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INTRODUCTION

During cavity preparation conventional tactile and
optical criteria are used to assess the caries sta-
tus of the amelodentinal junction. Cavity prepa-

ration is considered complete when this area is hard to a
sharp probe and stain free.1 Caries detector dyes have
been developed to aid the diagnosis and removal of den-
tal caries,2-5 by differentiating between infected, irre-
versibly deteriorated outer carious dentin and unin-
fected, but reversibly denatured inner carious dentin.6,7

The dye stains only the infected outer carious dentin.2,7

Initially the caries detector included a 0.5% basic
fuchsin solution in propylene glycol as a solvent,6 how-
ever, it was replaced with 1% acid red 52 solution in the
same solvent as a substitute dye because fuchsin is
believed to be carcinogenic.8 Other caries detector dyes
such as Sable Seek and Snoop (using the same solvent
and darker colorant) are available in the market. Their

dark color contrasts with dentin and is easily distin-
guished from the pulp.

Bacteriological investigations showed that 15% to
40% of the carious lesions examined still contained low
numbers of bacteria in the dentinal tubules after the
removal of dye stained caries.9-11 Residual bacteria, that
can survive for longer than one year, have been shown
to proliferate from the smear layer even in the pres-
ence of a good seal from the oral cavity allowing toxins
to diffuse to the pulp resulting in irritation and inflam-
mation of the pulpal tissue.12,13

Since caries is a bacterial disease, it has been proposed
to use disinfectants or cavity cleanser in addition to water
spray and air before tooth restoration.14 Recently, antimi-
crobial cavity cleansers or phosphoric acid etchants,
which contain antimicrobial additives, have been recom-
mended to be used after tooth preparation and before
tooth restoration.15-17 It has been found that disinfectant
as chlorhexidine is effective in reducing the levels of
Streptococcus mutans located on exposed carious root
surfaces.18-20 A chlorhexidine-containing cavity liner, stud-
ied in vivo in the early 1970’s, was found to be biocom-
patible and provided some antibacterial protection.21

A cavity cleanser, which contains 2% chlorhexidine
digluconate, is available in the market. It is recom-
mended to provide bacteriostasis and to dampen the
dentin surface prior to application of the primer in an
adhesive system.

Many studies have demonstrated the effect of chlorhex-
idine on superficial enamel. Chlorhexidine gluconate is
adsorbed to hydroxyapatite and to human enamel surfaces
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in vitro with a high affinity between chlorhexidine and
hydroxyapatite.22 Diffusion of chlorhexidine through
human enamel was also reported by using radioactive
labeling techniques.23 In addition, an increase in surface
free energy caused by chlorhexidine adsorption to enamel
was estimated by using x-ray photoelectron spectroscopy.24

It has been hypothesized that chlorhexidine might
produce both ultra structural and chemical changes in the
superficial enamel that might affect composite bond.25

Alteration of the enamel substrate could change the effi-
cacy of chemical etching and affect the composite bond.

The purpose of this study was to evaluate the effect
of using caries detector dyes and/ or a cavity cleanser
on: (1) composite resin bond strength, (2) etching pat-
terns of enamel and dentin.

MATERIALS AND METHODS
The effect of using different enamel and dentin pretreat-
ments was investigated in two parts. In part I, composite
resin shear bond strength to enamel and dentin was eval-
uated. In part II, the topography of enamel and dentin
after different pretreatments and after acid etching was
studied using the scanning electron microscope (SEM).

One hundred and eight non-carious premolars
extracted for orthodontic purposes were collected and
stored in distilled water in the refrigerator. The enamel
of the buccal surface was flattened, using a diamond bur
in 54 teeth, while the enamel was completely removed
and dentin of the occlusal surface of the other 54 teeth
was flattened. For bond strength evaluation 60 teeth (30
enamel and 30 dentin surfaces) were embedded in hard
stone blocks so that the flat surfaces were perpendicular
to the long axis of the blocks, while the other 48 teeth
were used for SEM evaluation.

The teeth were assigned randomly to six equal
groups as shown in Table 1. In group I, teeth received
prophylaxis using a rubber cup and an aquous slurry of
pumice for 10 seconds then washing for 10 seconds as a
pretreatment before acid etching.

In group II, caries detector dye (Sable Seek- Ultra-
dent, Product Inc., USA) was applied according to the
instructions of the manufacturer for 10 seconds then
washed for 10 seconds.

In group III, a cavity cleansing agent 2% Chlorhexi-
dine Digluconate cavity cleanser, (Bisco, Inc, IL, USA)
was applied according to the instructions of the manufac-
turer for 10 seconds then washed for another 10 seconds.

In group IV, following application of the caries
detector dye (Sable Seek) teeth received prophylaxis
using a rubber cup and a pumice slurry.

In group V, following the application and washing of
the caries detector dye (Sable Seek) the cavity cleanser
(Bisco, Inc) was applied.

In group VI, another caries detector dye (Snoop,
Pulpdent Corp, MA, USA) was applied according to
the instructions of the manufacturer for 10 seconds fol-
lowed by washing for 10 seconds.

SHEAR BOND STRENGTH EVALUATION
In all the groups, following enamel and dentin pretreat-
ments, the surfaces were dried with an oil free air for 10
seconds then the enamel surfaces were etched for 30
seconds with 37% phosphoric acid (3M Co. St. Paul,
MN, USA).

The surfaces were then washed for 20 seconds and
dried for 10 seconds. The bonding agent (Scotchbond
multipurpose plus, 3M Co. St. Paul, MN, USA) was
applied and cured for 20 seconds. For dentin the sur-
faces were etched with 37% phosporic acid then
washed for 20 seconds then dried for 10 seconds leav-
ing the dentin slightly damped, the primer was applied
and air thinned, then the bonding agent was applied
and cured for 20 seconds.

A hard plastic cylindrical rod 2.5 mm in diameter
and 3 mm in length was attached perpendicular to the
enamel or dentin surfaces. The rods were filled by Z-
100 composite (3M Co. St. Paul MN, USA) in 2 incre-
ments of 1.5 mm. Each increment was cured for 40 sec-
onds. The plastic cylinder was cut off, then the compos-
ite rod was cured again for 40 sec.

All the specimens were incubated for one week at
37˚C and 100% humidity. Each specimen was mounted
in an Instron Universal testing machine (Instron 1193,
Instron Limited, England) and a shear force was
applied perpendicular to the composite cylinder at the
base, at a cross head speed of 2mm/min until debond-
ing occurred.

The shear bond strength was calculated by dividing
the obtained load by the surface area and expressed in
MPa. The shear bond strength values of the six groups
were compared using the Kruskall-Wallis one-way
analysis of variance.

THE SEM INVESTIGATION
Forty eight teeth (24 enamel and 24 dentin surfaces)
were divided into the same 6 groups (Table 1). In each
group the topographic details were studied using the
SEM (JEOL 5300, scanning microscope, Japan) follow-
ing the different pretreatments and after acid etching.
The specimens were dried, mounted and sputter coated
with gold to enable examination, then placed in the
vacuum. The surfaces were scanned using different
magnifications. The topographic details of each group
were noted and the area was photographed and ana-
lyzed.

Table 1. Enamel and dentin pretreatments before acid etching.

Group Enamel and Dentin Pretreatments

I Prophylaxis (aquous slurry of pumice)
II Caries detector dye (Sable Seek)
III Cavity cleanser (2% Chlorhexidine Digluconate)
IV Caries detector dye (Sable Seek) then prophylaxis
V Caries detector dye (Sable Seek) then cavity

cleanser (2% Chlorhexidine Digluconate)
VI Caries detector dye (Snoop dye)
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RESULTS
Shear Bond Strength 

The results of the composite resin shear bond
strength measurements to enamel and to dentin sur-
faces are represented in Table 2 and Figure 1. No sta-
tistically significant difference was found among the 6
groups (P> 0.05) for either enamel or dentin.

Scanning Electron Microscope (SEM)
Analysis of the scanning electron microscope pho-

tomicrographs revealed that flattening the tooth sur-
faces with a diamond bur left a smear layer on both
enamel and dentin (Figure 2). This smear layer was
preferentially removed by the acid etching as shown in
group I (Figure 3).

Using the caries detector dye (Sable Seek, group II) or
the cavity cleansing agent (group III) did not remove the
smear layer and deposits were observed on both enamel
and dentin (Figure 4). However following acid etching, it
was obvious that the enamel as well as the dentin were
preferentially demineralized. Similarly acid etching after
using Sable Seek dye and pumice (group IV) and after the
application of Sable Seek dye then the cavity cleanser
(group V) removed the smear layer and produced prefer-
ential etching patterns.On enamel (Figure 5) a preferential
removal of prism peripheries was found with areas in
which prism cores were dissolved faster than the interpris-
matic substance. The dentin appeared smooth and open-
ings of the dentinal tubules were widened (Figure 6) as a
result of removal of intertubular and intratubular dentin.

No substantial differences in SEM results could be
detected between Sable Seek dye (group II) and Snoop
dye (group VI), regarding the enamel and dentin topo-
graphical changes.

Table 2. Shear bond strength (MPa) of composite resin to enamel
and to dentin surface in the six groups.

Group Minimum Maximum Mean ± S.D.
I Enamel 7.3 14.5 10.10 ± 2.82

Dentin 5.3 14.2 8.12 ± 3.54
II Enamel 7.0 20.4 14.50 ± 6.01

Dentin 6.1 16.7 10.92 ± 4.16
III Enamel 7.1 20.4 12.44 ± 5.15

Dentin 6.7 11.8 8.22 ± 2.10
IV Enamel 9.8 20.4 14.12 ± 3.93

Dentin 7.9 17.4 13.60 ± 4.71
V Enamel 8.8 18.2 12.20 ± 3.60

Dentin 8.2 17.3 11.36 ± 3.50
VI Enamel 7.0 20.4 12.42 ± 5.88

Dentin 7.7 13.0 10.82 ± 1.93

DISCUSSION
The use of resin based restorative materials in posterior
teeth has increased in recent years due to the demand
for tooth-coloured restorations and concerns about the
mercury content of silver amalgam.26,27

Laboratory studies have been conducted through
the years to determine shear or tensile bond strength of
resin materials to acid etched surfaces. The shear test
such as that used in the present study would seem to
have an advantage over the tensile test on that it
appears to be more likely to produce failure at the
tooth-adhesive interface.28

The significant progress in using composite resin in
restorative dentistry occurred over the past several
years is based on an increased understanding of the
caries process and introduction of increasingly effec-
tive bonding techniques. In view, of the current trend
to keep cavities as small as possible, utilization of
caries detector dyes to identify carious dentin has
been suggested as an appropriate basis for objective
decision making on cavity size.29 The ability of com-

Figure 1. Mean shear bond strength (MPa) of composite resin bonded to enamel and to dentin in the six groups.
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posite resin to bond to enamel or dentin substrate
could be influenced by any chemical agent used in suf-
ficient concentration that could change the efficacy of
phosphoric acid etching. The present investigation
showed that the use of caries detector dyes before
acid etching, did not interfere with the etching pat-
terns as evidenced by SEM, or composite bonding to
either enamel or dentin. This result can be attributed
to either lack of substantial effect of the dyes or to
acid etching which dissolves the superficial layers of
enamel and dentin with the production of preferential
etching patterns suitable for resin bonding. This sug-
gestion is supported by Legler et al.,30 who reported
that the application of 37% phosphoric acid solution
to enamel for 30 seconds resulted in an approximately
16 (m depth of etch. This depth of dissolution might
have allowed removal of the smear layer and the
debris left on the enamel surface. Similarly, it was
reported that acid etching of dentin removes the
smear layer and smear plugs from dentinal tubules
and also removes the mineral content of intertubular
dentin to a depth of approximately 2-7 µm.31 Thus the
overall bond strength of composite resin to dentin is
achieved by surface adhesion, resin tags formation
and hybrid layer formation.32

The bond strength values obtained in the present
study were not compared with the values of other
studies because it is not possible to compare the
results of the bond strength obtained from different
laboratories since these values are influenced by the
teeth used, the method applied, and the cross head
speed of the testing machine. A small modification of
the same method can give 2 to 4 fold differences in
bond values for the same product.33 However, the

overall changes were compared with the results of
similar studies.

Although previous studies reported an increase in
the surface free energy caused by chlorhexidine
adsorption to enamel 24 and might have a similar effect
on dentin the use of chlorhexidine cavity cleanser in
the present study had no significant effect on bond
strength. This finding is supported by Filler et al.,34 who
found no significant difference in the bond strength
between composite bonded to enamel treated with
0.12% chlorhexidine mouth rinse and untreated
enamel. It is also supported by Perdigao et al.,35 who
found that applying chlordexidine cavity cleanser after
acid etching had no significant effect on the shear bond
strength of composite to dentin.

A typical smear layer was observed by SEM in the
present study. This observation is supported by other
investigators31,36,37 who reported that dental instrumen-
tation results in a smear layer of organic and hydrox-
yapatite particles, which cover both enamel and dentin
surfaces and penetrates into the dentinal tubules to
form smear plugs. This smear layer was not removed
by the application of the caries detector dyes and/or
the cavity cleanser, which do not seem to influence the
attachment of the smear layer. This finding is in agree-
ment with previous reports which suggested that only
demineralizing solutions or acidic agents are appar-
ently able to perform this.31,36 However, after the appli-
cation of the phosphoric acid the smear layer and the
debris formed on the surface were removed and pref-
erential etching patterns of both enamel and dentin
were produced. This finding is in accordance with
other investigations14,36,38 which showed that 37% phos-
phoric acid completely removed the smear layer from
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Figure 2. A smear layer is seen on: (A) enamel surface (x500) and (B) dentin surface (x2000) flattened with
diamond bur.
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both the enamel and the dentin surfaces. The enamel
was preferentially etched, whereas the dentin
appeared smooth and the opening of the tubules were
widened.

Caries detector dyes can be used as an adjunctive
clinical procedure to aid the dentist in treatment of
carious teeth, especially for those individuals who do
not possess a high degree of clinical expertise for
removing decay.3 However, since these dyes do not
completely eliminate the chances of viable bacteria
remaining in a cavity preparation.11 The combined use

of caries detector dye and cavity cleanser will aid the
clinician in the caries removal process, especially the
unexperienced ones, and help to disinfect the cavity.
As shown in the present investigation, this combined
use would not compromise composite bonding to
either enamel or dentin. However, clinical perfor-
mance of composite resin placed after the use of
caries detector dye and/or chlorhexidine cavity
cleanser should be evaluated regarding to bonding
and tooth sensitivity.

Figure 3. Group I following acid etching. (A) The enamel surface (x1000) shows  preferential removal of the
prism peripheries. (B) The dentin surface (x1000) shows opening of the dentinal tubules.

Figure 4. A smear layer and surface deposits are seen before acid etching. (A) The dentin  surface in group
II (x2000) following the application of Sable Seek dye. (B) The  enamel surface in group III (x500) after using
the cavity cleanser.
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CONCLUSION
The results of the present study suggest that using caries
detector dyes and/or chlorhexidine cavity cleanser
before acid etching does not significantly affect bonding
of composite resin to enamel and dentin.

REFERENCES
1. Kidd EA, Joyston-Bechal S, Beighton D. The use of a caries

detector dye during cavity preparation.A microbiological assess-
ment. Br Dent J 175: 312-313, 1993.

2. Sato Y, Fusayama T. Removal of dentin guided by fuchsin stain-
ing. J Dent Res 55: 670-683, 1976.

3. Starr CB, Langenderfer WR. Use a caries-disclosing agent to
improve dental residents ability to detect caries. Oper Dent: 18:
110-114, 1993.

4. Yip HK, Stevenson AG, Beeley JA. The specificity of caries
detector dyes in cavity preparation. Br Dent J 176: 417-421, 1994.

5. Al-Sehaibany F, White G, Rainey JT. The use of caries detector
dye in diagnosis of occlusal carious lesion. J Clin Pediatr Dent 20:
293-298. 1996.

6. Fusayama T. Two layers of carious dentin, diagnosis and treat-
ment. Oper Dent 4: 63-70, 1979.

7. Fusayama T. New concepts in Operative dentistry. Chicago Quin-
tessence Pub Co, Inc, pp 18-46, 49-83, 84-94, 1980.

8. Fusayama T. Clinical guide for removing caries using a caries
detecting solution. Quintessence Int 19: 397-401, 1988.

62 The Journal of Clinical Pediatric Dentistry Volume 25, Number 1/2000

Figure 5. The enamel surface: (A) group IV (x1000), (B) Group V (x1000) following acid  etching shows pref-
erential removal of the prism peripheries in some areas and  prism cores in other areas.

A B

Figure 6. The dentin surface: (A) group IV (x1000), (B) group V (x1000) after acid etching  shows widening
of the dentinal tubules.

A B

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/25/1/57/1745348/jcpd_25_1_781012816642v3t5.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



The effect of caries detector dyes and a cavity cleansing agent

The Journal of Clinical Pediatric Dentistry Volume 25, Number 1/2000 63

9. Anderson MH, Loesche WJ, Charbeneau GT. Bacteriologic study of
a basic fuchsin caries disclosing dye. J Prosthet Dent 54: 51-55, 1985.

10. List G, Lommel TJ, Tilk M, Murdoch HG. The use of a dye in
caries identification. Quintessence Int 18: 343-345, 1987.

11. Boston DW, Graver HT. Histological study of an acid red caries-
disclosing dye. Oper Dent 14: 186-192, 1989.

12. Besic FC. The Fate of bacteria sealed in dental cavities. J Dent
Res 22: 349-354, 1943.

13. Brannstrom M. The cause of post restorative sensitivity and its
prevention. J Endodont 10: 475-481, 1986.

14. Brannstrom M, Johnson G. Effects of various conditioner and
cleaning agents on prepared dentin surfaces:A scanning electron
microscopic investigation. J Prosthet Dent 31: 422-430, 1974.

15. Chan DCN, Hui EYW. Antimicrobial action of chlorhexidine
incorporated in an etchant. J Dent Res, abstract 284, 71: 141,
1992.

16. Forley DW, Chan DCN, Lam YWF. Chlorhexidine uptake after
treatment with a chlorehexidine-containing etchant. J Dent Res,
abstract 2246, 72: 384, 1993.

17. Chan DCN, Lo WW. Residual antimicrobial action of benzalko-
nium chloride-containing etchant. J Dent Res, abstract 995, 73:
226, 1994.

18. Caufield PW, Navia JM, Rogers AM, Alvarez C. Effect of topi-
cally applied solutions of iodine, sodium fluoride or chlorehexi-
dine on oral bacteria and caries in rats. J Dent Res 60: 927-932,
1981.

19. Fure S, Emilson CG. Effect of chlorhexidine gel treatment sup-
plemented with chlorhexidine varnish and resin on mutans strep-
tococci and actinomyces on root surfaces. Caries Res 24: 242-247,
1990.

20. Schaeken MJM, Keltjents HMAM, van der Hoeven JS. Effects of
fluoride and chlorhexidine on the microflora of dental root sur-
faces and progression of root surface caries. J Dent Res 70: 150-
153, 1991.

21. Brannstrom M, Nyborg H. Cavity treatment with a microbicidal
fluoride solution: Growth of bacteria and effect on the pulp. J
Prosthet Dent 30: 303-310, 1973.

22. Rolla G, Loe H, Schiot CR. The affinity of chlorhexidine for
hydroyapatite and saliva mucin. J Periodont Res 5: 90-95, 1970.

23. Linden LA, Bjorkman S, Hattab F. The diffusion in vitro of fluo-
ride and chlorhexidine in the enamel of human deciduous and
permanent teeth. Arch Oral Biol 31: 33-37, 1986.

24. Perdok JF, vander Mei HC, Genet MJ, Rouxhet PG, Busscher HJ.
Elemental surface concentration ratios and surface free energies
of human enamel after application of chlorhexidine and adsorp-
tion of salivary constituents. Caries Res 23: 297-302, 1989.

25. Busscher HJ, Retief DH, Arends J. Relationship between surface
free energies of dental resins and bond strength of etched
enamel. Dent Mater 3: 60-63, 1987.

26. Lloyd CH, Scrimgeour SN. Dental materials: 1995 literature
review. J Dent 25: 173-208, 1997.

27. Roulet JF. Benefits and disadvantages of tooth coloured alterna-
tives to amalgam. J Dent 25: 459-473, 1997.

28. Fowler CS, Swartz ML, Moore MK, Rhodes BF. Influence of
selected variables on adhesion testing. Dent Mat 8: 265-269, 1992.

29. Maupome G, Hernandez-Guerrero JC, Garcia-Luna M, Trejo-
Alvarado A, Hernandez-Perez M, Diez-De-Bonilla J. (1995). In
vivo diagnostic assessment of dentinal caries utilizing acid red
and povidone iodine dyes. Oper Dent 20: 119-122, 1995.

30. Legler LR, Retief DH, Bradley EL. Effects of phosphoric acid
concentration and etch duration on enamel depth of etch: An in
vitro study. Am J Orthod Dentofac Orthoped 98: 154-160, 1990.

31. Pashley DH, Carvalho RM. Dentine permeability and dentine
adhesion. J Dent 25: 355-372, 1997.

32. Gwinnett AJ. Quantitative contribution of resin infiltration
hybridization to dentin bonding. Am J Dent 6: 7-9, 1993.

33. Sudsangiam S, van Noort R. Do dentin bond strength tests serve
a useful purpose? J Adhesive Dent 1: 57-67, 1999.

34. Filler S, Lazarchik D, Givan D, Retief D, Heaven T. Shear bond
strengths of composition to chlorhexidine treated enamel. Am J
Dent 7: 85-88, 1994.

35. Perdigao J, Denehy G, Swift E. Effects of chlorhexidine on sur-
faces and shear bond strengths. Am J Dent 7: 81-83, 1994.

36. Leidal TI, Eriksen HM.A scanning electron microscopic study of
the effect of various cleansing agents on cavity walls in vtiro.
Scand J Dent Res 87: 443-449, 1979.

37. Eick JD, Cobb CM, Chappell RP, Spencer P, Robinson SJ. The
dentinal surface: its influence on dentinal adhesion. Part I. Quin-
tessence Int 22: 967-977, 1991.

38. Silverstone LM, Saxton CA, Dogon IL, Fejerskov O. Variation in
the pattern of acid etching of human dental enamel examined by
scanning electron microscopy. Caries Res 9: 373-387, 1975.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/25/1/57/1745348/jcpd_25_1_781012816642v3t5.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



The effect of caries detector dyes and a cavity cleansing agent

64 The Journal of Clinical Pediatric Dentistry Volume 25, Number 1/2000

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/25/1/57/1745348/jcpd_25_1_781012816642v3t5.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022


