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Abstract 
 

 
Aim: The repair of restorations is an eligible method to extend the 
survival rates of intraoral restorations. There is a consensus that the old 
surface has to be removed before repair by the use of a sandblaster or 
rotating instruments. This study aimed to investigate whether a glycine 
powder can be used successfully in composite repair by measurement of 
shear and tensile bond strength according to dental standards. 

Methodology: The influence of mechanical preparation by no powder, 
25 µm glycine powder or 50 µm aluminium-oxide powder and chemical 
conditioning by the use of bonding, phosphoric acid and bonding or 

bonding, phosphoric acid and a silane on the repair bond strength of an 
artificially aged nano-hybrid composite was tested according to the 
guidelines of DIN 13990 (2017), ISO 29022 (2013) and ISO/TS 11405 (2015). 
The fracture modes were evaluated by adhesive, cohesive or mixed 
failures. 

Results: There was no significant difference in the performance of the 
different mechanical and chemical treatments. The shear bond test 
according to DIN 13990 (2017) produces higher repair bond strengths 
(26.0±8.9 MPa) than the test described in ISO 29022 (17.9±6.3 MPa). The 
tensile bond strength according to ISO/TS 11405 (6.9±1.8 MPa) was the 
lowest. Most adhesive failures occurred with the shear test according to 
ISO 29022 (41%), followed by DIN 13990 (18%) and the tensile test (4%). 

Conclusion: For evaluating the bond strength of composites the test 
described in ISO 29022 is recommended, because it produces the highest 
percentage of adhesive failures. Nano-hybrid-composites are robust to 
different repair protocols. 
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Introduction 
 

Dental composites are commonly used for the 
restorations of lesions of oral hard tissues (1-4) but are 
not free of failures (5). In the past, it was often 
necessary to renew the whole restoration. That was not 
only expensive and time-consuming but also linked with 
other disadvantages, like the loss of sound enamel and 
dentine or the risk of an iatrogenic damage of the 
pulpal tissue (1, 6-11). The minimal invasive repair of 
a failed restoration is a method to improve the time of 
survival of an existing restoration by avoiding most of 
the disadvantages of renewing the whole restoration 
(3, 8, 10, 12). 

It is not recommended to repair every failed 
composite restoration. The defect has to be visible and 
possible caries has to be reliably removed (13). As 
recommended for the use of any adhesive technique 
the cavity has to be dry. Isolation by rubber dam is 
recommended but not mandatory if the cavity can be 
kept relatively dry (3, 13-15). There is no standard 
protocol for repairing a failed restoration (8, 16). It is 
generally agreed that the old composite surface has to 
be roughened by burs or sandblasting (8, 13, 16-19), 
however the created surface roughness does not 
correlate with the produced bond strengths (20). The 
effect of the use of a silane solution is problematic. 
There are on the one hand studies that showed an 
increase of bond strength by the application of a silane 
solution (21-23) and on the other hand studies that 
showed that the use of a silane solution had no effect 
or even produced lower bond strengths (19, 24). The 
use of a bonding in composite repair is obligatory (25). 

The use of a sandblaster for roughening the old 
composite has the advantage that every surface can 
easily be reached. Modern air-polishing-powders like 
glycine or erythritol are less abrasive to oral tissues 
than salt-based powders like sodium-bicarbonate (26-
28), but the use of a sodium-bicarbonate-powder in 
composite repair was already proofed to be successful 
(29). If the less abrasive air-polishing-powders can 
perform in the same way, it can improve the repair of 
composite by preventing gingival bleeding, especially if 
no rubber dam is used, and may help saving tooth 
tissues. 

A larger number of possible set-ups to measure 
bond strength between two materials was described in 
literature, however no standardized procedure exists 
(30, 31). Using existing standards for measuring bond 

strength to tooth structure for repair bond strength 
measurements seems the best way to avoid a large 
variation in test parameters. The following 
standardized bond strength tests are described until 
now: DIN 13990 (2017) is using a straight blade on 
orthodontic attachments and ISO 29022 (2013) a 
notched-edge blade for testing shear bond strength. 
ISO/TS 11405 (2015) describes a tensile bond strength 
test. All of them are macro bond tests, because bonding 
area is greater than 1 mm² (ISO/TS 11405). By the use 
of macro shear or macro tensile tests tension peaks will 
appear in the substrate, however not in the bonding 
area. This might lead to a high number of cohesive 

failures and the measured ‘bond strength’ is the 
compressive strength of the substrate (32-34). Artificial 
ageing of bonded specimens is an important factor to 
assess their long-term behaviour (35). In the current 
literature there is a high variability of the artificial 
ageing parameters not only in water temperature and 
in the number of cycles (36).  

It was the aim of this study to investigate whether 
blasting treatment using a glycine powder can be used 
successfully in composite repair and to compare 
different measurement principles of shear and tensile 
bond strength testing according to dental standards. 

 
 

Materials and Methods 
 

Material 
The Repair Bond Strength of Tetric EvoCeram® 

(Ivoclar Vivadent, Schaan, Liechtenstein) was 
investigated in this study. Surface roughening was 
performed by glycine powder (particle size ~25 µm; 
AIR-FLOW® Perio, EMS, Le Sentier, Suisse) or 
aluminium-oxide powder (particle size ~50 µm; Rønvig 
Dental, Daugaard, Denmark). The materials used in the 
chemical conditioning were phosphoric acid (Total 
Etch, Ivoclar Vivadent), a silane solution (Monobond® 
Plus, Ivoclar Vivadent) and a bonding agent (Heliobond, 
Ivoclar Vivadent). The investigated materials are 
summarized in Table 1. 
 
Table 1. Overview of the materials investigated in this study. 

Product Manufacturer Use 

Tetric 
EvoCeram® 

Ivoclar 
Vivadent 

Nano-hybrid-composite 

Total Etch 
Ivoclar 

Vivadent 
37% phosphoric acid gel 

Monobond® Plus 
Ivoclar 
Vivadent 

Silane solution 

Heliobond 
Ivoclar 
Vivadent 

Bonding agent 

AIR-FLOW® 
Perio 

EMS 
glycine powder 
Particle size ~25 µm 

Aluminium-oxide 
powder  

Rønvig Dental 
aluminium-oxide powder. 
Particle size ~50 µm 

 
The water used for artificial ageing conformed to DIN 
ISO 3696, Quality 3. The light-curing-unit (LUX LEDMAX 
1055, Dentaurum, Ispringen, Germany) was used in 
“Fast-Mode” that emits light with a wavelength 
between 460 and 480 nm and an intensity of 1300 
mW/cm². It was frequently checked with an integrated 
photometer if the intensity was above 1000 mW/cm² as 
advised by the composite manufacturer. 
 

Specimen preparation 
540 specimen holders – 180 for each test - with a 

hole with a diameter of 6 mm and a depth of 2 mm 
were prepared from Technovit® 4004 (Kulzer, Hanau, 
Germany). Tetric EvoCeram® was filled in the hole, 
covered with a polyester strip (Hawe™ Transparent 
Strips, Kerr, Orange, CA) and flattened with a glass 
plate. The composite substrate was first light cured 
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through the glass plate for 10 seconds, then the plate 
was removed and the composite was light cured again 
for 10 seconds. All specimens were artificially aged by 
storage in water for 7 days at 37±1 °C. 
 

Mechanical preparation 
The 180 specimens of each test group were 

randomly assigned to one of the following groups for 
mechanical preparation: Negative control group (no 
surface roughening), test group (air-polishing by 
glycine powder) or positive control group (air-abrasion 
by aluminium-oxide powder). Air-polishing was 
performed by an air-polishing-unit (AIR-FLOW 
MASTER®, EMS) with glycine powder (AIR-FLOW® Perio) 
for 10 seconds at a distance of 10 mm and at an angle 
of 90 °. Air abrasion was done by a sandblasting 
handpiece (MicroEtcher™ CD, Zest Dental Solutions, 
Carlsbad, CA) on a dental unit (KAVO Systematica, 
KaVo, Biberach, Germany,) for 5 seconds at a distance 
of 10 mm and at an angle of 90°. 

 

Chemical conditioning  
60 specimens per group were randomly assigned 

again to one of the three following groups: a) Bonding 
group (Bond), b) phosphoric acid and bonding group 
(PA+Bond) or c) phosphoric acid, silane solution and 
bonding group (PA+Sil+Bond). Phosphoric acid (Total 
Etch) was applied to the surfaces for 20 seconds, rinsed 
with water and dried. The silane solution (Monobond® 
Plus) was applied for 60 seconds and excesses were 
dried with air. The bonding agent (Heliobond) was 
applied for 20 seconds, thinned with air and light cured 
for 10 seconds. 
 

Shear Bond test according to DIN 
13990 (2017) 

For shear bond testing according to DIN 13990 
(2017) a transparent silicone perforated disc (visio.sil, 
Bredent, Senden, Germany) with an inner diameter of 
3 mm was placed on top of the composite substrate and 
a small amount of fresh composite was applied in the 
hole. It was packed with a plugger and light cured for 
10 seconds before the silicone disc was removed while 
fixating the repair composite with a plugger. 
 

Shear Bond test according to ISO 

29022 (2013) 
The repair composite application for shear bond 

testing according to ISO 29022 was similar to the shear 
bond test according to DIN 13990 (2017) but a bonding 
clamp with a teflon button mould insert with an inner 
diameter of 2.38 mm was used. The repair composite 
was applied, light-cured for 10 seconds and the button 
mould was removed as before. 
 

Tensile Bond test according to ISO/TS 
11405 (2015) 

For the tensile bond test metal hulls with two 
lateral windows were used. One end of the hull was a 
circle with a diameter of 4 mm, the other end was a 
screw thread. The hull was placed with the 4 mm hole 

on the composite substrate and fixed with a clamp. 
Repair composite was placed and light cured for 5 
seconds through each lateral window. 
 

Artificial ageing of the bonding 
interface 

According to DIN/ISO artificial ageing of the 
bonding interface was performed by water storage at 
37±2 °C for 24±2 h (group water) or a water storage at 
37±2 °C for 24±2 h followed by a thermocycling of 500 
cycles between 5 °C and 55 °C for 30 seconds (group 
TC). The 20 bonded specimens per group were assigned 

randomly to one of the two artificial ageing groups 
before assessing the bond strength test. 
 

Bond tests 
After artificial ageing the specimens were assigned 

to their corresponding bond test. An overview over 
some parameters of the different test methods are 
summarized in table 2. The specimens of the shear 
bond test according to DIN 13990 (2017) were fixed in 
a shear guillotine and the blade was carefully placed 
on top of the repair composite, as close as possible to 
the substrate surface (Figure 1a).  
 

 
Figure 1a. Setup for the shear bond test according to DIN 
13990. The specimen is mounted to a shear guillotine. 

 
 
 
Table 2. Overview of the standards and their parameters 
tested in the study. 

Norm 
DIN 

13990 
ISO 29022 

ISO/TS 
11405 

Load modus 
Shear test 
Straight 
blade 

Shear test 
Notched-edge 

blade 
Tensile test 

Bonding area 
Diameter in 

mm 

3.00 2.38 Not specified 

Bonding area 
Surface in 
mm² 

7.07 4.45 Not specified 

Crosshead 
speed in 
mm/min 

1.0±0.1 1.0±0.1 0.75±0.30 
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The shear guillotine we used for shear bond testing 
with a straight blade is described in ISO 10477 (2018) 
but worked with parameters according to DIN 13990 
(2017). The guillotine was placed in an universal testing 
machine (Zmart.Pro, ZwickRoell, Ulm, Germany) and 
loaded with a crosshead speed of 1 mm/min until 
fracture. The specimens of the shear bond test 
according to ISO 29022 (2013) were fixed in a test base 
clamp and placed in the universal testing machine 
(Figure 1b). The notched-edge shear blade was 
positioned in the way that the repair resin cylinder just 
fitted in the notched edge and specimens were loaded 
with a crosshead speed of 1 mm/min. 

 
 

 
 

 

Figure 1b. Setup for the shear bond test according to ISO 
29022. The specimen is mounted in a test base clamp and 
directly fitted into the notched-edge of the shear blade. 

 
For the tensile bond strength test the metal hull 

was placed through a perforated metal plate that was 
fixed in the universal testing machine. The thread of 
the hull was screwed to a hook at the other end of the 
testing machine so that the specimen holder worked as 
an abutment (Figure 1c). The tensile speed was 1 
mm/min as before. The test-software (testXpert® II, V 
3.0, ZwickRoell) recorded a force-displacement 
diagram and the maximum force for each specimen. 
Maximum tension was calculated by maximum force 
divided by the bonding area. Specimens that failed 
during artificial ageing were noted as 0 MPa. 

 
Analysis of fracture modes 

The fracture mode for each specimen was 
examined under a stereo-microscope at 12-times 
magnification. Fracture modes were classified by 
adhesive fracture if only the bonding interface failed, 
cohesive fracture if the substrate or repair composite 
failed or mixed fracture if there was a combination of 
adhesive and cohesive failure. Specimens that failed 

during artificial ageing were not included in the 
analysis of fracture modes. 
 

 
 

Figure 1c. Setup for the tensile bond test according to ISO/TS 
11405. The metal hull with the repair-composite is threaded 
to a hook and the specimen holder with the composite 
substrate functions as an abutment. 

 

 
 

Statistical Analysis 
 
The measured bond strength values were tested on 

homogeneity of variances between the three 
investigated tests by Levene-Test. Normal-distribution 
was tested group-wise by Shapiro-Wilk-test. Statistical 
analysis of bond strength between the three 
investigated tests was performed by the non-
parametric Kruskall-Wallis-Test with pair-wise 
comparison by Mann-Whitney-U-Test. The influence of 
the mechanical preparation, chemical conditioning and 
artificial ageing was investigated by a generalized 
linear model. The distribution of the fracture modes 
was analysed by Chi-Square-Test. All statistical tests 
were performed with a significance level of 5%.  

 

 

Results 
 

Bond strength test  
The bond strength values of the shear test 

according to DIN 13990 (2017) were the highest 
(26.0±8.9 MPa), followed by the notched-edge shear 
bond test (17.9±6.3 MPa) and the tensile bond test 
(6.9±1.8 MPa). All bond strength values were 
significantly different from each other (p < 0.05). 
Medium bond strength values of the bond strength test 
are shown in Graphic 1. There was no consistent 
significant influence of the mechanical or chemical 
preparation Table 3). 
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Graphic 1. Box-plot-diagrams of the repair bond strength in 
the 3 different tested norms. Shear bond strength according 
to DIN 13990 is the highest, followed by the shear bond 
strength according to ISO 29022 and the tensile bond strength 
according to ISO/TS 11405. 
 

 
 
Table 3. Statistical influence of test parameters on the 
measured bond strength values. 

Influence on bond strength values 

test 
mechanical 
preparation 

chemical 
conditioning 

artificial 
ageing 

DIN 
13990 

p = 0.206 p = 0.168 p = 0.631 

ISO 29022 p = 0.596 p = 0.678 p = 0.011 

ISO/TS 
11405 

p = 0.038 p = 0.048 p = 0.318 

 
The tensile bond strength test according to ISO/TS 
11405 (2015) showed that there is a statistically 
significant influence of the mechanical and chemical 
treatment that could not be proofed within the other 
tests. The statistical analysis of the parameters of the 
shear bond test according to ISO 29022 (2013) showed 
a statistically significant influence of the artificial 
ageing, however the other tests did not. Graphical 
analysis for artificial ageing at the shear bond test 
according to ISO 29022 (2013) showed a several outliers 
and long whiskers (Graphic 2a). 
 

 
 

Graphic 2a. Box-plot-diagram of the influence of artificial 
ageing on the repair bond strength of the shear bond strength 
test according to ISO 29022. As opposed to the statistical 
analysis by a generalized linear model the graphical analysis 
does not reveal an influence of artificial ageing. There are 
several outliers that maybe affect the statistical analysis in 
the 24 h water storage group and a long whisker reaching to 
zero at the thermocycling group. 

Box-plot-diagrams for the mechanical preparation 
and chemical conditioning within the tensile bond 
strength test according to ISO/TS 11405 (2015) are 
shown in Graphic 2b and 2c and do not show an 
influence of the mechanical or chemical pretreatment 
on the measured bond strength values. 

 
 

 
Graphic 2b. Box-plot-diagram of the measured repair bond 
strength values in the tensile bond strength test according to 
ISO/TS 11405. Boxes and Whiskers overlap and do not reveal 
a influence of mechanical preparation on the bond strength 
values. 

 
 
 

 
Graphic 2c. Box-plot-diagram if the influence of the chemical 
conditioning on the repair bond strength in the tensile bond 
strength test according to ISO/TS 11405. Because the boxes 
and whiskers are overlapping a can be reasoned that there is 
not influence of chemical conditioning on the bond strength 
values. 

 
 
 

Fracture modes 
Depending on the bond strength test, the most 

adhesive failure occurred with notched edge in shear 
bond test (n=73; 41%), followed by the straight blade 
shear bond test (n=33; 18%) and the tensile bond test 
(n=7; 4%). Distributions are shown in Graphic 3a and 
were significantly different from each other (p<0.05).  

Depending on the mechanical preparations, most 
of the adhesive fractures occurred in the group without 
preparation (n=66; 37%), followed by the glycine 
powder (n=31; 17%) and the aluminium-oxide powder 
(n=16; 9%). Every group was significantly different from 
each other (p<0.05). Distributions are shown in Graphic 
3b. 
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Graphic 3a. Stacked column chart of the distribution of 
fracture modes in relation to the used bond strength test. The 
shear test according to ISO 29022 produces the highest part 
of adhesive failures. The shear test according to DIN 13990 
produces the half number of adhesive failures but the highest 
amount of mixed failures and the tensile bond test according 
to ISO/TS 11405 produces nearly no adhesive fractures but a 
very high amount of cohesive fractures. 

 

 
 
Graphic 3b. Stacked column chart of the distribution of 
fracture modes in relation to the used mechanical 
preparation. The use of aluminium-oxide powder leads to the 
lowest amount of adhesive but the highest of cohesive 
failures. Using glycine powder produces more adhesive 
failures and the disclaiming of a surface roughening produces 
the most adhesive failures.  
 
The influence of chemical preparation was not 
significant (p=0.74) and is shown in Graphic 3c. The 
artificial ageing (p=0.581) had no influence on the 
distribution of the fracture modes. 

 

 
 
Graphic 3c. Stacked column chart of the distribution of 
fracture modes in relation to the chemical preparation. The 
conditioning protocol does not seem to have any effect on the 
distribution of fracture patterns.  

 
Discussion 

 
 
For repair of dental composites a high bond 

strength between the old composite substrate and the 
new repair-composite is demanded (13, 16). Many 
authors postulate standardized tests for dental 
materials (31, 37), so the conclusion is to use standards 
by ISO or DIN for in-vitro studies. The tests described in 
the standards DIN 13990 (2017), ISO 29022 (2013) and 
ISO/TS 11405 (2015) are macro-bond-tests with a 
bonding area greater than 1 mm² (ISO/TS 11405). These 
macro-bond-tests are an efficient way to test the bond 
strength between composite and tooth structure but 
can be used for measuring the bond strength in 
composite repair as well. The obvious disadvantages in 
their test design are tension peaks next to the bonding 
area that stress the composite substrate much more 
than the bonding area and may lead to a false 
interpretation of the results (33). New inventions like 
the micro-tensile-test (38) showed that measured bond 
strengths are reciprocally proportional to the bonding 
area. Unfortunately, they are much more technique 
sensitive and time-consuming (31) and not mentioned 
in any standard so far. 

The shear bond test according to DIN 13990 (2017) 
describes debonding of specimens by a pull bow. When 
investigating bond strength values to a homogeneous 
composite substrate the orientation of the substrate 
cannot have an influence on the bond strength values. 
Thus a shear blade was used instead of the pull bow. 
All other parameters were kept according to DIN 13990 
(2017). 

The measured bond strengths have to be 
interpreted in consideration of the fracture modes 
(39). Of the three standardized bond-strength-tests 
only the shear bond test according to ISO 29022 (2013) 
can be recommended for testing repair bond strength 
of composites, because the ratio of adhesive failures is 
the highest of the investigated tests and allows to 
interpret the performance of the bonding interface and 
not the substrate. 

Analysis of the influence of mechanical 
preparation or chemical preparation of the composite 
substrate or artificial ageing of the bonding interface 
on the repair bond strength did not reveal a consistent 
significant influence. Artificial ageing by additional 500 
cycles does not generate a higher stress on the bonding 
area than 24 h water storage alone. Within the limits 
of the study it can be supposed that the tested nano-
hybrid-composite is robust to different repair 
protocols, and the use of an additional intra-oral 
sandblaster is not necessary for a sufficient repair if the 
role of plaque on the bond strength is neglected. 
Further studies are necessary to proof the use of 
glycine powder in composite repair by more sensitive 
bond strength tests. Maybe smaller bonding areas can 
improve the outcomes of shear bond tests according to 
ISO 29022 (2013). 
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Conclusions 

 
Of the three investigated standards for bond 

strength testing only the shear bond test according to 
ISO 29022 (2013) can be recommended for testing 
repair bond strength. Within the limitation of the study 
it can be supposed that nano-hybrid-composites are 
robust for different repair protocols, and the use of 
glycine powder provides a sufficient adhesion of the 
bonding agent. An enhancement of the ISO 29022 
(2013) with smaller diameters or an insertion of micro-
tensile-testing to ISO/TS 11405 (2015) for testing 

composite repair bond strength should be investigated 
and discussed.   
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