
The Japanese Society for Dental Materials and Devices (JSDMD)

NII-Electronic Library Service

TheJapaneseSociety  for  Dental  Materials  and  Devices  {JSDMD)

Dental Materials Journal 26(3): 355-360, 2U07

Micro-shear Bond  Strength of  Two  Ail-in-one Adhesive Systems  to Unground
Fluorosed Enamel

Priyadarshanee Manorika RATNAWEERAL,  Toru NIKAID02, Dinesh WEERASING}IE'), Kamal Anuradha
WETTASINGHEii',  Hiroyuki  MIURA`'  and  Junji TAGAMI!'i'
iDeparLmenL

 ef  Fiied Prosthodelltius, Tsurumi UniversiL)' School of  Dentistry, 2-1-3, Tsui'umi-ku, Yokohama,  tJapan
"Cariology

 and  Operative Dentistry, Department of  Restorativc Scienees, Tokyo  Medical  and  Dental  University, t-5-45,

Yushima, Bunkyo-ku, Tokyo, Japan
3Depurtment

 of  Restorative  Dentistry, Faculty  of  DenLal  ScieiLces, University  of  Peradeniya,  Peradeniya,  Sri Lanka
4Fixed

 Prosthodontics, Department of  Restorative Sciences, Tokyo Medical and  Dental University, 1-5-45, Yushima, Bunkyo-
ku, Tokyo, Japan
'5Center

 of  Excellencc Program,  the Centcr of' Excellellce Program  for Frontier  Research  on  Molecular  Destruetion  and

Reconstr'uction of  
'Pooth

 and  Bone at  
'i'okyo

 Medieal  and  Dental  University, Tokyo,  Japan

Corresponding author,  Toru NIKAIDO;  E-mail/ nikaido.ope@tmd.ac.jp

Received June l4, 2006 fAccepted January  11, 2007

The aim  of  this study  was  to evaluate  thc micro-shear  bond strengths  of  two  all-in-one  adhesive  systems  to unground

fluorosed enamel.

   Buecal  surfaces  of  24 normal  and  24 moderately  Cluorosed Leeth {Thylstrup and  Fejerskov  indox, TFI=4-6)  were  bonded

using  G-Bond  and  Clearfil Tri-S Bond.  The  surfaces  were  then  restored  with  a  resin  composiLe,  storecl  for 24 hours in
water,  and  tested f'or micro-shear  bond strength  (),TSBS). Fracture  modes,  etching  patLerns, and  adhesivc  intcrfaces were

studied  under  m  scanning  electron  mici'oscope  (SE}if). Dmta  were  analy,  zed  with  two-way  ANOVA,  whereby  no  sig'nificant

differences in MSBS  were  round  among  Lhe four groups  (p>O.05). Through  SE)v( examination,  it was  shown  that1  xtm  of

resin  tag-like extensions  had  penetrated  into the enamel  for both  adhesives  at  thc cnamel-sidhesive  inLerface. Based on  the

results  obLained,  it was  cencluded  that ?L,TSBS was  not  intluenced by the severiLy  or  fluorosis. Furtherrnorc, there were  no

differences in enamel  bond sLrength  beLween  (]-Bond  and  Clearfil Tri-S Bond.

Keywords:  Ungrou]d  fluorosed enamel,  All-in-onc adhesive,  Micro-shear  bond  str'ength

               INTRODUCTION

Dental fluorosis is a  hypornineralization of  tooth

enamel  caused  by  continuous  ingestion ol' excessive

fluoridc during tooth developrnentL', This results  in

various  pathological changes  in the  tooth  structure,

ranging  frorn opaque  white  patches in the enamel

to striated,  pitted, and  diseolored enamel-thus

g'iving rise  to cosmetic  problems  of  teeth in affected

individualsZ'.

   Fluorosed teeth  are  usual]y  restored  with  tooth-

eolored  restorations,  such  as composite  resins  or

eeramic  veneers3'.  When  treating  fluorosed enamel,  it
is customary  to reduce  a  layer of  enamel  to remove

the  discolored and  rough  surface'i'.  However,

grinding  of  thc enamel  increases the surfaee

roughness  of  tooth  and  exposes  the  deeper enamel

layers. From  the  principles of  no  intervention or

minimal  intervention, "unground"

 enamel  may  thus

be better than  

"ground"

 enameli'.  With a  definite
trend  toward  minimal  intervention, it was  anticipated

that enamel  already  affected  by  lluorosjs might  be

preserved  and  left unground  during restoratix,e

treatment.

   Reeently, there is a  strong'  advocaey  for
simplified  bonding  steps  and  more  user-friendly

adhesive  systems.  From  the cliniciansi  perspective,

the new  generation of  a]l-in-one  adhesive  systems

may  provide a  better solution  for restoration  of'

fluorosed teeth as  they  are  uncomplicated  and  user-

friendly. These  adhesives  vary  in their  acidity  by

virtuo  of  the  composition  and  concentration  of

polymerizable acids  and/or  acidic  resin  monomers6'Ti',

Hewever,  Pashley et  aL  reported  that the effieacy  of

se]f-etching'  primers  on  unground  enamel  did not

depend  upon  their  etehing  aggressiveness"'.

   To date, no  studies  have been undertaken

concerning  the  bond  strength  of  all-in-one  bonding

systems  to unground  fluorosed enamel.  Therefore,
the  purpose of  this study  was  to evaluate  the  micro-

shear  bond  strengths  of  two  all-in-one  bonding
systems  to unground  fluorosed enamel.

          MATERIALS  AND  METHODS

7both specimens
Forty-eight extracted  third  molars  (fluorosed and

non-fluorosod)  from patients living in fluorosis
endemie  areas  in Sri Lanka  were  collected.  These

teeth  were  cleaned  and  stored  in distilled water  in a

ref'rigerator  at  40C, All the teeth belonged to

patients aged  between  20 and  40 years. Informed

consent  was  obtained  from all the patients  whose

teeth  were  used  in this study.  Twenty-four  teeLh

used  for this study  were  moderately  fluorosed teeth
(Thylstrup and  Fejerskov index, TFI=4-6)O'. The
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Table 1 Materials used  in this study.

Product Componeiits

iltl-in-orze  adhesive

GBond  4-MET, Ul)MA,  silica,  phosphoric  acid  ester  monomei',

(CIC Corporation, Tokyo, Japsn) acetone,  wnter,  photoinitiater

Clcarfil Tri-S Boiid MDP,  Bis-GMA, IIEpt'IA, hydrophobic tlimethacrylate,

(Kuraray Medical  Co., Tokyo,  Japan) di-carnphorquinone, ethyl  alcohol,  water,  silanated  colloidal

                                             silica

Resin composite

Clearfil ST Silanated barium glass, silica, cc}11oidal  si]iea,  Bis-GMA,
CKuraray MedicaL  Co,, Tokyo,  Japan) TEg.DMfX, phot.o.initiator
4-MET;  4-mcthaeryloxyeLhyl  trimellitic acid;  UDMA/  urethane  dimethacrylate;
MDP/  10-mothaeTyloloxydecyl dihydrogen phosphnto;  I3is-GMA/  bisphenol  A-diglyeidylmethacrylate;

IIEMA:  2-hydroxy, ethyl  methaerylate;  TEGDMA;  triethyleneglycol dimethacry}ate

tlels

Fig. 1
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Schematie illustration of  specimen  preparation

pr-cedure.

other  24 teeth  werc  normal  {i.e., non-fluorosed)  teeth.

   Roots of  the  tecth  were  cut  just below the

eerrientoenamcl  junetion. Then, the buccal and

lingual surfaccs  of  crown  segments  of approximatcly

2 mm  in Lhickness were  sliced  parallel to the long
axis  of  Lhe  tooth  using  a  slowly  rotating  diamond
blacle (Isomet, Buehler, Lake  Bluff, IL, USA).  For
each  obtained  tooth  slice,  two  midd]e  regions  on  the
enamel  surface-1  mm  on  either  side  of  the  rnidline

parallel  to the  long axis  ot' tooth-were  selected  as

bonding  sites  for micro-shear  bond  strength  test.

   Unground  tooth slices  were  polished using  a

prophylactic paste (Profylax Pasta  CCS, RDA  120,

Dcntsply, Germany) and  eleaned  ultrasonieally  in
distilled water  for five minutes,  Subsequently, the
fluorosed teeth  were  divided into two  subgroups  of

twelve  teeth  and  each  group  was  treated with  one  of

the two  all-in-one  adhesive  systems,  G-Bond  (GC,
Tokyo, Japan) or  Clearfil Tri-S Bond (Kuraray
Medical, Tokyo,  Japan) according  to rnanufacturer's

instruetions (Table 1). Twenty-four non-fluorosed

(normal) teeth, twelve  teeth  in each  group, were

Li'eated in the same  manner  as  Lhe  -uorosed  teeth.

flpecimen preparaCion
Specimen preparation  procedure  is MustraLed in Fig.
1, Prior to ]ight-curing of  the bonding  resin,  an  ir{s

of  micro-bore  Tygon  tubing (R-3603, Norton
Performance  Plastie Co., C]eveland, USA)  with  an

internal diameter oi' O,8 mrn  and  a  heig'ht of  O.5 mm

was  mounted  on  enamel  bonding surface  to define
the bonding' area  (Fig. IA). Bonding  site  was  Lhen

lighL-cured for 10 seconds.  Following  which,  the
eylinder  was  filled with  a  resin  composite  (Clearfil
ST, Shade A2, Kuraray Medical, Tokyo,  Japan). A

plastic matrix  strip  was  placed over  the resin

composite,  gently pressed flat, and  light-cured
for 40 seconds  to make  very  small  eylinders  of

approximately  O.8-mm diameter  and  O.5-mm  height.
The  euring  unit  used  was  Optilux 500 (Demetron,
Danbury,  CT, USA)  with  an  intensity of  700± 8
mWlcm2.

   Specimens were  kept at room  temperature (230C)
l'or one  hour, and  then the Tygon  tubing was

removed,  Following  which,  specimens  were  stored  in

water  at  370C for 24 hours. Bcfore bond  strength

testing,  all  samples  were  cheeked  for defeets under  an

optical  microscope  at  × 30 magnifieation.  Samples
showing  air bubble inclusions, interfacial gaps,  and

other  defects were  discarded,

Micro-shear bond  strength  evaluation

Figur'e IB  shows  the micro-shear  test apparatus,

Using  cyanoacrylate  glue ( Zapit, DVA,  Corona, CA,
USA), each  tooth slice  was  earef'ully  bonded  onto  a

testing  device (Beneor-Multi-T, Danville Engineering

Co,, San Ramon, CA, USA)  mounted  in a  universal

testing  machine  (EZ-test-500N, Shimadzu, Kyoto,
Japan) for the miero-shear  bond  strength  Lest. A
thin  wire  (O.2 mm  in diameter) was  looped around  a

resin  cylinder',  making  contact  with  half of its

circumference  and  gently held flushed against  the
resin-enamei  interface. The  resin-enarriel  interface,
the wire  loop, and  the centcr  of  the Ioad cell  were
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aligned  as straight  as possible to ensure  the  desired

orientation  of  the  shear  force. Eaeh  cylinder  was

then subjected  to a shear  force at a erosshead  speed

of  1 mm/min  (Fig. IB). Values  of  load at  f'ailure
and  the surfaee  area  allowed  rnicro-shear  bond
strength  in units  of stress  (MPa) to be calculated.

Twenty-four  sites  in 12 specimens  were  tested for
each  test group.

Failure modes

Following  bond  strcngth  testing,  a]l  fractured

resin-enamel  surfaces  were  examined  under  a  confocal

laser seanning  microscope  (ILM21-HW, Lasertec,

Yokohama,  Japan)  to identit'y the failure mode.

Failure modes  were  categorized  jnto one  of  the

following six  types:

   A  -  Adhesive failure in more  than  95% of the

     bonded area  between enamel,  hybrid-Iike

     enamel  layer or  overlying  adhesive  resin.

   B 
-

 Cohesive failure in cnamel  more  than  95%

     of  the bonded  area.

   C -  Cohesive failure in adhesive  resin  more  than

     95%  of  the  bonded  area.

   D  -  Mixed  failure with  adhesive  failure in more
     than  50%  of  the  bonded  area.

   E  -  Mixed  failure with  eohesive  failure in
     enamel  more  than 50% of  the bonded area.
   F  -  Mixed  failure with  cohesive  J'ailure in resin

     more  than  50%  of  the bonded area.

Scanning electron  microscopic  observation

Enamel  slices  of  four groups  were  polished with  a

prophylactic paste (Merssage Fine, Shofu Inc., Kyoto,
Japan), cleaned  ultrasonically  in distilled water  for

five minutes,  then primed  in the same  manner  as

that employed  for the bonding test samp]es.  The

slices  were  rinsed  with  aeetone  t'or 10 minutes  under

ultrasonie  movement  to remove  any  crystals  or  other

residues  from  the  primer. The  specimens  were  dried
in an  ineubator for 24 hours. Finally, the surfaces

were  sputter-coated  with  gold {SC-701AT, Quick Auto
Coater, Sanyu Electron Inc., Tokyo, Japan) and

observed  under  a seanning  electron  microscope  (SEM}
(JSM 5600LV, JEOL,  Tokyo,  Japan).

    To  observe  the  interface between  enamel  and

adhesive  resin,  four bonded  enamel-resin  specimens

were  cross-sectioned  at  the interface and  polished

using  lapping film sheets  (Imperial, Sumitomo  3M,

Tokyo, Japan) up  to 3 "m.  They were  then etched

with  O.1 N  HCL  for 30 seconds  and  washed

with  distilled water.  The specimens  were  placed
overnight  in an  incubator; gold sputter-coated,

and  subsequently  observed  using  a  SEM.

Statistical analysis

Two-way  analysis  of  varianee  (ANOVA) with

Tukey's  post hoc test at  p<O.05 was  used  to
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determine any  significant  differences among  the data
for micro-shear  bond strength  test with  respeet  to

type  of  enamel  and  adhesive  system.  Thc Chi-
squared  test was  used  for the non-pararnetric  data
analysis  of  failure modes.  SPSS  for windows  (SPSS
Inc., Chieago, IL) was  used  for data analysis.

                 RESULTS

Micro-shear bond  strengths  and  foilure modes

Table 2 shows  the mean  micro-shear  bond strength

values  and  standard  deviations in MPa.  Two-

way  ANOVA  revealed  no  statistically  significant

interactions between the two  types of  enamel  and  the

two  adhesive  systems  used  (F='='O.493, p=O.485).

Modes  of  failure following the micro-shear  bond
strength  test are  sumrnarized  in Table 3. Chi-

squared  test showed  no  signit'jcant  assoeiation

between rnodes  of  failure with  Lhe  two  adhesive

systems  (asymmctric significance,  two  sided:  O.136).
Adhesive failure was  the most  prevalent  type ol'

failure for both types  of  enamel,

SEM  observations

SEM  photomierographs  of  the unground  enamei

treated with  G-Bond and  CIearfil Tri-S Bond  are

shown  in Figs. 2 and  3, respeetively.  Enamel

surfaces  conditioned  with  the all-in-one  adhesives  are

shown  in Figs. 2A  and  3A, Clearfil Tri-S Bond  and

G-Beiid could  only  partially dissolve the aprismatie

surface  layer. Shallow, mild  coral-like  eLching

Table  2 Micro-shear bond strengths  to unground  ename}

       (MPa±SD)Normal

G-Bond 22.4 ±  5.3
ttttCleart'il

 Tri-S Bond21.4  ± 5.0

Fluorosed

20.1 ± 3.8

19.7 ± 3.9

n ±24 for each  group.
No  statistically  significant  differenees in micro-shear  bond
strength  between the four groups.

Tab]e 3 Modcs of  failure after  miero-shear  bond  tcsting

Adhesive

G-Bond  
'

Enamel  No. of  Faily..r.g.M.ode

speeimens  A  E c D E F
 'Norrnal

24

Fluor'osed 24lg

 oesoe

112O11OO

 Clearfil
Tri-S BendNormp-1."..2415

 O162O

Fluorosed2411  12622



The Japanese Society for Dental Materials and Devices (JSDMD)

NII-Electronic Library Service

The  Japanese

358

Society  forDentalMaterials  and  Devices{JSDMD)

Micro-shear bondstrength tofluorosed enamel

Fig. 2SEM  images  of  unground  normal  enamel  conditioned  wiLh  C}-Bond (A). Shallow, mild

coi'al-like  etching  pattern was  observecl  in tho undissolved  aprismatic  layer (marker).
Adhesive interface of  G-Bond  bonded  to  unground  fluorosed enamel  (B). SEM
obscrvation  showed  1 am  of  resin  tag-like exLensions  penetrating  into enamel  {arrows),

Fig. 3SEM  images of  unground  fluorose{1 enamel  conditioned  wiLh  Clearfil Tri-S Bond (A).
Shallow, mild  coral-like  etehing  pattern  was  observed  in the undissolved  aprismatie  lnyer

(marker). Adhesive interface of  Clearfil Tri-S Bond  bonded to normal  unground  enamel

(B). About  1 pam  of  resin  tag-Iike extensions  pcnetrating  inLo enamel  were  observed

{arrows).

patLern  was  observed  m  the  undissolved  apmsmatic

Iayer. SEM  images  of  the  adhesive  interfaee between
enamel  and  the adhesives  are  shown  in Figs. 2B  and

3B, There was  no  gap formation at  the interl'aces
of  both  adhesives.  Further, it was  revealed  that
1 ptm of  rcsin  tag-like extensions  pcnetrated into the
enamel  for both self-etching  systems.

                DISCJUSSION

In fluorosis endemic  areas  in Sri Lanka, where  the
fluoride level in ground  water  exceeds  1 ppm  (versus
the recommended  leve] of  O.6-O,8 pprn in drinking
",ater),  prevalence rate  of  fluorosis has been reported

to range  from 29 to 57%i"'. Similarly, in non-

endemic  areas  in many  parts  of  the wor]d,  Cluorosis
prevalenee  is on  the inerease, This worrisome

increasc in the prevalenee  ot' denta] fluorosis
worldwide  has been attributed  to high background

exposure  to fluomde from various  sources,  such  as

food, soft  drinks, fluoride-containing dentifrices, and

supp]ementsii･i2).

   For  the classii'ication  of  fluorosis, modii'ied

Thylstrup and  Fejerskov index is very  useful  as  it is
based on  elinical, fluoride-induced ehanges  in
fluorosed teeth. Besides being consistent  with  the
histopathologieal changes  in fluorosed enamel,  the
Thylstrup  and  Fejerskov index also  boasts of  high
reproducibility,  thus making  it a  very  attractive

evaluation  method  in the  studies  of  fluorosed teethiM.
In the present study,  moderately  fluorosed teeth  were

thus  elassified  according  to this index9).
   Moderately  fluorosed teeth are  characterized  by a
marked  opaeity  or  chalky  white  appearanee  on  the
affected  tooth surface.  Other clinical manifestations

inelude pits of less than  2-3 mm  in diameter  on  the
smooth  or  occlusal  surface,  with  attrition. In a

previous study,  it was  found that bond  strength  was



The Japanese Society for Dental Materials and Devices (JSDMD)

NII-Electronic Library Service

TheJapaneseSociety  for  Dental  Materials  andDevices  {JSDMD)

   RATNAWEERA

significantly  higher in teeth for patients below 40

years old  than  those above  40 years oldi`'. In light of

this findingi'"], sample  LeeLh used  in the present study

were  from patients of  20-40 years of  ag'e.

   Methods  in measuring  the  bond strength  of

adLhcsive  systems  to tooth substrates  vary  according

to researchersi5).  Currently, many  researchers  prefcr
to use  the rnicro-tensile  bond  strength  method  when

testing bond strengths  of  adhesive  materials  to

dentini6i. However,  micro-shear  bond strength  testing

was  used  in the present study  as  enamel  substrate  is

more  brittle in nature  than  dentin. Fur'ther, there is
an  added  advantage  with  miero-shear  bond  strength

testing: there is no  need  to altcr  the bonding  surface.

With the micro-Lensile  meLhod,  cut  slices must

be obtained  from  specimens  for bond  sLrength

eva]uation.  Consequent]y, enamel  prisms may  be
damaged-with  a  possible effect  on  bond  strength

values.  As for miero-shear  bond Lesting, only  a  very

small  bonding  area  is needed  when  compared  with

conventional  shear  strength  Lest. This should  reduee

the problerns associated  with  stress  distribution at

bonding  sites,  which  are  inherent in eonventional

shear  testing, and  thereby give  comparatively  higher
bond  strengLhsi'･iE'.

    It was  reported  that bonding' of  self-etching

adhesives  to ground  enamel-in  moderately  to
severely  fluorosed teeth-was  inferior compared  to

that rendered  by phosphoric  aeid  etchingL'ii.  However,
for ground  enamel  of  mildly  fluorosed teeLh, self-

etc:hing  adhesives  might  be used  as  alLernatives  Lo

phosphoric acid  eonditioners'`"i'.  In the  present
study,  the all-in-one  adhesive  systems,  G-Bond  and

Clearfil Tri-S Bond, were  bonded to the unground

enarnel  of  both fluorosed and  normal  enamel.  Both

adhesive  systems  exhibited  no  significant  differences
in miero-shear  bond  strength  between  the two groups
(p>O.05). This result  thus indicated that the enamel

bond  strength  of  both adhesive  systems  was  not

affected  by the mild  to moderate  fluorosis in
unground  enamel,

    Presently, most  commercial  self-etching  adhesive

sysLems  eontain  mi]dly  aeidic monomers,  such

as  MDP  and  4-MET,  to condition  and  prime  the

underlying  enarnel22'.  Clearfil Tri-S Bond contained

water  and  was  an  alcohol-based  self-etching  adhesive

system.  Comparably, G-Bond was  an  acetone-based

self-etching  adhesive  system.  As  a  result,  resin

penetration  into etehed  enamel  as  indicated in the
SEM  mierographs  of  the  self-etching  adhesive

systcms  was  shallow.  Both  adhesive  systems  eould

not  dissolve the ouLer  boundaries of  the indix,idual
enamel  crysLals  on  the surface.  IL should  be

mentioned  that the presence  of  a  surface  aprismatic

Iayer in unground  enamel  was  less conducive  to

bonding""E`). The resin-enamel  bond in this study  was

thus attributed  to the  underlying  layer of  hybrid-like
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enarnel  tissueZ"':ti). Further, there  were  no  differenees

between  the  self-etching  systems  in depth of

penetration in both normal  and  fluorosed cnamel.

   Durable bond strength  to unground  enamel  is oi'

crit･ical  importance  as  it allows  dental professionals
to restore  fluorosed teeth without  tooth preparation.
When  teeth are  unground,  thc  ouLer  hyper-
rninei'alized,  aeid-resistant  enarnel  ]ayer' may  be

preserved, making  fluorosed teeth  less vuinerable

to further deterioration. FurLher, the predominant
failure mode  for both adhesive  systems  was  adhesive

failure in all groups. In other  words,  the  enamel

surface  would  not  be damaged  oven  if the restoration

failed. This finding is irnportant to dental clinicians

as it implied that the enamel  substance  could  be

prescrved when  treating patients with  tluorosis,
   Unlike bonding to dentin, applieation  of

self-etching  systcms  on  enamel  has evoked  rnany

controversial  debates"7''!'S], By  means  of  micro-tensile

bond  strength  testing, Kanemura  eL  al. reported  that

the commercial  adhesive  systems  evaluated  produced

good  adhesion  to ground  ename]:Si.  IIowever, l'or

bonding' with  intaet enamel,  phosphorie acid  etching

yielded  significanLly  higher bond strengths  than

self-etching  primers. This was  because the etching

pattern  ot' seltLetching  primers  was  not  deep enough

to obtain  good  penetration of  bonding  resin  when

applied  to intact enarnel  surfaees.  In light of

research  findings like this, I'urther studies  are

needed  to perceive the bonding  perl'ot'manees of

contemporary  all-in-one  adhesive  systems  to

fluorosed teeth  as  well  as  to cornpare  these adhesives

against  phosphoric  acid  etching,

                CONCLUSIONS

The  rnicro-shear  bond strengths  of  two all-in-one

adhesive  systems  to unground  fluorosed enamel  w･ere

not  influenced by  the severity  of  fluorosis.
FurthermoTe, there were  no  differences in enameL

bonding  strength  between  G-Bond  and  Clearril 1iri-S

Bond.
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