 1.00 

Average 1.67 2.23 1.77 2.10 1.37 1.83 0.73 0.73 0.97 1.27 1.03 0.95 
2.50 4.10 2.90 3.50 2.50 1.10 1.10 0.90 2.50 1.50 
2.00 3.70 5.20 3.00 2.10 1.10 1.20 1.90 2.10 1.60 Ra Max 

µm
2.80 2.90 3.10 3.10 2.00 1.00 1.20 0.80 1.50 1.50 

Average 2.43 3.57 3.73 3.20 2.20 3.03 1.07 1.17 1.20 2.03 1.53 1.40 
0.30 0.40 0.40 0.30 0.30 0.30 0.20 0.30 0.40 0.50 
0.40 0.60 0.20 0.40 0.40 0.20 0.20 0.30 0.50 0.30 Ra Mn 

µm
0.50 0.60 0.20 0.40 0.20 0.20 0.30 0.40 0.30 0.30 

Average 0.40 0.53 0.27 0.37 0.30 0.37 0.23 0.23 0.33 0.40 0.37 0.31 

Finishing diamonds (ET9), Ultrafine (white 
band) Finishing diamonds (ET9), All Series

71 72 73 74 75 Average 76 77 78 79 80 Average 
1.00 0.40 1.00 2.00 0.40 2.10 0.70 1.00 1.70 0.40 
1.10 0.50 0.80 1.70 0.50 1.80 0.70 0.90 1.40 0.40 Ra µm
1.00 0.50 1.00 2.40 0.40 1.70 0.90 0.90 1.30 0.40 

Average 1.03 0.47 0.93 2.03 0.43 0.98 1.87 0.77 0.93 1.47 0.40 1.09 
1.70 0.60 1.70 4.50 0.80 4.40 1.20 2.00 3.60 0.50 
2.10 0.70 1.50 3.70 0.70 3.70 1.10 1.80 2.70 0.50 Ra Max 

µm
2.00 0.80 1.80 4.90 0.50 3.20 1.70 1.60 2.00 0.40 

Average 1.93 0.70 1.67 4.37 0.67 1.87 3.77 1.33 1.80 2.77 0.47 2.03 
0.40 0.20 0.30 0.50 0.30 0.60 0.20 0.30 0.50 0.30 
0.40 0.20 0.30 0.50 0.30 0.50 0.20 0.40 0.60 0.30 Ra Mn 

µm
0.40 0.30 0.30 0.50 0.40 0.50 0.30 0.40 0.50 0.30 

Average 0.40 0.23 0.30 0.50 0.33 0.35 0.53 0.23 0.37 0.53 0.30 0.39 
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Table A.2 

Complete Description of Composite Roughness Values 

Controls 
 Control: Restoration against matrix band Diamond, Medium (no band): 100 µm 

1 2 3 4 5 6 7 8 9 10 
0.60 0.56 0.60 0.50 0.50 3.30 3.30 2.40 2.50 3.30 
0.40 1.00 0.60 0.40 0.50 3.90 3.50 3.60 2.30 2.80 Ra µm
0.50 0.30 0.40 0.50 0.30 3.60 5.70 5.60 2.50 3.20 

Average 0.50 0.62 0.53 0.47 0.43 

0.51 

3.60 4.17 3.87 2.43 3.10 

3.43 

2.40 2.40 1.10 2.40 0.90 5.10 6.10 3.20 4.40 6.80 
2.50 1.90 0.90 0.70 1.10 6.30 5.60 6.20 3.80 5.60 Ra Max 

µm
2.10 2.50 0.60 0.60 0.60 5.90 9.70 13.00 3.90 5.80 

Average 2.33 2.27 0.87 1.23 0.87 

1.51 

5.77 7.13 7.47 4.03 6.07 

6.09 

0.30 0.30 0.30 0.30 0.20 0.70 0.40 0.40 0.30 0.20 
0.30 0.30 0.30 0.20 0.20 0.90 0.40 0.40 0.40 0.20 Ra Mn 

µm
0.30 0.30 0.20 0.20 0.20 0.70 0.30 0.30 0.30 0.30 

Average 0.30 0.30 0.27 0.23 0.20 

0.26 

0.77 0.37 0.37 0.33 0.23 

0.41 

Straight Cut 
 Straight Cut (ET9), Fine (Red band). Straight Cut (ET9), Extra - Fine (yellow band) 

16 17 18 19 20 Average 21 22 23 24 25 Average 
1.10 0.70 1.00 1.30 0.90 1.80 1.00 0.50 0.80 0.50 
1.10 0.80 1.10 1.50 1.70 0.80 1.30 0.50 1.10 0.50 Ra µm
1.10 0.60 1.20 1.10 2.10 0.60 1.30 0.50 1.30 0.40 

Average 1.10 0.70 1.10 1.30 1.57 1.15 1.07 1.20 0.50 1.07 0.47 0.86 
1.80 1.20 1.60 2.00 1.50 2.60 1.80 0.80 1.40 0.70 
1.80 1.10 1.60 2.30 2.70 1.20 2.20 0.80 2.60 0.80 Ra Max 

µm
1.70 0.80 2.40 2.00 3.80 1.00 2.10 0.60 2.30 0.60 

Average 1.77 1.03 1.87 2.10 2.67 1.89 1.60 2.03 0.73 2.10 0.70 1.43 
0.30 0.30 0.30 0.40 0.20 0.60 0.30 0.30 0.20 0.30 
0.30 0.20 0.50 0.40 0.30 0.20 0.30 0.30 0.20 0.30 Ra Mn 

µm
0.30 0.30 0.30 0.30 0.30 0.20 0.40 0.20 0.20 0.30 

Average 0.30 0.27 0.37 0.37 0.27 0.31 0.33 0.33 0.27 0.20 0.30 0.29 
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Straight Cut (ET9), Ultrafine (white band) Straight Cut (ET9), All Series
26 27 28 29 30 Average 31 32 33 34 35 Average 

1.50 2.10 0.40 0.70 3.40 1.90 1.70 1.70 1.60 0.60 
1.60 1.70 0.50 0.80 3.00 1.80 1.70 1.80 1.70 1.90 Ra µm
1.60 1.40 0.40 0.80 3.10 1.80 1.80 1.80 1.60 0.70 

Average 1.57 1.73 0.43 0.77 3.17 1.53 1.83 1.73 1.77 1.63 1.07 1.61 
2.80 3.50 0.70 1.40 6.30 3.60 3.70 2.90 2.70 0.90 
3.00 2.80 0.80 1.30 5.80 3.50 3.70 3.00 2.60 4.00 Ra Max 

µm
3.00 2.60 0.60 1.40 5.60 3.40 3.50 3.00 2.80 1.10 

Average 2.93 2.97 0.70 1.37 5.90 2.77 3.50 3.63 2.97 2.70 2.00 2.96 
0.30 0.50 0.20 0.30 0.80 0.40 0.50 0.40 0.30 0.30 
0.40 0.40 0.30 0.30 0.80 0.40 0.40 0.40 0.30 0.20 Ra Mn 

µm
0.30 0.30 0.30 0.30 0.70 0.50 0.40 0.40 0.30 0.30 

Average 0.33 0.40 0.27 0.30 0.77 0.41 0.43 0.43 0.40 0.30 0.27 0.37 

Crosscut 
 Crosscut (ET9Q), Fine (blue/yellow band). 

36 37 38 39 40 Average 
1.20 0.80 0.90 1.00 0.50 
1.40 0.80 0.80 1.10 0.50 Ra µm
1.20 1.00 1.20 1.00 0.80 

Average 1.27 0.87 0.97 1.03 0.60 0.95 
0.70 1.20 1.30 1.60 0.60 
2.60 1.30 1.10 0.80 0.70 Ra Max 

µm
2.10 1.80 1.80 2.00 1.00 

Average 1.80 1.43 1.40 1.47 0.77 1.37 
0.30 0.30 0.30 0.30 0.30 
0.30 0.30 0.30 0.30 0.30 Ra Mn 

µm
0.20 0.30 0.30 0.20 0.50 

Average 0.27 0.30 0.30 0.27 0.37 0.30 
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Spiral Cut 

 Spiral cut (48L), Fine (Red band) Spiral cut (48L), Extra - Fine (yellow 
band) 

41 42 43 44 45 Average 46 47 48 49 50 Average
1.10 1.00 1.10 1.50 2.00 0.90 0.40 1.60 1.30 1.20
1.60 0.80 1.20 1.40 2.20 2.00 0.60 0.90 1.30 2.00Ra µm
1.30 0.80 0.70 1.20 1.30 0.50 0.70 1.40 1.40 1.80

Average 1.33 0.87 1.00 1.37 1.83 1.28 1.13 0.57 1.30 1.33 1.67 1.20 
1.90 1.80 1.90 2.60 2.30 1.30 0.70 3.10 2.10 2.30
2.20 1.60 2.30 2.20 4.60 6.60 0.90 1.30 2.90 3.20Ra Max 

µm
2.70 1.60 0.90 2.00 2.00 0.80 0.90 2.70 2.30 2.40

Average 2.27 1.67 1.70 2.27 2.97 2.17 2.90 0.83 2.37 2.43 2.63 2.23 
0.20 0.30 0.30 0.40 0.60 0.30 0.20 0.20 0.30 0.40
0.20 0.40 0.30 0.50 0.30 0.20 0.30 0.30 0.20 1.10Ra Mn 

µm
0.20 0.30 0.30 0.30 0.20 0.20 0.20 0.40 0.30 1.00

Average 0.20 0.33 0.30 0.40 0.37 0.32 0.23 0.23 0.30 0.27 0.83 0.37 

Spiral cut (48L), Ultrafine (white band) Spiral Cut (48L), All Series.
51 52 53 54 55 Average 56 57 58 59 60 Average

1.30 2.00 2.00 1.80 1.40 2.60 2.50 1.00 2.50 1.00
1.10 1.50 1.40 2.10 1.30 1.60 2.60 1.50 1.60 1.40Ra µm
0.80 1.30 1.30 1.10 1.30 2.00 1.90 2.20 1.50 1.30

Average 1.07 1.60 1.57 1.67 1.33 1.45 2.07 2.33 1.57 1.87 1.23 1.81 
2.40 3.50 2.90 3.10 2.80 5.50 4.20 1.70 4.70 1.80
1.60 2.50 2.40 2.20 2.00 2.60 5.00 2.60 3.10 2.10Ra Max 

µm
1.20 2.40 2.10 1.50 2.90 3.60 2.70 3.90 2.60 2.20

Average 1.73 2.80 2.47 2.27 2.57 2.37 3.90 3.97 2.73 3.47 2.03 3.22 
0.40 0.50 0.30 0.30 0.20 0.40 0.60 0.30 0.60 0.30
0.30 0.50 0.40 0.70 0.30 0.40 0.30 0.40 0.50 0.60Ra Mn 

µm
0.20 0.50 0.50 0.30 0.30 0.40 0.40 0.50 0.40 0.30

Average 0.30 0.50 0.40 0.43 0.27 0.38 0.40 0.43 0.40 0.50 0.40 0.43 
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Finishing Diamonds 

 
Finishing diamonds (ET9), 

Fine (Red band)  Finishing diamonds (ET9, Extra-Fine 
(yellow band) 

61 62 63 64 65 Average 66 67 68 69 70 Average
2.00 1.90 1.30 2.50 1.90 1.30 1.60 1.00 1.70 1.10
1.60 1.30 1.60 2.50 1.80 1.60 1.70 1.00 1.40 1.00Ra µm
1.70 2.00 1.40 2.10 1.70 1.70 1.80 0.90 1.40 1.00

Average 1.77 1.73 1.43 2.37 1.80 1.82 1.53 1.70 0.97 1.50 1.03 1.35 
3.20 3.10 2.30 3.90 3.60 2.10 2.70 1.40 2.30 1.40
2.80 2.30 3.00 3.90 3.00 2.50 2.80 1.50 2.20 1.40Ra Max 

µm
3.10 2.50 2.30 3.10 2.70 2.70 3.00 1.40 2.20 1.50

Average 3.03 2.63 2.53 3.63 3.10 2.99 2.43 2.83 1.43 2.23 1.43 2.07 
0.30 0.40 0.30 0.40 0.30 0.30 0.30 0.20 0.40 0.30
0.30 0.50 0.40 0.60 0.60 0.40 0.40 0.30 0.40 0.30Ra Mn 

µm
0.40 0.90 0.40 0.40 0.40 0.40 0.50 0.30 0.40 0.30

Average 0.33 0.60 0.37 0.47 0.43 0.44 0.37 0.40 0.27 0.40 0.30 0.35 

Finishing diamonds (ET9), Ultrafine 
(white band) Finishing diamonds (ET9), All Series

71 72 73 74 75 Average 76 77 78 79 80 Average
1.10 0.50 1.50 2.10 0.60 1.70 0.60 0.90 1.30 0.40
0.80 0.50 0.90 2.60 0.70 1.70 0.70 0.70 1.30 0.50Ra µm
0.80 0.60 0.70 2.10 0.50 1.70 0.80 0.70 1.40 0.40

Average 0.90 0.53 1.03 2.27 0.60 1.07 1.70 0.70 0.77 1.33 0.43 0.99 
2.20 0.80 3.00 4.60 1.00 3.80 1.00 1.50 2.70 0.50
1.30 0.90 1.30 5.00 0.80 3.70 1.20 1.10 2.70 0.80Ra Max 

µm
1.60 1.00 1.20 4.70 1.00 3.70 1.20 1.00 2.90 0.50

Average 1.70 0.90 1.83 4.77 0.93 2.03 3.73 1.13 1.20 2.77 0.60 1.89 
0.30 0.40 0.30 0.60 0.20 0.40 0.30 0.40 0.30 0.30
0.30 0.30 0.50 0.50 0.50 0.40 0.40 0.30 0.30 0.20Ra Mn 

µm
0.30 0.30 0.30 0.70 0.30 0.50 0.50 0.30 0.50 0.30

Average 0.30 0.33 0.37 0.60 0.33 0.39 0.43 0.40 0.33 0.37 0.27 0.36 
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Table A.3 

Complete Description of Gap Values 

Mechanically polished margin µm Spiral cut (48L), Fine (Red band) µm
6 7 8 9 10 Average 41 42 43 44 45 Average 
1.34 1.30 1.30 0.45 0.75 6.36 3.18 13.64 6.82 6.82 
0.56 0.97 0.21 0.21 0.18 6.82 5.47 4.55 8.19 6.38 
0.95 1.14 0.76 0.33 0.47 

0.73 
6.59 4.33 9.10 7.51 6.60 6.82 

Positive Control: Diamond, Medium (no band): 100 µm Spiral cut (48L), Extra - Fine (yellow band) µm
11 12 13 14 15 Average 46 47 48 49 50 Average 

18.63 12.73 29.55 8.18 22.73 5.45 15.00 10.00 8.64 4.09 
23.18 14.54 13.18 6.38 13.19 1.87 10.45 10.91 4.12 7.63 
20.91 13.64 21.37 7.28 17.96 

16.23 
3.66 12.73 10.46 6.38 5.86 7.82 

Straight Cut (ET9), Fine (Red band) µm Spiral cut (48L), Ultrafine (white band)µm
16 17 18 19 20 Average 51 52 53 54 55 Average 
8.64 7.27 8.64 4.57 5.93 1.82 12.45 7.27 5.45 5.45 
7.27 5.02 4.12 6.64 6.36 2.76 5.45 5.00 2.76 5.00 
7.96 6.15 6.38 5.61 6.15 6.45 2.29 8.95 6.14 4.11 5.23 5.34 
Straight Cut (ET9), Extra - Fine (yellow band)µm Spiral Cut (48L), All Series µm

21 22 23 24 25 Average 56 57 58 59 60 Average 
8.01 9.02 10.00 4.12 7.74 5.47 6.43 5.91 11.36 9.09 
5.93 5.25 7.28 2.27 3.21 2.67 6.36 8.18 8.65 10.45 
6.97 7.14 8.64 3.20 5.48 6.28 4.07 6.40 7.05 10.01 9.77 7.46 

Straight Cut (ET9), Ultrafine (white band) µm Finishing diamonds (ET9), Fine (Red band)µm
26 27 28 29 30 Average 61 62 63 64 65 Average 
5.47 3.66 4.57 2.45 2.61 4.76 4.55 3.66 9.83 0.50 
9.26 9.09 2.27 5.47 4.55 3.45 4.57 1.82 2.76 1.36 
7.37 6.38 3.42 3.96 3.58 4.94 4.11 4.56 2.74 6.30 0.93 3.73 

Straight Cut (ET9), All Series µm Finishing diamonds (ET9, Extra-Fine (yellow band)µm
31 32 33 34 35 Average 66 67 68 69 70 Average 
9.52 10.91 15.45 5.02 7.67 0.50 0.45 4.29 3.21 5.00 
4.55 18.64 7.27 2.17 10.32 1.44 0.50 6.82 10.00 3.21 
7.04 14.78 11.36 3.60 9.00 9.15 0.97 0.48 5.56 6.61 4.11 3.54 

Crosscut (ET9Q), Fine (blue/yellow band) µm Finishing diamonds (ET9), Ultrafine (white band)µm
36 37 38 39 40 Average 71 72 73 74 75 Average 
8.64 6.83 7.27 2.73 10.45 0.91 0.45 4.57 0.45 0.45 

15.00 4.55 7.72 7.74 6.82 9.09 1.87 0.91 0.45 1.36 
11.82 5.69 7.50 5.24 8.64 7.78 5.00 1.16 2.74 0.45 0.91 2.05 
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Table A.4  
 
Summary Table of Force Applied to Each Specimen. 
 

Summary Table of Force Applied to Each Specimen 

Groups Type Band Mean Force 
N

Group 1 Negative 
Control Polished enamel 

Group 2 
Positive 
Control:
Diamond 

Diamond 
Medium No band 0.30 

Fine  Red 0.43 
Extra - Fine Yellow 0.52 
Ultrafine  White 0.66 

Group 3 Straight Cut      

All Series 0.53 
Group 4 Crosscut  Fine  Yellow 0.32 

Fine  Red 0.32 
Extra - Fine Yellow 0.35 
Ultrafine  White 0.43 

Group 5 Spiral Cut  

All Series 0.31 
Fine  Red 0.31 
Extra - Fine Yellow 0.51 
Ultrafine  White 0.46 

Group 6 Finishing 
diamonds  

All Series 0.36 



71

References 
 

Arcuri MR, Schneider RL, Strug RA, Clancy JM. Scanning electron microscope 
analysis of tooth enamel treated with rotary instruments and abrasives. J
Prosthet Dent 1993; 69: 483-90. 

 
Ashe MJ, Tripp GA, Eichmiller FC, George LA, Meiers JC.  Surface roughness of 

glass-ceramic insert-composite restorations: assessing several polishing 
techniques. J Am Dent Assoc 1996; 127:1495-1500. 

 
Bagheri R, Burrow MF, Tyas M. Influence of food-simulating solutions and surface 

finish on susceptibility to staining of aesthetic restorative materials. J Dent 
2005; 33:389-98. Epub 2004 Dec 9. 

 
Barbosa SH, Zanata RL, Navarro MF, Nunes OB. Effect of different finishing and 

polishing techniques on the surface roughness of microfilled, hybrid and 
packable composite resins. Braz Dent J 2005; 16: 39-44.  

 
Berastegui E, Canalda C, Brau E, Miquel C. Surface roughness of finished 

composite resins. J. Prosthet Dent 1992; Nov 68:742-49. 
 
Bollen CM, Lambrechts P, Quirynen M. Comparison of surface roughness of oral 

hard materials to the threshold surface roughness for bacterial plaque retention: 
a review of the literature. Dent Mater 1997; 13:258-69. Review. 

 
Boghosian AA, Randolph RG, Jekkals VJ. Rotary instrument finishing of microfilled 

and small-particle hybrid composite resins. J Am Dent Assoc 1987; 115: 299-
301. 

 
Brackett W, Gilpatrick RO, Gunnin TD Effect of finishing method on the 

microleakage of Class V resin composite restorations. Am J Dent 1997; 10:189-
91. 

 
Brown CR, Way DC. Enamel loss during orthodontic bonding and subsequent loss 

during removal of filled and unfilled adhesives. Am J Orthod 1978; 74:663-71. 



72

Bryant RW, Marzbani N, Hodge KV. Occlusal margin defects around different types 
of composite resin restorations in posterior teeth. Oper Dent 1992; 17:215-21. 

Dennison JB, Fan PL, Powers JM Surface roughness of microfilled composites. J
Am Dent Assoc 1981; 102:859-62.  

 
Dodge WW, Dale RA, Cooley RL, Duke ES. Comparison of wet and dry finishing of 

resin composites with aluminum oxide discs. Dent Mater 1991; 17: 18-20. 
 
Downer MC, Azli NA, Bedi R, Moles DR, Setchell DJ. How long do routine dental 

restorations last? A systematic review. Br Dent J 1999; 187: 432-9. 
 
Eliasson, S. T., Romano, A. D., Geistfeld, R. E. and hill: surface problems with 

composite resin restoration. Northwest Dent 1970; 55:70. 
 
Fitzpatrick DA, Way DC. Enamel loss during orthodontic bonding and subsequent 

loss during removal of filled and unfilled adhesives. Am J Orthod 1978; 74: 663-
671. 

 
Ferracane JL, Condon JR. Rate of elution of leachable components from composite. 

Dent Mater 1990; 6:282-7. 
 
Ferracane JL, Condon JR, Mitchem JC  Evaluation of subsurface defects created 

during the finishing of composites. J Dent Res 1992; 71:1628-32. Erratum in: J 
Dent Res 1993; 72:87. 

 
Fukushima M, Setcos JC, Phillips RW. Marginal fracture of posterior composite 

resins. J Am Dent Assoc 1988; 117: 577-83. 
 
Gedik R, Hurmuzlu F, Coskun A, Bektas OO, Ozdemir AK.  Surface roughness of 

new microhybrid resin-based composites. J Am Dent Assoc 2005; 136:1106-
12. 

 
Goldstein RE. Finishing of composites and laminates Dent Clin North Am 1989; 33: 

305-18, 210-9. 
 
Gwinnet and Gorelick Microscopic evaluation of enamel after debonding: clinical 

application. Am J Orthod 1977; 71: 651-65. 



73

Han L, Okamoto A, Iwaku M. The effects of various clinical factors on marginal 
enamel micro-cracks produced around composite restoration. Dent Mater J 
1992; 11: 26-37. 

Hannah CM, Smith GA. The surface finish of composite restorative materials. 
Br Dent J 1973; 135: 483-8. 

Halim Nagem Filho; Maria Tereza Fortes Soares D'Azevedo; Haline Drumond 
NagemI; Fernanda Pátaro Marsola. Surface roughness of composite resins 
after finishing and polishing Braz Dent. J 2003;. vol.14 no.1 Iberia Presto. 

Herrgott A. Ziemiecki Thomas, Denison J. An evaluation of different composite resin 
systems finished with various abrasive. J Am Dent Assoc 1989; 119: 729-732. 

 
Irie M, Tjandrawinata R, Suzuki K. Effect of delayed polishing periods on interfacial 

gap formation of Class V restorations. Oper Dent 2003; 28: 552-9. 
 

Jefferies SR The art and science of abrasive finishing and polishing in restorative 
dentistry. Dent Clin North Am 1998; 42: 613-27. 

 
Joniot SB, Gregoire GL, Auther AM, Roques YM. Three-dimensional optical 

profilometry analysis of surface states obtained after finishing sequences for 
three composite resins. Oper Dent 2000; 25: 311-5. 

 
Jung M.  Surface roughness and cutting efficiency of composite finishing

 instruments. Oper Dent1997; 22: 98-104. 
 
Jung M, Bruegger H, Klimek J. Surface geometry of three packable and one hybrid 

composite after polishing. Oper Dent 2003; 28: 816-24 
 
Kanemura N, Otsuki M, Tagami J. Marginal enamel fracture due to cavity 

preparation with cutting instruments. Proceedings of Conference on Critical 
reviews of Restorative Quandaries 1998; 12:205 (Abstr P3). 

 
Kaplan BA, Goldstein GR, Vijayaraghavan TV, Nelson IK.  The effect of three 

polishing systems on the surface roughness of four hybrid composites: a 
profilometric and scanning electron microscopy study. J Prosthet Dent 1996; 
76: 34-8. 

 
Kidd EA. Microleakage: a review. J Dent 1976; 4:199-206. Review. 
 
Krell KV, Courey JM, Bishara SE.Orthodontic bracket removal using conventional 

and ultrasonic debonding techniques, enamel loss, and time requirements. Am 
J Orthod Dentofacial Orthop 1993; 103: 258-66. 

 



74

Larato DC. Influence of a composite resin restoration on the gingiva. Journal of 
prosthetic dentistry 1972; 28: 402-404.  

 
Lutz F, Setcos JC, Phillips RW. New finishing instruments for composite resins. J 

Am Dent Assoc 1983; 107: 575-80. 
 
Mitchell CA, Pintado MR, Douglas WH.  Iatrogenic tooth abrasion comparisons 

among composite materials and finishing techniques. J Prosthetic Dent 2002; 
88: 320-8. 

 
Neme AM, Wagner WC, Pink FE, Frazier KB. The effect of prophylactic polishing 

pastes and tooth brushing on the surface roughness of resin composite 
materials in vitro. Oper Dent  2003; 28: 808-15 

 
Nishimura K, Ikeda M, Yoshikawa T, Otsuki M, Tagami J. Effect of various grit burs 

on marginal integrity of resin composite restorations. J Med Dent Sci 2005; 52: 
9-15. 

 
Ozgunaltay G, Yazici AR, Gorucu J. Effect of finishing and polishing procedures on 

the surface roughness of new tooth-colored restoratives. J Oral Rehabil 2003; 
30:218-24. 

Pedrini D, Candido MS, Rodrigues AL. Analysis of surface roughness of glass-
ionomer cements and compomer. J Oral Rehabil  2003; 30:714-9. 

 
Pus MD, Way DC. Enamel loss due to orthodontic bonding with filled and unfilled 

resins using various clean-up techniques. Am J Orthod 1980; 77(3): 269-283. 
 
Quirynen M, Bollen CM, Papaioannou W, Van Eldere J, van Steenberghe D. The 

influence of titanium abutment surface roughness on plaque accumulation and 
gingivitis: short-term observations. Int J Oral Maxillofac Implants 1996; 11:169-
78. 

 
Reinhardt JW, Denehy GE, Chan KC, Rittman BR, Heitkamp DJ, Smith TF. 

Determining smoothness of polished microfilled composite resins. J Prosthet 
Dent 1983; 49: 485-90. 

 
Reis AF, Giannini M, Lovadino JR, dos Santos Dias CT.  The effect of six polishing 

systems on the surface roughness of two packable resin-based composites. 
Am J Dent 2002; 15:193-7. 

 
Roberson TM, Heymann HO, Swift EJ. Sturdevant’s Art & Science of Operative 

dentistry. 4th ed. St Louis: Mosby; 2002-504. 
 
Roulet JF, Walti C. Influence of oral fluid on composite resin and glass-ionomer 

cement. J Prosthet Dent 1984; 52: 182-9. 



75

Schmid O, Krejci I, Lutz F. The finishing of adhesive tooth-colored inlays made of 
composite and ceramic. Schweiz Monatsschr Zahnmed 1991; 101:177-84. 

 
Schmidlin PR, Gohring TN. Finishing tooth-colored restorations in vitro: an index of 

surface alteration and finish-line destruction. Oper Dent 2004; 29: 80-6. 
 
Stoddard JW, Johnson GH. An evaluation of polishing agents for composite resins. J

Prosthet Dent 1991; 65: 491-5. 
 
Teixeira EC, Thompson JL, Piascik JR, Thompson JY.  In vitro toothbrush-dentifrice 

abrasion of two restorative composites. J Esthet Restor Dent 2005; 17:172-80; 
discussion 181-2. 

 
Thompson RE, Way DC. Enamel loss due to prophylaxis and multiple 

bonding/debonding of orthodontic attachments.  Am J Orthod 1981; 79: 282-
295. 

 
Watson TF, Pagliari D, Sidhu SK, Naasan MA Confocal microscopic observation of 

structural changes in glass-ionomer cements and tooth interfaces. Biomaterials 
1998; 19: 581-8. 

 
Weitman RT, Eames WB. Plaque accumulation on composite surfaces after various 

finishing procedures. Oral Health 1975; 65:29-33. 
 
Whitehead SA, Shearer AC, Watts DC, Wilson NH. Comparison of two stylus 

methods for measuring surface texture. Dent Mater 1999; 15:79-86. 
 
Wilder AD Jr, Swift EJ Jr, May KN Jr, Thompson JY, McDougal RA. Effect of 

finishing technique on the microleakage and surface texture of resin-modified 
glass ionomer restorative materials. J Dent 2000; 28: 367-73. 

 
Xu HH, Kelly JR, Jahanmir S, Thompson VP, Rekow ED. Enamel subsurface 

damage due to tooth preparation with diamonds. J Dent Res 1997; 76:1698-
706. 

 
Yap AU, Lye KW, Sau CW. Surface characteristics of tooth-colored restoratives 

polished utilizing different polishing systems. Oper Dent 1997; 22: 260-5.  
 
Yap AU, Yap SH, Teo CK, Ng JJ. Finishing/polishing of composite and compomer 

restoratives: effectiveness of one-step systems. Oper Dent 2004; 29: 275-9. 
 
Yatabe M, Seki H, Shirasu N, Sone M. Effect of the reducing agent on the oxygen-

inhibited layer of the cross-linked reline material. J Oral Rehabil 2001;28:180-5. 
 



76

Yu XY, Wieczkowski G, Davis EL, Joynt RB. Influence of finishing technique on 
microleakage. J Esthet Dent 1990; 2:142-48. 

 


