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Dentin is a more heteroge-
neous, humid, and organic 
substrate than enamel, which 

makes bonding to it more difficult.1 
Bonding restorative materials to 
dental substrates requires contact 
between the tooth and the adhesive 
system.1,2 Studies involving different 
contaminant agents have indicated 
a decreased bond strength between 
contaminated dentin and composite 
resin.3-9 In addition, the condition 
of the substrate can also affect 
bonding; as Tay and Pashley noted 
in 2004, pathologically altered 
dentin (such as noncarious sclerotic 
cervical dentin) demonstrates 
decreased bonding values when 
compared to normal dentin.10

According to a 2002 report, 
smokers consititute approximately 
33% of the world’s adult population, 
indicating that tobacco consumption 
has reached global epidemic propor-
tions.11 Cigarette smoke consists of 
two phases: the vapor phase and the 
particulate phase. The vapor phase 
is defined as the portion of cigarette 
smoke that would pass through a 
Cambridge glass fiber filter. The 
particulate phase (also known as 
tar) is the portion that is trapped on 

the glass fiber filter and consists of 
particles that range in diameter from 
0.1 μm to <1.0 μm.12

Dentin exposure can result due to 
noncarious cervical lesions, dental 
erosion lesions, fractured teeth, and 
carious lesions.13-21 In such situa-
tions, cigarette smoke is a potential 
contaminant.

The connection between tooth 
staining and tobacco consumption is 
well-established: The impregnation of 
cigarette smoke contaminants causes 
smokers’ teeth to turn a yellow (or 
even black) color, and the staining 
level is positively influenced by the 
number of cigarettes consumed.22-24 
Nevertheless, there is no evidence in 
the literature indicating how expo-
sure to cigarette smoke affects adhe-
sive bonding. To test the hypothesis 
that exposure to cigarette smoke 
impairs bonding to dentin, this in 
vitro study evaluated the microtensile 
bond strength (μTBS) of a composite 
resin bonded to dentin that had been 
contaminated by cigarette smoke.

Materials and methods 
Specimen preparation
Ten extracted human third molars 
were stored in distilled water at 

4°C and used within three months 
of extraction. Using a diamond 
saw (Isomet 1000, Buehler Ltd.), 
the root portion of each tooth was 
removed by a perpendicular section 
at the cementoenamel junction. The 
dentinal surface of the remaining 
coronal portions were wet-ground 
using 600 grit sandpaper under 
copious water cooling until any pulp 
horn projections were eliminated. 
The substrate used for bonding was 
deep dentin via apical access.25 

A longitudinal section was per-
formed (in a mesiodistal direction) 
on each coronal portion, producing 
20 halves from the 10 coronal 
portions. To isolate the dentinal 
surface, each half was embedded 
in epoxy resin, using a bipartite 
metallic matrix. After the epoxy 
resin set, each specimen was labeled 
and wet-ground (using 1200 grit 
sandpaper under copious water 
cooling) to prevent any epoxy resin 
from overlapping on the dentinal 
surface. The specimens were 
distributed into two experimental 
groups (n = 10), with half of each 
tooth assigned to each experimental 
group, so that each specimen served 
as its own control.

This in vitro study evaluated the microtensile bond strength (μTBS) 
of composite resin bonded to dentin that had been contaminated 
by cigarette smoke. Ten extracted unerupted human third molars 
were used: Six molars were prepared for μTBS testing, while 
the other four molars were assigned to pre- and post-etching 
scanning electronic microscopy (SEM) analysis. The 20 specimens 
obtained from the 10 coronal portions were distributed into two 
experimental groups so that each tooth served as its own control. 
Group 1 underwent a daily toothbrushing simulation and exposure 
to a smoking simulation chamber, while Group 2 received only a 

daily simulated toothbrushing. Student’s t-test demonstrated that 
Group 1 samples demonstrated significantly lower bond strength 
(49.58 MPa) than Group 2 samples (58.48 MPa). Pre and post-
etching SEM analysis revealed the presence of contaminants on the 
dentinal surfaces of the Group 1 specimens. It was concluded that 
contamination by cigarette smoke decreases the bond strength 
between dentin and composite resin.
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Exposure to cigarette smoke 
Using a smoking simulation device 
(Fig. 1), Group 1 specimens were 
exposed to 30 Marlboro cigarettes a 
day for 17 days. The specimens were 
inserted in this smoking simulation 
chamber and aligned so that their 
dentinal surfaces did not contact the 
bottom of the chamber. A total of 
510 cigarettes were “smoked” by the 
end of the testing period. Each ciga-
rette was consumed in approximately 
two minutes. At the end of each day 
of cigarette smoke exposure, simu-
lated toothbrushing was performed 
on specimens in both groups. 

Toothbrushing simulation
All specimens were subjected to a 
daily toothbrushing simulation, 
using a device created especially for 
this study (Fig. 2 and 3). The speci-
mens were put into receptacles with 
their dentinal surfaces facing the 
heads of the electric toothbrushes 
(Oral-B Advance Power 400, 
Procter & Gamble). A toothpaste/
water solution was prepared daily 
and poured on the dentinal surfaces 
of each specimen; at that point, 
the electric toothbrushes were 
turned on and the specimens were 
“brushed” for 30 seconds.26,27 

µTBS testing
At the end of the 17-day period, 
a µTBS test was conducted on six 
specimens from Group 1 and their 
counterparts from Group 2. Using 
a three-step etch-and-rinse adhesive 
system (Scotchbond Multi-Purpose, 
3M ESPE), the specimens were 
subjected to a bonding treatment in 
accordance with the manufacturer’s 
instructions. Using a composite 
resin (Filtek Z250, 3M ESPE), the 
specimen’s dentinal surface was 
built up to a height of 6 mm. The 
specimens were stored in distilled 
water (37°C) for 24 hours, then 
subjected to µTBS testing. 

Each specimen was longitudinally 
sectioned in both directions to 
obtain rectangular sticks with a 
cross-sectional area of approxi-
mately 0.45 mm2. The sticks were 
fixed to Geraldelli’s jig with cyano-
acrylate glue.28 To isolate the den-
tin-composite interface for μTBS 
testing, the glue was applied to 
both extremities of each stick and at 
the dentin-enamel junction. Using 

Fig. 3. The specimen and receptacle positioned 

for simulated toothbrushing.

Fig. 2. A lateral view of the toothbrushing simulation device. 

Fig. 1. Top left: Lateral view of the smoking simulator device. Top right: Anterior view of the smoking 

simulator device. A hose connected to a pressure compressor on the back of the device simulates 

smoking. Bottom left: The chamber interior where the specimens were inserted. Bottom right: A 

cigarette is positioned to simulate smoking. 
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a universal testing machine (Instron 
4444, Instron Corp.), the sticks 
were stressed at a crosshead speed 
of 0.5 mm/minute until failure. The 
μTBS values were expressed in MPa 
by dividing the imposed force at 
the time of fracture (in N) by the 
bonded area (in mm2). 

All specimens that demonstrated 
both dentin and resin cohesive 
failures were eliminated from the 
research. The failure mode of each 
stick was analyzed under a 25x 
magnification microscope after 
debonding. The failure modes 
were classified into four types: A 
(adhesive failure), B (resin cohesive 
failure), C (dentin cohesive failure), 
and D (mixed failure—that is, 
adhesive failure with some dentin or 
resin cohesive involvement).29

To detect equality or differ-
ence between the tested groups, 
Student’s t-test was applied to the 
μTBS mean values. After 17 days 
of toothbrushing simulation and 
exposure to cigarette smoke, the 
dentinal surfaces of the specimens in 
Group 1 were visibly contaminated. 
In order to better understand the 
contamination by cigarette smoke, 
pre- and post-etching scanning elec-
tronic microscopy (SEM) analysis 
(Philips XL-30, FEI Company) was 
performed on the remaining four 
specimens in Group 1 and their 
counterparts in Group 2.

Results
The mean μTBS values of the tested 
groups are presented in the table. 
Statistical analysis (Student’s t-test) 

revealed significant difference 
between the mean bond strengths 
of the tested groups (p = 0.001). 
Group 1 specimens (49.58 MPa) 
demonstrated lower bond strength 
values than Group 2 specimens 
(58.48 MPa). 

Failure mode analysis
The failure mode of the debonded 
sticks, as determined by means of ste-
reomicroscopy (magnification 25x) 
rather than a statistical test, revealed 
only adhesive and mixed failures. No 
cohesive failures were found. Group 
1 specimens exhibited 72 (86.7%) 
adhesive failures and 11 (13.2%) 
mixed failures, whereas Group 2 
specimens demonstrated 63 (81.8%) 
adhesive failures and 14 (18.1%) 
mixed failures. The lower bond 
strength of the Group 1 specimens 
is in accordance with this group’s 
higher incidence of adhesive failures. 

SEM analysis
Figures 4–7 show pre- and post-
etching SEM analysis of the den-
tinal surfaces in specimens from 
each group.

Discussion
The results of the present study 
show that cigarette smoke contami-
nation decreases the μTBS values of 
dentin, confirming the hypothesis 
that dentinal exposure to cigarette 
smoke impairs bonding.

Dentin bonding systems are 
sensitive to contamination by an 
excess of water, saliva, and plasma, 
due to hydroxapatite’s capacity for 

macromolecule adsorption.30 Blood 
contamination reduces dentin bond 
strength because of blood’s high 
protein content (6–7%). Blood, in 
combination with macromolecules 
(that is, fibrinogen and platelets), 
can form a film and prevent the 
adhesive system from infiltrating 
into the underlying dentin.3 Some 
plasma macromolecules (as platelets) 
can range in diameter from 0.5–5 
μm, while cigarette smoke particles 
can range in diameter from 0.1 
μm to <1.0 μm.12,30 Based on these 
factors, dentin hydroxyapatite may 
have adsorbed the cigarette smoke 
particles, preventing contact between 
dentin and the adhesive system and 
decreasing dentin μTBS values.

Considering the results of this 
study, patients who smoke should 
be excluded from clinical trials 
involving noncarious Class V 
adhesive restorations in which the 
exposed dentin stands as the main 
bondable substrate.31 

µTBS values are influenced by 
the dimension and geometry of 
the interfacial area tested.32 For 
this study, bonding was performed 
in deep dentin, and rectangular 
sticks (with a cross-sectional area 
of approximately 0.45 mm2) were 
obtained using a nontrimming 
technique.33 It is difficult to make 

Table. Mean μTBS values (in MPa); summary statistics by group, p = 0.001.
 
Group	 Number of specimens	 Mean µTBS (SD)

	 1	 83	 49.58 (17.41)

	 2	 77	 58.48 (15.92)

Fig. 4. The dentinal surface of a specimen 

from Group 2, after wet grinding (using 1200 

grit sandpaper) and toothbrushing simulation 

(magnification 2,000x). 
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realistic comparisons between μTBS 
values from different studies due to 
the variations in interfacial geometry 
and dentin depth.32,34,35 The failure 
mode analysis showed a higher 
prevalence of adhesive failures 
than mixed failures; in addition, 
Group 1 exhibited more adhesive 
failures than Group 2, indicating 
a weaker hybrid layer for dentin 
contaminated by cigarette smoke. 

In order to expose dentinal sub-
strate to cigarette smoke, a device 
was constructed to simulate smok-
ing and its effect on the oral cavity. 
It is possible that the presence of 
saliva, oral soft tissues, and sclerotic 
dentin could modify the contamina-
tion pattern of cigarette smoke.10,36 
This was an in vitro study that uti-
lized a short smoking regime (510 
cigarettes during 17 days, or slightly 
more than one pack of cigarettes per 
day). Future studies should consider 
increasing the exposure to cigarette 
smoke and providing qualitative 
assessments regarding contamina-
tion level and bond strength.

Because toothbrushing could 
affect and modify the cigarette 
smoke contamination pattern, a 
toothbrushing simulation device was 
constructed to create a more accurate 
clinical simulation. Each specimen 

was “brushed” for 30 seconds a day, 
simulating brushing three times a 
day using a pressure of 200 g.26,37 
After simulated toothbrushing and 
exposure to cigarette smoke, it was 
visually verified that specimens in 
Group 1 had taken on a black color. 
SEM analysis showed that the dark-
ening process probably occurred due 
to contamination by the cigarette 
smoke particulate phase (tar) (Fig. 
5).12 Post-etching SEM revealed 
the presence of cigarette smoke 
contaminants that appear to have 
been modified by acid-etching; this 
particulate phase partially fills and 
blocks the dentinal tubules lumens. 
Acid-etching apparently could not 
remove the modified smear layer 
completely; as a result, the surface 
remained contaminated (Fig. 7).

This study utilized a three-step 
etch-and-rinse adhesive system. 
Acid-etching could not remove the 
cigarette smoke contaminants from 
the dentinal surface, which suggests 
that future studies should involve 
conservative approaches for smear 
layer removal, such as sandblasting 
and smear layer modification by 
means of a self-etch adhesive system. 

Student’s t-test was applied to 
each specimen. There appears to 
be a trend to conduct statistical 

analysis by using the μTBS mean 
value of sticks from the same 
tooth as the experimental unit.38,39 
Because intratooth variability is 
greater than intertooth variability, 
the specimen alone cannot be 
considered independent.39,40 In the 
present study, 83 specimens were 
subjected to cigarette smoke and 77 
were not; in addition, dentin depth 
was standardized and each tooth 
served as its own control.40

Conclusion
The results of this study indicate that 
contamination by cigarette smoke 
decreases the bond strength between 
dentin and composite resin. Little is 
known of cigarette smoke’s influence 
on adhesive restorations in daily 
practice. The results of this in vitro 
study alone cannot assess the clinical 
effectiveness of adhesive restorations 
containing composite resin in the 
restored dentin of patients who 
smoke. However, patients should be 
alerted that bonding to dentin that 
has been contaminated by cigarette 
smoke may result in restoration loss 
and microleakage. 

Acknowledgements
The authors would like to thank 
Dr. Renan Belli, co-creator of the 

Fig. 5. The dentinal surface of a specimen 

from Group 1, after wet grinding (using 1200 

grit sandpaper), toothbrushing simulation, 

and exposure to cigarette smoke (magnifica-

tion 2,000x). 

Fig. 6. The dentinal surface of a specimen from 

Group 2, after wet grinding (using 1200 grit 

sandpaper), toothbrushing simulation, and 15 

seconds of etching with 35% phosphoric acid 

(magnification 2,000x).

Fig. 7. The dentinal surface of a specimen from 

Group 1, after wet grinding (using 1200 grit 

sandpaper), toothbrushing simulation, cigarette 

smoke exposure, and 15 seconds of etching with 

35% phosphoric acid (magnification 2,000x). 

www.agd.org      General Dentistry      July/August 2010      329



toothbrushing simulator device; 
Drs. Paula C. Cardoso and Luiz 
Clovis C. Vieira for creating and 
manufacturing the smoking simula-
tion device; and 3M ESPE for 
donating materials. 

Disclaimer
The authors have no financial 
interest in the manufacturers whose 
materials are included in this article.

Author information
Dr. Almeida e Silva is a PhD 
student, Department of Opera-
tive Dentistry, Federal University 
of Santa Catarina, Florianopolis, 
Brazil, where Drs. Araujo Jr. and 
Araujo are professors.

References
	 1.	 Perdigao J. New developments in dental adhe-

sion. Dent Clin North Am 2007;51(2):333-357, 
viii.

	 2.	 Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, 
Di Lenarda R, De Stefano Dorigo E. Dental ad-
hesion review: Aging and stability of the bond-
ed interface. Dent Mater 2008;24(1):90-101.

	 3.	 Abdalla AI, Davidson CL. Bonding efficiency and 
interfacial morphology of one-bottle adhesives 
to contaminated dentin surfaces. Am J Dent 
1998;11(6):281-285.

	 4.	 Pashley EL, Tao L, Mackert JR, Pashley DH. Com-
parison of in vivo vs. in vitro bonding of com-
posite resin to the dentin of canine teeth. J Dent 
Res 1988;67(2):467-470.

	 5.	 Sung EC, Tai ET, Chen T, Caputo AA. Effect of 
irrigation solutions on dentin bonding agents 
and restorative shear bond strength. J Prosthet 
Dent 2002; 87(6): 628-632.

	 6.	 Xie J, Powers JM, McGuckin RS. In vitro bond 
strength of two adhesives to enamel and dentin 
under normal and contaminated conditions. 
Dent Mater 1993;9(5):295-299.

	 7.	 Yoo HM, Oh TS, Pereira PN. Effect of saliva con-
tamination on the microshear bond strength of 
one-step self-etching adhesive systems to den-
tin. Oper Dent 2006;31(1):127-134.

	 8.	 Yoo HM, Pereira PN. Effect of blood contamina-
tion with 1-step self-etching adhesives on mi-
crotensile bond strength to dentin. Oper Dent 
2006;31(6):660-665.

	 9.	 Roberts HW, Karpay RI, Mills SE. Dental unit 
waterline antimicrobial agents’ effect on dentin 
bond strength. J Am Dent Assoc 2000;131(2): 
179-183.

	 10.	 Tay FR, Pashley DH. Resin bonding to cervical 
sclerotic dentin: A review. J Dent 2004;32(3): 
173-196.

	 11.	 Mackay J, Eriksen M. The tobacco atlas. Brigh-
ton, England: Myriad;2002:54. 

	 12.	 Hoffmann D, Hoffmann I, El-Bayoumy K. The less 
harmful cigarette: A controversial issue. A trib-
ute to Ernst L. Wynder. Chem Res Toxicol 2001; 
14(7): 767-790.

	 13.	 Bartlett DW, Shah P. A critical review of non-car-
ious cervical (wear) lesions and the role of ab-
fraction, erosion, and abrasion. J Dent Res 
2006;85(4):306-312.

	 14.	 Pegoraro LF, Scolaro JM, Conti PC, Telles D, Pe-
goraro TA. Noncarious cervical lesions in adults: 
Prevalence and occlusal aspects. J Am Dent As-
soc 2005;136(12):1694-1700.

	 15.	 Aw TC, Lepe X, Johnson GH, Mancl L. Charac-
teristics of noncarious cervical lesions: A clinical 
investigation. J Am Dent Assoc 2002;133(6): 
725-733.

	 16.	 Grippo JO, Simring M, Schreiner S. Attrition, 
abrasion, corrosion and abfraction revisited: A 
new perspective on tooth surface lesions. J Am 
Dent Assoc 2004;135(8):1109-1118. 

	 17.	 Terry DA, Macguire MK, Mclaren E, Fulton R, 
Swift EJ Jr. Perioesthetic approach to the diag-
nosis and treatment of carious and noncarious 
cervical lesions: Part II. J Esthet Restor Dent 
2003;15(5):284-296.

	 18.	 Ganss C, Lussi A. Diagnosis of erosive tooth 
wear. In: Lussi A, eds. Dental erosion: From diag-
nosis to therapy. Bern, Switzerland: Karger; 
2006:32-43.

	 19.	 Lussi A. Erosive tooth wear—A multifactorial 
condition of growing concern and increasing 
knowledge. In: Lussi A, eds. Dental erosion from 
diagnosis to therapy. Bern, Switzerland: Karger; 
2006:1-8.

	 20.	 Capp CI, Roda MI, Tamaki R, Castanho GM, Ca-
margo MA, de Cara AA. Reattachment of rehy-
drated dental fragment using two techniques. 
Dent Traumatol 2009;25(1):95-99.

	 21.	 Bjornal L, Kidd EA. The treatment of deep dentine 
caries lesions. Dent Update 2005;32(7):402-413.

	 22.	 Bunting RW. Oral hygiene, ed. 3. London: H. 
Kimpton;1957:128.

	 23.	 Lobene RR. Effect of dentifrices on tooth stains 
with controlled brushing. J Am Dent Assoc 
1968;77(4):849-855.

	 24.	 Ness L, Rosekrans Dde L, Welford JF. An epide-
miologic study of factors affecting extrinsic 
staining of teeth in an English population. Com-
munity Dent Oral Epidemiol 1977;5(1):55-60. 

	 25.	 Uceda-Gomez N, Reis A, Carrilho MRO, Loguer-
cio AD, Rodrigues Filho LE. Effect of sodium hy-
pochlorite on the bond strength of an adhesive 
system to superficial and deep dentin. J Appl 
Oral Sci 2003;11(3):223-228. 

	 26.	 Volpenhein DW, Walsh ME, Dellerman PA, Bur-
kett TA. A new method for in vitro evaluation of 
the interproximal penetration of manual tooth-
brushes. J Clin Dent 1994;5(1):227-233. 

	 27.	 Heintze SD, Forjanic M. Surface roughness of 
different dental materials before and after simu-
lated toothbrushing in vitro. Oper Dent 2005; 
30(5):617-626. 

	 28.	 Arcari GM, Araujo E, Baratieri LN, Lopes GC. 
Microtensile bond strength of a nanofilled com-
posite resin to human dentin after nonvital 
tooth bleaching. J Adhes Dent 2007;9(3):333-
340. 

	 29.	 Hashimoto M, Ohno H, Kaga M, Sano H, Tay FR, 
Oguchi H, Araki Y, Kubota M. Over-etching ef-
fects on micro-tensile bond strength and failure 
patterns for two dentin bonding systems. J Dent 
2002;30:99-105. 

	 30.	 Pashley DH, Nelson R, Kepler EE. The effects of 
plasma and salivary constituents on dentin per-
meability. J Dent Res 1982;61(8):978-981. 

	 31.	 Peumans M, Kanumilli P, De Munck K, Van Lan-
duyt K, Lambrechts B, Van Meerbeek B. Clinical 
effectiveness of contemporary adhesives: A sys-
tematic review of current clinical trials. Dent 
Mater 2005;21(9):864-881.

	 32.	 Van Noort R, Cardew GE, Howard LC, Noroozi S. 
The effect of local interfacial geometry on the 
measurement of the tensile bond strength to 
dentin. J Dent Res 1991;70(5):889-893.

	 33.	 Shono Y, Terashita M, Shimada J, Kozono Y, Car-
valho RM, Russell CM, Pashley DH. Durability of 
resin-dentin bonds. J Adhes Dent 1999;1(3): 
211-218. 

	 34.	 Armstrong SR, Boyer DB, Keller JC. Microtensile 
bond strength testing and failure analysis of 
two dentin adhesives. Dent Mater 1998;14(1): 
44-50. 

	 35.	 Mannocci F, Pilecki P, Bertelli E, Watson TF. Den-
sity of dentinal tubules affects the tensile 
strength of root dentin. Dent Mater 2004;20(3): 
293-296.

	 36.	 Van Meerbeek B, Braem M, Lambrechts P, Van-
herie G. Morphological characterization of the 
interface between resin and sclerotic dentine. J 
Dent 1994;22(3):141-146.

	 37.	 Dental materials—Guidance on testing of 
wear—Part 1: Wear by toothbrushing. Interna-
tional Organization for Standardization;1999: 
No. 14569-1. 

	 38.	 Eckert GJ, Platt JA. A statistical evaluation of 
microtensile bond strength methodology for 
dental adhesives. Dent Mater 2007;23(3):385-
391.

	 39.	 Loguercio AD, Barroso LP, Grande RH, Reis A. 
Comparison of intra- and intertooth resin-dentin 
bond strength variability. J Adhes Dent 2005; 
7(2):151-158.

	 40.	 Roulet JF, Van Meerbeek B. Statistics: A nui-
sance, a tool, or a must? J Adhes Dent 2007; 
9(3):287-288.

Manufacturers
Buehler Ltd., Lake Bluff, IL 
800.283.4537, www.buehler.com
FEI Company, Hillsboro, OR 
866.693.3426, www.fei.com
Instron Corp., Norwood, MA 
800.877.6674, www.instron.com
Procter & Gamble, Cincinnati, OH 
800.332.7787, www.pg.com
3M ESPE, St. Paul, MN 
888.364.3577, www.3mespe.com

Published with permission by the Academy of
General Dentistry. © Copyright 2010 by the
Academy of General Dentistry. All rights reserved.

Operative Dentistry  Cigarette smoke affects bonding to dentin

330     July/August 2010      General Dentistry      www.agd.org


