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ABSTRACT 

 
Quantitative analysis of ceramic bracket 

base surfaces by 3D imaging system 
 

DA YOUNG KANG 

Department of Dental Science 

The Graduate School, Yonsei University 

(Directed by Professor CHUNG-JU HWANG) 

  
Bracket base morphology can influence the bond strength of brackets by determining the 

geometry of the cement tags and stress distribution within the cement bracket interface. 

However, there are a few studies about bracket base itself, and only by two-dimensional 

analysis. The purpose of this study was to investigate the three dimensional structural features 

of various ceramic bracket bases by comparing and quantitatively analyzing differences in 
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surface features of each ceramic bracket base using scanning electron microscope, optical 

interferometry, and microcomputed tomography.  

 One of metal [MicroArch (Tomy, Tokyo, Japan)] and four types of ceramic maxillary right 

central incisor brackets [Crystaline MB (Tomy, Tokyo, Japan), INVU (TP Orthodontics, 

LaPorte, IN, USA), Fascination (Dentaurum, Ispringen, Germany), and Inspire ice (Ormco, 

Glendora, CA, USA)] were tested in this study. The bracket bases were examined with a 

scanning electron microscope to assess surface topography, and each bracket showed unique 

surface texture (MicroArch, Double mesh; Crystaline MB, Irregular; INVU, Single mesh; 

Fascination, Smooth; Inspire ice, Bead ball).  

With a three-dimensional optical surface profiler, characteristic three dimensional base 

surface features and roughness of each bracket can be obtained. MicroArch metal bracket 

showed the highest roughness among all brackets tested in this study. Crystaline MB showed 

the highest roughness among the ceramic brackets, INVU was the next, and Fascination 

showed the lowest roughness. 

Whole and unit bracket base surface areas were evaluated with a Microcomputed 

tomography. MicroArch metal bracket showed the largest whole (50.04 ± 1.07 mm2) and unit 



 

vi 

(20.48 ± 0.86 mm2) bracket base surface area. INVU showed the largest whole bracket base 

surface area (45.46 ± 0.87 mm2) among the ceramic brackets, Inspire ice (35.02 ± 0.75 mm2) 

was the next, and then Cystaline MB (33.73 ± 0.60 mm2). Fascination (27.81 ± 0.56 mm2) 

showed the smallest whole bracket base surface area. Inspire ice showed the largest unit 

bracket base surface area(15.28 ± 0.72 mm2) among the ceramic brackets, INVU (14.64 ± 

0.50 mm2) was the next, and then Cystaline MB (14.48 ± 0.35 mm2). Fascination (14.14 ± 

0.22 mm2) showed the smallest unit bracket base surface area.  

In this study, we evaluated bracket base surface structures by quantitatively and three 

dimensionally. With the further studies of bond strength change according to three 

dimensional surface structure alterations, brackets that give optimal bonding can be produced. 

 

 

 

 

 

 

Key words: ceramic bracket, base surface, three dimensional analysis
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I. INTRODUCTION 

 

With the increasing esthetic demands of orthodontic patients, ceramic brackets have been 

popularly widespread among a lot of patients. Based on this trend many bracket manufacturers 

developed their own kinds of ceramic brackets, and many different kinds of ceramic brackets 

are available on the market (Russell, 2005).  

Bond strength of bracket is an important factor for success of orthodontic treatments, and it 

has been a subject of several researches. Most researches were on the bond strength of metal 
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brackets, and many of them concluded bracket base design such as different base geometries, 

mesh size, mesh numbers, and surface treatment of the mesh affected bond strength (Knox et 

al., 2000; Mehta et al., 2008; Sharma-Sayal et al., 2003; Smith and Reynolds, 1991; Sorel et 

al., 2002; Wang et al., 2004). There were some researches on the bond strength of various 

ceramic brackets with various base designs, and it also showed that the shear bond strength of 

ceramic brackets was greatly affected by base design (Eliades et al., 1993; Falkensammer et 

al., 2011; Kukiattrakoon and Samruajbenjakul, 2009).  

Ceramic brackets had exhibited significantly higher bond strength than that of the 

stainless steel brackets (Eslamian et al., 2011; Joseph and Rossouw, 1990; Viazis et al., 

1990). Ceramic bracket bonding mechanisms are divided into three groups: those with 

mechanically retentive bases, silane-treated chemically retentive bases, and both 

mechanically and chemically retentive bases. Various studies have shown evidence that in 

silane-treated chemically retentive ceramic bracket bases the bonding strength between 

the adhesive and ceramic can approach the enamel strength and that this can make enamel 

fractures more likely (Falkensammer et al., 2011). Mechanically retentive ceramic 

brackets exhibit lower enamel fracture rate than do chemically retentive ceramic brackets 
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(Eliades et al., 1993; Gittner et al., 2012; Viazis et al., 1990; Wang et al., 1997). Therefore, 

mechanically retentive ceramic bracket base design will be more favorable than 

chemically retentive ceramic brackets. Increased mechanical retention in the base of the 

bracket reduces enamel damage during debonding by increasing the thickness of the 

adhesive while maintaining adequate bond strength (Bordeaux et al., 1994). There were 

some trials to reduce ceramic bonding strength during debonding with laser, heat and 

chemical agent (Azzeh and Feldon, 2003; Oztoprak et al., 2010; Ryu et al., 2011). 

However, by modifying bracket base design in mechanically retentive way the bracket 

that gives sufficient bonding strength without enamel damage during debonidng can be 

more easily obtained than other methods. 

Bracket base morphology can influence the bond strength of bracket by determining the 

geometry (depth, size, and distribution) of the cement tags and stress distribution within the 

cement bracket interface (Knox et al., 2000). However, there are a few studies about bracket 

base itself. Almost of them are about metal brackets and only by two dimensional analysis 

(Bishara et al., 2004; Knox et al., 2000; Merone et al., 2009; Sfondrini et al., 2012; Sharma-

Sayal et al., 2003; Smith and Reynolds, 1991; Wang et al., 2004).  
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The purpose of this study was to investigate the three dimensional structural features of 

various ceramic bracket bases by comparing and quantitatively analyzing differences in 

surface features of each ceramic bracket base using scanning electron microscope, optical 

interferometry, and microcomputed tomography. 
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II. MATERIAL AND METHODS 

 

1. Materials  

 

Five types of maxillary right central incisor brackets were used in this study. One of 

bracket types was metal bracket [MicroArch (Tomy, Tokyo, Japan)] for comparison with 

ceramic brackets. The rest were four different kinds of ceramic brackets for the study of 

ceramic bracket base. The ceramic brackets tested were as follows: Crystaline MB (Tomy, 

Tokyo, Japan), INVU (TP Orthodontics, LaPorte, IN, USA), Fascination (Dentaurum, 

Ispringen, Germany), and Inspire ice (Ormco, Glendora, CA, USA). Each ceramic bracket 

had various base designs (Irregular, Crystaline MB; Polymer mesh, INVU; Smooth, 

Fascination; Bead ball, Inspire ice). The characteristics of the five types of brackets used in 

this study are listed in Table 1. 
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Table 1. Identification of brackets used in this study  

Name of  

bracket 
Manufacturer Type Base design 

MicroArch Tomy, Tokyo, Japan Stainless steel Double mesh 

Crystaline MB Tomy, Tokyo, Japan Polycrystalline alumina Irregular 

INVU TP Orthodontics, La Porte, IN, USA Polycrystalline alumina Polymer mesh 

Fascination Dentaurum, Ispringen, Germany Polycrystalline alumina Smooth 

Inspire ice Ormco, Glendora, CA, USA Monocrystalline alumina Bead ball 

 

2. Methods 

 

A. Scanning electron microscopy (SEM) analysis 

The bracket bases were examined with a scanning electron microscope (S-3000N, Hitachi, 

Tokyo, Japan) to assess surface topography. The specimens were viewed and photographed at 

magnifications of 20X and 100X with a SEM at an operating voltage of 20 kV. 

 

B. Optical interferometry analysis 

The bracket bases were analyzed with a three-dimensional optical surface profiler 

(NewView 6300, Zygo Corp., Middlefield, CT, USA) based on non-contact scanning white 
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light interferometery to evaluate three-dimensional surface configuration and roughness of 

each bracket. Ten samples of each bracket were examined. Three-dimensional 

intererograms of the specimens were recorded and two following surface roughness 

parameters were investigated: root mean square (RMS) and roughness average (Ra). RMS 

is the root mean square value obtained from the ordinate values of the roughness profile, 

and Ra is the arithmetic mean value of the movement of the profile above and below the 

center line of the surface.   

 

C. Microcomputed tomography (Micro-CT) analysis  

Ten samples of each bracket base were examined with a Microcomputed tomography 

(Skyscan 1076, Skyscan, Kontich, Belgium) to evaluate three dimensional surface areas. The 

total bracket base surface areas were evaluated by measuring whole bracket base surface area. 

The unit bracket base surface areas were evaluated by measuring bracket base surface area in 

2 mm x 2 mm square unit with a micro-CT. Surface increment ratio was calculated by dividing 

the mean value of the unit bracket base surface areas by 4 mm2. 
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D. Statistical analysis  

Means and standard deviations of base surface areas were determined and statistically 

analyzed with the PASW Statistics 18 (SPSS Inc., Chicago, IL, USA). Normality of the data was 

calculated using the Kolmogorov-Smirnov test. One-way analysis of variance (ANOVA) was 

used to find differences of bracket base surface areas between groups according to base designs. 

Tukey’s Honestly Significant Differences (HSD) tests were used for post hoc comparisons. The 

level of statistical significance was set at α = .05. 
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III. RESULTS 

 

1. Scanning electron microscopy (SEM) analysis 

 

Scanning electron photomicrographs of each bracket base are presented in Figure 1. Each 

bracket showed unique surface texture. As expected MicroArch showed double-mesh bracket 

base. Crystaline MB showed rough surface with prominent irregularities, and INVU showed 

single mesh bracket base. Fascination showed smooth surface with tiny circular dents on 

bracket base, and Inspire ice had many small beads scattered on the bracket base. 
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Figure 1. Scanning electron photomicrographs of each bracket base (Original magnification: 

left, x20; right, x100). A, MicroArch; B, Crystaline MB; C, INVU; D, Fascination; E, 

Inspire ice. 
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2. Optical interferometry analysis  

 

Three-dimensional interferograms of each bracket base are presented in Figure 2. Each 

bracket showed characteristic three dimensional base surface features. While MicroArch metal 

bracket showed their roughness by double layered mesh, ceramic brackets showed their 

roughness by surface irregularity of ceramic itself and characteristic surface features such as 

mesh and ball (Figure 2). Moreover, even though Fascination showed smooth surface to the 

naked eye, it showed uneven and indented three dimensional surfaces when it examined with a 

three dimensional optical profiler (Figure 2, D). The measured surface roughness parameters 

are presented in Table 2. The ranking of surface roughness from the highest to the lowest was 

MicroArch (RMS, 73.73; Ra, 64.15), Crystaline MB (RMS, 39.74; Ra, 30.32), INVU (RMS, 

33.67; Ra, 28.10), Inspire ice (RMS, 16.39; Ra, 14.14), and Fascination (RMS, 0.47; Ra, 0.34). 

Surface roughnesses of tested brackets in a descriptive diagram are shown in Figure 3. 

ANOVA showed the presence of significant differences among the various groups (P < 0.001). 

Post hoc testing showed that each bracket had significantly different roughness (P < 0.001) 

except Ra value of Crystaline MB and INVU (P = 0.441). 
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Figure 2. Three-dimensional interferograms of each bracket base (0.7mm x 0.5mm, x10 

magnification). A, MicroArch; B, Crystaline MB; C, INVU; D, Fascination; E, Inspire ice. 

Colors indicate surface height of bracket base. Left, two-dimesional plot; Right, three-

diemensional oblique plot.  
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Table 2. Surface roughness values measured by optical profiler (µm) 

  RMS  Ra 

Bracket Mean SD  Mean SD 

MicroArch 73.73e 3.04   64.15D 3.23  

Crystaline MB 39.74d 5.39   30.32C 5.00  

INVU 33.67c 2.70   28.10C 2.61  

Fascination 0.47a 0.08   0.34A 0.05  

Inspire ice 16.39b 0.50   14.14B 0.60  

The same superscripts indicate no statistically significant difference between the groups (P 

>0.05). Increasing group mean values were expressed with ascending alphabetical order. 

RMS, root mean square; Ra, roughness average.  

 

 

 

 

Figure 3. Surface roughness values of tested brackets. All data showed significant difference 

except Ra value between Crystaline MB and INVU. 
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3. Microcomputed tomography (Micro-CT) analysis 

 

Microcomputed tomography images of each bracket base are presented in Figure 4. The 

measured brackets base areas are presented in Table 3. The ranking of whole bracket base 

surface area (Yellow area in Figure 4) from the highest to the lowest was MicroArch (50.04 ± 

1.07 mm2), INVU (45.46 ± 0.87 mm2), Inspire ice (35.02 ± 0.75 mm2), Cystaline MB (33.73 ± 

0.60 mm2), and Fascination (27.81 ± 0.56 mm2). Whole bracket base surface areas of tested 

brackets in a descriptive diagram are shown in Figure 5. The ranking of both unit bracket base 

surface area (Blue area in Figure 4) and surface increment ratio from the highest to the lowest 

was MicroArch (20.48 ± 0.86 mm2; 5.12), Inspire ice (15.28 ± 0.72 mm2; 3.82), INVU (14.64 

± 0.50 mm2; 3.66), Cystaline MB (14.48 ± 0.35 mm2; 3.62), and Fascination (14.14 ± 0.22 

mm2; 3.54). Surface increment ratios of tested brackets in a descriptive diagram are shown in 

Figure 6. ANOVA showed the presence of significant differences among the various groups (P 

< 0.001). Post hoc testing showed that each bracket had significantly different total bracket 

base surface area (P < 0.01). Significant differences in unit bracket surface area were also 

found between metal and all four kinds of ceramic brackets (P < 0.001) and between 
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following ceramic brackets:  Crystaline MB – Inspire ice (P = 0.028) and Fascination – 

Inspire ice (P = 0.001). No significant difference in unit bracket surface area was found 

between following brackets: Crystaline MB – INVU (P = 0.975), Crystaline MB – Fascination 

(P = 0.676), INVU – Fascination (P = 0.320), and INVU – Inspire ice (P = 0.112). 
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Figure 4. Micro-CT images of each bracket base. A, MicroArch; B, Crystaline MB; C, INVU; 

D, Fascination; E, Inspire ice. Yellow areas indicate whole bracket base surface area measured. 

Blue areas indicate 2 mm x 2 mm square unit bracket base surface area measured.  
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Table 3. Bracket base surface area measured by micro-CT (mm2) 

  Total area Unit area 

Bracket Mean SD Mean SD 
Surface increment 

ratios 

MicroArch 50.04e 1.07  20.48C 0.86  5.12  

Crystaline MB 33.73b 0.60  14.48A 0.35  3.62  

INVU 45.46d 0.87  14.64AB 0.50  3.66  

Fascination 27.81a 0.56  14.14A 0.22  3.54  

Inspire ice 35.02c 0.75  15.28B 0.72  3.82  

The same superscripts indicate no statistically significant difference between the groups 

(P >0.05). Increasing group mean values were expressed with ascending alphabetical 

order. Total area, measured whole bracket base surface area (Yellow area in Figure 4); 

Unit area, measured bracket base surface area in 2 mm x 2 mm square unit area (Blue area 

in Figure 4); Surface increment ratios, calculated by dividing mean unit bracket base 

surface area by 4 mm2. 

 

 
Figure 5. Total bracket base surface area (mm2). All data showed significant difference. 
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Figure 6. Surface increment ratios of tested brackets. *P < 0.05; **P < 0.01; ***P < 0.001. 
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IV. DISCUSSION 

 

The present study assessed different ceramic bracket base surface structure using scanning 

electron microscope, optical interferometry, and microcomputed tomography. 

Scanning electron microscopy analysis of the ceramic bracket bases confirmed the 

differences of bracket base configuration among bracket samples. Each of brands had their 

unique surface characteristics to increase surface area for adequate bonding and make 

undercuts with various designs for mechanical retention of adhesive resin.  

Optical profilers are interference microscopes, and are used to measure height variations on 

surfaces using the wavelength of light. Optical profiling uses the wave properties of light to 

compare the optical path difference between a test surface and a reference surface by splitting 

the incoming light, produces a light and dark fringe pattern (Joniot et al., 2000; Marigo et al., 

2001). Together, a vertical scanning transducer and camera generate a three-dimensional 

interferogram of the surface processed by the computer and transformed by frequency domain 

analysis to give a quantitative non-contact three-dimensional image (Joniot et al., 2000; 

Marigo et al., 2001). After a profile is made, the computer analyses each pixel for its height 
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data and the results are calculated based on the equation for each surface roughness parameter 

(Cehreli et al., 2008). In this study, three-dimensional optical surface profiler was used for 

characterizing topographical features and quantifying surface roughness of ceramic bracket 

base surfaces. Surface roughness parameters such as RMS, Ra were measured.  

Micro-CT has been widely used in recent studies (Al-Rawi et al., 2010; Cho et al., 2011; 

Rodrigues et al., 2009; Schladitz, 2011; Swain and Xue, 2009; Zou et al., 2010). Micro-CT 

system using microfocal spot X-ray sources and high resolution detectors, allow for 

projections rotated through multiple viewing directions to produce three dimensional 

reconstructed images of samples (Swain and Xue, 2009). With micro-CT we obtained three 

dimensional reconstructed image of each bracket and evaluated three dimensional bracket base 

surface areas. 

Double-mesh base design of metal bracket showed significantly higher base surface 

area and surface increment ratios than other ceramic brackets. All four kinds of ceramic 

brackets used in this study showed surface increment ratio range of 3.54 (Fascination) ~ 

3.82 (Inspire ice). Inspire ice showed significantly higher surface increment ratio than 

Crystaline MB and Fascination. Because of not only bracket base design itself but also 
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large bracket size, INVU showed the largest total bracket base surface area among the 

ceramic brackets in this study.  

The bracket bonding strength should be sufficiently high to resist accidental debonding 

during treatment. Optimal bracket adhesion to the teeth requires that the orthodontic forces be 

applied without bond failure during treatment, and that the brackets are easily removed 

without excessive force and with minimal damage to the tooth surface during debonding. 

Bond strengths between 6 and 8 MPa are clinically sufficient for successful bonding of 

brackets to enamel because these values are considered to be able to withstand masticatory 

and orthodontic forces (Whitlock et al., 1994). It had been reported that if the bond strength 

between ceramic and adhesive resin is greater than 13 MPa, debonding in the safe way is 

difficult to obtain (Thurmond et al., 1994). 

To obtain optimal bond strength INVU brackets had meshes and knobs designed to have 

mechanical retention and ensure a thicker layer of adhesive which should thereby reduce the 

bonding strength and in turn lower the risk of enamel fracture during debonding. Inspire ice 

bracket incorporated small bead to the alumina base to increase surface area for adequate 

bonding had a fracture point on the mechanical ball-base for easy debonding.  
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Fascination bracket bonding surface was coated with a silane layer for chemical retention, 

so it had relatively smooth base surface. Since the ceramic brackets with a silane-treated 

chemical base had significantly high bond strengths, Fascination 2, a new version of 

Fascination bracket, had button structured base act as spacers to reduce bonding strength. 

Several researchers have evaluated the bond strength of ceramic brackets, and not only 

bracket base design but also choice of adhesive, different types of enamel conditioning, and 

different etch times can also modify bond strength (Braga et al., 2010; Elekdag-Turk et al., 

2008). Therefore, bracket bond strength can be changed according to other factors such as 

adhesive, etchant, etching and curing time. There were various different bonding strength 

results with same brackets, and there was no study about the bond strength of the same 

ceramic bracket used in this study. For the further study, evaluation of the bond strength with 

the same brackets used in this study will be needed. 

Among previous other studies, there was one study investigated shear bond strength of 

ceramic brackets to aluminous and fluorapatite ceramics, and bead base ceramic brackets 

yielded the statistically highest shear bond strength (about 25 MPa) among all groups 

(Samruajbenjakul and Kukiattrakoon, 2009). The bead base bracket also showed the highest 
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surface increment among all ceramic brackets in this study. Assuming that the higher surface 

increments have the higher bond strength, the highest surface increment ratio of bead base 

bracket in this study correlated with the highest shear bond strength in that previous study. 

And with the higher surface increment ratio the smaller size bracket base would be possible 

for same surface area. With increasing demand for esthetic appliance, decrease in the size of 

the brackets can be possible by increasing the retentive capability of the bracket base. 

Moreover, according to the study using finite element analysis (FEA) bond strength tends to 

increase with smaller bonding areas due to larger the bonding area, the higher is the 

probability of a flaw of critical size being present and, consequently, the lower is the 

specimen’s bond strength (Braga et al., 2010). This indicates that specific base design that 

gives favorable stress distribution at the bonded interface is preferred than increasing bracket 

dimensions.  

In this study, we evaluated bracket base surface structures by quantitatively and three 

dimensionally. With the further studies of bond strength change according to three 

dimensional surface structure alterations, brackets that give optimal bonding can be produced. 
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V. CONCLUSIONS 

 

The purpose of this study was to investigate the three dimensional structural features of 

various ceramic bracket bases by comparing and quantitatively analyzing differences in 

surface features of each ceramic bracket base using scanning electron microscope, optical 

interferometry, and microcomputed tomography. The following conclusions can be made from 

these results.  

 

1. Ceramic brackets from different manufacturer had their own three dimensional base 

surface features such as irregular, mesh, tiny dents and bead ball. 

 

2. Each bracket base had significantly different surface roughness values. MicroArch metal 

bracket showed higher roughness values than all other ceramic brackets. Crystaline MB 

showed the highest and Fascination showed the lowest roughness values among all 

ceramic brackets in this study. 
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3. With specific surface features, ceramic bracket used in this study had different surface area 

and surface increment range of 3.54 (Fascination) ~ 3.82 (Inspire ice). Double-mesh type 

metal bracket showed significantly larger surface area and surface increment ratio than all 

other ceramic brackets. The bead base bracket showed the highest surface increment 

among all ceramic bracket in this study, and the mesh typed base was the second.  

 

 



 

26 

REFERENCES 

 

Al-Rawi B, Hassan B, Vandenberge B, Jacobs R. Accuracy assessment of three-dimensional 

surface reconstructions of teeth from cone beam computed tomography scans. J 

Oral Rehabil 37(5): 352-358, 2010. 

Azzeh E, Feldon PJ. Laser debonding of ceramic brackets: a comprehensive review. Am J 

Orthod Dentofacial Orthop 123(1): 79-83, 2003. 

Bishara SE, Soliman MM, Oonsombat C, Laffoon JF, Ajlouni R. The effect of variation in 

mesh-base design on the shear bond strength of orthodontic brackets. Angle 

Orthod 74(3): 400-404, 2004. 

Bordeaux JM, Moore RN, Bagby MD. Comparative evaluation of ceramic bracket base 

designs. Am J Orthod Dentofacial Orthop 105(6): 552-560, 1994. 

Braga RR, Meira JB, Boaro LC, Xavier TA. Adhesion to tooth structure: a critical review of 

"macro" test methods. Dent Mater 26(2): e38-49, 2010. 

Cehreli ZC, Lakshmipathy M, Yazici R. Effect of different splint removal techniques on the 

surface roughness of human enamel: a three-dimensional optical profilometry 

analysis. Dent Traumatol 24(2): 177-182, 2008. 

Cho E, Sadr A, Inai N, Tagami J. Evaluation of resin composite polymerization by three 

dimensional micro-CT imaging and nanoindentation. Dent Mater 27(11): 1070-

1078, 2011. 

Elekdag-Turk S, Isci D, Ozkalayci N, Turk T. Debonding characteristics of a polymer mesh 

base ceramic bracket bonded with two different conditioning methods. Eur J 

Orthod 31(1): 84-89, 2009. 

Eliades T, Viazis AD, Lekka M. Failure mode analysis of ceramic brackets bonded to enamel. 

Am J Orthod Dentofacial Orthop 104(1): 21-26, 1993. 



 

27 

Eslamian L, Borzabadi-Farahani A, Mousavi N, Ghasemi A. A comparative study of shear 

bond strength between metal and ceramic brackets and artificially aged composite 

restorations using different surface treatments. Eur J Orthod. 2012 Feb 28. [Epub 

ahead of print] 

Falkensammer F, Jonke E, Bertl M, Freudenthaler J, Bantleon HP. Rebonding performance of 

different ceramic brackets conditioned with a new silane coupling agent. Eur J 

Orthod. 2011 Sep 16. [Epub ahead of print] 

Gittner R, Muller-Hartwich R, Engel S, Jost-Brinkmann PG. Shear bond strength and enamel 

fracture behavior of ceramic brackets Fascination(R) and Fascination(R)2. J 

Orofac Orthop 73(1): 49-57, 2012. 

Joniot SB, Gregoire GL, Auther AM, Roques YM. Three-dimensional optical profilometry 

analysis of surface states obtained after finishing sequences for three composite 

resins. Oper Dent 25(4): 311-315, 2000. 

Joseph VP, Rossouw E. The shear bond strengths of stainless steel and ceramic brackets used 

with chemically and light-activated composite resins. Am J Orthod Dentofacial 

Orthop 97(2): 121-125, 1990. 

Knox J, Hubsch P, Jones ML, Middleton J. The influence of bracket base design on the 

strength of the bracket-cement interface. J Orthod 27(3): 249-254, 2000. 

Kukiattrakoon B, Samruajbenjakul B. Shear bond strength of ceramic brackets with various 

base designs bonded to aluminous and fluorapatite ceramics. Eur J Orthod 32(1): 

87-93, 2010. 

Marigo L, Rizzi M, La Torre G, Rumi G. 3-D surface profile analysis: different finishing 

methods for resin composites. Oper Dent 26(6): 562-568, 2001. 

Mehta OP, Saini S, Dahiya A. Comparative evaluation of shear bond strength of different 

bracket base designs in dry and wet environments. J Indian Soc Pedod Prev Dent 

26 Suppl 3: S104-108, 2008. 



 

28 

Merone G, Valletta R, De Santis R, Ambrosio L, Martina R. A novel bracket base design: 

biomechanical stability. Eur J Orthod 32(2): 219-223, 2010. 

Oztoprak MO, Nalbantgil D, Erdem AS, Tozlu M, Arun T. Debonding of ceramic brackets by 

a new scanning laser method. Am J Orthod Dentofacial Orthop 138(2): 195-200, 

2010. 

Rodrigues FP, Li J, Silikas N, Ballester RY, Watts DC. Sequential software processing of 

micro-XCT dental-images for 3D-FE analysis. Dent Mater 25(6): e47-55, 2009. 

Russell JS. Aesthetic orthodontic brackets. J Orthod 32(2): 146-163, 2005. 

Ryu C, Namura Y, Tsuruoka T, Hama T, Kaji K, Shimizu N. The use of easily debondable 

orthodontic adhesives with ceramic brackets. Dent Mater J 30(5): 642-647, 2011. 

Samruajbenjakul B, Kukiattrakoon B. Shear bond strength of ceramic brackets with different 

base designs to feldspathic porcelains. Angle Orthod 79(3): 571-576, 2009. 

Schladitz K. Quantitative micro-CT. J Microsc 243(2): 111-117, 2011. 

Sfondrini MF, Xheka E, Scribante A, Gandini P, Sfondrini G. Reconditioning of self-ligating 

brackets. Angle Orthod 82(1): 158-164, 2012. 

Sharma-Sayal SK, Rossouw PE, Kulkarni GV, Titley KC. The influence of orthodontic bracket 

base design on shear bond strength. Am J Orthod Dentofacial Orthop 124(1): 74-

82, 2003. 

Smith NR, Reynolds IR. A comparison of three bracket bases: an in vitro study. Br J Orthod 

18(1): 29-35, 1991. 

Sorel O, El Alam R, Chagneau F, Cathelineau G. Comparison of bond strength between simple 

foil mesh and laser-structured base retention brackets. Am J Orthod Dentofacial 

Orthop 122(3): 260-266, 2002. 

Swain MV, Xue J. State of the art of Micro-CT applications in dental research. Int J Oral Sci 

1(4): 177-188, 2009. 



 

29 

Thurmond JW, Barkmeier WW, Wilwerding TM. Effect of porcelain surface treatments on 

bond strengths of composite resin bonded to porcelain. J Prosthet Dent 72(4): 355-

359, 1994. 

Viazis AD, Cavanaugh G, Bevis RR. Bond strength of ceramic brackets under shear stress: an 

in vitro report. Am J Orthod Dentofacial Orthop 98(3): 214-221, 1990. 

Wang WN, Li CH, Chou TH, Wang DD, Lin LH, Lin CT. Bond strength of various bracket 

base designs. Am J Orthod Dentofacial Orthop 125(1): 65-70, 2004. 

Wang WN, Meng CL, Tarng TH. Bond strength: a comparison between chemical coated and 

mechanical interlock bases of ceramic and metal brackets. Am J Orthod 

Dentofacial Orthop 111(4): 374-381, 1997. 

Whitlock BO, 3rd, Eick JD, Ackerman RJ, Jr., Glaros AG, Chappell RP. Shear strength of 

ceramic brackets bonded to porcelain. Am J Orthod Dentofacial Orthop 106(4): 

358-364, 1994. 

Zou W, Hunter N, Swain MV. Application of polychromatic microCT for mineral density 

determination. J Dent Res 90(1): 18-30, 2011.

 

 

 



 

30 

국 문 요 약 

 

3차원 영상 기술을 이용한 

세라믹 브라켓 베이스의 정량적 표면 분석 

 (지도교수 : 황 충 주) 

연세대학교 대학원 치의학과 

 

강 다 영 

 

 

심미에 대한 관심의 증가로 세라믹 브라켓이 현재 널리 사용되고 있으며, 다양한 

브라켓 제조회사들 마다 고유의 세라믹 브라켓을 개발하여 시판하고 있다. 브라켓 

베이스의 형태는 브라켓-접착제 계면에서 브라켓과 접착제의 접착력에 영향을 

준다. 그러나, 브라켓 베이스에 대한 기존의 연구는 많지 않고 대부분 2차원적인 

분석에 의한 것이었다. 따라서, 다양한 세라믹 브라켓 베이스 표면 형태에 대한 

3차원적인 구조적 특징을 살펴보고, 각 브라켓의 표면 특징을 정량적으로 분석하고 

비교하기 위해 주사전자현미경(SEM), 광학간섭계(Optical interferometer), 

미세컴퓨터단층촬영(µCT)을 이용하여 브라켓 베이스 표면을 분석하였다.  

한 종류의 메탈 브라켓[MicroArch (Tomy, Tokyo, Japan)]과 네가지 종류의 

세라믹 브라켓[Crystaline MB (Tomy, Tokyo, Japan), INVU (TP Orthodontics, 

LaPorte, IN, USA), Fascination (Dentaurum, Ispringen, Germany), Inspire ice 

(Ormco, Glendora, CA, USA)]을 사용하였다. 
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 주사전자현미경으로 표면 구조에 대해 검사하였고, 각 브라켓 고유의 특징적인 

표면 구조(Double mesh, MicroArch; Irregular, Crystaline MB; Single mesh, 

INVU; Smooth, Fascination; Bead ball, Inspire ice)를 확인하였다.  

3차원 광학 표면 형상 측정기(Optical surface profiler)로 특징적인 3차원적인 

베이스 표면 구조와 각 브라켓 베이스 표면의 거칠기를 검사하였고, 거칠기는 

MicroArch 메탈 브라켓이 가장 거칠었다. 세라믹 브라켓 중에서는 Crystaline 

MB가 가장 거칠었으며, Fascination의 거칠기가 가장 낮았다.  

미세컴퓨터단층촬영을 이용하여 각 브라켓 베이스의 전체 표면적을 구하고 

표면의 2 mm x 2 mm 단위 구역 내의 3차원적인 면적을 측정하였으며, 이러한 

면적 평균값을 4 mm2로 나누어 표면적 증가율을 구하였다. 브라켓 베이스의 전체 

표면적은 MicroArch (50.04 ± 1.07 mm2), INVU (45.46 ± 0.87 mm2), Inspire 

ice (35.02 ± 0.75 mm2), Cystaline MB (33.73 ± 0.60 mm2), Fascination 

(27.81 ± 0.56 mm2) 순으로 감소하였고, 단위 표면적과 단위 구역 내의 표면적 

증가율은 MicroArch (20.48 ± 0.86 mm2; 5.12), Inspire ice (15.28 ± 0.72 

mm2; 3.82), INVU (14.64 ± 0.50 mm2; 3.66), Cystaline MB (14.48 ± 0.35 

mm2; 3.62), Fascination (14.14 ± 0.22 mm2; 3.54) 순으로 감소하였다.  

본 연구에서는 각종 세라믹 브라켓의 3차원적인 구조적, 정량적 특성을 

분석하였고, 최적의 접착이 가능한 세라믹 브라켓을 개발하는데 응용할 수 있을 

것이다.  

 

 

 

핵심 되는 말: 세라믹 브라켓, 베이스 표면, 3차원 분석 
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