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Abstract 
 

A new epoxy-based resin, Filtek Silorane, has recently been introduced for restorative dental fillings. This study aimed 

to assess its effectiveness for orthodontic bracket bonding on unground enamel. Shear bond strength was tested using two 

adhesives—Filtek Silorane and Transbond XT—paired with steel, ceramic, and polymer brackets. Filtek Silorane was 

applied following either its self-etching primer protocol or conventional phosphoric acid etching, while Transbond XT, 

etched only with phosphoric acid, served as the control. All specimens underwent 1000 thermo-cycles between 5 and 

55 °C. Shear testing was performed using an Instron 3344 machine, and ARI scores were recorded. Results indicated that 

Filtek Silorane exhibited poor adhesion to unprepared enamel, regardless of the etching method (0.87–4.28 MPa), 

whereas the control group showed significantly higher bond strength (7.6–16.5 MPa). ARI analysis revealed that failures 

with Filtek Silorane occurred at the enamel-adhesive interface, while failures with Transbond XT predominantly occurred 

at the adhesive–bracket interface. Overall, the epoxy-based resin Filtek Silorane is unsuitable for bonding brackets to 

unground enamel. 

Key words: Bracket bonding, Enamel, Silorane, Shear bond strength 

 

How to cite this article: Pasinlioglu T, Karatas Y, Bayram V.  Siloranes: Evaluating a New Adhesive for Bonding Orthodontic Brackets. Ann Orthod 

Periodontics Spec. 2022;2:36-41. https://doi.org/10.51847/mzDJLitUEM 

Introduction 

Since Buonocore introduced dental adhesives [1], numerous modifications have been pursued to create resins that are more 

stable, aesthetically appealing, or easier to handle [2]. Most dental resins are based on methacrylate chemistry, which 

polymerizes through free-radical–induced opening of double bonds that then react with other methacrylate molecules. A 

major limitation of methacrylate-based resins is the relatively high polymerization shrinkage, caused by increased viscosity 

that restricts the flow of unpolymerized monomers and radicals in the post-gel phase, resulting in material contraction [3]. 

This shrinkage poses a significant challenge for maintaining the marginal integrity of large restorations. Over the past decade, 

the polymerization shrinkage of methacrylate resins for posterior restorations has decreased to 1–3%, achieved through two 

key modifications: extending the methacrylate chain length from 86.1 g/mol to 514.6 g/mol, which reduced shrinkage from 

22% to 8% [4], and incorporating nanoparticles as fillers, further lowering shrinkage to the current 1–3% [4]. Despite these 

advances, shrinkage remains a central concern in restorative dentistry, as evidenced by numerous studies. 
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Researchers have also explored alternatives to methacrylates to further reduce shrinkage. Epoxy-based resins polymerize via 

cationic opening of oxirane rings, resulting in minimal shrinkage [4, 5] or even slight expansion [6], which improves marginal 

integrity and reduces micro-leakage at the dentin–resin interface compared to conventional composites [7]. However, epoxy 

resins can present challenges, such as cytotoxicity [5], with epoxides capable of inducing chromosomal aberrations [5]. By 

combining oxiranes with hydrophobic siloxanes—oxidized silicones—these cytotoxic effects are eliminated, producing the 

so-called Siloranes, described by Guggenberger and Weinmann and patented by 3M/ESPE [8]. The high biocompatibility of 

siloranes is attributed to the inhibition of oxirane hydrolysis by siloxanes [9] and the low toxicity of the monomers [10]. Their 

hydrophobicity also reduces bacterial adhesion [11] and dye absorption [4]. Mechanically, siloranes demonstrate comparable 

e-modulus and flexural strength to methacrylates [11], though marginal adaptation and micropermeability results remain 

controversial [12, 13]. Shear bond strengths are generally lower for siloranes, both to dentin [14] and enamel [15], as well as 

to aged methacrylate blocks simulating restoration repairs [16]. 

In orthodontic applications, some of these issues are less critical. Polymerization shrinkage is less relevant due to the thin 

adhesive layer between bracket and enamel, and water absorption or resin degradation is less concerning because the bond is 

only required for 1–3 years. The lower dye absorption and reduced bacterial adhesion are advantageous features. The primary 

concern, however, is shear bond strength to unetched enamel, which has not been thoroughly investigated. Previous studies 

by the resin developers indicated good adhesion to dentin and prepared enamel [17, 18]. The present study hypothesizes that 

if Filtek Silorane demonstrates strong adhesion to unground enamel and various bracket materials, it could achieve shear 

bond strengths comparable to or exceeding conventional methacrylate systems, making it a viable option for orthodontic 

bracket bonding. 

Materials and Methods 

This study assessed the shear bond strength of two adhesives—Transbond XT (3M/ESPE, Monrovia, CA, USA), used as a 

control, and Filtek Silorane (3M/ESPE, Monrovia, CA, USA)—in combination with three bracket types: ceramic (Clarity, 

3M/ESPE), metal (Victory, 3M/ESPE), and composite (Esthetic Line, Forestadent, Pforzheim, Germany). Freshly extracted 

bovine teeth were used to simulate human enamel. After extraction, the roots were shortened and pulp tissue removed within 

24 hours; crowns were then stored in frequently refreshed tap water at room temperature for 1–3 days. Tooth surfaces were 

polished with unfluoridated pumice (Kerr Pumice Fine, Orange, CA, USA) using a contra-angle handpiece at 2500 rpm for 

10 seconds per specimen. 

A total of 135 teeth were assigned to nine groups of 15 specimens. For Transbond XT, enamel surfaces were etched with 

35% phosphoric acid for 30 seconds, followed by application of Transbond MIP primer, which was light cured for 10 seconds. 

For Filtek Silorane, two etching protocols were applied: either the self-etching Silorane primer alone or phosphoric acid 

etching for 30 seconds prior to the primer. The self-etching primer was applied for 15 seconds, gently air-dried for 10 seconds, 

and light cured for 10 seconds. Filtek Silorane bonding resin was then applied, air-dried for 10 seconds, and light cured for 

an additional 10 seconds. Brackets were carefully positioned on the tooth surface, excess adhesive removed, and cured for 

20 seconds using an Ortholux LED light (3M/ESPE). 

All samples were subjected to 1000 thermo-cycles between 5 °C (±1 °C) and 55 °C (±1 °C), with 25-second immersion per 

bath and a total cycle duration of 60 seconds. Teeth were embedded in methacrylate resin (Technovit 4071, Heraeus Kulzer, 

Germany), aligning the bonding surface parallel to the shear force vector, leaving a 0.5 mm clearance for the testing device. 

Shear bond strength was measured using an Instron 3344 machine at a crosshead speed of 1 mm/min. The Adhesive Remnant 

Index (ARI) was evaluated under 3.5× magnification according to Artun and Bergland [19], with scores ranging from 0 (no 

adhesive on enamel) to 3 (all adhesive remaining on the tooth). 

Statistical analysis was conducted using GraphPad Prism (GraphPad, San Diego, CA, USA). As some groups deviated from 

normal distribution (Kolmogorov–Smirnov test), differences were assessed using ANOVA with Kruskal–Wallis and Dunn’s 

post-test at a significance level of p ≤ 0.05. 
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Results 

After thermo-cycling, 23% of Filtek Silorane specimens detached spontaneously, irrespective of whether phosphoric acid 

was used prior to self-etching, while all Transbond XT samples remained intact. Filtek Silorane consistently demonstrated 

very low bond strength to unprepared bovine enamel, significantly lower (p ≤ 0.05) than Transbond XT for all bracket types 

(Table 1, Figure 1). ARI scoring revealed that failures in Filtek Silorane samples occurred predominantly at the enamel-

adhesive interface, whereas in Transbond XT groups, failures were mainly observed at the adhesive–bracket interface (Table 

1, Figure 2). 

 
Figure 1. Average shear bond strengths with standard deviations; Filtek Silorane groups showed significantly lower 

values compared to Transbond XT (p ≤ 0.05) 

 
Figure 2. ARI scores for all groups. Higher scores reflect failure at the enamel–adhesive interface, while lower scores 

indicate failure at the bracket–adhesive interface 

 

Table 1. Comparison of the mean shear bond strength [N], standard deviations (SD) and ARI. The column significance 
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shows differences according to the shear bond strength (p ≤ 0.05) 

Adhesive and Etching Mode 
Group Name, Bracket 

Type, n 

Shear Bond Strength 

[MPa], (SD) 

Significance at p ≤ 

0.05 

ARI 

Score 

Filtek Silorane, Silorane self-etching 

primer 

A, ceramic, 14 3.50 (1.71) G–K 0.27 

B, polymer, 4 1.37 (1.87) G–K 0 

C, metal,11 1.77 (0.97) G–K 0.09 

Filtek Silorane, conventional etching, 

Silorane primer 

D, ceramic, 15 4.28 (1.43) G–K 0.57 

E, polymer, 9 0.87 (0.53) G–K 0.22 

F, metal, 15 2.71 (0.91) G–K 0.27 

Transbond XT, Conventional etching, 

Transbond MIP 

G, ceramic, 15 16.5 (12.2) A–F, K 3.0 

H, polymer, 15 7.62 (3.62) A–F, K 2.9 

I, metal, 15 14.0 (4.89) A–F, K 2.6 

Discussion 

Due to the increasing difficulty in obtaining extracted human teeth because of advances in conservative dentistry, bovine 

incisors were used in this study as a substitute for human enamel. The ISO 11,405 standard recommends bovine enamel for 

adhesive shear testing, and literature supports its use, reporting comparable [20–23] or slightly lower [24] bond strengths. 

Retentive etching patterns differ minimally between the two species, with no significant impact on adhesion [22], and 

histological and anatomical features are largely similar [22, 23, 25], supporting the suitability of bovine enamel as a model. 

For orthodontic purposes, ideal shear bond strength should minimize bracket failures during treatment while allowing easy 

debonding at the end to prevent enamel damage or hypersensitivity [26]. In this study, Filtek Silorane exhibited shear bond 

strengths to unground bovine enamel below the minimum values recommended by Reynolds [27], regardless of etching 

method. These results were considerably lower than those reported in studies by the developers of Silorane [17, 18]; however, 

two key differences in methodology may explain this. First, previous studies used ground bovine enamel or dentin, simulating 

prepared cavity surfaces rather than intact enamel, which is more mineralized and typically provides lower adhesion [28, 29]. 

Second, the earlier investigations did not include thermo-cycling, which is known to significantly affect bond strength [30–

33] due to stress induced at the adhesive interface from differences in thermal expansion between enamel and composite. 

Filtek Silorane may be particularly sensitive to such thermal stresses. Although standard thermo-cycles (5 °C to 55 °C) may 

not perfectly reflect in vivo conditions, the bond strength of Transbond XT was largely unaffected by this process, consistent 

with prior studies [32, 34, 35]. Previous work has also shown that certain self-etching primers experience spontaneous 

debonding under identical thermo-cycling, while conventional etching remains stable [36], indicating that thermo-cycling 

effectively distinguishes adhesives with differing stress tolerance. 

ARI analysis showed that Transbond XT failures primarily occurred at the bracket–adhesive interface, while Filtek Silorane 

failures were concentrated at the enamel–adhesive interface, regardless of bracket type. This prevented further evaluation of 

Filtek Silorane’s bonding performance with different brackets. Overall, Filtek Silorane demonstrated insufficient adhesion to 

unprepared enamel. 

Conclusions 

Currently, siloranes cannot be considered a viable alternative to conventional methacrylate adhesives for orthodontic bracket 

bonding. 
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