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ABSTRACT: Purpose: To assess and discuss the true value and perceived relevance of present day dental adhesive 
tensile bond strength studies. There are flaws and inconsistencies present in the data due to the inherent variations in 
testing methods, conditions, and types of samples prepared. In particular, surface areas of specimens need to be 
standardized. This review considers the significant impact of different surface areas of tooth specimens utilized in 
testing. Results: On review of the data, relatively higher MPa values do not necessarily indicate improved dental 
adhesive products or procedures (Am J Dent 2005;18:105-108). 
 
CLINICAL SIGNIFICANCE: Present day data reporting high dentin bond strengths utilizing specimen sizes that are not 
standardized may be misinterpreted to mean better clinical products and clinical results. 
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Introduction   

 Evaluation of dental adhesives is controversial. There are 
inherent fundamental flaws and limitations to the data using 
today’s methods of testing which result in inconsistent results. 
Adhesion analysis of dentin bonding agents has been 
performed by numerous mechanical testing methods including 
shear bond strength, tensile bond strength (TBS), microleak-
age and contraction gap size measurements. Dental manufac-
turers rely largely on in vitro testing to predict the clinical 
performance of a product.1 They predominantly utilize tensile 
bond strength studies to evaluate and market their products. 
However, in vitro bond strength assessments have been poor 
indicators of clinical success.2,3 Even if reported high tensile 
bond strengths reflect a stronger bond to dentin, there is no 
statistical correlation between that and microleakage4,5 or 
resin penetration into dentin.6 Therefore, bond strength testing 
is only one parameter to help predict clinical performance.    
 The differences in bond strength results are probably due 
to variations in the quality of the dentin and in tensile test 
methods.7 The variations in bond strengths are usually 
considered to be related to the different adhesive procedures, 
however far too little attention has been paid to the details of 
the testing conditions8 and the critical role of specimen size.    
 The tensile bond strength (TBS) test is very sensitive, 
therefore understanding test methodology and resultant 
interpretation of the data is extremely critical. Bond strength 
values for identical products obtained from conventional 
tensile and microtensile testing can vary greatly depending on 
the condition and size of specimens. Sano et al9 demonstrated 
that tensile strength is inversely proportional to the bonded 
surface area. The resultant higher tensile strengths reported 
after the development of the microtensile test method by Sano 
et al9 are actually a necessary end result of significantly 
smaller and smaller specimen surface areas being utilized in 
microtensile test procedures. Not enough attention has been 
paid to the possibility that the recent high values of tensile 
bond strengths reported in the literature may not necessarily 
mean that the adhesive systems being tested are significantly 
stronger than those of the past.  

 The International Organization for Standardization gives 
researchers guidelines for standardization of variables and 
therefore improvement in the consistency of tensile bond 
strength methodologies. Although many variables for TBS 
study methodology are standardized, dimensions for a 
standardized surface area do not exist. The ability to 
reproduce data between laboratories has been limited due to 
the lack of experimental standardization and variability of 
substrate.11-13  The lack of consistent values for dentin bond 
strengths in shear or tension, from what are superficially 
identical experimental procedures, has led to ambiguities in 
the interpretation of the data.8 Small alterations in the 
specimen or in the stress distribution during load application 
have a great influence on the result.9,14 Van Noort et al8 
concluded that bond strength tests between dental materials 
and tooth tissues are so severely affected by the test 
conditions that the comparison of data from different 
laboratories is probably impossible. Even for similar tests 
performed in the same laboratory, large variations can arise.8  
Table 1 lists the mean TBS results of various investigations 
cited in this paper and shows the vast differences in MPa 
ranges. Note the differences in results between conventional 
and microtensile bond strength studies and how surface area 
affects the results of these tests for reasons discussed in the 
Introduction (Table1).  
 The publication of dentin bonding strength data is prolific 
in the dental literature and will remain so as more and more 
new dentin bonding agents are marketed. It is the purpose of 
this presentation to assess the usefulness of this information 
due to inherent inconsistencies and to question the perceived 
relevance of  these bond strength studies. The often 
overlooked role of specimen size, which is critical to the 
interpretation of tensile strength studies, is discussed. 
 

Discussion 
 
 Differences in reported bond strength data can be 
attributed, in many instances, to a lack of adequate control of 
the variables in the test procedures utilized. This is attributed 
not only to the differences in the properties of the adhesive 
materials and  the characteristics of dentin, but also to the dif- 
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Table 1. Results of tensile bond strength studies.  
_____________________________________________________________________________________________________________________________________________________  
Product  Type of TBS Surface area or Mean MPa  SD Study Year  
   diameter  
_____________________________________________________________________________________________________________________________________________________   
Prime&Bond 2.1c Microtensile N/A 54.30 15.6 Cardoso36  2001 
Prime&Bond 2.0c Tensile 88.8 mm2 SA 3.96 1.24 Del Nero37 1999  
Prime&Bond NTc Microtensile   N/A 19.0 3.90 Frankenberger38 1999 
Prime&Bond NT Microtensile N/A 62.0 17.60 Cardoso36 2001 
Prime&Bond NT Microtensile 0.35-0.45 mmcs  48.2 N/A Nunes39 2001 
Prime&Bond NT/NRCc Microtensile   1.2 mm d  29.9  N/A Tanumiharja15 2000     
Scothchbond MP Tensile  3.0 mm d 9.65  4.78 Cardoso21 1998  
Scothchbond MP Microtensile 0.25 mm2csSA 32.74 12.52 Cardoso21 1998 
Scothchbond MP Microtensile  1-2 mm cs  20.3 5.5 Nakajima29 1995 
Scothchbond MP Microtensile  <0.4 mm2 SA 38.0  N/A  Sano9 1994 
Scothchbond MP Tensile 4x7 mm rect. 2.68 1.85 Tam40  1993 
Scothchbond MP Tensile 4x7 mm rect. 4.88 1.88 Tam40 1993   
Scotchbond 2a   Tensile 4.0 mm d 3.10 1.99 Van Noort14 1991 
Scotchbond 2 Tensile  4.0 mm d (w/flash) 6.9 2.05 Van Noort14 1991 
Scotchbond 2 Tensile 4x7 mm rect  1.72 0.90 Tam40  1993 
Scotchbond 2 Tensile 4x7 mm rect  1.63 1.07 Tam40 1993 
Scotchbond 2 Tensile 5.0 mm d  7.7 2.8 Perinka20  1992 
Scotchbond 2 Tensile 5.0 mm d  3.5 N/A Øilo7 1990 
Scotchbond 2 Tensile 3.0 mm d  15.2 N/A Øilo 7 1990 
Scotchbond (dual)  Tensile 5.0 mm d  1.4 N/A Øilo7 1990   
Single Bond Tensile  3.0 mm  9.34 4.33 Cardoso21 1998 
Single Bond Microtensile 0.25 mm2 34.60 10.88 Cardoso21 1998 
Single Bond Tensile 3.0 mm d  18.1 2.4 Spohr41 2001   
All Bond 2d Microtensile 0.5 mm2SA 40.7 9.0 Armstrong42 1998 
All Bond 2 Microtensile  1-2 mm crs. 26.9 8.8 Nakajima29 1995 
All Bond 2 Tensile  4 x 7 mm rect. 8.39 3.99 Tam41  1993 
All Bond 2 Tensile 4 x 7 mm rect. 6.39 2.55 Tam41 1993   
Clearfil Liner Bond 2e  Microtensile 1-2 mm crs 29.5 10.9 Nakajima29 1995 
Clearfil Liner Bond 2 Microtensile >0.4 mm2 SA 55.0 N/A Sano9 1994 
Clearfil Liner Bond 2 Tensile 3.0 mm d 24.0 3.3 Spohr41 2001 
Clearfil Liner Bond 2 Microtensile 1.0 mm2 SA 28.9 5.2 Yoshiyama43 1998 
Clearfil Liner Bond 2Microtensile 1.2 mm d 36.0 N/A Tanumiharja15 2000   
Etch and Prime 3.0 Tensile 3.0 mm 6.43 2.81 Cardoso21 1998 
Etch and Prime 3.0 Microtensile 0.25 mm2  27.77 7.88 Cardoso21 1998 
Etch and Prime 3.0 Tensile 3.0 mm d 5.8 2.4 Spohr41 2001   
Glumae  Tensile 5.0 mm d  3.5 N/A Øilo7 1990 
Gluma Tensile 3.0 mm d 12.0 N/A Øilo7 1990 
_____________________________________________________________________________________________________________________________________________________   
SD= standard deviation; d= diameter; SA= surface area; cs= cross section; crs= cross sectional area; csSA= cross 
sectional surface area; rect.= rectangle; UP= unpublished data; N/A= Not available.    

 
ferences in specimen preparation, size and test methodology.15 
Therefore, variations and the resultant data interpretation of 
tensile bond strength studies must be carefully analyzed. For a 
given bonding agent, bond strengths vary greatly, not only 
among different studies, but also within studies.16,17 In 
particular, the role of the size of the specimens used and the 
resultant surface area tested is highly significant. According to 
Griffith’s defect theory,18 when testing uniform materials in 
tension, the tensile strength of a material decreases with 
increasing specimen size. Sano et al9 demonstrated that tensile 
strength is inversely proportional to the bonded surface area. 
This means that smaller surface areas are associated with 
higher tensile bond strengths, and conversely, larger surface 
areas are associated with lower tensile bond strengths. The 
reasons for this phenomenon may be due to the effect of the 
presence of defects and/or stress raisers at the interface or in 
the substrate. Larger specimens probably contain many more 
defects compared to smaller specimens.9     
 A critical point in data interpretation needs to be 
addressed. Not enough emphasis is placed on the role of 
surface area and its dramatic effect on MPa values. In the Øilo 

& Olsson7 study, the bond strengths were found to be 
dependent upon the tensile test method used. In conventional 
tensile bond studies, specimen surface areas tested are much 
larger than the surface areas tested in the microtensile bond 
strength test. A microtensile method to evaluate specimens 
with small surface areas (ca. 1 mm2), was developed by Sano 
et al.9 Therefore, the MPa bond strength numbers found in 
microtensile bond strength studies can be more than double 
those of conventional tensile bond strength studies.1,19 It is 
important to distinguish between the two types of tests and the 
variances in the results, which are directly related to the 
surface area of the samples.     
 Great differences in values in bond strength studies are 
directly related to whether microtensile or conventional 
methodologies are utilized and do not necessarily indicate that 
the products themselves have improved dramatically. The 
higher bond strengths that are obtained with the microtensile 
bond method are presumably due to better stress distribution 
during testing20 and do not represent improved products or 
bonding procedures. Using this method often results in higher 
apparent bond  strengths  at  failure  than  are  found  in larger 



 

American Journal of Dentistry, Vol. 18, No. 2, April, 2005 

 
 
Table 2. Cardoso21 research data, 1998. 
____________________________________________________________________________________________________ 

   Product  Type of TBS test   Mean MPa 
____________________________________________________________________________________________________ 

  Scotchbond MP Tensile   9.65 + 4.78 
  Scotchbond MP Microtensile  32.74 + 12.52 
  Etch & Prime 3.0 Tensile   6.43 + 2.81 
  Etch & Prime 3.0 Microtensile  27.77 + 7.88  
  Single Bond Tensile   9.34 + 4.33 
  Single Bond Microtensile  34.60 + 10.88 
____________________________________________________________________________________________________ 

 
samples.21 Even though the same product is being tested, the 
reported MPa may be vastly different. Even standardizations 
of bond strength studies do not overcome the problem of data 
interpretation. For example, Cardoso et al21 tested the 
products SingleBond,a Etch&Prime 3.0b and Scothchbond 
MP.a Both microtensile and conventional tensile testing were 
used in this study. Of all the studies, this one should have the 
least variables in comparing test results because the two types 
of testing were performed in the same laboratory. The 
microtensile test values were 3 to 4 times greater than the 
conventional tensile test for the same products. This supports 
the claim that the dentin bonding agents have not really 
improved as much as manufacturers suggest and that it is the 
testing methodology and variables (particularly sample size) 
that affect the MPa results (Table 2).   
 Surface areas of specimens need to be standardized. 
Manufacturers that use the microtensile test method and 
report higher MPa values may lead the average practitioner to 
believe that their product is superior. This is probably not the 
case. Published data22-27 shows that the nominal tensile bond 
strength for dental systems varies from 2 to 6 MPa for bonds 
between composite resin and dentin when using a dentin 
bonding agent.     
 Today the average practitioner reads a study where higher 
and higher in vitro bond strengths are reported. But are these 
results actually a true indication of higher bond strengths? 
The authors submit that if microtensile testing were used in 
the 1980’s, MPa values of products at that time would have to 
have been much higher. The fact that they would show higher 
MPa values would not indicate better adhesive properties.    
 Recently, the consensus28 is that the microtensile bond 
strength studies are more desirable and have the following 
advantages: (1) More adhesive fractures, fewer cohesive 
fractures; (cohesive fractures are supposedly not desirable 
because they do not test the true interfacial bond strength.)  
(2) higher interfacial bond strengths can be measured; (3) 
ability to measure regional bond strengths; (4) means and 
variances can be calculated for single teeth; (5) permits testing 
of bonds to irregular surfaces; (6) permits testing of very 
small surface areas; and (7) facilitates examination of the 
failed bonds by SEM. Also, this testing method may create a 
more uniform stress distribution compared with the conven-
tional method.29 This method does measure the interfacial 
bond strength more precisely in a significantly smaller 
sample, helps obtain true ultimate stress and delivers a more 
uniform stress, but is this relevant in vivo? Clinically, 
restorations have a very large surface area and are placed into 
a three-dimensional cavity preparation. Much greater stresses 
occur within the material in a three-dimensional cavity 
preparation.30,31 Resin-based  composites  shrink  as they poly- 
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merize and contraction stresses of up to 7 MPa develop within 
the resin.30,32,33 But when resin is bonded to a single surface, 
as they are for bond strength studies, flow relaxation occurs 
relieving some of the contraction forces and therefore, these 
values are not realistic. It was concluded by Van Noort et al8 
that the actual stresses have little relationship to the average 
stress values determined by bond strength testing.  
 The conventional test method possibly places a more 
realistic MPa value on adhesives used today. Although three-
dimensionality is not addressed, utilizing a larger surface area 
could be a more realistic representation of how these resins 
present in vivo and therefore a product that showed an 
increase in bond strength using the conventional method may 
be more significant. Although this method is not a way to 
obtain true ultimate strength of an adhesive, the larger surface 
areas used in this method are more representative of what 
occurs clinically. Non-uniform stresses would seem more 
relevant during a test because occlusal forces in vivo are not 
uniform. Conventional testing causes more non-uniform 
stresses and the small defects and voids in a larger test sample 
are more characteristic of an in vivo restoration.  
 Conventional testing served relatively well when resin-
dentin bond strengths were relatively low.34 When bond 
strengths improved, with the advent of new products, 
cohesive failures appeared. These failures, which leave the 
resin-dentin interface intact, were not desirable because such 
failures preclude measurement of interfacial bond strengths 
and limit further improvements.34 Perhaps these TBS results 
associated with cohesive failures could relate more to the 
strength of the dentin and the area of dentin fracture than to 
the strength of the actual bonded interface.35 
  
Clinical consequences - The much higher microtensile bond 
strength values that are being reported in the literature may be 
giving the average practicing dentist a false sense of security 
regarding the “real” improvement of dentin adhesive systems. 
The lack of data interpretation concerning the much smaller 
sample sizes and the inherent higher MPa values associated 
with microtensile bond strength studies needs to be carefully 
examined. Practitioners need to understand that the variations 
and inconsistencies associated with these studies may lead to 
misinformation concerning the clinical performance of the 
products being tested.  
 There is still a real need for re-evaluation and standardiza-
tion of test procedures to help clinicians assess the true 
effectiveness of these dentin adhesive products. Even if stan-
dardization is achieved, bond strength studies can only be 
used for a comparison of the effectiveness of the bonding 
agents and cannot be related directly to what might happen 
clinically.  
 This review hopes to show that although the microtensile 
method certainly has its value, too much emphasis is placed 
on the reported high values and that the corresponding 
interpretation of better clinical performance may be 
exaggerated. The much higher tensile bond strength MPa 
results that have been published in recent years can be 
misinterpreted and misleading. Dentin adhesive products have 
probably not improved as much as manufacturers of these 
products seem to claim. Recent products which have been 
advertised as  having  high  MPa  values  using  microtensile 
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methods would necessarily exhibit much lower tensile bond 
strengths if conventional methods were utilized. The clinician 
may not be aware that the different surface areas utilized 
significantly impacts the bond strength values reported. The 
interpretation of the many marketing claims and published 
bond strengths may not have as much significance in 
determining whether a product will be successful clinically as 
manufacturers would like practitioners to believe. This review 
hopes to lead to the exploration of alternative approaches of 
testing and to the standardization of specimen surface areas 
utilized in tensile bond strength studies. 
 The following would improve the validity of dental 
adhesive evaluations:    
• A universal sample size needs to be established for future 

tensile bond strength studies.   
• Existing variables that are standardized by the 

International Organization for Standardization should be 
adhered to by researchers.   

• Products should undergo a combination of testing. 
Improvement in standardization of tensile bond strength 
study variables (as well as shear bond strength study 
variables) should be combined with standardized data from 
gap measurement tests, microleakage tests and the clinical 
usage tests for a more realistic correlation between 
laboratory results and clinical performance.   
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