
Bonding from 1955: 

The current status of bonding to 

dentine 





We thought that 

this was bonding! 





The function of a traditional luting 

cement is to provide retention 

by interlocking the minor 

irregularities on the prepared 

tooth surface and the restoration 

surface 

 
Smith, Wright and Brown, 1986 
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Luting Materials 



Moving on to the 

1980s 





Which cement is indicated for 

luting all-ceramic restorations? 

2002 2002 





  Which cement is indicated  

for all-ceramic restorations? 

AGAINST 4 

    IN FAVOUR OF CERAMIC 28 



Take home message 

Resin luting materials have 

excellent physical properties and 

are indicated for all-ceramic 

restorations. 



Additionally…… 
 

resin cements may be  

used as part of an 

adhesive approach 

where preparation  

geometry is suboptimal 

1996 1996 



Pameijer and Jefferies, Gen.Dent.1996 



 18 luting materials 

 Extracted premolars 

 Standardised cone-shaped 

preparations with 330 taper 

 Gold copings made  

    and cemented 

 Tensile force applied after 24h 
 



 Polycarboxylate cement 

     produced lowest value 

 Ketac-Cem value was X2  

     that of  phosphate 

 Dentine bonding and resin 

     produced highest values 

     for retention 



Think adhesive cementation!  
Zidan & Ferguson 2003 

Complete crowns prepared 
with three different tapers, 
luted with four different 
cements 

Retention of the adhesive 
resins investigated were 
20% higher at 24-degree 
taper than the retentive 
values of conventional 
cements at 6-degree taper.  



As the resin luting materials provided 
retention that was double the values of zinc 
phosphate or conventional cements, these 
results provide an overwhelming 
indication for the use of adhesive luting. 

 
Zidan O, Ferguson GC  The retention of complete crowns 
prepared with three different tapers and luted with four 

different cements. J.Prosthet.Dent.2003:89:565-571 .  

Think adhesive cementation!  
 



Heintze SD  

Crown pull off test (crown retention 

test) to evaluate the bonding 

effectiveness of luting agents. 

Dent.Mater.2010:26: 

193-206. 

Systematic review including 18 studies 

Most important factors for crown  

dislodgment were stump height,  

convergence angle and luting agent. 

Frequency of debonding was higher for  

restorations luted with zinc phosphate  

than all other types. 



Heintze SD  

Crown pull off test (crown retention 

test) to evaluate the bonding 

effectiveness of luting agents. 

Dent.Mater.2010:26: 

193-206. 

In clinical situations with low mechanical  

retention, or situations with low stump  

height or high convergence angle, the  

adhesive properties of the luting agent are  

crucial for the prevention of debonding. 



Take home message 

For the  day when I cannot get an 

ideal taper (60 taper, Shillingburg 

1995) I need (adhesive) resin 

luting ! 



Resin cements 

Advantages 
 

Not soluble in oral 

environment 

High compressive & tensile 

strengths 

Good fracture toughness 

Capable of bonding to tooth 

structure via DBA 

 

Disadvantages 
 

Requires acid etch 

technique 

Requires dentine bonding 

Technique sensitive 

Moisture control is critical 

Clean –up time is critical 

Resin cements taught us a lot 

about adhesion! 



…resin luting has 
become much simpler 

since the introduction of 

self-adhesive luting 

materials 



The material of  choice The first self-adhesive resin luting material, 2002 





RelyX Unicem has been extensively 

tested in clinical studies 





In the old days! 1970 and earlier 

The first dentine bonding agent! 
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Michael 

Buonocore 

Buonocore MG. A simple method of increasing  

the adhesion of acrylic filling materials to enamel surfaces. 

J.Dent.Res.1955:34(6):849-853.  

Bonding to enamel is easy! 
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History Of Bonding 
Year Discovery Main Points 

1955 Acid Etching Buonocore advocates etching to 

achieve better bonding to tooth 

structure 

1963 Recognition Of 

Different 

Substrates 

Buonocore discusses differences in 

bonding to enamel and dentin 

Late 

1960´s 

Resin Tags Buonocore discusses resin tags as the 

principal adherents to etched enamel 

1990´s Shorter Etching 

Time 
15 Seconds is about enough for dentin 

Kugel, G., The Science of Bonding: From First To Sixth 
Generation, JADA, 131, 20-25 (2000) 



Bonding to dentine is therefore 

more difficult  

It 

is  

a  

vital  

substrate 
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Therefore, for dentine ( as compared with 

enamel) 

• less predictable bonding 

because: 

– greater variability of the 

dentine surface 

– higher organic content 



1970 1980 1990 2004

Dentin

Enamel

20 mpa14 mpa4 mpa

20 mpa

Bond Strength Simplicity/Ease of Use SensitivityTargets

Bottles 3 4 - 5 2 1

Generations 4th 6th 7th5th3rd

1970 1980 1990 2004

Dentin

Enamel

20 mpa14 mpa4 mpa

20 mpa

Bond Strength Simplicity/Ease of Use SensitivityTargets

Bottles 3 4 - 5 2 1

Generations 4th 6th 7th5th3rd

Adhesives Market Timeline 

History & Evolution of Adhesives 

FROM: acid on dentin taboo…… to all utilize acid 

0 mpa (no acid) 



Dull dentin appearance 

indicates dehydration  

Total-Etch: Dentine 

• What happens if the tooth   

surface is overdried? 

– Collapsed collagen decreases 

porosity and reduces adhesive 

absorption:  

Increases chance for sensitivity 

 

 

• The tooth surface needs to 

be moist! 

– Expanded collagen is porous 

and will absorb adhesive: 

Minimizes post-op 

sensitivity 

 



Total-Etch (etch and rinse) Adhesives 
                    4th and 5th Generations 

 

Use for all indications including uncut enamel 

Clinical history 

Proven bond strength 

 

 

 



Tips for Preventing Sensitivity:  

Total Etch Adhesives 

• Isolate area to prevent contamination 

• Do not over-etch 

• Do not pre-dispense adhesive 

– Evaporation degrades adhesion 

– Lowers bond strength  

 

 

• Consider using a self-etch adhesive 



The dentine is etched with 35% phosphoric 

acid (1), this is rinsed off (2), then dried (3) 

bond then applied (4) 

Four steps, I can make a mistake  

with any of them! 

Etch 

&  

Rinse 



Trends in the late 1990s 
To reduce post-op sensitivity (SE) 

To make easier procedure/ 

Fewer steps 

High, consistent bond strengths 



Composition of self etch adhesives 

Solvent: 

Water 

 

 

Crosslinking 

monomer 

Photoinitators 

   Stabilizers 

Self etch 

primer 

Acidic  

monomer 



….Self-Etch Adhesives 
• Low post-op sensitivity  

– Post-op sensitivity drove  

self-etch market…  
better patient comfort! 

CRA Review Nov/Dec 2003 

1. Do self etch primer 

adhesives result in less 

post-op sensitivity? 

Total-etch adhesives had 2x 

incidence of sensitivity than 

self-etch adhesives 



Adhesive Review: early 1990s 
 

"Total-Etch" "Self-Etch" 

A B 

Etch 
+ 

Prime 

Etch 
+ 

Prime 
+ 

Bond 

Bond 

6th Generation 7th Generation 4th Generation 5th Generation 

A B 

Etch 
Prime 

Bond 

Etch Prime 
+ 

Bond 

Scotchbond™ SE 

Prompt L-Pop 

Clearfil™ SE Bond 

Brush & Bond™ 

Easy Bond 

Xeno® IV 

iBond® 

Clearfil™ S3  

Scotchbond 1 XT 

Prime & Bond NT 

Optibond Solo 

Scotchbond Multipurpose 

Optibond FL 



C-P Ernst, Univ of Mainz 

Why we don’t get post-op sensitivity  

from the so-called self-etch adhesives 



Burke FJT. What’s new in dentine bonding? 

Dent.Update 2004:31:580-589. 



Self-Etch Adhesives 
      (6th and 7th Generations) 

 

• Low post-op sensitivity 

• Less technique sensitive 

• Moisture tolerant  

• Good bond strengths 

• Growing clinical history 
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G-Bond

Adper Easy Bond

Clearfil S3

Adper Prompt

Scotchbond SE

Clearfil SE

Scotchbond MP

Xeno IV

Single Bond Plus

iBond

The 1990s: SPEED! 
Application Times in seconds 



Advantages of self-etching systems 

Simultaneous demineralisation and resin-infiltration 

No post-conditioning rinsing 

Possible time-saving application procedure 

Not sensitive to degree of wetness/dryness 

Low technique sensitivity 

 

 



Advantages of self-etching systems 

Single dose packaging possible 

Less risk of cross infection 

Consistent and stable composition 

Possibility for particle-filled adhesive 

Effective dentine desensitiser 

Bonding, and technique 

sensitivity  was improving! 



From van Meerbeck et al., Oper Dent., 2003 



From van Meerbeck et al., Oper Dent.2003 
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Solvent 

Crosslinking 

Monomers 

Acidic 

Monomers 

Self-Etch Adhesives 

– MDP 

– Di-HEMA-Phosphate 

– MA 154 

– Phenyl-P 

– MAC-10 

– 4-MET(A) 

 

– Bis-GMA 

– UDMA 

– TEGDMA  

– GDMA 

– HEMA 

 

 

– usually water based 
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Etch 
&Rinse 

Self 
Etch 

Traditional 
technique 

Retention 
pattern with 
optical control 

Long-term 
experience 

Low 
post-

operative 
sensitivity 

Technique 

tolerant 

Time-saving 

summary 



1 

Apply 

G-BOND - Clinical technique 

3 

Dry 

4 

Light cure 

2 

Wait 



What the PREP Panel thought 

Too viscous   1          5  Too thin 
                      3.0 

VISCOSITY OF BONDING AGENT 



What the PREP Panel thought 

Difficult to use   1                        5    Easy to use 

       4.2 

Difficult to use   1                      5Easy to use 

                       5.0 

PRE-STUDY BONDING AGENT 
 

G-BOND 

This is a good result! 



Classification of dentine bonding systems 



The 1990s: The Smear Layer 

• Thickness 

– 0.5 - 5.0 microns  

• Will not wash off 

• Weak bond to tooth 

– 2 – 3 MPa 

• Soluble in weak acids 



Therefore: Previous Strategies to treat the 

smear layer  

Selfconditioning 
primers 

Total Etch 
Technique 

Etch & Rinse No Rinse 



The quality of the 

hybridised 

dentine is more 

important than 

the bond  

strength 

 
N.Nakabayashi, 2003 
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Abstract 

The immediate effectiveness of contemporary adhesives is quite 

favorable, regardless of the approach used. In the long term bonding 

effectiveness of some adhesives drops dramatically, whereas the bond 

strengths of other adhesives are more stable. 

... A comparison of contemporary adhesives revealed that the three-step 

etch-and-rinse adhesives remain the „gold standard“ in terms of 
durability. Any kind of simplification in the clinical application procedure 

results in loss of bonding effectiveness. Only the two-step self-etch 

adhesives approach the gold standard and do have some additional 

clinical benefits. 

Do Modern Adhesives Work (2005)? 

J. De Munck, K. Van Landuyt, M. Peumanns, A. Poitevin, P. Lambrechts, M. Braem, B. -Van Meerbeek, J. Dent. Res., 84(2), 
118-132, 2005 



If the tubules are 

sealed using a 

Dentine Bonding 

System……. 

Turning the clock back! 

The modern application of the  

Hydrodynamic Theory 





Maximising class V effectiveness 



Maximising class V effectiveness: 

what is associated with failure at 5 years? 

 Restorations involving dentine only: 

hazard of failure increased by 39%  

Large restorations compared with small: 

hazard of failure increased by 85%  

 Major or minor moisture contamination: 

hazard of failure increased by 29%  

 Preparation method/rotary instrument used: 

hazard of failure decreased by 40%  



Maximising class V effectiveness: 

what material is best at 5 years? 

 Five year survival 

 Amalgam 75%  

 Compomer 71.2% 

 Flowable composite 69% 

 Composite 68.3% 

 Glass ionomer 50.6% 

 RMGI, compomer and composite have  

significantly longer time to failure than GI 



Class V meta analysis: conclusions 

“The dentist shall roughen the 
dentine and enamel surfaces” 
“Additional bevelling of enamel can 
be omitted” 
“Isolation with rubber dam is 
recommended” 
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Bonding to dentine: 

How Nature Does It 

10 MPa 

 
As a  rule of thumb – with 15 to 20 

MPa of bond strength you are 

usually on the safe side. 

E. Swift, ADA 2002, New Orleans 
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What 

 Is  

20 MPa? 

0.4 cm2 

80 kg 



So, the classification, until recently,  

of dentine bonding systems 

1.Etch and rinse  

  (etch & bond, total etch) 

2.Self etch         One bottle 

                            Two bottles 





introducing a new approach…. 
the concept of selective enamel 

etching 

(with so-called self-etch  

adhesives) 



….introducing 

a new group of dentine bonding agents 

Universal bonding agents 



Treatment of the smear layer 

  REMOVE (Etch & Rinse/Total etch) 

  LEAVE/PENETRATE (Self etch) 

  UNIVERSAL MATERIALS (Etch & 

Rinse, Selective enamel etch, Self 

etch) (use for direct and indirect) 



 Works with both Total- and Self-Etch 
technique, therefore high flexibility in clinical 
procedures 

 Provides procedural simplicity 

 Total-etch or Selective-enamel etch for 
highest enamel bond strength, e.g. incisal 
edges 

 Self-etch for low post-op sensitivity 

 Fast technique where isolation is difficult, or 
with non-co-operating patients 

Scotchbond Universal Adhesive 
 



Scotchbond Universal Adhesive: Composition 

•BisGMA 

•MDP 

•Vitrebond Copolymer 

•HEMA 

•Ethanol 

•Water 

•Filler 

•Silane 

•Initiators 



Dentine Shear Bond Strength – Etched 

and Unetched 
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*Study will also examine 11 month aged adhesion 

Burgess J. et al, University of Alabama 



Cut Enamel Shear Bond Strength – Etched 

and Unetched 

Burgess J. et al, University of Alabama 
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*Study will also examine 11 month aged adhesion 
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SUGGESTION 



Handling evaluation of 3M ESPE Scotchbond 

Universal by the PREP Panel 
12 evaluators 

Variety of bonding agents used pre-study 

875 restorations placed (Class 1:172,  Class II:189, 

   Class III:134, Class IV:178, Class V:182, Other:20) 

   Also used for dentinal hypersensitivity, repair of  

   fractured porcelain, bonding of posts. 

Rated material on visual analogue scales 

75% of evaluators would be prepared to pay extra for the convenience 
of single-unit doses 

All stated that the resin liquid easily wet the tooth surface, that the bond 
was easily visible. Some commented that it was “too yellow” 

 



Ease of use of previous bonding agent 

Handling evaluation of 3M ESPE Scotchbond 

Universal by the PREP Panel 

Ease of use of Scotchbond Universal 

Viscosity of Scotchbond Universal 



Handling evaluation of Scotchbond Universal by 

the PREP Panel: Comments 

All the evaluators stated that 

they would purchase if available 

at average price. 

“Extremely useful to have a 
material that bonds both to 

indirect restorations as well as 

the tooth structure. No need for 

multiple kits of materials. So far 

has worked well.” 
 

 



Handling evaluation of Scotchbond Universal by 

the PREP Panel: Comments 

“Disconcertingly yellow – but  

   OK when thinned or light cured” 
“Spreads well when air applied” 
“Supposedly the lid can be 

opened one-handed but it is 

sometimes a problem” 
“First material that compares 

with G-Bond” 
 

 



Conclusions re SBU colour 
Uncured Scotchbond Universal is more yellow than some other 

adhesives 

Higher camphorquinone content gives high degree of 

conversion 

Better visibility on tooth in uncured state for safe application 

Lower solvent content for increased working time and uniform 

film thickness 
 

Yellow colour is barely visible after air drying step and bleaches 

upon light curing 
 

 
BEWARE!  

Any remaining yellow colour after the light curing step 

indicates incomplete cure and can be bleached by 

repeating the light cure or extending the curing time 



…in my treatment 
of tooth wear 



Patient Information Leaflet  
Information sheet for patients receiving resin composite restorations for treatment of 

tooth wear 
Your anterior teeth will receive adhesive resin composite restorations to cover the exposed dentine and prevent it from 

wearing further: this is the principal reason for treatment 

An improvement in appearance of your teeth will be effected if possible 

You will not be able to chew on your back teeth for a period of 3 to 6 months, and you should therefore cut your food into 

small pieces to avoid intestinal symptoms 

Your back teeth will eventually erupt so that you will be able to chew on them again after 3 to 6 months  

The change in shape of your upper anterior teeth might cause lisping for a few days 

Your front teeth may be a little tender to bite upon for a few days  

Your “bite” will feel very unusual for several days and you may find difficulty in chewing for this period, as you will be 
unsure exactly where to place your jaw to get tooth to tooth contact: however, you should become accustomed to your 

new “bite” after a few days 

The procedure will normally be carried out without the need for local anaesthesia as there will be no, or minimal, need 

for tooth reduction. 

If you have crowns, bridges or a denture in the posterior part of your mouth, it is likely that these will require 

replacement. 

Regarding the longevity of the restorations:  

The reliability of the restorations should be good, but that there was a small potential for restorations to de-bond, since 

bonding, albeit better than 15 years ago, was still not as good as dentists might wish. 

The margins of the restorations may require occasional polishing   

Occasionally, chipping of the restorations may occur  

 

A small % of restorations debond 
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Used in Practise

Scotchbond Universal

Bond strength MPa 

This is not exact science, but it is similar to what dentists 

do in their surgeries, and suggests that ease of use might 

contribute to an improved bond strength 



Own label 

brands: 

Research 

evidence 

An example… 



There is no evidence base for “own 
label” Glass Ionomer materials 



ZERO evidence base for “own  
label” resin-based materials  



Some own label materials performed as well in  

testing as those from manufacturers in the field 

However, greater batch to batch variation in  

several mechanical & physical properties of the  

own-label materials was noted 



Own label 

brands: 

Research 

evidence 

 

 

 

 



What’s in Clearfil Universal? 

10-MDP 

Bis-GMA 

2-HEMA 

Hydrophilic aliphatic dimethacrylate 

Colloidal silica 

Silane coupling agent 

Di-Camphorquinone 

Ethanol 

Water 

What a surprise!! 



Futurabond U 

Liquid 1:  

BisGMA, HDDMA, UDMA, HEMA, 

fumed silica, CQ, 10 MDP  

Liquid 2:  

Ethanol, water, catalyst 

pH………………2.3 



All-Bond Universal 

• 10-MDP 

• Phosphate 
monomer 

• HEMA 

• BisGMA 

• Ethanol 
 

pH 3.1 



Adhese Universal (Ivoclar-Vivadent) 



What’s in GC Premio Bond? 

4-META 

10-MDP 

10-Methacroyldecyl  

dihydrogen thiophospate 

Methacrylate ester 

Acetone 

Distilled water 

Photoinitiators 

Silica fine powder 



What’s in Coltene One Coat 7 

Universal? 

10-MDP 

Methacrylated polyacid 

2-HEMA 

Urethane dimethacrylate 

Photoinitiators 

Ethanol 

Water 

No silane: does that matter? 



A new Universal from Dentsply 

What’s in it? 

10-MDP 

PENTA 

Initiator 

Isopropanol 

Water 

pH=2.5 



10-MDP is 

important 

for the 

bond 

reaction 

with HAP 

Why has 10-

MDP become 

so popular? 



Do you 

want to read 

more? 



SUMMARY: Universal bonding agents: 

Can be used in total etch, self etch,  

selective enamel etch modes 

Are compatible with direct & indirect  

procedures 

Can be used with self & dual cure  

luting materials (with separate activator) 

Are suitable primers for silica & zirconia 

Can bond to different substrates 



Self-etch 2-component, light cured, 15% filled, 
(fluoride releasing) bonding agent. 

Indicated for direct and indirect restorative 
procedures 

Separate hydrophilic self-etching primer with 
enhanced etching capabilities 

Separate hydrophobic adhesive to maximize 
material compatibility, increase strength and 
promote bond durability 

 

 

 

OptiBond XTR 



CONCLUSION 



Universal adhesives 



October 2015:The first clinical trial 

on Scotchbond Universal 

37 adults, 126 teeth with NCCLs, 

42 in SBU total-etch group 

42 in SBU self etch group 

42 in SB Multipurpose group 

 

Observed after 24 months 



October 2015:The first clinical trial 

on Scotchbond Universal 

5 failed restorations in total  

SBU  total etch group had most 

“perfect” ratings and no restorations 
lost to retention 

But, this group had higher “sensitivity 
to cold” scores 



October 2015:The first clinical trial 

on Scotchbond Universal 

CONCLUSIONS 

Scotchbond Universal in total etch or 

self etch modes performed  similar to 

or better than Scotchbond 

Multipurpose 

But, more post-op sensitivity in total 

etch group 

So, why bother to etch dentine when 

using Scotchbond Universal? 



…other tips for optimal 
bonding.. 



Effects of moisture degree  

and rubbing action on the  

immediate resin-dentin bond strength 

Dal-Bianco K, Pellizzaro A, et al. 

Dent.Mater.2006 

Conclusion: 

High bond strength to dentine can 

be obtained under dry conditions  

when ethanol/H2O and acetone based 

systems are vigorously rubbed on  

the dentine surface. On wet surfaces, 

light rubbing may suffice. 



Rules for bonding 
Do not overdry the surface 

Etch according to manufacturers’  
instructions 

With modern materials, try to avoid  

etching the dentine. 

Do not overblow resin layer 

Rub in the adhesive  



Benefits of lab testing 

Speed by which data are gathered 

The relative ease of test methodology 

Possibility to measure one specific  

    parameter, while keeping others constant 

Ability to test many experimental groups 

     simultaneously 

May use unsophisticated and 

inexpensive protocols and/or instruments 



Avoiding post-op sensitivity  

when using  

dentine bonding agents 

Use a so-called self etch or Universal  

material 

Do not etch the dentine when using  

these materials 



MMPs  

Demineralised dentine contains 

these 

Require calcium to maintain their 

structure 

Need zinc ions for their catalytic 

activity 



Latest clinical research  

on MMPs 

 



Latest clinical research  

on MMPs 

 

Phew! 



Regarding MMPs 

The way to obviate problems is 

to protect the collagen by 

thorough resin infilatration 



Take home messages 
Dentine bonding is now reliable and 

effective 

Selective etching of enamel is a 

good idea 

Universal bonding materials with 

MDP are now the business 



Long term survival of fragment 

bonding in the treatment of 

fractured crowns 

Andreasen FM, Noren JG, Andreasen JO, 

Englehardsen S. et al.,  

Quintessence Int.1995:26:669-681 



…reattachment of the coronal fragment is a realistic 

alternative                         Andreasen et al 

• Good fragment retention, acceptable aesthetics 

• Use of a dentine bonding agent with acid etching 

provides greater strength 

• Fragment loss was usually due to a second blow 

• Not a successful means of managing crown-root 

fractures 

Approx 25% of 334 rebonded fragments  

were retained at 7 years after bonding 



Reasons to adopt minimal intervention 

  Patients like it (if you advise them of your 

philosophy) 

  Teeth like it (fewer die!) 

  It’s easier for dentists (fewer die: better 
for their blood pressure!) 

  Lawyers hate it (fewer dentists sued!) 

  We now have the materials to make this 

work 

But, others are still adopting an invasive  

approach (and being sued!) 



Take home message 

Bonding restorations  

is more minimally invasive,  

and, 

potentially therefore less  

likely to have a bad  

medicolegal outcome  



University of Birmingham 

Masters in Advanced General 

Dental Practice 

Has been running for 15 years 

Distance version commenced  

February 2013 



 University of Birmingham Masters in 

Advanced General Dental Practice 

Informed & informing clinician (20 credits) 

Oper. Dent 1:Aesthetic dentistry and endodontics (20) 

Contemporary dental practice (20) 

Oper. Dent.2:Fixed and Removable Prosthodontics (20) 

Medical and surgical management of oral disease (20) 

Running a clinical business (20) 

Case study 30 credits,  Audit project  30 credits: 

When completed, a total of 180 PG credits = MSc 

Six modules 



www.dental-update.co.uk 

Evidence-based publishing 

The web site has articles dating  

back to 1999 

http://www.dental-update.co.uk/
http://www.dental-update.co.uk/
http://www.dental-update.co.uk/


44 years of evidence-based publishing! 



f.j.t.burke@bham.ac.uk 
0044 121 466 5476 

Handout also  

available at: 

www.fjtburke.com 


