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ABSTRACT: 
Surface roughness  is  a  component of  sur face texture .  I t  is  quant i f ied by the  dev iat ions  in  

the direc tion o f  the  normal vector  o f  a  rea l  sur face f rom i t s  ideal  form. Roughness plays  

an importan t  role in  determin ing how a real  object  wil l  in terac t  wi th  i t s  environment.  In  

orthodontics ,  the sur face roughness requires to  be rough enough to  lodge a secure  

bonding and various techniques  in  l i terature can deliver i t .  Ac id e tch ing and sandblast ing 

or air abrasion technique have been d iscussed  both separately  and in  combination for  

over  years.  

The purpose  of  th is  s tudy was to  compare the shear bond  strength o f  the  bracke ts  bonded 

after using three dif feren t  types of  enamel  pre - trea tment methods;  acid e tch ing,  

sandblast ing,  and combination o f  acid -etch ing wi th  sandblast ing  and a lso  to  compare  the  

degree of  roughness created using image analyser and non -contact  3D prof i ler.  

Keywords:  enamel condit ion ing,  acid  e tching ,  sandblast ing,  a ir  abrasion,  SEM, 3D 

prof i ler,  shear bond strength .  
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I.  INTRODUCTION 
Acid-etch bonding technology,  ini t ia l ly int roduced by Buonocore 1  in  1955,  has  

signi ficant ly changed  c l inical  prac tice  in  al l  f ie lds o f  denti stry.  Acid  disso lution of  the  

enamel sur face creates micro  porosi t ies  those  result s  in  a  micromechanica l  bond 2 .  

In 1965,  Newman 3  f i r st  used pre - treatment  o f enamel us ing phosphoric  acid  fo r  

bonding of or thodont ic  brackets.  As the bonding of  brackets i s  a  day -to-day procedure in  

or thodont ics,  considerable researches have been devoted to  bonding techniques.  For  

optimal result s ,  the bond strength must  be high  enough to  prevent  fai lure and a t  the same 

t ime should cause no damage to  the  enamel.  

The usage of  phosphoric  acid  provides  good  bond  s trength but  also  causes  some 

amount o f enamel loss;  in varying degrees  depending upon the exposure t ime and 

concent rat ion of the acid used.  The concentra t ion and exposure t ime of phosphoric  acid  

was  decreased from 80% to 37% and appl ica t ion t ime  from 60 seconds to  15 seconds 4  

https://en.wikipedia.org/wiki/Surface_finish
https://en.wikipedia.org/wiki/Normal_(geometry)
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Within the f ield  o f o r thodont ics,  th is  technology has resul ted in  signi ficant  

t rea tment improveme nts ,  includ ing more esthet ic  and hygienic appl iances,  e l imination of  

post  t reatment  band spaces,  easie r  car ies  detec tion and treatment ,  less sof t  t i ssue 

ir r i ta t ion,  and decreased  possib il i ty o f  enamel decalci f ica t ion.  

Air -abrasion technology has been exam ined  for  po tent ia l  app lica t ions  wi thin 

dentis try.  This technology was introduced before acid -etch bonding by Dr.  Robert  Black 

in  the  1940s 4 .  Many investiga tors have been interested in  the e ffects  of sandblas t ing.  

Zacharr i son and co -workers found that  sandb last ing improves the re tention and increases 

the bond s trength when  bonding to  gold,  porcela in and amalgam. I t  was  bel ieved tha t  

sandblast ing lo wer l ingual  re ta iner  wires  also improves the bond  s trength 5 .  

Acid  pre - trea tment o f  the enamel sur face  i s  cl inic a l ly e ffect ive  and  rel iab le.  

However ,  there are several  drawbacks associated wi th the bonding technique,  namely,  

toxic i ty o f acid  to  oral  sof t  t i ssues and  t ime requi red to  ob tain  the desi red dissolution.  Air  

abrasion,  on the o ther  hand ,  possesses  ne ither  o f these  drawbacks,  whi le  having minimal  

effec t  on ora l  soft  t i ssues,  wi th typ ical  tooth sur face prepara t ion t imes ranging from 0 .5 

to  3  seconds,  wi thout  the addi t ional  s tep of r insing 6 .  

Although so me stud ies  have eva lua ted the bond strength after  sandbla st ing,  

evidence i s  genera l ly lacking when i t  comes to  comparison of shear  bond strength wi th 

sandblast ing and when used in combination wi th  acid etching.  

The purpose of this study was to  compare the shear  bond s trength of the b rackets 

bonded after  using t hree di fferent  types o f enamel pre - treatment methods;  acid  etching,  

sandblast ing,  and combination of acid -etching wi th  sandblast ing and  a lso  to  compare the  

degree of roughness  created us ing image analyser  and non -contact  3D profi le r .  

 

II.  MATERIALS AND METHODS 
This s tudy was per formed on extracted premolars that  d id  not  have any car ies or  

res tora t ions.  Al l  teeth  were  s tored  in  dis t i l led  water  immediate ly a fter  extrac t ion and  

changed every week.  

The sample consisted  of 62  human premolars extracted  for  or thod ont ic  purpose  

wi th  intac t  buccal  enamel without any hypoplas t ic  spots,  enamel c racks.  

 

The to ta l  sample was  divided into  three  groups ,  consis t ing 20 teeth in each group  

Group A:  Sandblast ing group consist ing of 20 teeth  

Group B:  Acid e tching group consist ing of 20 teeth  

Group C:  Co mbination group consist ing of 20 teeth.  

Two samples were used  for  sur face roughness  evalua tion of  untreated enamel.  

 

Group A consis ted of 20 premolar  tee th subjected only to  sandblast ing wi th an 

intraoral  sandblas ter  (DAN VILLE-made in USA) wi th a luminium oxide  par t icles  50µm in 

size,  sandblasted for  5  seconds wi th the nozzle  at  an angle o f 45 0  to  the long axis o f the 

tooth and  kept  6mm away fro m the  sur face of teeth 4 .  

 

 
Fig  5:  Intra ora l  sandblaster  

 

Group B consisted of 20 premolar  tee th subjected to  ac id  e tching wi th 37% 

orthophosphor ic  ac id  (3M UNITEK Monrovia  Cali fo rnia ,  USA),  for  15 seconds per  

sample,  then r insed under  water  and a ir -dr ied.  
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Fig:  6  Acid e tching l iquid  

 

Group C consisted of  20 p remolar  teeth  subjec ted to  sandblas t ing ini t ial ly us ing 

the above method fo llowed by acid etching for  15 seconds  and then r insed wi th water  and 

air -dr ied.  

 

III.  SURFACE ROUGHNESS EVALUATION:  
Surface roughness crea ted by three types o f pre - treatment methods and  untreated 

enamel were evaluated and compared .  

This quant i ficat ion of the roughness was per formed by ul tra -prec is ion benchtop 3D 

optical  p rofi ler  made by TAYLOR HOBSON Precision -  TALYSURF CCI (Br it i sh make) .  

This uses a  non-contac t  way of evaluat ing the sur face roughness created on the sur face of 

the enamel .  The TalySurf CCI i s  an advanced 3 -dimensional  non -contact  op tical  

metro logy too l  used for  advanced sur face  charac ter i sa t ion.  

These inst ruments have the ab il i ty to  o ffer  a  true topographica l  represen tat ion of a  

sur face wi th 0 .01nm Z reso lut ion over  a  ful l  scan range plus a  0 .4  nm latera l  resolution,  

wi th  over  1 ,000,000 data  points.  The  Talysur f CCI  Li te  i s  an advanced  type of  

measurement inter ferometer  (a  non -contact  3D Profi le r) .  Talysur f  CCI  i s  an a dvanced  type  

of measurement  inter ferometer .  I t  uses a  patented corre la t ion algor i thm to f ind the  

coherence peak and  phase  posi t ion of  an inte rference pa ttern produced by a  selectable 

band wid th l ight  source.  

This method  provides both high reso lut ion and  excel lent  sensi t ivi ty to  returning 

l ight .  Versa ti l i ty i s  one  key benefi t  o f the Talysur f CCI Li te  non -contac t  3D Profi ler .  

Polished or  rough,  curved,  flat  or  stepped  sur faces wi th re f lect ivi ty between 0 .3% and  

100% can al l  be measured using one  single algori thm,  wi th no  need  to  change mode for  

di fferent  sur faces and no concerns about the wrong mode be ing selec ted .  

Samples from groups were scanned under  the 3D profi ler  and a 3D v iew of  the 

sur face scanned was r eceived  wi th a  graph and  va lues Rp,  Rv,  Rz ,  Rc,  Rt ,  Ra,  Rq,  Rsk,  

Rku for  each sample.  

 
Rp Maximu m p eak  h eigh t  

Rv  Maximu m va l l ey  d ep th  

Rz  Peak -p eak  va lu e  

Rc  Mean  su mmi t  cu rva tu r e  

R t  Peak -p eak  

Ra  Av erag e  rou gh n es s  

Rq Root  m ean  sq u a r e  

Rsk  Su r fac e  sk wen ess  

Rk u  Su r fac e  k u r to s i s  

 

Total  60  samples fro m group  A,B and  C were scanned under  the  3D profi le r  and  

the sur face roughness parameters were rece ived by non -contact  method .  
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Assessment using scanning electron microscope  

Before subject ing the sample to  scanning e lectron microscope ,  i t  was coated wi th a  

golden d ie  under  a  chamber  under  high pressure.  The SEM images  were recorded each a t  

1000X opt ica l  zoom per  sample.  

The SEM images  were  la ter  subjected  to  image analyser ,  IMAGE PRO-PLUS 

VERSION 6.3 for  windows from media cyberne t ics.  I t  was spa tial ly ca l iberated.  Using the  

measurement opt ion,  wi th an “irregular  trace too l”,  the measurements o f the ir regular i t ies  

caused on the enamel surface were eva lua ted.  

 

IV.  SHEAR BOND STRENGTH EVALUATION:- 
All  the 60 samples  treated wi th  3  types o f enamel condi t ioning were  bonded  wi th  

labial  premolar  brackets from American Orthodontics Company,  the adhesive used was 

TRANSBOND XT from 3MUnitek,  Monrovia,  Cali fornia and l ight  cured us ing halog en 

cur ing unit  for  40 seconds each.  

The bond s trength was tes ted using INSTRON UNIVERSAL TESTING MACHINE 

maximum load of  50KN Cat #2716 -020.  

Samples were embedded in  acryl ic  and mounted onto  the j ig  used  to  al ign the  

labial  sur face of  each tooth so  tha t  i t  was perpendicular  to  the  bot tom of the mold.  

Samples were then mounted in the j ig at tached to  the universa l  test ing device .  For  

shear  tes t ing,  the spec imens were secured in the  lo wer jaw of the machine  so  that  the  

bracket  base o f  the  sample paral le le d the di rec t ion of the shear  force .  

The specimens were  stressed  in  an occluso -gingival  di rec t ion wi th  a  cross -head  

speed of  1  mm/min,  as  in previous stud ies 1 9 , 2 0 . .  The force  requi red to  d islodge the  bracket  

was  recorded in Newton.  

The next  cr i ter ia  ut i l ized was Adhesive Remnant Index  (ARI) .  I t  was de termined to  

evalua te  whether  the  debonding has occurred at  the adhesive -enamel inter face or  

adhesive -bracket  inter face.  The fol lowing cr i ter ia  were ut i l ized.  

Score  0  = No adhesive lef t  on the tooth.  

Score  1  = Less  than hal f  of the adhesive le ft  on the tooth.  

Score  2  = More than hal f o f  the  adhesive le ft  on the tooth.  

Score  3= Al l  adhesive le f t  on the too th,  wi th dis t inct  impress ion of the bracket  mesh.  

 

V.  RESULTS 
Ini t ial ly the  sur face  roughness was assessed  and  quant i fied using scanning electron 

microscope and non -contac t  3D profi le r  respec tive ly.   I t  was fol lowed  by the tes t ing of  

bond st rength of the samples using a universal  ins tron machine.  

 

SURFACE ROUGHNESS TESTING: -  

The scanned images  o f  untreated  samples showed rela t ively smooth sur face of  

enamel a t  both 100X and 1000X optical  zoom under  SEM.  Cer tain  ir regular i t ies were  

noted on the sur face l ike scratches caused by forceps on the enamel dur ing extrac tion of  

the too th.  The images o f  each group  are sho wn below in the f igures.  

Group A (sandblas t ing) ,  group B (ac id etching)  and group C  (combinat ion)  

samples were scanned under  elec tron microscope  and the images were subjec ted to  image  

analys is us ing image pro -p lus  under  ir regular  trace tool .  

 

STATISTICAL ANALYSIS: ( image analysis)  

The stat is t ica l  result s  of  image ana lys is measurements o f  SEM images  three 

groups.  The descr ip t ive analys is was per formed by one way ANOVA (analys is of  

var iance) .  
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TABLE 6  :  POST HOC DATA FOR IMAGE ANALYSIS  

 
 

Inference:-  

Accord ing to  the s ta t i st ical  ana lys is o f  the va lues ob ta ined from the  image  ana lys is  

of SEM images ,  one way ANOVA tes t  s uggests that  the F va lue (21.743 )  was grea ter  than 

the F-cr i t ical  va lue  (3 .3541)  wi th  a  P  value  of  0 .000  and  thus  nul l  hypot hesis was 

rejected .  This test  was  fol lo wed by tukey test  as the  post  HOC tes ts .  Comparable amount  

of di fference in the roughness was crea ted  between combination -acid e tching and  

sandblast ing-combination;  wi th combination  having more roughness in bo th the  

probabil i t ies.  But no s igni f icant  d i fference in roughness  measurements  o f ac id  e tching-

sandblast ing was  created.  

 

 
Graph 1:  Comparison of  Measurements using Image analyser  

 

These images  scanned under  SEM,  and analysed under  image  pro -p lus,  though 

provide an accura te view of the enamel sur face,  st i l l  arb itra ry in reaching a conclus ion 

regarding the sur face  roughness crea ted.  To quanti fy the roughness  crea ted,  the  non -

contac t  3D profi ler  was  ut i l ized.  

Multiple Comparisons

Dependent Variable: Image analysis

Tukey HSD

-10.34731 11.54512 .647 -38.9725 18.2779

-70.49541* 11.54512 .000 -99.1206 -41.8702

10.34731 11.54512 .647 -18.2779 38.9725

-60.14810* 11.54512 .000 -88.7733 -31.5229

70.49541* 11.54512 .000 41.8702 99.1206

60.14810* 11.54512 .000 31.5229 88.7733

(J) GROUP

Acid  etching

Combination

Sandblast

Combination

Sandblast

Acid  etching

(I) GROUP

Sandblast

Acid  etching

Combination

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is  significant at the .05 level.*. 
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SURFACE ROUGHNESS EVALUATION USING 3D P ROFILER 

The stat i st ica l  result s  o f  the quanti f icat ion of  sur f ace  roughness were  eva lua ted.  

The descr ipt ive analys is  was per formed by one way ANOVA (analys is o f var iance) .  

 

TABLE 13:  POST HOC DATA FOR SURACE ROUGHNESS  
Mult ip l e  Co mpa r i so ns  

Dep en d en t  Va r i ab l e :  S UR FACE ROU GHNE SS  

Tu k ey  H SD  

 

 
Mean  

Di f f e r en ce  

( I- J )  

S td .  E r r or  S ig .  
9 5 % Con f id en ce  In t er va l  

( I )  Grou p  ( J )  Gr ou p  Lo wer  Bou n d  Up p er  B ou n d  

Comb in a t i on  
Ac id  e t ch in g  1 .2 1 82 0 0 * . 3 9 7 65 7  . 0 1 3  . 2 3 2 24  2 .2 0 41 6  

San d b la s t  1 .1 6 66 0 0 * . 3 9 7 65 7  . 0 1 8  . 1 8 0 64  2 .1 5 25 6  

Ac id  e t ch in g  
Comb in a t i on  -1 .2 1 8 2 00 *  . 3 9 7 65 7  . 0 1 3  -2 .2 0 4 1 6  - . 2 3 2 2 4  

San d b la s t  - . 5 1 6 0 0  . 3 9 7 65 7  . 9 9 1  -1 .0 3 7 5 6  . 9 3 4 36  

San d b la s t  
Comb in a t i on  -1 .1 6 6 6 00 *  . 3 9 7 65 7  . 0 1 8  -2 .1 5 2 5 6  - . 1 8 0 6 4  

Ac id  e t ch in g  . 0 5 1 60 0  . 3 9 7 65 7  . 9 9 1  - . 9 3 4 3 6  1 .0 3 75 6  

*The mean difference i s  signif icant  at  the 0 .05  Level  

 

Inference:-  

Accord ing to  the s ta t i s t ical  ana lys is o f  the values ob ta ined from the 3D non -

contac t  prof i lometry,  one way ANOVA test  suggests  tha t  the F va lue (6 .0027)  was greater  

than the F-cr i t ica l  va lue (3 .3541)  wi th a  P  va lue of  0 .00 0 and  thus nul l  hypothesis was 

rejected .  This test  was  fo l lo wed by tukey test  and  krushkal  Wall i s  tes t  as  the  post  HOC 

tests .  Comparable amount o f d i fference in the sur face roughness was created be tween 

combination-ac id e tching and  s andblas t ing-combinat ion;  wi th  combination  having more 

roughness in both the probabil i t ies.  But no s igni f icant  di fference in surface roughness o f 

acid  e tching-sandblast ing  was created.  

 

 
Graph 2:  Comparison of  Surface Roughness  

 

SHEAR BOND STRENGTH EVALUATION:-  

Sta ti s t ical  Analys is  o f  shear  bond st rength evalua tion using the descr ipt ive  

stat is t ics o f bond s trength test ing was per formed us ing one -way ANOVA fo llo wed by post  

HOC tests: -  
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TABLE 17:  POST HOC DATA FOR SHEAR BOND STRENGTH  

Post  Hoc Tests  
Mult ip l e  Co mpa r i so ns  

Dep en d en t  Va r i ab l e :  S HE AR BOND S TREN GTH  
Tu k ey  H SD  

 

 
Mean  

Di f f e r en ce  

( I- J )  

S td .  E r r or  S ig .  
9 5 % Con f id en ce  In t er va l  

( I )  Grou p  ( J )  Gr ou p  Lo wer  Bou n d  Up p er  B ou n d  

Comb in a t i on  
Ac id  e t ch in g  1 .2 7 65 0 *  . 0 9 8 27  . 0 0 0  1 .0 4 00  1 .5 1 30  

San d b la s t  . 9 9 3 50 *  . 0 9 8 27  . 0 0 0  . 7 5 7 0  1 .2 3 00  

Ac id  e t ch in g  
Comb in a t i on  -1 .2 7 6 5 0 * . 0 9 8 27  . 0 0 0  -1 .5 1 3 0  -1 .0 4 0 0  

San d b la s t  - . 2 8 3 0 0 *  . 0 9 8 27  . 0 1 5  - . 5 1 9 5  - . 0 4 6 5  

San d b la s t  
Comb in a t i on  - . 9 9 3 5 0 *  . 0 9 8 27  . 0 0 0  -1 .2 3 0 0  - . 7 5 7 0  

Ac id  e t ch in g  . 2 8 3 00 *  . 0 9 8 27  . 0 1 5  . 0 4 6 5  . 5 1 9 5  

*The mean difference i s  signif icant  at  the 0 .05  Level  

 

 
Graph 3:  Comparison of  Shear Bond Strength  

 

Inference:-  

The shear  bond strength of al l  three groups was stat is t ical ly s igni f icant  in one way 

ANOVA. The F -va lue being (93.071)  was  grea ter  than F -cr i t ica l  va lue  (3 .1588)  the null  

hypothesis was rejec ted,  the p -value  being (0 .0000) .  

 

Co nf idence  In terva l s  f o r  Gro up Mea ns  

Gr ou p  Con f id en c e  In t er va l   

Co mbi na t io n  1 3 .1 07  ±  0 .1 3 92  9 5 % 

Acid  e tch i ng  1 1 .8 30 5  ±  0 .1 3 92  9 5 % 

Sa ndbla s t ing  1 2 .1 13 5  ±  0 .1 3 92  9 5 % 

 

Post  Hoc TUKEY tes t  al so suggests that  combination group (group C) e l ic i t s  more 

shear  bond s trength when compared to  sandblast ing group  (group A) and  Acid  etching 

group (group B).  Combinat ion i s  signi ficant ly higher  than the o ther  two groups in the ir  

mean shear  bond strength.  

 

ARI ADHESIVE REMNANT INDEX :-  

The ARI (ADHESIVE REMANENT INDEX)  scores among the three groups were  

used as a  more detai led means of evaluat ing the locat ion o f bond fai lures wi thin the  

groups 5 , 1 1 .  

 

 

 

 

Serie…11

11.5

12

12.5

13

13.5

Sn+Ac Acid etch sandbl
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Category



Influence Of Three Types Of Enamel Pre-Treatment Methods On The Shear Bond Strength…… 

DOI: 10.9790/0853-2301045666                             www.iosrjournals.org                                                63 | Page 

TABLE:20 POST HOC TEST FOR ADHESIVE  

REMNANT INDEX  

 
 

 
Graph 4:  Comparison of  adhesive remnant  index scores  

 

The eva luat ion of the ARI scores ind ica ted signi f icant  d i fference in bond -fai lure 

si te  between the two groups.  These  resul ts  showed that  the  combination Group C  le f t  more 

adhesive on the  enamel than the group A and group B .  

 

VI.  DISCUSSION 
With the  introduction of  the  bonding techniques to  a t tach or thodontic  brackets  to  

the enamel  sur face ,  d i fferent  approaches  have  been suggested  to  condit ion the enamel  

sur face.  Acid  etching of the  ena mel  sur face to  crea te  mechanical  retent ion wi th 

phosphoric  acid  co mpounds i s  a  commonly used approach.  

Variat ions in the ac id concentrat ions,  as well  as the durat ion of app licat ion,  have 

been invest iga ted to  determine which combinat ions provide maximum bond strength with  

minimum loss o f  tooth sur face 1 2 , 2 3 , 3 1 .  Other  approaches o f enamel pre -treatment have a lso  

been recommended,  including the use o f intra  oral  san dblas ter ,  which,  instead of etching 

the enamel sur face ,  crea tes macro  ir regular i t ies  thereby increas ing the sur face  area o f  the  

enamel and reducing the  sur face energy 3 8 ,  5 7 .  

 

Multiple Comparisons

Dependent Variable: ARI

Tukey HSD

.300 .194 .278 -.17 .77

-1.850* .194 .000 -2.32 -1.38

-.300 .194 .278 -.77 .17

-2.150* .194 .000 -2.62 -1.68

1.850* .194 .000 1.38 2.32

2.150* .194 .000 1.68 2.62

(J) GROUP

Acid  etching

Combination

Sandblast

Combination

Sandblast

Acid  etching

(I) GROUP

Sandblast

Acid  etching

Combination

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is  significant at the .05 level.*. 
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Sandblast ing procedures  were introduced to  the denta l  profession to  e i ther  clean or  

roughen var ious sur faces.  As a  result ,  a t tempts  were made  to  use  the  procedure to  

condit ion the enamel surface for  bonding purposes.  Air -abrasion technology uses a  high -

speed  s tream of a luminum oxide par t ic les,  propelled by ai r  pressure 8 , 2 6 ,  

The f irs t  sandblast ing process  was  patented in the  United  Sta tes o f  Amer ica  in  

1870.  Sandblast ing i s  a  genera l  term used to  descr ibe the ac t  o f propell ing very fine bi ts  

of mater ial  a t  h igh -ve locity to  clean or  etch a  sur face.  Sand used to  be  the most  commonly 

used mater ial ,  but  s ince  the lung d isease s i l icos is  i s  caused by extended  inhalat ion of  the  

dust  crea ted by sand,  o ther  mater ials  are no w used in i t s  p lace.  

Air -abrasion technology quickly ga ined favo ur  wi thin the dental  communi ty,  due  

to  several  advantages,  inc ludes,  e l iminat ion of pressure ,  v ibrat ion,  bone-conducted no ise,  

lack of  hea t  generat ion,  and  reported increase in  patient  comfor t 1 2 ,  4 7 .  

The success o f sandblas t ing techniques current ly used in or thodontics ,  as wel l  as 

in  o ther  areas o f  denti s try,  suggests that  sandblast ing enamel d irect ly may be  a  feasib le  

technique,  bo th for  preparing tee th before bonding and for  increas ing bond st rength 4 1 , 4 6 ,  

Many investigators have been interested in the e ffec ts of sandblast ing.  

Zachrisson 2 1 , 2 7 , 3 0 , 3 6  found tha t  sandblas t ing improves  the retention and  increases  the  bond  

strength when bonding to  gold,  porce la in,  and  amalgam.  He a lso bel ieved tha t  

sandblast ing lower l ingual  retainer  wires before bonding increases the ir  bond strength.  

Several  authors  have independently found  tha t  sandblas t ing bracket  bases great ly  

increases  the ir  retentive  sur face 4 1 .  

The measurement  o f  the  texture  o f  a  sur face i s  at tr ibut ed to  i t s  roughness present .  

I t  i s  quanti f ied by the  ver t ica l  deviat ions o f a  real  sur face from i t s  ideal  form.  I f  these  

devia t ions  are  la rge ,  the  sur face is  rough.  I f  the  deviat ions  are small ,  the sur face i s  

smooth.  

Roughness i s  typical ly  considered to  be the high frequency,  short  wavelength 

component  o f a  measured sur face.  Roughness  plays an important  ro le  in  determining how 

a rea l  objec t  wi l l  interac t  wi th i t s  environment.  Roughness is  o ften a  good predic tor  o f  the  

per formance of  a  mechanica l  componen t and  determines ho w well  the adhesive wi l l  

mechanica lly inter lock wi th  the  enamel sur face  1 7 , 1 9 , 3 3 ,  

Sur face roughening of enamel i s  a  highly complex pheno menon.  Many factors need  

to  be considered ,  including the  par t ic le  size,  shape  and hardness o f  the ab ras ive,  the  

par t icle  ve loci ty,  and  the micros truc ture o f  the  sur face being abraded .  Exper imenting wi th  

high energy abrasion,  Whi te  be lieved tha t  i t  was  di ff icult  to  pred ict  precise ly the  

roughness o f sur faces prepared.  

Etching otherwise kno wn as  “d isambi guat ion”  i s  the process o f us ing s trong acid 

or  mordant to  cut  into  the unprotected par ts  of a  sur face to  crea te roughness 1 0 .  Acid  

etching i s  a  form of micro -etching,  whereas sandblast ing can be regarded as a  form of  

macro -e tching.  Because  the  concept  o f s andblast ing the enamel sur face i s  u nique,  a  

conservat ive approach of only 5  seconds  was taken to  determine whether  sandblast ing i s  a  

viable a l te rnat ive to  acid  etching 2 4 , 5 1 .  

Not many s tudies  have  evalua ted  the combination of  sandblast ing and  acid -e tching 

type of  enamel  pre - trea tment on the sur face roughness o f  enamel  and their  e ffec t  on shear  

bond st rength of or thodont ic  b rackets.  

The purpose  of this  s tudy was  to  eva lua te the  sur face  roughness crea ted on the  

enamel due  to  the three types  o f  pre -t rea tment methods;  sandblas t ing (group A),  ac id  

etching (group B) and combinat ion of both (group C);  and compar ison of their  shear  bond  

strength and adhesive remnant index scores .  

A quanti ta t ive measurement  o f sur face  roughness was ob ta ined us ing a non -contact  

3D opt ical  profi ler  manufactured by Taylor  Hobson Talysur f.  The root  mean square  

roughness and peak -valley measurements suggest  tha t  combinat ion group C wi th 

1 .735550µm mean value  has the maximum sur face roughness  in  comparison wi th groups  A 

and B wi th values o f 0 .56890µm and 0.51730  µm respect ive ly.  The d i fference be tween the  

combination group and  the o ther  groups  was  found to  be stat i s t ical ly s igni f icant  but  the 

di fference between sandblast ing and acid -etching was not  s ta t i st ical ly s igni f icant .  

The resul ts  o f the present  s tudy were in acceptance wi th a  s tudy done  by Karen 

Reisner 3 6  who compared the sur face roughness us ing profi lometer  a fter  enamel  

prepara t ion and concluded that  co mbining sandblast ing wi th ac id etching increases the  

sur face roughness signi f icantly.  



Influence Of Three Types Of Enamel Pre-Treatment Methods On The Shear Bond Strength…… 

DOI: 10.9790/0853-2301045666                             www.iosrjournals.org                                                65 | Page 

Wahidney 4 2  concluded in a  study that  the sur face roughness was higher  in samples  

where sandblast ing was fol lowed by acid e tching,  which i s  in concordance wi th the  

present  study.  

An image analys ing sof tware - image pro-plus  with i t s  “ir regular  trac ing tool” was 

ut i l i sed to  quant i fy the  ir regular i t ies  present  in the SEM images .  No stud ies have been 

done  previously to  eva luate the roughness a fter  sandblast ing,  using this  sof tware.  

The image analys is result s  ind icate  tha t  group C wi th a  me an va lue of  

310.1384(µm) was  higher  in compar ison wi th  group  B (ac id etching)  wi th a  value of  

249.9903(µm) and  group A (sandblast)  which has  a  mean value  of 239 .6430 (µm).  The  image  

analyses show tha t  the  combination group shows higher  roughness va lue co mpa red to  

other  two groups .  This was found to  be in accordance wi th the roughness evaluat ion us ing 

non-contact  3D profi ler .  

The comparison of  shear  bond strength between the  three groups suggests  tha t  

combination group (group C)  wi th a  va lue of  13.1070mpa s hows relat ively much higher  

bond s trength in compar ison wi th o ther  two groups of sandblas t ing (group A) wi th a  value 

of 12.1135mpa  and acid -e tching (group B) wi th a  value of 11.8305mpa per formed 

ind ividual ly.  

The result s  o f  this  study  were in concordance wi th  a  study eva luated  by Karen R.  

Reisner 3 6  who  compared the  enamel prepara t ion for  or thodont ic  bonding and concluded  

that  sandblas t ing fo llo wed by ac id e tching provides higher  shear  bond st rength va lues.  

Wahidney 4 2  concluded  in  a  s tudy tha t  the  shear  bond  strength was higher  in  

samples where sandblas t ing was fol lowed by acid e tching,  which i s  in  concordance wi th  

the present  study.  

The present  study was found to  be in contradict ion wi th a  study done by Marc E.  

Olsen 1 3 ,  who compared the shear  bond s trength and sur face structure between 

convent ional  acid  e tching a nd a ir -abras ion of human enamel suggested that  a ir -abras ion 

resulted  in s igni f icantly  lower bond strength compared wi th ac id e tching.  

Hence correlat ing the values o f the sur face roug hness eva lua tion and  shear  bond 

strength eva lua tion,  i t  sho ws tha t  increase  in  the sur face  roughness i s  d irect ly 

proport iona l  to  increase  in  the  shear  bond  s trength values.  

Adhesive remnant index in the p resent  s tudy infers tha t  a l l  the teeth p repared wi th  

the combination technique  resul ted in ARI  scores o f  2  to  3 ,  ind ica ting that  s igni f icant  

amount o f composi te  remained on the  too th sur face.  

This ind ica tes tha t  the bond between the  enamel sur face and adhesive  was much 

stronger  than that  be tween the adhesive  and the bracket  base.  On the other  hand,  in  the 

acid -etch group,  most  (14/20)  of the ARI scores were between 0 and 2,  ind icat ing tha t  a  

signi ficant  amount o f composi te  remained at t ached to  the bracket  base.  

The group where sandblas t ing was  used showed the  ARI  scores fal l ing between 1 

and 2.  This would ind icate a  stronger  bond be tween the bracket  base and the adhesive.  

Differences in the enamel sur face preparat ion,  before bonding,  may explain the  

signi ficant ly decreased bond s t rength values  in the acid etched group.  

Combinat ion of both acid etching and sandblast ing produced a synergis t ic  e ffec t  o f  

both micro -mechanica l  and macro -mechanica l  inter locking of the adhesive to  enamel 

sur face.  We can safely  assume that  the combinat ion group  has acquired the posit ive  

effec ts  o f both the p re -t reatment methods,  thus result ing in a  be tter  bond st rength.  

The shear  bond s trength values  obtained  from the var ious  groups in this study were  

found to  be higher  than the minimum bond s t rength adequate for  c l inical  or thodontics as  

suggested by Reynolds 5 8 .  The minimum bond st rength of 6  to  8  MPa were considered to  

be able to  wi thstand mast ica tory and  or thodontic  forces.  

However ,  frequent debonding can lead to  pro longed treatment t ime and  pat ient  

burn out .  H igh adhesive  s trength be tween bracket  and too th i s  an essentia l  factor  in  any 

trea tment concept ,  Also ,  increased bond strength are a lways  necessary in cer ta in cl inical  

si tua tions.  

In recent  years or thodont ist s  dea l  wi th an ever - increas ing number o f  adolescents  

and  young adults  who  lack the ser iousness o f proper  maintenance of  f ixed appl iance in  

comparison wi th adults;  the necessi ty for  increasing the bond s trengt h for  such pat ients i s  

beneficia l .  

In  case  o f  l ingual  or thodontics,  bracke t  breakage  and  rebonding is  a  tedious and  

laborious  process,  where such combined enamel  preparat ions  o f sandblast ing fo llo wed  by 
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acid e tching shal l  increase the bond st rength to  comfortab le leve ls for  both cl inician and 

patient .  

The enamel sandblast ing c ombined wi th etching appears  to  be  a  usefu l  procedure 

in or thodont ics,  and the  shear  bond strength indica tes tha t  the cl inical  performance shall  

be higher .  High adhesive strength between bracket  and tooth i s  important  requirements  for  

the successful  integr a t ion of  bonding in  or thodontics into  everyday pract ice ,  provided  

fur ther  s tudies p rove  beyond  doubt tha t  the sandblast ing procedure  does no t  produce 

excessive enamel loss.  

However ,  sur face  roughening of  enamel  i s  a  highly complex phenomenon.  Many 

factors  o f  enamel sandblast ing have to  be  taken into  considera t ion,  i .e ;  inha lat ion of  

aluminium oxide par t ic les,  adjacent  gingiva l  t i ssue ir r i ta t ion,  and pro tective eye  wear  for  

patient  and c l inician.  In order  to  recommend large -scale use o f this procedure,  fur t her  

cl inica l  t r ia l s  are required.  

The r i sk versus benefi t  rat io  o f the int ra -ora l  sandblas t ing procedure  should be  

taken into  considera t ion.  They should be  fol lowed by randomized  cl inical  t r ial s  before  

they are rout ine ly inculcated into  everyday c l inical  prac tice.  

 

VII.  SUMMARY AND CONCLUSION 
The present  s tudy was  performed to  assess  the degree  of sur face  roughness crea ted  

wi th  three d i fferent  types o f enamel pre -trea tment  methods,  sandblast ing,  ac id  e tching and  

combination of  sandblas t ing fo llo wed by ac id e tching.  

The sur face roughness was  evalua ted and co mpared using two methods;  an image  

analys is  o f SEM images  us ing a sof tware and a  non -contac t  3D profi le r .  The  shear  bond 

strength was  a lso  eva luated  and compared using Ins tron test ing machine.  The Adhesive  

remnant  index scores were then eva lua ted for  al l  the groups.  

From the s tat i st ica l  analyses o f the resul ts  obtained the fo l lo wing conclusions  

were d rawn: -  

1 .  The sur face  roughness  was  found  to  be  increased  in  combinat ion group  compared to  

acid e tching and sandblast ing groups by both image ana lyses o f SEM 

photomicrographs and  non -contact  3D profi ler .  The d i fference  be tween ac id e tching 

and  sandblas t ing groups  was not  s ta t i st ical ly s igni f icant .  

2 .  The shear  bond strength of the combinat ion group  was  found to  be higher  in 

comparison wi th other  two  groups,  and the d i ffe rence was stat is t ical ly s igni f icant .  

3 .  In  the  present  study  the  ARI scores revea l  that  more amount o f  adhesive was  present  

at  sur face of enamel in  combination group which indicates fa i lure predominant ly a t  

the resin-bracket  inter face and for  the  ac id etching and  sandblast ing groups’  fai lures 

were predominant ly a t  enamel -adhesive inte rface and the  di ffe rences between 

combination group and other  two groups were s tat i st ica l ly s igni f icant .  

 

 

 

 


