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Abstract The aim of this study was to compare the

micromorphology of CVD diamond tips coupled to ultra-

sound with conventional high speed diamond tips after

cavity preparations, and to measure the width and depth of

the cavities obtained. Two hundred bovine teeth were

divided into 20 subgroups. Each of the diamond tips (10

CVD and 10 conventional) were used to prepare 10 stan-

dardized cavities, using an apparatus that controlled the

time (t: 27 s), speed (5.3 mm/s) and load (0.012 KGF) of

the tip against the teeth during preparation. The unused and

the used (after one, five and 10 preparations) tips were

analyzed by scanning electronic microscopy. The images

were randomly assessed by 3 examiners with regard to the

presence or absence of micromorphologic alterations.

Cavity measurements were made after visualization under

a stereoscopic microscope. Cavity widths and depths were

analyzed by the ANOVA Factorial test (p < 0.05). The

CVD diamond tips presented less wear than the conven-

tional tips after all the cavity preparations performed, but

produced shallower cavities that were equivalent in width

to those made by conventional tips after the fifth prepara-

tion. CVD diamond tips may be suggested as an alternative

to conventional diamond tips due to their conservative

preparation and greater longevity.

Introduction

Since dentistry burs and diamond tips were introduced,

significant advance in research has enabled increasingly

efficient methods and instruments to be developed for

cutting dental tissue [1–4].

The first rotary cutting instrument to be used in Den-

tistry was the diamond tip developed at the end of the 19th

century [5–7]. However, in spite of instrument enhance-

ment, the technology for manufacturing these conventional

tips is still limited by the heterogeneity in the shape of the

diamond granulations, the difficulty of automating tip

manufacture and their low durability [8–12].

At the end of the 20th century, after modifications and

improvements, ultrasound became multifunctional, and

could be used to prepare cavity preparations in association

with a CVD—Chemical Vapor Deposition—diamond tip

[13–17]. CVD technology applied to diamond tip manu-

facture for use in dentistry, enabled the grains to adhere
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Swift, Campinas, SP 13045-755, Brazil

e-mail: rbasting@yahoo.com

123

J Mater Sci (2007) 42:8454–8460

DOI 10.1007/s10853-007-1766-8



sufficiently to the metal shaft to withstand the effect of

ultrasound, thus providing an alternative technique to high

speed for cutting dental tissue. These tips are made with a

molybdenum substrate material that allows a continuous

CVD diamond film to grow without a metallic binder be-

tween crystals. For bur manufacturing, the substrate of

choice has to present a higher fusion temperature than the

temperature required for the diamond growth (generally,

higher than 800 �C), a thermal expansion coefficient

comparable to that of the diamond, as well as the property

of carbide formation [19–22].

CVD diamond tips provided a way of overcoming some

of the deficiencies of conventional diamond tips, and the

main purpose was to offer more durable tips, since the

deposition of this diamond occurs without requiring aux-

iliary methods to promote adhesion [18, 20]. However,

there is little information in the literature about their per-

formance.

Thus, the aim of this study was to assess the surface

micromorphology of the CVD and the conventional dia-

mond tips after cavity preparations and to compare the

width and depth measurements of the cavities obtained.

Method and materials

About 200 healthy bovine mandibular central and lateral

incisor teeth, stored in a 0.1% thymol solution from the

moment of extraction after the animal had been slaugh-

tered, were used in this study. They were debrided with

periodontal curettes and scalpel blades and stored in a fresh

solution of 0.1% thymol. Teeth with fractures or depres-

sions that did not allow preparation in the medium-median

third of the vestibular face were excluded from the study.

The coronary portion was delimited with graphite and

fractioned in an ISOMET cutting machine, so that only the

medium-median third of the tooth, measuring approxi-

mately 0.7 · 0.7 mm, remained. The palatal face was

embedded in self-polymerizable acrylic resin (OrtoClass/

Clássico Ltda) in a PCV tube 1 cm high and 2 cm in

diameter, leaving the vestibular surface free and parallel to

the horizontal plane.

Standardized cavity preparations were made on the

vestibular surface of the teeth with 2 different instruments,

the CVD and the conventional diamond tips, in accordance

with Table 1.

To standardize the cavities, an electro-mechanical de-

vice, which could be coupled to both a high-speed turbine

and ultrasound appliance (Fig. 1), was used. It also con-

trolled the time (27 s), speed (5.3 mm/s) and the pressure

(0.012 KGF) of the tips against the tooth during prepara-

tion.

The CVD diamond tips were adapted to the ultrasound

appliance (Prof I AS/Dabi Atlante) by means of a specific

connector (code UA3), and the power was adjusted to

correspond to 50% of the total amplitude of tip vibration

with minimum irrigation. Cavity preparation was done by

moving the tip in the same direction as the vibration gen-

erated by the ultrasound (antero-posterior direction),

forming a 90� angle between the active part of the tip and

the tooth face.

The conventional diamond tips were coupled to a high-

speed turbine (Roll Air 3/Kavo). The direction, position,

speed, pressure and number of movements to make the

preparation were similar to those previously described.

The samples were randomly and equally divided be-

tween the types of tips. Ten conventional cylindrical

diamond tips (KG Sorensen) and 10 cylindrical CVD

diamond tips (CVDentUS/Clorovale Diamantes) initially

new (unused), served as control group. Each of these tips

performed a sequence of one, five and 10 cavity prepara-

tions. After each cavity was made, the corresponding tip

Fig. 1 High-speed turbine and

ultrasound appliance coupled to

preparation machine

Table 1 Informative data on

diamond tips analyzed in this

study

Tip name Manufacturer Shape Coupling system Tip measurements

Diamond Tip No. 1092 KG Sorensen Cylindrical High Speed 1 mm diameter/4 mm active tip

Diamond Tip CVDentuS

Code 82137

UC—Dentistry Cylindrical Ultrasound 1 mm diameter/4 mm active tip
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was cleaned with a burr brush (JON/J.O.N. Comércio de

Produtos Odontológicos Ltda) imbibed in enzymatic

detergent (Riozime II/Rioquı́mica) to remove the debris.

Each tip was photomicrographed, always on the same

face at the extremity of the active tip (region corresponding

to the cutting action of the tip) before being used and after

one, five or 10 preparations had been performed. A scan-

ning electronic microscope (DSM 940 A/ZEISS) was used

at 100· magnification. The tip images were numbered from

1 to 80 and randomized for wear assessment by three

calibrated examiners in a blind study, in accordance with

the following criteria: N (no) = shape of the tip outline

whole, with the presence of the adherent diamonds, without

presenting wear of the metal constituent of the tip.

S = presence of wear or removal of diamond crystals,

alteration in tip shape and wear of the metal that constitutes

the tip.

The cavities corresponding to the 1st, 5th and 10th

preparation made with each type of tip were cross-sec-

tioned with a cutting machine (Isomet 1000), to obtain two

sides of each cavity (A and B). Next, the samples were

positioned on a glass slide with utility wax and observed

under a stereoscopic loupe at 50· magnification.

The images obtained with the stereoscopic loupe were

captured by a digital camera and transferred to a computer

by means of the ‘‘Leica Qwin’’ program, which allowed

the width and depth to be assessed, in a blind study, after

the image was calibrated by means of the 500 lm bar

provided by the photomicrograph. The data obtained were

statistically analyzed by the ANOVA Factorial test at a 5%

level of significance.

CVD and conventional diamond tip manufacture

The CVD diamond growth process consists of activating a

mixture of a gas composed of small amounts of hydro-

carbons diluted in hydrogen by different methods. This gas

activation produces atomic hydrogen and hydrocarbon

radicals—especially the methane radical (CH3) without

conditions of thermodynamic equilibrium. The crystalline

diamond web grows by the incorporating carbon atoms

from the hydrocarbons of the gaseous phase. The most used

activation processes are those assisted by plasma generated

by microwave (MWCVD), hot filament (HFCVD), acety-

lene and oxygen chamber (ATCVD) and by plasma jet

(AJCVD). Hydrogen is the most critical component during

the gaseous phase of the mixture, because it guides the

chemical process. During growth, the diamond surface

becomes hydrogen saturated. This coverage limits the

number of the places where the hydrocarbon molecules

(CH3) may be absorbed, in addition to blocking the places

where they can adhere. A hydrogen atom (H) binds to

another hydrogen atom (H) on the surface to form H2,

leaving a reactive place on the surface. The easiest process

would be for another union to occur with free hydrogen.

Occasionally, methane (CH3) may collide and react with

the surface. This process may repeat itself in an adjacent

place and another hydrogen radical originated by any other

group may bind next to the carbon groups, completing the

ring structure. In other words, the diamond growth may be

considered a process of carbon deposition on a diamond

surface due to the excessive presence of hydrogen atoms

[24]. According to the manufacturer, CVD diamond tubes

may be developed in many dimensions. They may range

from about 0.2 mm to several millimeters in diameter,

whereas each layer of their coating thickness may range

from 60 to 80 lm. The diamond is crystalline with grains

of around 50 lm. It is a unique diamond formed by the

deposition of the grains. The abrasiveness is given by the

grain size and by the layers deposited. The quality of the

CVD diamond film depends directly on the flow control of

the mixture, temperature on the substrate, temperature of

the filament and internal pressure of the reactor [19].

According to the manufacturer, the conventional KG

Sorensen diamond burs for dental and laboratory use are

produced with highly resistant stainless steel material and

with natural diamond grains of controlled dimensions. For

bur No. 1092, the grain varies in a mean range of 91–

126 lm. Conventional diamond burs—using both natural

and/or synthetic diamonds—are manufactured in multiple

layers by electrodeposition, sintering or microbrazing, and

in principle, the cutting surface is continually regenerated

as wear occurs [7].

Results

The degree of intra and inter-examiner agreement was

estimated by the Kappa index at the two stages of inter-

preting the photos under a microscope. According to the

interpretation of Kappa values suggested by Landis and

Koch [23], the indexes presented ranged between moderate

to good standards (0.59 < K > 0.67), thus the examiners

answers were considered.

The Exact Fisher test showed a significant difference in

micromorphology among the conventional and CVD dia-

mond tips from the first time they were used (Table 2 and

Fig. 2).

With regard to Fig. 2, which shows the presence of wear

of the conventional diamond tip as a result of the number of

preparations performed, 40% of the instruments showed

gaps in the active tip, suggesting the absence of diamond

before they were used. In addition to the presence of locks

without diamond chips, signs of wear were noted in 70% of

the tips after the 1st preparation. This percentage increased
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to 80% of tips with morphologic alteration at the 5th

preparation, and by the end of the tenth preparation, all the

tips were worn. With regard to wear, the CVD diamond

tips presented better results than the conventional diamond

tips. After the 1st preparation, it was noted that 10%

showed wear, and remained at this stage until the 5th

preparation. After 10 preparations, wear was noted in 20%

of the tips tested (Figs. 3, 4).

With regard to cavity sizes, the ANOVA factorial test

was applied, and the results are shown in Fig. 5 and in

Tables 3 and 4. According to Tables 3 and 4, the results

showed that there was no statistical difference in the widths

of cavities made by the conventional diamond tips from the

first to the tenth preparation. This result was also checked

as regards the width of the preparations made with the

CVD diamond tips. The comparative analysis of the cavity

widths produced with the two types of tips showed statis-

tically significant differences only in the first preparation,

with the highest mean values obtained for the conventional

diamond tips.

With regard to the height of cavities made with the

control tips, the cavities from the 1st to the 5th preparation

differed significantly from the 10th preparation, the latter

presenting the highest mean values. The experimental tips

did not present any statistically significant difference when

the height of the cavities was assessed during the course of

the experiment. When the height of the preparations made

with the diamond tips were compared with those made with

the CVD diamond tips, statistically significant difference

was shown at all preparation times with the highest values

attributed to the control tips.

Discussion

The scanning electron microscopy analyses showed that

depending on the type of diamond tip used, the morpho-

logic characteristics of their surfaces underwent alterations

after successive cavity preparations.

The studies conducted by Freire et al. [4], Grajower

et al. [5], Janota [8], Steagal and Garone Netto [10] and

Beatrice [11] showed that the conventional tips presented

abrasion and detachment of the diamond particles, cor-

roborating the results found in the present study.

In the initial analyses before the tips were used, some of

the conventional tips presented regions with absence of

diamonds. This represents one of the limitations of this

material, such as the difficulty of automating [12] its

manufacture, thus escaping quality control. Quality control

during the electro-deposition process is the most important

aspect of the overall tip manufacturing process, and varies

in accordance with the operating conditions that must be

strictly controlled. If the pH and the temperature are not

balanced, there may be a failure in the deposition of dia-

mond fragments on the active tip surface, causing a random

distribution of the diamonds that does not fill all the nec-

essary spaces. Moreover, the time spent on the process of

diamond deposition on the active tip may also influence the

quality of the diamond tip [2].

Table 2 Proportion of visual wear on tips for each time of use

Type of tip Number of preparations

0 1 5 10

Criterion

N S N S N S N S

Conventional 6 4 3 7 2 8 0 10

CVD 10 0 9 1 9 1 8 2

p-value (Fisher) p = 0.0867 p = 0.0198 p = 0.0055 p = 0.0007

0 1 2 3 4 5 6 7 8 9 10
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Fig. 2 Proportion of visual wear on tips for each time of use
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Some variables, such as the nature of the diamond or

material that constitutes the bur [1], the process used for

fixing the diamond grain to the shaft [4] and the amount

of nickel deposition on the tip [3, 7] may have influ-

enced the loss or wear of conventional diamond tips.

According to Correa [3] and Siegel and Von Fraunhofer

[7], if there is insufficient nickel deposition on the

tip, there would be a premature loss of the diamond

fragments as the result of inadequate bonding with the

metal matrix.

Fig. 3 Micromorphology of

conventional diamond tips: (a)

Unused Tip; (b) After 1

preparation; (c) After 5

preparations; (d) After 10

preparations

Fig. 4 Micromorphology of

CVD diamond tips with

alteration. (a) Unused Tip; (b)

After 1 preparation; (c) After 5

preparations; (d) After 10

preparations
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The comparison between the two types of tips, with

varying numbers of preparations, showed a smaller number

of worn CVD diamond tips in comparison with the con-

ventional diamond tips used at high speed, probably due to

the form of diamond deposition on the metal shaft.

However, in two of the CVD diamond tips there was

detachment of part of the diamond layer that covers the

shaft. A failure in the substrate surface treatment may

prevent adequate growth of the diamonds on the substrate

used, thus harming the chemical bond between them and

promoting diamond film detachment. According to Trava-

Airoldi et al. [19], adherence between the diamond and the

metal depends on how adequately the interface is prepared.

When analyzing the width of the cavity preparations

made with the conventional tips, no statistically significant

difference was observed from the 1st to the 10th prepara-

tion. With regard to the height, the cavities from the 1st to

5th preparation differed significantly from the 10th prepa-

ration, the latter presenting the highest mean values. This

may be explained by the behavior of the conventional

instruments that are coated by many abrasive tips and are

generally not arranged in an orderly pattern, with the dia-

monds having several orientations. Each diamond fragment

acts as an individual blade and removes a portion of the

material from the surface without penetrating deeply into

the tooth [5]. As these various cutting tips are randomly

destroyed during the course of the preparations, the tip

becomes more regular, consequently producing cavities

with a more defined geometry and greater depth [6].

The experimental tips did not present any statistically

significant difference when the height and width of the

cavities was assessed during the course of the experiment.

Probably, due to the homogeneous morphology of the CVD

diamond tips, with the appearance of completely coalesced

columns forming a single diamond stone [14, 18], they

provided the same type of wear over time, and remained

unaltered during all the preparations.

When the height of the preparations made with the

conventional diamond tips were compared with those made

with the CVD diamond tips, statistically significant dif-

ferences were observed at all analysis times with the

highest values attributed to the conventional tips.

According to O’Brien and Ryge [9], the irregular shaped

particles with sharp edges present on the conventional

diamond tips, produce faster abrasion of a surface with

deeper grooves, than the particles with rounded edges that

constitute the CVD diamond tips, which would explain the

results found.

In spite of the few studies evaluating CVD diamond

tips, a previous study conducted by Predebon et al. [17]

assessed the use by dentists of these tips accredited by the

CVD system. This study showed that approximately half of

the professionals consider the final form the preparation

made with CVD diamond tips to be more conservative

when compared with the high-speed diamond tips. This
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Fig. 5 Cavity preparation dimensions as a result of the type of tip and

time of use of tips

Table 3 Width of preparation as a result of the type of tip and time of use

Width

1 preparation 5 preparations 10 preparations

Diamond tip 2570.0 ± 90.2 Aa 2373.6 ± 151.2 Aa 2362.5 ± 54.2 Aa

CVD tip 2113.0 ± 262.9 Ab 2234.6 ± 140.8 Aa 2211.3 ± 225.3 Aa

Different letters (capitals in the horizontal and lower case in the vertical) differ among them by ANOVA (p < 0.05)

Table 4 Height of preparation as a result of the type of tip and time of use

Height

1 preparation 5 preparations 10 preparations

Diamond tip 541.0 ± 178.7 Ba 588.7 ± 187.5 Ba 770.8 ± 220.2 Aa

CVD tip 130.5 ± 43.3 Ab 169.9 ± 44.5 Ab 189.6 ± 65.8 Ab

Different letters (capitals in the horizontal and lower case in the vertical) differ among them by ANOVA (p < 0.05)

J Mater Sci (2007) 42:8454–8460 8459

123



conservative characteristic of the preparations was clearly

expressed in the present study.

Conclusion

Chemical Vapor Deposition diamond tips coupled to

ultrasound may be an alternative to conventional diamond

tips used at high speed, due to their conservative action

during the procedure, as well as their greater longevity.
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dura e da rugosidade produzida por elas nos dentes humanos

extraı́dos. Universidade de São Paulo, São Paulo, p 86

12. Borges CFM, Magne P, Pfender E, Heberein J (1999) J Prosth

Dent 82:73

13. Krejci I, Dietschi D, Lutz FU (1998) Pract Periodontics Aesthet

Dent 10:295

14. Matsumote S, Matsui Y (1983) J Mater Sci 18:1785, DOI:

10.1007/BF00542075

15. Banerjee A, Watson TF, Kidd EAM (2000) Brit Dent J 188:476

16. Yazici AR, Ozgunaltay G, Dayangaç B (2002) Oper Dent 27:360

17. Predebon JC, Flório FM, Basting RT (2006) J Contemp Dent

Pract 7:50

18. Valera MC, Ribeiro JF, Trava-Airoldi VJ, Corat EJ, Pena AFV,

Leite NF (1996) Rev Gaucha Odont 44:104

19. Trava-Airoldi VJ, Corat EJ, Sant LV, Trava-Airoldi VJ, Corat EJ,

Diniz AV, Moro JR, Leite NF (2002) Diam Related Mater 11:532

20. Lima LM (2003) Efetividade de corte do sistema CVDentUS.

Estudo in vitro. Universidade Estadual Paulista, Araraquara, p 70

21. Lima LM, Motisuki C, Santos-Pinto L, Santos-Pinto A, Corat EJ

(2006) Braz Oral Res 20:155

22. May PW (1995) Endeavour Mag 82:101

23. Landis J, Koch GG (1977) Biometrics 1:159

24. May PW (2000) Phil Trans R Soc Lond A 358:473

8460 J Mater Sci (2007) 42:8454–8460

123


	Micromorphologic assessment of CVD (chemical vapor deposition) and conventional diamond tips and their cutting effectiveness
	Abstract
	Introduction
	Method and materials
	CVD and conventional diamond tip manufacture
	Results
	Discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


