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CVD tip or diamond bur: can they influence the bond
strength of a total-etch adhesive to dentin?

Pontas diamantadas e CVD: podem influenciar na forga de unido de um adesivo convencional a dentina?
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ABSTRACT

Objective: Evaluate the microtensile bond strength
of a total-etch adhesive to dentin, using a CVD tip
or diamond bur for dentin preparation and varying
the etching time. Material and Methods: The dentin
from the buccal surface of sixty bovine teeth was
exposed and prepared using two different methods
(n = 30): Group 1 (DB) - a diamond bur on a
high-speed handpiece; and Group 2 (CVD) — a CVD
tip on an ultrasonic handpiece. Each group used
37% phosphoric acid and was divided into three
subgroups, according to the etching time (n = 10):
Subgroup 5s - 5 seconds; Subgroup 10s - 10 seconds;
and Subgroup 15s - 15 seconds. Teeth were restored
with Single Bond adhesive and the composite
resin Herculite Classic. The specimens were
subjected to thermomechanical wear (mechanical
cycling/100.000 cycles, thermal cycling/1.000
cycles). Stick-like specimens were obtained and
submitted to a microtensile test in a universal testing
machine. Data (MPa) were analyzed by two-way
ANOVA (Surface treatment X FEtching time) and
Tukey’s test (5%). Results and Conclusion: Surface
treatment with CVD tips (27.70 = 4.04a) produced
significantly higher bond strength values compared
to diamond burs (23.96 + 5.83b), and 5 s etching
time on dentin produced similar bond strength values
when compared to 10 and 15 s etching times.
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RESUMO

Objetivo: avaliar a forca de uniio de um adesivo
convencional a dentina, usando pontas diamantadas
e pontas CVD para preparo dentindrio e variando o
tempo de condicionamento dcido a dentina. Material
e Métodos: A dentina da superficie vestibular de 60
dentes bovinos foi exposta e preparada usando dois
diferentes métodos (n=30): Grupo 1 (DB) — ponta
diamantada tradicional para alta rotagdo; e Grupo 2
(CVD) - ponta CVD montada em ultrassom. Cada grupo
foi dividido em trés subgrupos, de acordo com o tempo
de condicionamento acido (n=10): Subgrupo 5s - 5
segundos; Subgrupo 10s - 10 segundos; e Subgrupo 15s
- 15 segundos. Os dentes foram restaurados com adesivo
convencional Single Bond e resina composta Herculite
Classic. As restauracoes foram submetidas a ciclagem
termo-mecdnica (ciclagem mecéanica/100.000 ciclos,
ciclagem térmica/1.000 ciclos). Palitos foram obtidos
e submetidos ao teste de microtracdo na maquina de
ensaios universal. Os dados (MPa) foram analisados por
ANOVA dois-fatores (Tratamento de superficie X Tempo
de condicionamento) e teste de Tukey (5%). Resultado
e Conclusado: O tratamento de superficie com pontas
CVD (27.70 + 4.04a) resultaram em valores de adesao
significantemente maiores quando comparados com
as pontas diamantadas (23.96 + 5.83b), e 5 segundos
de condicionamento acido sobre a dentina produziu
valores similares de adesdo quando comparado aos
tempos de 10 e 15 segundos de condicionamento.

PALAVRAS-CHAVE

Dentina, forca de unido, adesdo, camada de esfregaco.
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CLINICAL RELEVANCE

CVD tips may favors dentin etching and promote a more
effective hybridization, and 5 s etching time maybe is
sufficient to promote an efficient bond to dentin.

INTRODUCTION

Imost five decades after the beginning of

adhesion use on dental substrates, and with
the advancement of technology and scientific
knowledge applied to dentistry procedures, the
bond to dentin has still been widely questioned,
specifically at the gingival margins of adhesive
restorations, where the substrate is at the dentin/
cement junction is the dentin/cement junction
[1]. Dentin is a heterogeneous substrate with a
tubular structure and high organic content, and is
intrinsically moist [2]. During cavity preparation,
a smear layer is deposited on the tooth substrates,
and it can be modified according to the rotatory
instrument used in cavity preparation [3-6]. The
rotatory instrument most commonly used for
cavity preparations is the diamond bur. The cavity
preparation using diamond burs has advantages
such as providing precise cuts, ease of operation,
and tactile and visual operator control [4,6].
But, this technology can cause discomfort for
the patient because it generates heat, pressure,
vibration, and noise, making it difficult to gain
the patient’s cooperation, especially in pediatric
dentistry [6-8].

However, different options besides the
traditional cavity preparation with diamond
burs have been proposed. The CVDentus®
diamond tips are obtained by chemical vapor
deposition of a diamond film formed on a metal
rod molybdenum [6,9]. These tips are coupled
to a Dental ultrasonic device, which allows
proper irrigation during cavity preparation and
promotes oscillatory movement with effective
cleaning power, as the ultrasonic action forms
micro-bubbles that collide and release energy and
moving particles [9-11]. The cavity preparation
with CVD tips has the following advantages:

CVD tip or diamond bur: can they influence the
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reduced noise, minimal damage to the gingival
tissue, superior bur durability, improved proximal
cavity access, and conservative cavities (well-
defined walls and finishing margins) [6,9-11].

With the advances in microscopy, however,
the smear layer morphology became widely
analyzed and was shown to possibly affect the
bonding procedures [4-6,12]. CVD tips promote
intense movement of the particles, which cleans
the remaining surface, and partially removes
the smear layer, which makes it thinner when
compared to the results of using diamond burs
[6,9]. Itis suggested that the association between
CVD tips on tooth preparation and self-etching
adhesives [5,6,8] and between CVD tips with
total-etching adhesives, reduces the application
time of phosphoric acid on the dentin [13]. The
total-etch completely removes the smear layers
and demineralizes the adjacent dentin [14].
The collagen network with low mineral content
is exposed, allowing the infiltration of resin
through the nanometric spaces, originating in
the hybrid layer, which is responsible to micro-
mechanical interlocking between the adhesive
and dentin [2,3,15]. The total-etch technique
continues to be the one most frequently used by
clinicians. Even with the improvements in self-
etching adhesives, the results in the literature
are still very controversial with regard to their
clinical longitudinal effectiveness [3,15].

The CVD tips used for cavity preparation
produce distinct grinding patterns and dentin
surfaces with different characteristics, both of
which may influence the bond strength of total-
etch adhesives. Thus, the aim of this study was to
investigate the effect of two different methods of
dentin preparation and the variation of etching
time on dentin bond strength using total-etch
adhesives. This study tested two null hypotheses:
1) the surface dentin preparation with CDV
tips or diamond burs can achieve similar bond
strengths to dentin; and 2) the etching time does
not affect the bond strengths to dentin.
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MATERIAL AND METHODS

The roots of sixty freshly extracted
bovine incisors were sectioned with a steel
diamond disc (KG Sorensen, Rio de Janeiro,
Brazil) at the cement/enamel junction. The
roots were discarded and the buccal surfaces
were abraded (240 grit abrasive paper) using a
circular polishing machine (PA-10; Panambra,
SP, Brazil) under water-cooling to obtain a
5 X 5 mm area of flat dentin. The specimens
were embedded with autopolymerizing acrylic
resin. The smear layer was standardized using
600 grit abrasive papers coupled to a circular
polishing machine (PA-10; Panambra) under
water-cooling for 10 s.

The teeth were randomly divided into
two groups (n=30), according to the surface
treatment performed:

Group DB: The surface treatment was
performed with conventional diamond bur #3098
(KG Sorensen, Barueri, SP, Brazil), mounted in
a dental turbine (Super Torque, Kavo, Joinvile,
SC, Brazil) at high-speed under water-cooling.
All surface treatments were prepared by the
same operator. The burs were used 15 times
mesio-distally and 15 times cervicoincisally, to
standardize the thickness of wear [6].

Group CVD: The CVDentus® tip Cl1
(CVDentus, Sdo José dos Campos, SP, Brazil) was
coupled in an ultrasound device (CVDent 1000®;
CVDentus, Sdo José dos Campos, SP, Brazil),
both under water-cooling. The parameters used
were as follows: 30 kHz; 8 W; 120 ml/min rate
of water flow; and 70% maximum power. The
pattern of wear was performed in the same
manner described above for the diamond bur,
under copious air-water spray [6].

The groups were divided into three
subgroups (n = 15), according to the etching time:

Subgroup 5s: The surfaces were etched for
5 s with 37% phosphoric acid gel (Condac 37/
FGM), rinsed for 20 s, and the excess moisture
was removed with absorbent paper;

CVD tip or diamond bur: can they influence the
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Subgroup 10s: The surfaces were etched
for 10 s with 37% phosphoric acid gel (Condac
37/FGM), rinsed for 20 s, and the excess
moisture was removed with absorbent paper;

Subgroup 15s: The surfaces were etched
for 15 s with 37% phosphoric acid gel (Condac
37/FGM), rinsed for 20 s, and the excess
moisture was removed with absorbent paper.

Two layers of Single Bond adhesive (3M
ESPE, St. Paul, MN, USA) were applied on
the surface actively for 15 s and air dried for
10 s. The adhesive was light activated for 10 s
with a LED light unit (Radii cal; SDI, Victoria,
Australia; power density = 500 mW/cm2).
Restorations were made with a composite resin
(Herculite Classic; Orange, CA, USA), using a
silicon matrix (4x4x4 mm) as recommended
by the manufacturer. Two 2 mm? increments
were cured for 40 seconds each (Radii cal;
SDI). The trade name, chemical composition,
and manufacturer of the materials used are
presented in Table 1.

Table 1 - Clinical appearance of the lesion. Large mass of soft
tissueon right hard palate

Material Manufacturer Composition
Condac  FGM, Joinville, o . .
37 SC, BRAZIL 37 % phosphoric acid
Bis-GMA, HEMA, dimeth-
Sinale 3M ESPE, acrylate, methacrylate func-
Bon% 5 St.Paul, MN, tional copolymer of poly-
USA acrylic and polytaconic acid,
water, alcohol, photoinitiator
Bis-GMA, TEGDMA, pho-
toinitiator, Amina,
Herculite Kerr, Orange, Iron Oxide
Classic CA, USA Pigment, glass
borosilicate

Aluminum, Colloidal Silica.

Bis-GMA, bisphenol A glycidyl methacrylate; HEMA, bisphenol
A glycidyl methacrylate; TEGDMA, triethylene glycol-
dimethacrylate

After restorative procedures, specimens
were stored in deionized water in a dry oven at
37°C for 24 h. Artificial aging was accomplished
through thermomechanical attrition 37000
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(ERIOS ER - 37000, Sdo Paulo, SP, Brazil).
100,000 mechanical cycles (60 cycles per
minute) were performed with a mechanical
load of 60 N applied perpendicularly to the
restoration long axis, and 1,000 thermal cycles
(30 s each) were performed in deionized water
(5°C, 37°C, and 55°C).

Specimens were longitudinally sectioned
in both “x” and “y” directions (Labcut 1010;
Extec Corp., Enfield, CT, USA) into sticks
measuring approximately 1 mm2 (about seven
sticks per tooth). Each stick was submitted to a
microtensile bond strength test using a universal
testing machine (DL 200MF; Emic, Sdo José dos
Pinhais, SC, Brazil) with a 10 kg load cell, at a
crosshead speed of 0.5 mm/min, in accordance
with the ISO 11405 Standard.

Pre-testing failures were discarded. The
bond strength values were expressed in MPa.
The comparison between the groups was
done using the mean of each tooth. The data
were subjected to two-way ANOVA (Surface
treatment X Etching time) and Tukey’s test, with
a significance level of 5%.

Two teeth from each group were prepared
for SEM analysis according to Marimoto et al. [16].

RESULTS

Mean (in MPa) and standard deviation data
for all groups/subgroups are shown in Table 2.

Two-way ANOVA (Table 3) showed
significant differences for Surface treatment factor

CVD tip or diamond bur: can they influence the
bond strength of a total-etch adhesive to dentin?

(p < 0.05). The Group CVD, which promoted
surface treatment with CVD tips (27.70%=4.04a),
presented higher bond strength values compared
with Group DB, which promoted surface treatment
with diamond burs (23.96+5.83b) (degree of
freedom: 1; f: 8.08; p: 0.0063). Therefore, the
first null hypothesis tested was rejected because
surface treatment with CVD tips showed higher
bond strength values when compared to surface
treatment with diamond burs.

For the Etching time factor and Interaction
between the factors, the results showed an
absence of significant differences between groups
(p > 0.05). Therefore, the second null hypothesis
tested was accepted because there was no
difference in bond strength values between the
three different etching times of the dentinary
substrate.

Table 3 - Results of Two-way ANOVA

Degree of

A freedom : P
Surface treatment 1 808 00063
Etching time 2 028 07585
Interaction 3 080 04547

*(Satistical differences)

Examination of sticks after failure indicated
predominantly adhesive and mixed failure for all
groups (>95%). Figures 1 - 5 show SEM images
obtained from the surfaces created in all the
groups.

Table 2 - Mean (in MPa) and standard deviation data and results for all group/subgroup

Etching-time (Subgroup) .
Diamond Bur
5s 24.73+558a
10s 24.89+5.83a
15s 2225+6.292
(Column) Mean 2396+5.83a

Surface treatment (Group)

CVDTip (Line) Mean
26.80+3.87a 25.76+4.79a
28.03+3.83a 26.4615.07a
2827+4.64a 25.26+6.20a
27.70+4.04b
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Figure 1- Surface prepared with CVD tip (2000X). Some dentin Figure 3 - Surface conditioned for 5 s (5000X). Few open
tubules partially opened and a thin smear layer. dentin tubules with presence of a thin smear layer.

Figure 1 - Surface prepared with diamond bur (2000X). Dentin Figure 4 - Surface conditioned for 10 s (5000X). Many open
tubules totally obliterated and a thick smear layer. dentin tubules, partially desobliterated with presence of a thin
smear layer.
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Figure 5 - Surface conditioned for 15 s (5000X). Dentin tubules
totally desobliterated.

DISCUSSION

A smear layer is necessarily formed after
cavity preparation [17,18]. The amount of
smear layer produced is dependent on the type
of instrument and water-cooling used, which
are relevant in choosing the adhesive system
that will be used to restore the cavity [19].

In this study, CVD tip innovative
technology used for cavity preparation produce
distinct grinding patterns on the dentin surfaces
[6], which can positively influence the dentin
bond strength of Single Bond adhesive system.
CVD tips allow proper irrigation during cavity
preparation and the oscillatory movement of the
dental ultrasonic device forms air micro-bubbles
inside the liquid of the irrigation [6]. Some
micro-bubbles can grow and implode when in
contact with the dental surface, liberating a
great amount of energy [6]. This energy may
remove part of the smear layer and contributing
to an effective cleaning preparation [9-11]. This
causes a greater number of opened dentinal
tubules [9,11], which may have favored
dentin etching, allowing ions from removing
the calcium present and partially exposing
the extensive collagen mesh more effectively.

CVD tip or diamond bur: can they influence the
bond strength of a total-etch adhesive to dentin?

Consequently, Single Bond may have promoted
a more effective hybridization with an improved
bond when compared with diamond burs. This
study results contradict the findings of Cardoso
et al. [5] and Silva et al. [6], who observed
better bond strength results of total-etching
adhesives when they were used with diamond
burs compared to CVD tips.

Better results for CVD tips when compared
to diamond burs were confirmed by SEM
analysis. CVD tip presented a dentin-prepared
surface with grooves, an irregular smear layer,
and partially opened dentin tubules, which
resulted from the lower amount of smear layer
(Figure 2). This surface characteristic occurred
probably due the cleaning ability of the cavitation
phenomenon produced by ultrasonic vibrations
that forms the micro-bubbles [6].

Whereas, it was observed that the
diamond bur presented a uniformly scratched
surface, a large amount of smear layer, and
partially or totally obliterated tubules (Figure
1). Probably these grinding patterns and
smear layer characteristics resulted in different
interactions with Single Bond adhesive system,
affecting negatively the dentin bond strength
results when compared to CVD tip.

The study findings showed that the 5 s
of etching presented similar bond strength to
dentin when compared to 10 and 15 s of dentin
etching. These results were surprising, because
the 15 seconds of etching of dentin substrate
is consecrated by dental literature. However,
observing the SEM analyzes, there can be seen a
gradual increase of the smear layer removal and
pattern of the opening of dentinal tubules as the
etching time increases (Figures 3, 4, and 5). The
etching of dentin substrate is a stage that greater
errors can occur during an adhesive restoration.
These bond strength results can suggest that 5
seconds etching time is sufficient to promote
an efficient bond to dentin. Consequently, this
protocol may decrease the formation of a deep
zone of demineralized dentin with regions
of exposed collagen fibers not infiltrated by

94

Braz Dent Sci 2016 Apr/Jun;19(2)



Rocha SC et al.

adhesive, which is more susceptible to hydrolysis
(weak zone) [20].

The study findings confirm the importance
of knowledge of the interaction between new
technologies and dental materials in order to
obtain higher bond strength between dentin
and composite resins. However, it is necessary
to conduct longitudinal research to observe the
longevity of the dentin bond strength using the
CVD technology, and if the 5 s etching time can
reduce the hydrolysis of the adhesive interface
over time.

CONCLUSION

From the results obtained, it can be
concluded that the surface treatment with
CVD tips was promising in increasing the bond
strength compared to the surface treatment with
diamond burs and etching the dentin surface for
5 s seems to be effective to achieve desirable
adhesive strength.

REFERENCES

1. Spencer P, Ye Q, Park J, Misra A, Bohaty BS, Singh V, et al. Durable
bonds at the adhesive/dentin interface: an impossible mission
or simply a moving target? Braz Dent Sci. 2012;15(1):4-18. doi:
10.14295/bds.2012.v15i1.790

2. Silva GO, Barcellos DC, Pucci CR, Borges AB, Torres CR.
Longitudinal bond strength evaluation using the deproteinized
dentin technique. Gen Dent. 2009 Jul-Aug;57(4):328-33; quiz
334-5.

3. Reis A, Grandi V, Carlotto L, Bortoli G, Patzlaff R, Rodrigues
Accorinte Mde L, et al. Effect of smear layer thickness and acidity
of self-etching solutions on early and long-term bond strength to
dentin. J Dent. 2005 Aug;33(7):549-59.

4. Oliveira AC, Lima LM, Pizzolitto AC, Santos-Pinto L. Evaluation of
the smear layer and hybrid layer in noncarious and carious dentin
prepared by air abrasion system and diamond tips. Microsc Res
Tech. 2010 Jun;73(6):597-605. doi: 10.1002/jemt.20798.

5. Cardoso MV, Coutinho E, Ermis RB, Poitevin A, Van Landuyt KL, De
Munck J, Carvalho RC, Van Meerbeek B. Influence of dentin cavity
surface finishing on micro-tensile bond strength of adhesives. Dent
Mater. 2008 Apr;24(4):492-501.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CVD tip or diamond bur: can they influence the
bond strength of a total-etch adhesive to dentin?

da Silva MA, Di Nicolo R, Barcellos DC, Batista GR, Pucci CR, Rocha
Gomes Torres C, Borges AB. Influence of CVD diamond tips and
Er:YAG laser irradiation on bonding of different adhesive systems
to dentin. J Contemp Dent Pract. 2013 Jan 1;14(1):14-20.

Berman MH. Cutting efficiency in complete coverage preparation. J
Am Dent Assoc. 1969 Nov;79(5):1160-7.

Christensen GJ. Cavity preparation:cutting or abrasion? J Am Dent
Assoc. 1996 Nov;127(11):1651-4.

Predebon JC, Flério FM, Basting RT. Use of CVDentus diamond tips
for ultrasound in cavity preparation. J Contemp Dent Pract. 2006
Jul 1;7(3):50-8.

Lima LM, Motisuki C, dos Santos-Pinto L, dos Santos-Pinto A, Corat
EJ. Cutting characteristics of dental diamond burs made with CVD
technology. Braz Oral Res. 2006 Apr-Jun;20(2):155-61.

Carvalho CA, Fagundes TC, Barata TJ, Trava-Airoldi VJ, Navarro
MF. The use of CVD diamond burs for ultraconservative cavity
preparations: a report of two cases. J Esthet Restor Dent.
2007;19(1):19-28; discussion 29.

Pashley DH, Carvalho RM. Dentine permeability and dentine
adhesion. J Dent. 1997 Sep;25(5):355-72.

Matson MR, Martins MEL, Matson AMPF, Matson JR. Morphological
evaluation of cavities prepared with diamond bur, carbide bur

and CVDentus [In Portuguese] Rev Assoc Paulist Cir Dent. 2006;
60(t):55-60.

Barcellos DC, Batista GR, Silva MA, Rangel PM, Torres CR, Fava M.
Evaluation of bond strength of self-adhesive cements to dentin
with or without application of adhesive systems. J Adhes Dent.
2011 Jun;13(3):261-5. doi: 10.3290/j.jad.a19224.

Osorio R, Pisani-Proenca J, Erhardt MC, Osorio E, Aguilera FS, Tay
FR, Toledano M. Resistance of ten contemporary adhesives to
resin-dentine bond degradation. J Dent. 2008 Feb;36(2):163-9. doi:
10.1016/j.jdent.2007.12.002.

Marimoto AK, Cunha LA, Yui KC, Huhtala MF, Barcellos DC, Prakki

A, Gongalves SE. Influence of Nd:YAG laser on the bond strength of
self-etching and conventional adhesive systems to dental hard tissues.
Oper Dent. 2013 Jul-Aug;38(4):447-55. doi: 10.2341/11-383-L.

Scott DB, 0’neil JR. The microstructure of emanel and dentin

as related to cavity preparation. In PHILIPS, R. W. Workshop on
adhesive restorative dental materials. Spencer: Owen Litto Service.
1961; 27-37.

Eick JD, Wilko RA, Anderson CH, Sorensen SE. Scanning eléctron
microscopy of cut tooth surfaces and identification of debris

by use of the electron microprobe. J Dent Res. 1970 Nov-
Dec;49(6):Suppl:1359-68.

Brannstrom M. Dentin and pulp in restorative dentistry. London:
Wolfe Medical Publications, 1982.

Yuan Y, Shimada Y, Ichinose S, Tagami J. Qualitative analysis of
adhesive interface nanoleakage using FE-SEM/EDS. Dent Mater.
2007 May;23(5):561-9.

Dimas Reno De Lima
(Corresponding address)

Avenida Engenheiro Francisco José Longo, 777, Jardim Sao
Dimas, Sao José dos Campos, SP, Brazil, ZIP: 12245-000.

Tel: (12) 3947 9048. Fax: (12) 3947 9338.
E-mail: dimas@fosjc.unesp.br

Date submitted: 2016 Feb 21
Accept submission: 2016 May 30

95

Braz Dent Sci 2016 Apr/Jun;19(2)



