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In orthodontic practice, it is not uncommon to bond 
brackets to resin composite restorations. With this 
in mind, this study was designed to compare first 
the shear/peel strengths of metal, ceramic and 
polycarbonate brackets bonded to microfilled resin 
composite (RC), using either a light-cured resin­
modified gloss ionomer cement (Fuji Ortha LC), a 
chemical-cured composite (System l +) or a light­
cured composite adhesive (Transbond XT); and 
then to examine the effects of thermacycling on the 
shear/peel strengths of these systems. Four different 
brackets were used: Iwo stainless steel (Victory and 
Optimesh), one cerom ie (Transcend 6000) and one 
polycarbonate (Spirit MB) Seventy-two specimens 
of each bracket were divided inta three groups for 
bonding with one of the three adhesives. Half the 
specimens fram each group were also thermocycled. 
Mean shear/peel bond strengths were found to be 
significantly different for the faur different brackets, 
althaugh not influenced by the three adhesives used 
within each group. All graups were found to have 
clinically-acceptable mean bond strengths, except 
for Spirit MB-System l +. After thermocycling, both 
Optimesh-Transband XT and Victor y -System l + 
groups shawed superior mean band strengths 
(26.8 and 24.4 MPa, respectively) when com­
pared with all other groups (p<0.05). 
Applying the Weibull survival analysis for groups 
utilising Victory, Transcend 6000 and Spirit MB 
brackets, those with 90 per cent or greater prob­
abilities of survival included Victory-System l +, 
Transcend 6000-Fuji Ortho LC, Victory-Fuji Ortho LC 
and Spirit MB-Transbond XT groups. In all graups, 
band failure was mainly (64 per cent) cohesive 
within the RC restorative surface. The thermocycled 
Spirit MB-Transbond XT group hod the highest 
frequency of undamaged RC failure interfaces. 
Despite the focus of this study being on bond 
strength and the potential for surface damage, it 
was noted that these properties shauld always be 
considered alongside other factors such as the 
strength of the bracket itself, friction within the bracket 
siat, patients' wishes, cost of the materiols and the 
presenting malocclusion. 
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Teeth that have been restored with resin composite 

(RC) are commonly encountered in any orthodontic 

practice, especially since adults naw make up a 

significant proportion (about 25 per cent) of the 

total patient pool.1-3 In addition, adults are mare 

likely than younger patients to present with restora­

tions. 4-7 When used as an aesthetic restorative 

materiał, RC usually replaces outer portions of teeth 

missing as a result of trauma, caries, erosion, 

abrasion, attrition, hypoplasia or other anomalies 

such as microdontia. RC is also used to mask intrinsic 

discolouration or staining such as that from tetra­

cycline, excessive fluoride intake at a young age, and 

devitalised or endodontically-treated teeth. It is not 

uncommon, therefore, to find situations in which 

orthodontic brackets must be bonded to RC surfaces. 

In addition, there are certain instances in which 

patients with anterior restorations are mare likely to 

present at orthodontic offices. T hese patients would 

include those with severely-protruding maxillary 

incisors that have been reported to be at consider­

able risk of fracture and thus requiring restoration.8-10 

It is interesting to note that, in an informal survey of 

patients being treated in 1997 by the six orthodontic 

graduate-students at T he University of Melbourne, 

eighteen patients out of a total of three hundred and 

fifteen (5.7 per cent) required brackets to be bonded 

to anterior RC surfaces. 

Despite the clinical need to bond to RC surfaces, 

there is not a great deal of information in the literature 

regarding the bonding of brackets to them. 

Newman et al.,11 Kaa et al., 12 Schwartz et af.13 and 

Chunhacheevachaloke and Tyas14 have all investigated 

certain aspects of this topie. Schwartz et al., 13 for 

instance, found that the tensile strengths for metal 

brackets bonded to microfilled and hybrid RC 

surfaces satisfied the 7.8 MPa clinical bond strength 

requirement recommended by both Lopez15 and 

Wright and Power.16 Chunhacheevachaloke and 

Tyas14 reported mean shear/peel bond strengths for 

ceramic brackets bonded to RC in the range of 
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17.1 to 19.2 MPa. Neither of these experiments 
involved the thermocycling of specimens to simulate 
the effects of normal thermally-induced stresses 
within the oral cavity.17 If such thermocycling had 
been used, the bond strengths found in their studies 
may in fact have been quite different. Finally, it 
should be noted that in the works of Kao et aL.12 
and Chunhacheevachaloke and Tyas,14 only ceramic 
brackets were tested, and different adhesive-material 
systems were not compared. 

With these things in mind, this study was designed 
first to compare the shearlpeel bond strengths of 
metal, ceramic and polycarbonate brackets when 
bonded to microfilled RC, using either a chemically- 
cured composite adhesive, a light-cured composite 
adhesive, or a resin-modified glass ionomer cement; 
and then to investigate the effects of thermocycling 
on the shearlpeel bond strengths of these systems. 

Materials and methods 
Two hundred and eighty-eight specimens of a 
microfilled RC restorative material,* consisting of 
BIS-GMA with TEGDMA, colloidal silica filler of 
-0.04 pm at 52 per cent mass to volume were pre- 
pared using a plastic mould measuring 6 mm internal 
diameter 6 mm high. The RC was injected into the 
mould in 2 mm increments and cured by means of 
a light-curing unitt for 20 S for each increment. 
Following final curing, specimens were stored in 
water at 37' C for one week. The 288 cylinders 
were randomly divided into 24 groups of 12 speci- 
mens as illustrated in Figure 1. Brackets made from 
three different materials were used in this study: two 
stainless steel Siamese-type brackets,^ a ceramic 
Siamese-type bracket,^ and a polycarbonate Siamese- 

l 1  type bracket, as shown in Table I. Seventy-two 
brackets of each of the four varieties were used. For 
each bracket variety, three adhesive systems were 

tested (Table 11): a light-cured resin-modified glass 
ionomer,y a light-cured composite" and a chemical- 
cured  composite.^^ 

Each RC surface for bracket attachment was cleaned 
using a pumice and water slurry in a rubber cup 
attached to a revolving slow speed handpiece. The 
RC surface was roughened with a fine disc,^ etched 
with 37 per cent phosphoric acid for 30 seconds, 
rinsed with water and dried with oil-free compressed 
air. The manufacturers' instructions for further 
treatment of the surface and bonding of brackets 
were followed. Half the specimens were thermo- 
cycled 50015 times12.18 between 5' C and 6Â C with 
20 S in each bath and 20 S between baths. The other 
half served as controls, stored in water at 37' C. 

Shearlpeel testing was performed using a universal 
test^^ at a cross-head speed of 1 mmImin17-19 and a 
100 kg load cell, with a shearlpeel jig."" Each speci- 
men was selected randomly and inserted snugly into 
an epoxy-resin prefabricated mount (contained in a 
PVC ring 24 mm diameter and 10 mm deep, with 
an aperture 6 mm in diameter) for testing. During 
insertion, each bracket was orien ted with its side 
facing the blade in order to achieve even contact of 
the guillotine blade with the bonded test bracket. 
The inner surface of the blade was set parallel to and 
at a distance of 1 mm from the RC surface (Figure 2). 

Bond strength (BS) in megapascals (MPa) for each 
specimen was calculated using the formula: 

where F = the failure force (kg) 
A = the surface area of 
the bracket base (mm2) 

288 microfilled resin composite cylinders 

r 
Bracket type 72 x 2 cylinders (12 gps of 12) 72 cylinders (6 gps of 12) 72 cylinders (6 gps of 12) 
attached Stainless Steel Polycarbonate Ceramic 

Victory and Optimesh Spirit MB Transcend 6000 
(72 cylinders each) 

Adhesive 24 &A! 24 24 24 24 24 24 24 24 
system used (2 gps o f  12) (2 gps o f  12) (2 gps o f  12) (2 gps o f  12) (2 gps o f  12) (2 gps o f  12) (2 gps of 12) (2 gps o f  12) (2 gps o f  12) 

GIC Composite Composite GIC Composite Composite GIC Composite Composite 
(Light- (Chemically- (Light- (Chemically- Light- (Chemically- 
cured) cured) cured) cured) cured) cured) 

^ A A ^ ^ ^  
Thermocycling Y N Y N Y N Y N Y N Y N Y N Y N Y N 
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t t  Soflex 3M. St Paul, USA 

85 Shimadzu A~ogroph &50C0 Ser~ol Y = Yes; N = NO 
6 7 6 ' 7 ,  Seisokusho I'd Kyoto. Japan 

1 Bencor Danville Enginee 'ing 'nc 
Figure 1 .  Allocation of the resin composite cylinders 
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Shear assembly 
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L 

Figure 2. Cross-section of lig with mount ond specimen 

The surface areas of the brackets were obtained from 
the manufacturers and verified using digital callipers. 

After shearing, the bracket base and the correspond- 
ing RC disc were examined under a stereomicroscope 
at X 20 magnification. This enabled the determina- 
tion of the failure interface and the use of the 
Adhesive Remnant Index (ARI; Carry and Tyas20). 

The failure interface of each specimen was allocated 
to one of the following categories: 

1. NB: AdhesivetBracket interface, where no 
adhesive remained on the bracket surface. 

2. NR: AdhesivetRC interface, where no adhesive 

remained on the RC surface. 

3. COMB: Combination failure, where the 
adhesive failed and remained on both the 
bracket and the RC surface. 

4. SC: Surface cracks or incomplete fracture 
observed on the intact RC surface. 

5. RC#: Cohesive composite fracture, where the 
RC surface no longer remained intact, with or 
without involvement of Categories 2, 3 and 4. 

The ARI for assessing the amount of adhesive 
remaining on the RC surface, was applicable only 
to specimens in Categories 1, 2 and 3 of the failure 
interface. A score from (i) to (v) was used: (i) a con- 
tinuous layer of adhesive was present on the RC 
surface; (ii) greater than 90 per cent of the bonded 
RC surface was covered with adhesive; (iii) 10 to 90 
per cent of the bonded RC surface was covered with 
adhesive; (iv) less than 10 per cent of the bonded 
RC surface was covered with adhesive, and (v) no 
adhesive remained on die RC, corresponding to 
Category 2, above. 

The data were collected by one author (PYL) to 
eliminate inter-examiner variability. Intra-examiner 
reliability was tested by repeating all scoring and 

categorisation once, for both failure interface and 

ARI assessments, leading to 100 and 96.9 per cent 

agreements, respectively. When the first and second 

assessments were found to be different, each of the 

specimens concerned was re-examined to determine 

the final categorisation or scoring to be used. 

A spreadsheet" was used to obtain basic descriptive 

statistics. All other analyses were performed using 

Minitab.*** These analyses included a three-way 

analysis of variance (ANOVA) at the 5 per cent level 

of significance, a customised macro used for the 270 

multiple pairwise comparisons of the differences in 

mean bond strengths for the 24 groups, and the 

Weibull survival analysis (a log linear regression 

developed to assess differences in the distribution of 

failure interfaces amongst the specimens). 

Results 

The mean sheartpeel bond strengths and other 

descriptive statistics for the 24 groups using the 

three adhesives with the four different brackets, 

thermocycled (T) and non-thermocycled (NT), are 

shown in Table I11 and Figure 3. 

The three-way ANOVA indicated no significant 

differences in the mean bond strengths of the three 

adhesive systems within each bonded bracket variety 

except for the Spirit MB brackets; for those brackets, 

multiple pairwise comparisons indicated that bond 

strengths using Fuji Ortho LC (T, 10.9 MPa, NT, 
9.72 MPa) and Transbond XT (T and NT, 10.9 MPa) 

were significantly greater than System l+  (T, 4.09 

MPa, NT, 3.06 MPa; p<0.05). 

I F U J I  Ortho LC Transbond X T  H System l+ 

Ceramic-Transcend 
6000(T) 

Ceramic-Transcend 
6000(NT) 

Polycarbonate-Spirit m 
MB (T) 

Polycarbonate-Spirit m 
MB (N D 

Stainless Steel 
Optimesh (T) 

Stainless Steel 
Optin~esh (NT) 

Stainless Steel 
Victory (T) 

Stainless Steel 
Victory (NT) 

l l , l 

0 10 20 30 40 

MEAN BOND STRENGTH (MPa) 

Figure 3.  Bond strength of bracket adhesive combinations 
ihermocycled [T) and non-thermocycled [NT) 

Austia'ion Orthodontic J o L ~ ~ o ~  Volume 5 No A Api l 999 237 
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Table I. Brackets used 

Proprietary Type Arca of Method of Specification Batch No. Man~ifacturer 
NameiCode) base ( m m )  retention 

Victory Series Stainless steel 11.3 
(SS-WC) 

Mini Diamond Stainless steel 12.8 
Optimesh 
(SS-OPTI) 

Spirit MB Polycarbonate 1 1.6 
(POLY) 

Transcend Ceramic 11.9 
6000 (polycrystalline) 
(CERAM) 

Table II. Adhesive systems used. 

Mechanical 
(80 gauge) 

Mechanical 
(100 gauge, 
roughened 
mesh) and 
Chemical 
(Silanated) 

Mechanical 

Mechanical 

Upper centrals 32408,9603 Unitekl3M 
0.22 slot Monrovia 
O*Torque, CA, USA 
O* Angularion 

Upper centrals 6H447H Ormco 
0.22 slot Glendora 
+ 14* Torque, CA, USA 
+5* Angulation 

Upper centrals 6D3 1 Ormco 
0.22 slot Glendora 
O* Torque, CA, USA 
+5* Angulation 

Upper centrals 32403,1190 Unitekl3M 
0.22 slot Monrovia 
O* Torque, CA, USA 
O* Angulation 

Proprietary Type 
Name 

Transbond XT Light-cured 
composite adhesive 
(no-mix paste-liquid) 

System l+  Chemical-cured 
composite adhesive 
(no-mix paste-liquid) 

Fuji Ortho LC Light-cured 
resin-modified 
glass ionomer 
(Powder-liquid, 
hand mixing required) 

Composition Batch No. Mtinufacturci 

Paste: - 18% BIS-GMAITEGDMA 
monomers and -82% hybrid filler 
of submicron silica, microfine 
composite of 3 pm average particle 
size. Adiketone and an organic amine 
as photoinitiators. 
Liquid: BIS-GMA combined with 
a urethane oligomer 

092096,426A Unitek13M 
Paste: 6BT Monrovia 
Liquid:6BR CA, USA 

Paste: -60% BIS-GMAITriethylene- 
glycol-dimethacrylate (TEGDMA) 
monomers and -40% hybrid fill 
(-29% of 6pm and - 11% of 0.03pm 
average particle size, silane-treated 

quartz particles). Benzoyl peroxide 
catalyst (= 1.0%) 
Liquid: BIS-GMA combined with 
a urethane oligomer 

Powder: Fl~~oroaluminosilicate glass 
Liquid: HEMA, water, copolymer of 
acrylic and n~aleic acids, activator and 
camphorquinone (photoinitiator) 
Powderlliquid ratio of 3 g to 1 g 

Paste: 6G1, 10196 Ormco 
Liquid: 6G 1, 8/96 Glendora 

CA, USA 

Powder: 250851 GC Corp 
Liquid: 21 085 1 Itabashi-~LI 

Tokyo, Japan 

The ANOVA also showed significant differences 
(p<O.O1) in mean shearlpeel bond strengths for the 
different bracket varieties. Bond strengths with steel 
brackets (Optimesh and Victory) were generally 
greater than those with ceramic (Transcend 6000) 
and polycarbonate (Spirit MB) brackets (Table 111). 
Optimesh, Victory, Transcend 6000 and Spirit MB 
brackets had mean bond strength ranges of 10.4 to 
30.1 MPa, 14.5 to 25.4 MPa, 10.0 to 17.2 MPa, 
and 3.1 to 10.9 MPa, respectively. 

T h e r m o ~ ~ c l i n g  significantly affected only the 
Optimesh steel brackets bonded with Transbond XT 
or System 1+ (p<O.OOl; Table 111). The  mean bond 
strength was enhanced by 157 per cent (10.4 MPa to 
26.8 MPa) for those brackets bonded with Transbond 
XT, whereas those bonded with System 1 + were weak- 
ened by 34 per cent (30.1 MPa to 19.8 MPa), when 
compared with NT control groups. 
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Table Ill. Descriptive statistics of s h ~ o r / ~ e e l  bond strengths 

Adhesive Bracket Thermocycled Mean T-test Maximum Minimum S.D. 

(MPa) (P) (MP4 (MPa) 

Transbond XT SS-WC 
(Light-cured 
composite) 

SS-OPT1 

POLY 

CERAM 

System 1 + SS-WC 
(Chemical-cured 
composite) 

SS-OPT1 

POLY 

CERAM 

Fuji Ortho LC SS-WC 
(Light-cured resin- No 
modified glass- 
ionomer) SS-OPT1 

POLY 

CERAM 

*l 1 samples: one failed prior to testing 

Yes 20.0* 
No 14.5 

Yes 26.8 
No 10.4 

Yes 10.9 
No 10.9* 

Yes 13.6* 

No 14.0 

Yes 24.4 
No 25.4 

Yes 19.8 
No 30.1 

Yes 4.09 
No 3.06 

Yes 10.0 
No 14.6 

Yes 16.2 
18.6 

Yes 19.8 
No 16.2 

Yes 9.72 
No 10.3 

Yes 15.0 
No 17.2 

n.s = non-significant (p<0,05) S.D.= Standard deviation 

Table IV, Weibull onolysis and probability of survival for the various brackets using different bonding systems 

Adhesive Bracket N Mean Weibull Normalizing Probabiliy Stress for 9996, 95% and 5% 
Strength Modulus paramete (charar- of survival probabilities of survival 
(MP4 cteristic strength) at stress of (MPa) 

(MPa) 7.8 MPa 10.0 MPa 99% 95% 5% 

TransbondXT SS-WC 23 17.2 1.88 19.34 83% 75% 1.67 3.98 34.7 
(Light-cured POLY 23 10.9 5.58 1 1.77 90% 67% 5.16 6.91 14.3 
composite) CERAM 23 13.8 2.67 15.56 85% 74% 2.77 5.11 23.5 

System l+ SS-WC 24 24.9 5.39 27.05 100% 100% 11.5 15.6 33.2 
(chemical-cured POLY 24 3.58 1.94 4.06 3% 0% 0.38 0.88 7.13 
composite) CERAM 24 12.3 2.21 13.96 76% 62% 1.74 3.64 23.0 

Fuji Ortho LC SS-WC 24 17.4 2.83 19.57 93% 86% 3.84 6.84 28.9 
(Resin-modified POLY 24 10.0 3.61 11.15 76% 51% 3.12 4.89 15.1 
;lass-ionomer) CERAM 24 16.1 3.83 17.76 96% 90% 5.34 8.18 23.7 

When considering both T and N T  groups, multiple 
pairwise comparisons showed that the Victory- 
System l+  combination had the greatest mean bond 
strength which was also unaffected by thermo- 
cycling (T, 24.4 MPa ; NT, 25.4 MPa) (p<0.01). 
When considering only T groups, both the 
Optimesh-Transbond XT and Victory-System l +  
combinations had similar mean bond strengths 
(26.8 and 24.4 MPa, respectively). These were 
greater than all other combinations (p<0.05). 

The Weibull analysis was applied to the pooled 
T and N T  groups that were unaffected by thermo- 
cycling. These involved the Victory, Transcend 6000 
and Spirit MB brackets. Table IV shows the results 
of the Weibull analysis including the Weibull modu- 
lus and characteristic strength, together with the 
probabilities for survival under stresses of 7.8 and 
10.0 Mpa; the bond strengths considered to be 
clinically acceptable for most orthodontic needs by 
Reynolds21 and Maijer and Smith,22 respectively. 
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Table V. Failure interface for the various adhesive-bracket combinations 

Adhesive Bracket Thermocycled Failure interface (Category) 
NB(1) NR(2) COMBO) m 4 1  RC# ( 5 )  

Transbond XT SS-WC 
(Light-cured 
composite) SS-OPT1 

POLY 

CERAM 

System l+ SS-WC 
(Chemical-cured 
composite) SS-OPT1 

POLY 

CERAM 

Fuji Ortho LC SS-WC 
(Light-cured resin- 
modified glass SS-OPT1 
ionomer) 

POLY 

CERAM 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

Table VI. Failure interface pooled into "Undamaged" RC and "Damaged" RC categories 

Adhesive Bracket Thermocycled Fracture interface 
Undamaged RC Damaged RC 

Transbond XT SS-WC 
(Light-cured 
composite) SS-OPT1 

POLY 

CERAM 

System l+ SS-WC 
(Chemical-cured 
composite) SS-OPT1 

POLY 

CERAM 

Fuji Ortho LC SS-WC 
(Light-cured resin- 
modified glass- SS-OPT1 
ionomer) 

POLY 

CERAM 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
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Table VII. Adhesive Remnant Index 

Adhesive Bracket Thermocycled Distribution of the Adhesive Remnant Index 
(i) (ii) (iii) (iv) V )  

Transbond XT SS-WC 
(Light-cured 
composite) SS-OPT1 

POLY 

CERAM 

System l+ SS-WC 
(Chemical-cured 
composite) SS-OPT1 

POLY 

CERAM 

Fuji Ortho LC SS-VIC 
(Light-cured resin- 
modified glass SS-OPT1 
ionomer) 

POLY 

CERAM 

No 0 
Yes 0 
No 0 
Yes 0 
No 1 
Yes 2 
No 0 
Yes 0 

No 0 
Yes 0 
No 0 
Yes 0 
No 0 
Yes 0 
No 0 
Yes 0 

No 0 
Yes 0 
No 0 
Yes 0 
No 0 
Yes 0 
No 0 
Yes 0 

The combinations with the three highest Weibull 
moduli were Spirit MB-Transbond XT, Victory- 

System l +  and Transcend 6000-Fuji Ortho LC. 
Combinations with the three highest characteristic 
strengths were Victory-System l+ ,  Victory-Fuji 

Ortho LC and Victory-Transbond XT. 

The probabilities of survival at a stress level of 7.8 
MPa for Victory steel brackets using Transbond XT, 
System l +  and Fuji Ortho LC were 83, 100 and 93 
per cent, respectively. Similarly, the probabilities of 
survival for Spirit MB polycarbonate brackets using 
the three adhesives were 90, 3 and 76 per cent, respec- 
tively, and those for bonded Transcend 6000 ceramic 
brackets were 85,76 and 96 per cent, respectively. 

The stress levels required for 99, 95 and 5 per cent 
probabilities of survival for each adhesive and bracket 
combination are also given in Table TV. Based on the 
Weibull analysis, the maximum stress levels with a 
99 per cent probability of survival for Victory steel 
brackets bonded using Transbond XT, System l +  
and Fuji Ortho LC were 1.67, 1 1.5 and 3.84 MPa, 
respectively (Table IV). 

Table V lists the failure interface in the five categories. 
The predominant (64 per cent) bond failure 
interface was a cohesive RC fracture (Category 5). 
Categories were pooled (Table VI) for analysis, as 
either "Damaged RC (Categories 1, 2 and 3) or 
"Undamaged RC (Categories 4 and 5) since many 
cells in Table V have fewer than five observations. 

A log linear regression on these two pooled categories 
revealed significant differences in the failure inter- 
face for specific adhesive-bracket groups (p<O.OOl). 
Steel brackets (Victory and Optimesh) bonded 
using System 1 + and Fuji Ortho LC had significantly 
higher frequencies of "Damaged RC failure inter- 
faces compared with polycarbonate brackets (Spirit 
MB) using Transbond XT and Fuji Ortho LC 
(p<0.001). Thermocycling generally did not influ- 
ence failure interface outcomes of the bonds within 
each bracket variety (p>0.95), but did so for the dif- 
ferent bracket materials (p<0.05). 

Based on failure-interface outcomes, polycarbonate 
brackets (Spirit MB) and ceramic brackets 
(Transcend 6000) bonded with light or chemical- 
cured composite adhesives resulted in more 
"Undamaged RC failure interfaces, as shown in 
Table VI, than did steel brackets (Victory and 
Optimesh), especially following therm~c~cling. 

The Adhesive Remnant Index (AN) was only 
applicable to the 27 per cent (78 out of 288) of 
specimens that had been categorised into the 
"Undamaged RC failure interface group (Table VI). 
Of these 78 specimens, 44 had a score of (i) or (ii) 
(Table VII). There were only ten specimens that had 
either a score of (iv) or (v). 

Australian Orthodontic Journal Volume 15 No 4 April 1999 
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Discussion 

This experiment incorporated different adhesive and 
bracket combinations so that comparisons could be 
made directly amongst these systems without having 
to rely on data from other studies. It should also be 
noted that since the torque and angulation of 
Optimesh and Spirit MB prescription brackets are 
built into their slots rather than into their bases, it is 
unlikely that the orientation of the brackets relative 

to the shear blade would have had any effect on the 
results. This would validate the comparison of pre- 
scription brackets with the standard non-prescrip- 
tion brackets used in this study. 

No significant differences were found in the mean 
bond strengths for the three adhesive systems tested, 
except when polycarbonate brackets were used. The 
weakest combination occurred when polycarbonate 
brackets were bonded using the no-mix chemical- 
cured composite adhesive (Spirit MB-System l +  
groups). This finding would be supported by prior 
investigations of bonding to enamel, because bonds 
with two-paste chemical-cured composite adhesives 
have generally been found to be stronger than 
those with the no-mix chemical-cured composite 
adhesives,19'23-5 and bonds with light-cured no-mix 
composite adhesives have been shown to be as strong 
as those with two-paste chemical-cured composite 
adhesives.26-29 All these previous studies have 
implied therefore that the no-mix chemical-cured 
composite adhesives are weaker than the no-mix 
light-cured composite adhesives. This was certainly 
found to be the case in the present study. 

The fact that low strengths were found for the 
bonded polycarbonate brackets might suggest the 
need for the use of plastic-bracket primers, which 
were developed to improve bonding of diacrylate 
adhesives to plastic.19-31 When Spirit MB polycar- 
Donate brackets were used, the manufacturer's rec- 
ommendation not to use such primers was adhered 
to in this study. Furthermore, although these poly- 
carbonate brackets are reinforced with glass fillers 
and metal slots,32-35 they are more likely to deform 
under shearlpeel loading than either ceramic or metal 
brackets, thus accentuating the peel component, in 
turn, leading to lower bond strengths.32'33 

It is interesting to note that thermocycling only 
affected the groups with Optimesh steel brackets. 
The lower mean strength found after thermocycling 
for these steel brackets bonded with chemical-cured 
composite adhesive would be supported by the 
findings of Klockowski et al.36 and Millet and 
McCabe,37 in studies involving steel brackets bonded 
to enamel. In contrast, an increase was found in the 

' Ny mean bond strength after thermo~~cling for the 
C t S- Paul MN USA same Optimesh brackets, this time bonded with 

light-cured composite adhesive. Unfortunately, this 

difference could not be confirmed with reference to 
available studies,11,12.17,19,36,38 none of which have 
involved any comparison of thermocycled and non- 

thermocycled bracket specimens when using light- 
cured composite adhesives. 

If mean bond strength only is used as a reflection of 
likely clinical performance, the Victory steel brackets 
bonded with chemical-cured composite adhesive 
would be recommended, because they showed the 
highest mean strength, regardless of thermocycling 
(p<0.01). If, however, the effects of experimental 
thermocycling to mimic the thermal stresses in the 
oral environment are also taken into account, both 
Optimesh brackets bonded with light-cured com- 
posite adhesive (Transbond XT) and Victory steel 
brackets bonded with chemical-cured composite 
adhesive (System S+) would be recommended, 
with thermocycling, both these combinations showed 
superior mean strengths when compared with all 
other tested combinations (p<0.05). It must be said, 
however, that all tested bracket-adhesive combina- 
tions, except for the polycarbonate brackets (Spirit 
MB) bonded with chemical-cured composite adhe- 
sive (System S+), attained clinically-acceptable mean 
bond strengths, even according to the 8 to 10 MPa 
recommendation of Maijer and Smith,22 which 
itself exceeds the commonly-recommended 5.9 to 
7.8 MPa range of Reynolds.21 

The study by Chunhacheevachaloke and Tyas14 
reported mean shear bond strengths in the range of 
19.2 (Â 6.8) MPa for ceramic brackets bonded to 
RC with chemical-cured composite adhesive, and 
not subjected to thermocycling. This range is com- 
parable to that found in the present study for such 
non-thermocycled ceramic bracket specimens bond- 
ed with chemical-cured composite adhesive (14.0 Â 

6.9 Mpa). Newman et a1.11 examined the bonding 
of steel brackets to RC*-"-* surfaces using a two-paste 
composite adhesive*^ and subjected to thermo- 
cycling, reporting a mean bond strength of 9.0 
(Â 0.5) MPa. This is lower than the mean bond 
strength following thermocycling found in the 
present study for steel brackets (Victory and 
Optimesh) similarly bonded with chemical-cured 
composite adhesive 24.4 (L 5.8) and 19.8 (Â 8.0), 
respectively. The considerably greater ranges found 
in this study may at least be partly explained by 
improvements that have recently been made in both 
bracket design and adhesive formulation. 

The Weibull survival analysis was used in this study, 
since it has previously been shown to provide a reas- 
onable indication of the likely clinical performances 
of various bracket-adhesive combinations, focusing 
on the probability of bond survival or failure rather 
than simply on mean bond strength.39-44 The 
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Weibull analysis requires the use of as many speci- 
mens within each subgroup as possible (at least 20) 
for a reliable prediction to be made. "Unaffected 
corresponding thermocycled and non-thermocycled 
groups were therefore pooled to increase the sample 
size of each group. This was only possible for 
bracket-adhesive combinations involving Victory, 
Transcend 6000 and Spirit MB brackets. 
Comparing these three bracket varieties and all 
adhesives, using the Weibull analysis and Reynolds' 
recommendation21 of 7.8 MPa as the minimum 

clinically acceptable bond strength, combinations 
with probabilities of bond survival of greater than 
90 per cent were: Victory-System l+, Transcend 
6000-Fuji Ortho LC, Victory-Fuji Ortho LC, and 
Spirit MB-Transbond XT. In addition, the reliability 
of the bond is a function of both the Weibull modu- 
lus and its characteristic strength; a high modulus 

reflects a close grouping of results and therefore 
increased bond-reliability. Taking all the parameters 
of the Weibull analysis into consideration, the above 
bracket-adhesive combinations would be preferred 
to the others tested in this study, if bond strength 
and bracket-survival were considered to be the only 
important clinical factors. 

If the combination least likely to cause damage 
during debonding to the RC surface itself were the 
mere choice, according to the results of this study, 
the Spirit MB brackets bonded with Transbond XT 
would be preferred. This combination was, however, 
found to have only a 67 per cent probability of sur- 
vival according to the clinically acceptable bond 
strength recommendation of Maijer and Smith.22 
This means that, to decrease the clinical risk of 
damage occurring to the RC surface, a higher rate of 
bond failure may have to be accepted. Brackets may 
therefore have to be rebonded several times during 
treatment, in order to limit the potential for damage 
during debonding. This perhaps highlights the fact 
that this is not simply a search for the strongest 
bond, but instead for one that is clinically useful, 
allowing brackets to be retained throughout the 
active treatment period, before being then removed 
efficiently at the end of active treatment without 
damaging the bonding surface, whether that be 
enamel, RC or anything else. Furthermore, with 73 
per cent of the RC specimens experiencing some 
form of surface damage, if this study were to truly 
mimic what might happen clinically, patients would 
have to be informed that surfaces of RC restorations 
with bonded brackets would very likely be damaged 
upon intentional or unintentional debonding, 
requiring further restoration of the involved tooth. 

Limitations of this study 

Extrapolation of laboratory results to the clinical 
situation must be made with caution,39'45 
although many factors in this study were con- 
sidered to mimic ideal clinical situations. 

The resin-composite cylinders were only thermo- 
cycled after the bonding of brackets to them. 
Thermocycling before bonding may have more 
closely simulated the normal ageing of resin- 
composite restorations in the mouth. 

Hand pressure only was used to ensure close 
adaptation of bracket bases to the bonding sur- 
faces, much as would be done in normal clinical 
practice. Neither a special gauge (such as a 
modified Dontrix gauge; Chamda and Stein29) 
nor any extra weight was used to apply pressure 
to the bonded brackets before initial set. It is 
possible that hand pressure alone may not result 
in a really consistent thickness of adhesive. 
This, in turn, might somehow have influenced 
the bond strengths of the specimens. In addition, 
since adhesive thickness was not measured, vari- 
ation in film thickness may have occurred. It is 
also likely that the thickness of cement would 
have varied across the bases of individual brack- 
ets, since most bracket bases are designed with 
some curvature on their seating surfaces, to 
facilitate close adaptation to the tooth surfaces. 

Concluszons 

Mean bond strengths were significantly different 
for the four varieties of bracket, although the 
bond strengths were not influenced by the 
various bonding systems used within each 
bracket variety. 

All bracket-adhesive combinations had mean 
bond strengths that were assessed to be clinically 
satisfactory, except for the Spirit MB-System l+  

combination. 

Thermocycling affected only the Optimesh 
steel brackets bonded with both light- and 
chemical-cured composite adhesives. The mean 

bond strength for Optimesh brackets bonded 
with Transbond XT was enhanced by 157 per 
cent, while the mean bond strength for 
Optimesh brackets bonded with System 1 t was 
diminished by 34 per cent, when compared 
with non-thermocycled controls. 

With thermocycling, both the Optimesh- 
Transbond XT and Victory-System l+  combi- 
nations showed greater mean bond strengths 
(26.8 and 24.4 Mpa, respectively) than all 
other combinations (p<0.05). 
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The Weibull survival analysis, used for predicting 
clinical performance of bracket-adhesive com- 
binations, indicated that Victory-System l+, 
Transcend 6000-Fuji Ortho LC, Victory-Fuji 
Ortho LC, and Spirit MB-Transbond XT 
combinations all have survival probabilities 
of greater than 90 per cent; that is, their sur- 
vival rates when bonded to RC would all be 
clinically acceptable. 

The bond failure site was mainly (64 per cent) 
cohesive RC fracture; that is, the RC restorative 
surfaces were damaged in most cases. 

The bracket-adhesive combination with the 
lowest frequency of cohesive type RC fractures, 
and therefore the least likely to damage the RC 
surfaces, was the Spirit MB-Transbond XT 
system. That said, bond strength and the 
potential for surface damage during debonding 
are not the only bracket andlor adhesive prop- 
erties to be considered when choosing brackets 
for bonding. These properties should also be 
considered alongside others such as the strength 
of the bracket itself, friction within the bracket 
slot, patients' wishes, cost of materials and the 
actual presenting problems. 
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