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The purpose of this project was to examine the possibility of treating enamel surfaces with 

laser irradiation, instead of acid etching, pnor to the bonding of orthodontic brackets. The 

specific aim of this study was to compare shear bond strengths of orthodontic buttons bonded 

to enamel surfaces treated with a carbon dioxide (CO?) laser vs. conventional methods. 

utilizing a composite resin and a resin-modified @ass ionomer cernent. The effects of the 

laser treatment on the enamel surfaces were also studied. 

In order to resolve some of the problems associated with shear bond strength testing in 

orthodonties, a new method was developed by modifjkg the Single Plane Shear Test 

Assembly (SP STA) . Shear bond strengths of orthodontic brackets bonded with composite 

resins and with light-cured glas ionomer cements (GIC), to teeth treated by means of several 

different laser conditions were measured and compared to the shear bond sbengths to etched 

and non-etched surfaces, and, for GIC ody, to polyacrylic acid conditioned enamel, as welI. 

Laser beam parameten varîed among groups only in their pulse fluence (Energy/Surface 

area) . 

The effects of the various pre-bonding treatrnents on the enamel surface were studied in two 

ways. Firstly, surface effècts were assessed qualitatively with a scanning elecîron microscope 

in C-Fast mode. Secondly, the depth to which each treatment had affécted the surface was 

measured by a digital image analysis of thin cross-sections of treated teeth under a light 

microscope with rnagnifications of up to 1000~. 



Shear bond strengths to laser treated enamel was higher than to non-treated enamel, and 

lower than to acid-etched enamel, for both materials, in al1 laser treated groups. However, 

composite m i n  reached a bond strength which may be considered acceptable (mean = 1 1.84 

MPa), only in the group treated with the highest laser fluence (9.5 Jlcm'), which may have 

adverse effects in a vital tooth. GIC mean bond seengths following irradiation at three 

different Buences (3.5, 5.0 and 9.5 J/cm2) were similar to that measured for the polyacrylic- 

conditioned enamel (Meau = 9.76 MPa). Bond failure was in the enarnekement interface in 

al1 sampIes. 

SEM examination of the laser treated surfaces revealed partial melting and fusion, which 

increasingly covered the surface, as the laser fluence increased. At the highest fluence tested, 

9.5 ~/cm', the entire treated area was unddated, with numerou sites of exfoliation and 

pitting, and covered with globular residues which appear like balls of melted enamel. 

Cross-sectional imaging of laser treated teeth, showed an increase in the depth of surface 

effects, such as cratering, as the fluence increased. The highest auence used (9.5 J/cm2), 

resulted in craters and pits, as  deep as 1 10 p. 

ui conclusion, composite resins bonded well to laser irradiated enamel, only when relatively 

high fluences are used. These high fluences may have adverse effects on vital teeth. Resin- 

modified glass ionomer cements bonded well to laser irradiated enamel, even when low 

fluences were used. The CO, laser may enhance clinical performance of GIC instead of acid 

etching, potentiaily decreasing caries formation around brackets and without endangering 
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tissue integrity. The shear bond strength testing raulted in a low variation of measurernents 

and the method is proposed as a staudardized test. 



C. INTRODUCTION 

Currently, orthodontic brackets are often bonded to the enamel surface with light cured 

composite resins. The clinical procedure includes the following steps': 

1. The buccal surfaces of the teeth are polished with pumice, then rinsed and dried. 

2. The enamel is etched with 37% phosphoric acid for 15-60 seconds, then rinsed and 

dried. 

3. While maintaking a dry field, resin primer is placed on the etched surfaces. 

4. Composite paste is placed on the retentive face of the bracket, the bracket is pressed 

against the enamel in the desired position, and excess bonding material is removed. 

5. The bonding matenal is then cured for 20 seconds on each, of the mesial and distal 

sides of the bracket with a 470 nm light source. 

There are a few drawbacks to this procedure. It involves a series of technique-sensitive steps 

and requires a completely dry field of operation from start to finish. After debonding, 

remaining bonding material residues require mechanical removal which is tirne consuming 

and &en times results in the enamel surface being scratched2. In addition, rega-dless of the 

bonding agent, orthodontic brackets also serve as a plaque trap, resulting in decalcification 

around bracket margins, also lmown as white spot lesions, which develop within a few weeks 

of bracket placement'*JJ. 

One possible solution to the demineraiization problem might be the use of g l a s  ionomer 

cements instead of composite resins. These cements leach fluoride over a long period of time 

into the adjacent enamel and have the capacity to capture fluonde kom Buoridated 



denaces .  The presence of fluoride has been shown to decrease enamel demineralkation 

around orthodontic brackets and to increase surface remineralization6". Glass ionomers of the 

newer generations are hybnds that contain different resins and are light-curable3. Unlike 

composite resins, which bond mechanically into the etched enamel, the hybnd glass 

ionomers (GIC) create a physiochemical bond. This bond ca. be achieved without etching of 

the surfaceg and the bond strength is supenor to the chemically-cured glass ion~rners'~.". In 

addition, these materials require a wet environment to achieve an ionic bond, not a desiccated 

surface as required by composite resins. Another advantage of GIC is their ease of removal 

after debonding. 

Unfominately, glas ionomer cements have repeatedly demonstrated lower shear bond 

strength relative to composite resins in vitro'0.". In the few clinicd studies which tested these 

cements, the failure rate was 3-12%, compared to less than 2% with composite resinsg.'-". 

These clinical trials were done on small sample groups with selected case difficulty and for a 

relatively short time span. These limitations may mean that in less controlied circumstances 

the failure rate may be even higher- Bond failure interrupts the process of orthodontic tooth 

movement and may undermine the patient's confidence in the orthodontist. 

The purpose of this project was to try a novel approach to solve some of the problems 

described above. The overall idea is that CO,-laser treatment of the enamel surface can allow 

for bonding of orthodontic brackets, with adequate bond strength, without the need for any 

other surface preparation. In order for laser irradiation to prepare enamel for resin bonding, it 

should be able to create a unifomily retentive surface without adversely affecthg the pulp 



and surrounding tissues. To achieve this task, the laser energy has to be absorbed as much as 

possible in the outer layer of the enamel causing ablation of the surface. 

Bonding orthodontic brackets to laser etched teeth was attempted by Roberts, who concluded 

"...laser bonding took considerably longer, was less reliable in ternis of bond strength, and 

produced more discornfort than conventionai acid etching"14. Another study which measured 

tende bond strength of orthodontic brackets to acid vs. laser-etched enarnel, had very poor 

results in the laser group and concluded that ". . .etchhg enamel with the Nd:YAG laser is an 

ineffective pretreatment for bonding brackets to enamel'"'. However, both studies used a 

Nd:YAG laser which emits Light at a wavelength of 1 . 0 6 ~  which is absorbed poorly by 

enamel (absorption coefficient, Pa 4 cm-') 16. The CO, laser, on the other hand, emits Iight at 

wavelengths between 9.3 to 10.6pm which absorbs thousands of times more efficiently than 

Nd:YAG laser in enamel (pa =800-6,000 cm-'). M y  two studies measured bond strength of 

composite resin to COZ laser etched enamel s~rfaces"*~~. In both cases, 10.6p-n wavelength 

was used, and only one of several laser conditions tested, allowed for reasonable bond 

strength. However, the energy densities (fluences) used to achieve proper bond strength were 

in both cases relatively high (24 and 35 hm2).  These hi& energies may resuit in an 

undesirable increase in pulp temperature, and physical and chexnical phase changes, at the 

surface. 

Recent studies have shown the possibility of achieving similar enamel surface ablation with 

lower fluences, which are safer to the pulp, by using otha wavelengths, and adjusting 

different beam para me ter^'^*'^^^. For bonding with the glass ionomer cernent, a prirned non- 



contaminatecl surface is requirtd, rather than physical adhesion sites. Such preparation 

requirement may be achieved with even lower laser fiuences. 

If successful, such treatment rnay eiiminate the polishing and etching steps. It may also 

increase the bond strength of glass ionomers to a level, which is clinically acceptable, and 

thus eliminate the need for a completely dry field In addition, CO2 laser treatment of enamel 

has been shown to decrease subsequent dernineralization and to increase remineralization by 

fluoride"". It is therefore possible that this pre-bonding laser treatment may, in addition, 

decrease the incidence of dernineralization around orthodontic brackets, and increase the 

rernineralization b y fluoride fkom denti fkices and g las  ionomer cements. 

In order to test the hypothesis, that COJaser treatment of the enamel surface can achieve 

clinically acceptable bonding of orthodontic brackets, a series of in vin0 studies should be 

taken to identify o p h d  laser beam characteristics that allow for clinically acceptable 

bracket bond strength, while maintaining tooth vitality and integity. These laser beam 

conditions should then be tested in vivo. This thesis represents the fint step in that sequence. 

The aùn of this specific studv was to compare shear bond s t r e n h s  of orthodontic ao~liances 

bonded to enamel surfaces treated with CO, laser irradiation vs. conventional methods, - 

utilinne a com~osite resin and a modified elass ionomer cernent. The effects of the laser 

treatment on the enamel surface were also stuclied. 



D. RATIONALE FOR THE METHOD OF SHEAR BOND STRENGTH 

TESTING 

Although pure shear force does not occur in the oral cavity, and is not the cause for clinical 

failure, the shear bond strength is used as  an indication of the suitability of the bond to 

withstand the in=-oral forces during orthodontie treatment Unfominately, the methods used 

for shear bond strength testing are not standardised Tooth selection and preparation, type of 

attachent, unit of measurement, statistical analysis method and the method of debonding 

force application Vary considerab ly among these studiesx . Di fferences in the direction O f 

force application to cause bond failure or in the bracket position relative to that force, result 

in different stress patterns in the bracket/cernent/en& ~ o r n ~ l e x ' ~  (Figure 1). These 

variations between the different methods result in a spectnim of experirnental results, whic h 

are O fien confiicting and do not allow for cornparison between studies"? 



Cross d o n  
of wirt loop 

Figure 1: Variation in force direction and point of application in shear bond strength 

studies 

In addition, some of the methods used for shear bond strength testing do not control for 

undesirable variation within the ex~erimentai desim. Variation in the anatorny of teeth 

results in different degrees of adaptation of curved brackets to the tooth nuface. Variation in 

enamel composition due to exposure to fiuoridated water may effect chernical bond. 

Variation in the size of the bonded area is directly proportional to the force required for 

failure. Variation in the achial force effecting the bracket due to inconsistent placement of a 

shearing h i f e  or a wire loop, also affects the fdure measurement. These variations, and 

others, within the methods, result in a greater variation within groups in the same study, 

yielding a wide range of results and masking differences between groups (Table 4-Table 5. 

page 47). 
14 



in order to resolve some of the problems associated with shear bond strength testing in 

orthodonties, a new method was developed in cooperation with Lany Watanabe of The 

University of California at San Francisco (UCSF) Department of Restorative Dentistry. The 

method controls for many of the undesired variables associated with these types of 

experiments and hopefully, wouid be adopted by other research groups in the field, as a 

standard test. The method uses a modification of the Single Plane Shear Test Assernbly 

(sPsTA)"'~, which is currently under review by the International Standard Organization 

(ISO), as a standard method for shear bond strength tests in dentistry. 

The design of the shear bond strength test is intended to limit the variables to those which are 

being studied, surface preparation and bonding agent. The following is a detailed description 

of the test components and the rationale behind each one of them. 

a. Reproducible enamel surface. 

When human teeth are used, natural variation in morphology results in enamel surfaces of 

different curvatwe. These two factors may influence the bond strength and introduce 

variability into the study. Bovine incisor teeth, which can be easily obtained in large 

quantities, have a large, and a relatively flat surface, covered by a thin cementum-like layer. 

Bovine teeth have been found to have simila. results in adhesion tests with both, composite 

resins and g las  ionomer cements, when compared with human teeth2930J'. 

The crowns of fieshly extracteci bovine teeth are cleaned thoroughly with water and a 

toothbrush, and stored in double deionized water (DDW) with thymol, a medium that does 

not affect the chexnical composition of the enameP2. Shear bond strength tests performed on 
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teeth stored in DDW with thymol. behvec!~ 24 Iiours and up to five yeitrs. yielded sirnilar 

resuitrc. rigardiess of the storayc :ime3'. 

Figure 2: a. Crown of bovine incisor, b. After poüshhg, c. After laser irradiation 

A simple sefial ~oiishing orocess yields a large, Bat, clean and reproducible enamel surface 

(Figure 2). The seriai polishing of the labial surfaces is executed on a manual strip grinder 

(Handimet 1, Buehler Ltd., Evanston, Illinois). Polishing sûips of 240, 320, 400 and 600 grit 

silicon carbide paper are used sequentially with each tooth and each spot on the 600 gnt strip 

is only used once, to ensure consistent results. Since the polishing process leaves 

unidirectional grooves, which may influence the results of a shear bond strength test, it 

should be done in an occluso-gingival direction and the shear force is applied in the same 

direction. 



Figure 3: Handimet 1 strip grinder. 

b. Reproducible applianceltooth compatibility. 

Another factor intluencing bond strength is the adaptation of the bracket base to the tooth 

surface. Bracket bases have a curvature that is designed to fit the tooth curvature. As 

mentioned earlier, variation in tooth morphology means that each tooth can relate differently 

to the curved bracket base. This !ack of precision can also cause variation in the bond 

strength. A consistent and reproducib le adaptation between the bonded attachment and the 

enamel surface is achieved by using a Bat based orthodontie attachent and a flattened 

enarnel surfaces, achieved by the serial polishing process, described above (Figure 4). 



In this method flat mesh-based rounded linpual buttons (GAC Intemationai, Central Islip, 

NY) are used. The benefit of a rounded attachment, rather than a rectangular bracket, is the 

elimination of corners, projections and planes which may be engaged in an uneven fashion by 

the force delivery system. For example, if the bracket base is not precisely parallel to the 

shearing knife edge, it would be hit at an angle, absorbing the full shearing force in one 

corner, resulting in a different stress distribution than that expected in a Bush engagement. In 

the case of a rounded attachment, the shearing knife is always tangentid to the attachment 

base, no matter where it is engaged, thus afkcting it in the same rnanner (Figure 5).  



Figure 4: Adaptation between curved 

bncket bases and teeth varies with 

anatomy (3, b), and is reproducibie 

between flrt base and polished ennme1 (c). 

Figure 5: a. Horizontal aiignment of sharing knife and bracket, b. Slight misalignment 

results in different stress distribution through the bncket base. c Round attachment - 
force is always tangent to button - reproducible horizontal engagement 



c. Constant area of bonded surface. 

The force required to shear a bracket off depends on the total bonded area When a bonding 

agent is placed on a surface it spreads in all directions. The area it will occupy depends on the 

material, the surface composition and morphology, and the pressure on the bonding ajent at 

the time of application. Many investigaton have attempted to control this variable by 

applying constant pressure while bonding, andor removing excess material around the 

bracket. The bonded area is often assumed to be the area covered by the bracket. However, 

due to uneven spread of the cernent underneath the bracket, and due to variation in the 

cleaning instrument angle and shape, the actuai area which is bonded is uuhown, and 

therefore, may be different between specimens. In addition, the removal of excess bonding 

material may pull the material, weakening its bond strength or conversely, strengthen the 

matenal by a "high beaming" effect (Introducing a fold in the material increases its stress 

resistance, Like high beams used for construction). The provision of a constant area of bonded 

surface in this method is achieved by the use of an adhesive mvlar s t r i ~ .  Using a sharp ofice 

hole puncher, a 3. lmm diameter hole is made in the mylar strip. Using the adhesive side, the 

strip is then afnxed to the prepared enamel surface, leaving a constant exposed area. The 

bonding agent spreads and covers the hole completely, resulting in a reproducible bonded 

area in d l  specimens. The orthodontic button diameter (3.2mm) is slightly larger than the 

bonded surface and covers the hole consistently. 



d. Trne shear force. 

As mentioned earlier, a myriad of methods, using shearing Laiives and wire loops, have been 

employed in an attempt to create a shearing force through the bracket/cement/enamel 

cornplex. These techniques, when applied to the bonded attachment, do not produce a hue 

shearing force, but rather a shear-peel combination. The wire loop is placed under the bracket 

wings and then pulled by a testing machine (such as an Instron). Shearing knives are placed 

in different locations by different researchers. They may be placed at the edge of the bracket 

base, between the wings and the base, or against the tips of the wings (Figure 1). The various 

places that these elernents engage the bracket and the angles in which the forces are directed 

create different combinations of tensile and compressive stresses in the bracket, the cernent 

and the enamel". 

In order to create a real shear force through the brackeî/cementlenamel complex a modified 

single plane shear test assembly (SPSTA) is used. The SPSTA consists of two Delrin 

material plates (Figure 6). After the punctured mylar s ~ p  is placed on the polished enamel 

surface, it is afnxed to the surface of plate 1 with the tooth suspended through a counter-sunk 

funnel-shaped hole in the plate (Figure 7a). Green die stone (DieXeen green, Miles Inc., 

South Bend, IN) is poured into the hole to hold the tooth in this position. The polished 

enamel surface is now flush with the surface of the plate (Figure 7b) 

The orthodontie button is now bonded to the tooth with the bonding agent to be tested 

(Figure 7d). Petroleum jeliy is placed around the edga  of the cernent. Plate II is attached 

with two screws to plate 1. A srnail counter-sunk hole in plate II is now right on top of the 

bonded button (Figure 7d). Composite resin (2100, Unitek, Monrovia CA) is condensed into 

21 



the small hole around the bonded button in increments, which are Light cured for 40 seconds 

each. The SPSTA is now ready for testing. 

The SPSTA is attached to a universal testing machine (Instron Mode1 1122, Canton, MA) 

with two aiignment plates (Figure 7e), the two screws that hold the two plates together are 

removed, leaving only the bonding agent holding plate A and B together. The SPSTA allows 

the force of the machine to occur in one plane only, which is paralle1 to the enamel-bonding 

agent interface. The machine cross head speed shouid be set to O S d m i n . ,  in order to avoid 

increased variation in measurernents, which is associated with higher speeds. The force 

failure measurernents (in Newtons) shouid be divided by the bonded area to yield the stress 

required for failure and represented in MegaPascais(MPa). 



C -  PLATE I ,,,,, ,-, A L ~ G ~ I E L V T  PLATE 

- 
---d=-' -A- 6-32 SCREW 
8 - 

0.05 mm IMYLAR STRIP 

WLTH 3.1 mm DLL\IETER HOLE 
-----a 

TO COhrnOL Som AREA 

SPECIMEN (TOOTE) ., 
--O- 7 mm DkMETER EOLE FOR 

COMPOSITE PLACEME3T TO 

3fATN"rAIN POSITION SUPPORT BüTTOiri DURING LOADING 
OF TOOTH SPECIMJIN 

PLATE II 

a 

Figure 6: Exploded view of the modified Singie Plane Shear Test Assembly (SPSTA) 



Figure 7: Steps in preparation of a specimen in the SPSTA: a. Tooth with mylar sttip in 

plate 1, b. Stone is poured to fu sample in plate 1, c. Plate 1 with tooth set in stone, d. 

Button bonded to sample 



Figure 7 (conthued): e. Plate II is attached to plate 1 with two screws, and resin is 

placed to set plate II and button together, f. SPSTA assembly attached to Instron, 

screws are now removed. 



E. MATERIALS AND MEXHODS 

The following experiments were perfonned: 

1. Shear bond strength of orthodontic buttons bonded with a composite resin, to laser 

treated enamel, cornpared with non-treated and acid etched enamel controls. 

2. Shear bond strength of orthodontic buttons, bonded with a resh-modified glass ionomer 

cernent to laser treated enamel, compared with non-treated, acid etched and conditioner 

treated enamel controls. 

3. Surface and cross-sectionai evduation of laser inadiation effects on tooth enarnel. 

1. EXPERIMENTAL DESIGN O U T L M :  

Bovine incisor teeth were polished to produce a fiat enamel surface. 

The surfaces were prepared for bonding either by laser irradiation or by a 

conventional method (acid etc h g ,  GC conditioner). 

Flat-based orthodontic button was bonded to each surface with either a light cured 

composite resin or a resin modified g l a s  ionomer cernent. 

Shear bond strength was measured utilinng a modified single plane shear test 

assembly in a universal testing instrument (Instron). 

Shear bond strengths of experimental groups were compared to control groups, 

statisticdy, and to clinically acceptable levels, as reported in the literature. 

Laser ixradiation effects on the enamel were assessed using scanning electron 

microscopy of surf'aces and light microscopy analysis of thin cross sections. 



2. SURFACE PREPARATTON FOR BOMXNG 

Freshly extracted bovine incisors were collected at a Winnipeg siaughter house (Burns Meats 

Inc.). The roots were removed with a water-cooleci hi&-speed handpiece with a carbide bur 

and the crowns were washed with water and stored in double deionized water with thymol. 

Shear bond strength testing took place within the next two w-eeks. The biiccal surfaces 

underwent seriai polishing to 600 grit on a manual stnp grinder (Handimet 1, Buehler Ltd., 

Evanston, Illuiois), as described above (page 16). Seven pre-bonding treatrnents were tested 

on the  polished enamel surfaces, uicludùig four different laser conditions and three controls. 

a. Rationale for choice of laser treatment parameters 

Laser treament was done in the laser laboratory of Dr. John Featherstone in the Department 

of Restorative Dentistry at the University of California in San Francisco (UCSF). The lab is 

equipped with severai laser devices, with several wavelengths and di fferent po wer output 

combinations. This set-up ailows for a choice of a variety of laser beam parameters, based on 

previous knowledge, rather than what is available. In addition, the lab is equipped with 

several detectors and a thexmal carnera which allow for measurements of the actual energy 

output and the beam's profile. These instruments were proven to be extremely important in 

previous studies, due to the fact that laser output is not always coincident with manufacturen 

specifications or the instrument's settings @an Fried, unpublished data). 

The physical bond of composite resins requires an irregular surface, which cm be produced 

by the process of laser abration, achieved by using high Buences. However, high energy 

deposits may cause irreversible damage, if the pulp temperature rises significantly. Therefore, 

the laser beam parameters have to be such that they wili cause ablation to the outer enarnel 
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layer, with minimal absorbed energy and minimal pulp temperature nse. Resùi-rnodified 

g las  ionomers, on the other hand, require access to the mineralized tissue to establish the 

chexnical bond. Therefore, their bond strength may be increased by removing organic 

matend and exposing the mineralized crystals, which may be achieved by using lower laser 

auences. 

Laser bearn parameters include: wavelength, pulsed vs. continuous mode, pulse energy, pulse 

duration, number of pulses, repetition rate and energy density (fluence). In previous studies it 

was found that a small change in any of these parameten can produce a significantly different 

effect on dental enamel"? Based on these studies and additional unpubiished dara, a set of 

parameten that produced surface ablation, with minimal increase in pulp temperaîwe was 

seiected. 

The CO2 laser is capable of emitting Light at four different wavelengths in the infia-red 

region, between 9.3 and 10.6 Pm, al1 of which are highly absorbed by enamel, with current 

commercially available CO2 lasers emitting light at 10.6 p. A custom built, tunable CO, 

laser (Pulse System Inc., Los Alamos, NM), located in this laboratory, offers ail of the above 

wavelengths, with pulse duration variable f?om 50 to 500 ps and pulse energy fiom O to 240 

d. SEM images £kom previous studies (unpublished data), showing enamel surfaces treated 

by various combinations of beam parameters produced by the same laser were reviewed. A 

set of parameters that produced a rough surface using a low fluence and a low number of 

pulses was identified. These parameten were, a wavelength of 10.3 pu, pulse fluence 10 

~lcrn', pulse duration 100 ps, 10 pulses and repetition rate 10Hz. 



As mentioned earlier, the undesirable increase in pulp temperature is dûectly correlated with 

the absorbed energy, which is dependent on the energy per pulse and the number of pulses 

usedZ0. It was noted that while 10 laser pulses at these specific parameters achieved ablative 

effects, 25 puises caused M e r  melting and fusion, yielding a smoother and less retentive 

surface. Hence, using 10 pulses is a better choice fiom both, ablative and pulp safety 

perspectives. 

Since GIC may not require surface ablation, and in order to decrease the potential for pulp 

damage, two nuences below the ablation threshold and two above it were applied in this 

study, while maintaining d l  other parameters constant. The ablation threshold for this 

wavelength is with Buence of approximately 5.5 ~/crn', per pulse, and therefore the fluences 

used were: 3 -5, 5.0, 7.5 and 9.5 Ucm2. 

Since the orthodontie button used has a diameter of 3.2 mm, and allowing some margins for 

ease of placement, a 4x4 mm square area was laser treated on each of the polished enamel 

surfaces. To ensure uniform and consistent laser irradiation of al1 s&nples, each tooth was 

moved relative to the laser beam by a cornputer controlled XY stage. Although the spot size 

was 0.99 mm, due to non-hornogenous energy distribution throughout the beam, laser 

irradiation was applied every 0.5 mm. This pattern results in overlapping and homogenous 

coverage of the entire surface. In each position, ten pulses of laser inadiation, each of 100 ps 

duration, were applied, over a penod of one second. 





b. Light-cured g l a s  ionomer cernent 

Light-cured glas ionomer cernent used in this study was Fuji ORTHO LC Li@ cured 

olthodontic bonding agent (GC Corp ., Kyoto, Japan). Enamel surfaces to receive attachments 

bonded with this materiai were prepared with either laser irradiation, acid etching, GC 

conditioner or no treatment, following the polishing process. Immediately after surface 

preparation, the teeth were rinsed with water for 30 seconds and then kept moist with wet 

laboratory tissue throughout the bonding process, and until the shear test was performed. 

Powder and liquid were mixed according to the manuf=turer instructions, the mixed cernent 

applied to the rneshed back of the button, and the button placed on the tooth. The cernent was 

light-cured for 40 seconds, in the sarne manner described for the composite resin above. 

4. EXPERIMENTAL GROUPS: 

in total, there were 13 experimental groups (Table l), with ten teeth in each group, to 

undergo shear bond strength test. For each of the seven surface preparations, two additional 

teeth were examined under SEM and two others were used for cross-sectional anaiysis. 

5 .  SHEAR BOND STRENûTH 

Shear bond strength was measured by mounting the teeth into the SPSTA, as descnbed in 

page 2 1, and testing the bonded attachments to failure in a universal testing machine (Instron 

Mode1 1122, Canton, MA), with a cross head speed of 0.5 mm/&. Shear bond strength was 

calculated as the force required for bond failure (Newtons) divided by the bonded area (mm), 

and represented in Megapascals @Pa). 



1 Acid etch control 1 J 1 4 1 

GC Conditioner control 

(1 0% polyacrylic acid) 

I I I Laser at 3.5 J/cm2 J J 1 

- - 

4 

I I 
- --- 

1 ~ a s e r  at 7.5 ~ / c m ~  J J I 
Laser at 5 Ucm' 

6. SITE OF FPJLURE. 

Al1 samples were examined by the sarne operator (ZK) under a stereoscopic light microscope, 

at a magnification of 30x, using a gross visual assessrnent method to determine the sight of 

bond failure, and for presence of residual bonding agent. 

J 

1 Laser at 9.5 J/cm2 I J 

7. STATISTICAL ANALYSIS 

J 

J 

Statistical analysis of shear bond strength rneasurements was done using Analysis of 

Variance (ANOVA) with the more conservative, post-ANOVA., Tukey test appiied3'. 

However, since ANOVA assumes a simila. variance in al1 groups tested, and since in this 

study, the two acid etched control groups had a larger variance than aii other groups, they 

were not included in the ANOVA. For these two groups the Mann-Whitney-Wilcoxon Rank 

test (MWW) was applid6. 

Table 1: Experimentai groups 



8. LASER EFFECTS ON THE ENAMEL SURFACE 

a. Surface evduation under scanning electron microscope (SEM). 

For each of the seven surface treatments (4 laser conditions, etching, conditioner and no 

treatment), two teeth were treated but not bonded. The sUTfaces of these teeth were viewed 

under SEM (Topcon SX-40A wet-SEM, Topcon Instruments, Pleasanton, CA) in c-fast mode 

at SOx, 250x and lOOOx rnagnifications, for a qualitative evaluation of the laser's effects on 

the enamel. 

b. Digital image analysis of thin cross-sections of treated teeth. 

in a separate experiment, hvo additional teeth were treated with each of the surface 

preparations tested. The only difference was that the highest laser fluence used was actually 

9.25 Jlcm' rather than 9.5 ~lcm'. Two cross-sections, approximately 100pm thick, were taken 

through the treated area in an occluso-gingival direction, by a microtome (Series 1000 

Deluxe Hard Tissue Microtome, Scifab, LaFayette, CO.). Each sample was viewed under the 

Light microscope with rnagnification of 50x, lOOx and 500~. The profile of the treated area 

was observed and digitized by a caphiring device (CCD). Image analysis software (Bioquant 

3.12), allowing for ultimate rnagnification of 1000x, was used to measure the depth of 

surface affected by the various treatments. The measurements were done to the most extreme 

points (i-e. bottoms of pits or craters), relative to the plane of the polished surface. 



1, SHEAR BOND STRENGTH 

Mean shear bond strength of composite resin and glas ionomer cernent (GIC) bonded to the 

4 laser treated groups and the control groups, in Megapascals @Pa) are displayed in Figure 

14 and Table 2. Whenever the difference between two means is greater than 2.49, these hvo 

groups are statistically different (PcO.05, ANOVA - Tukey). MWW Rank Test showed 

Composite resin to acid etch> GIC to acid etch > Composite resin to 9.5 km' (PcO.05). n i e  

range of measurements and coefficient of variation for each group are also displayed in Table 

2. The coefficient of variation is calculated as the standard deviation divided by the mean, 

and represents the deviation as percentage of the mean, regardless of its magnitude. 

For the composite resin, al1 laser treated groups had mean shear bond strengths higher than 

the non-treated control group, but only the 7.5 and 9.5 J/cm2 groups, statisticdly higher 

@<0.05), and al1 were Iowa than acid-etched control(20.84 MPa). Mean shear bond seength 

had nsen as the laser fluence increased, reaching a mean of 1 1 -84 MPa in the 9 -5 ~lcrn' 

!WUP. 

For the g las  ionomer cernent, the 3.5, 5.0 and 9.5 J/cm2 laser treated groups had mean shear 

bond strengths (7.96, 7.52 and 8.42 MPa, respectively) which were statistically higher than 

the non-treated control group (4,84 MPa), and similar to the conditioner eeated group (9.76 

MPa, pc0.05). Al1 were lower than acid-etched control(l3.18 MPa). 



VARIATION 
COEFFICIENT 

GROUP 

Non-treated control 

bcid etch control 1 20.84 

1 Laser 3.5 Jlcrn2 

Non-treated control 

Ilconditioner control 1 9.76 

lacid etch control 1 13.18 

I Laser 3.5 3/crn2 

Table 2: Means, standard deviations and range of shear bond strength measurements 

V a )  

2. SITE OF FAILURE 

Stereomicroscopic examination of ail specimens after debonding, showed most enarnel 

surfaces to have no cernent residues (Figure 8). In a few samples (8 of 130). randornly found 

arnong al1 groups, smail specks of cernent residua were found on the enamel, close to the 

edges of the mylar strip. These specks, covering less tha.  1% of the surface, are considered 



artifacts related to the methodology. Due to the hd ing  of no adhesive residues, no further 

quantification methoci, such fi ARI sconng, was applied. 

Figure 8: Typical samples d e r  debonding. (a,b) Bonded with Glass ionomer cernent 
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Figure 8 (continued): ( ~ d )  Bonded with composite resin. Both teeth (a,c) have 

adhesive remnants and show the pattern of laser etching. Both buttons (b,d) comple 

retained the adhesives 



3. SCANNING ELECTRON MICROSCOPY APPEARANCE OF ENAMEL SURFACE 

Surface changes due to laser irradiation were more pronounced as the auence increased 

(Figure 9). In the 3.5 ~ k m '  p u p .  a very mild crescent shaped eEect is seen, while in the 5 

~/crn= group, the crescent shaped ef3ect.s are more pronounced, and are organized according to 

the sc&g pattern of the laser beam. Higher magnification shows these effects to consist of 

melting and fusion of the surface (Figure 10). In the 7.5 and 9.5 J/cm2 groups, the lower 

magnification shows the effects to cover the whole surface. In the 9.5 J/crn2 group, in 

addition to the melting and fusion, the surface is undulateci, with numerous sites of 

exfoliation and pitting, and is also covered with globular residues, which appear Like balls of 

melted enamel (Figure 11). Exfoliation does not appear on the surfaces of teeth exposed to 

the lower laser fluences, and there are fewer pits as the fluence decreases. 

Acid etched enamel (Figure 11) has a typical appearance of organized invaginations of 

approxirnately 4 p (Prim diameter). In cornparison, the pits and invaginations present in 

the 9.5 ~/cm' treated enamel, are fewer and larger, ranging in size fkom 5 to 40 pm in 

diameter. Polyacrylic acid conditioned enamel does not show physical changes. at this 

magnification, retaining the appearance of the polishing grooves. 



Figure 9: SEM of laser treated enamel (SOx) a. 3.5 J/cm2, b. 5 J/cm2, c. 7.5 ~lcm', d. 9.5 

J/cm2. Surface changes due to laser irradiation were more pronounced as the fluence 

increased. 



Figure 10: SEM of laser beated enamel (250x) a 3.5 ~/cm', b. 5 ~/crn', c. 7.5 ~/crn', d. 

9.5 ~lcm'. In addition to the melting and fusion seen in all groups, the surface in the 9.5 

J/cm2 group, is undulated, with numerous sites of exfoliation and pitting, and is covered 

with globular residues, which appear Iike balls of melted enamel. 



Figure 11: SEM (1000~) of laser treated enamel and controls a. 7.5 ~ / c r n ~ ,  b. 9.5 J/cm2, c. 

polyacrylic acid conditioned enamel surface shows no morphological changes except for 

polishing grooves, d. Acid-etched enamel shows efficient retentive effects as compared 

to the laser retentive effects. 



4. DIGITAL IMAGE ANALYSE OF THIN CROSS SECTIONS OF TREATED TEETH 

Cross sections of laser treated teeth exhibit senal craters which follow the pattern of laser 

irradiation (Figure 1 Z).The depth of these craters varied between teeth in the same group, and 

even within the same sample. Due to these variations and to the iimited number of samples, 

the results are presented as a range of crater depths found (Table 3), demonstrating an 

increase in craters depth as the laser fluence increased, up to 110 Fm. Cross sections of 

control groups samples showed no craters or other effects at these magnifications. 

1 Laser treamat 1 Craters depth (p) 

Table 3: Range of craters depth (pm) 



Figure 12: Digital image of cross-sections of laser treated teeth (100x) a. 3.5 J/cm2, b. 5 

~lcrn', c. 7.5 J/cm2, d. 9.5 J/cm2. The depth of pits and craters, resulting from laser 

irradiation, increased as the laser fluence rose, 



G. DISCUSSION 

1. EVALUATTON OF THE SHEAR BOND STRENGTH TESTING METHOD 

Evaluation of a study methodology is usually done by comparing validity and reliability of 

the obtained results with those obtained by the existing "Gold Standard". Unforhuiately, such 

a "Gold Standard" does not exist for shear bond strength testing, which is one of the reasons 

the current technique was developed. A comparison of the means and ranges of 

measurements obtained for the control groups in this study to those published for the same 

materials is presented in Table 4 and Table 5. Due to the variation in shear bond strengrh 

testing methods, there is a wide range of published results, and none can serve as a gold 

standard, for the sake of comparison. 

Table 4 siunmarizes the results of a few recent studies that used Transbond XT and its 

chemically-cured relative, Concise (also by 3M Unitek). In those studies that tested the two 

matenals, in identical conditions, similar resuits were obtained for both, allowing for the 

inclusion of Concise in this comparative table. The studies are listed in an ascending order 

according to their calculated coefficient of variation. The current study had a relatively low 

coefficient of variation, which may indicate that indeed, the testing method used was able to 

reduce some of the variables associated with shear bond strength studies. 



Sinha et ai 1 9!X3' 1 Concise 1 23.29 1 3.94 1 NIA 1 17% 

AUTHOR 

Viazis et aI 1990~' 

-- - 

Current study 1 Transbond XT 1 20.84 1 4.92 1 10.97 - 29.26T 24% 

Chamda et al 1996~ Transbond XT 7.08 1.76 4.17- 9.81 

Concise 1 5-76 1 2-01 1 2-70 - 8.09 1 

ADHESIVE 

Transbond XT 

Concise 

-- - -- - -- - 

Noms et al 199 1'" Transbond XT 18.60 6.30 

Concise 19.70 3.40 
-- 

z h c r a f t  et al 1997~ 1 Concise 1 17147 5.20 1 1000 --26= 30% 

MEAN 
v a )  

20.70 

22.16 

Table 4:Shear bond strength measurments from recent literature for Transbond XT 

S n +  
W a )  

4.03 

3.19 

: 

and Concise composite resins 

RANGE 
( m a )  

14.20 - 26.70 

17.60 - 27.20 

Ewoldsen et al 1 9 9 ~ ~ ~  

Bishara et al 1997" 

Martin et ai 1 99426 

Lindauer et al 1997" 

VARIATION 
COEFFICIENT 

19% 

14% 

Concise 

Transbond XT 

Transbond XI' 

Transbond XT 

Concise 

10.39 

7.20 

19.60 

9.10 

9.60 

4.00 

3.1 

9.6 

4.6 

4.6 

N/A 

2.30-11.60 

2.50 - 3 1.70 

N/A 

38% 

43% 

49% 

51% 

48% 



AUTHOR SURFACE 
TREATMENT 

Current study Non-treated 

Conditioned 

Acid-etched 

Beress et al 1997* Non-treated 

Acid-etched 

Ewoldsen 

et al 1 9 9 ~ ' ~  

Non-treated 

Conditioned 

Acid-etched 

ML4.N S.DA RANGE VAEUATION 1 
W a )  W a )  (MPa) COEFFICIENT 

4.84 1.88 0.61 - 7.31 39% 

9.76 1.89 7.31 - 12.68 19% 

13.18 2.82 10.00 - 17.07 21% 

Table 5: Shear bond strength of Fuji Ortho LC and Fuji II LC to non-etched, 10% 

Polyacryüc acid conditioned, and acid-etched enamel in recent publications 

Table 5 sumarizes the results of a few recent studies that used Fuji Ortho LC and its 

restorative relative, Fuji II LC. The results obtained for non-treated enamel in this study are 

in agreement with most studies. The current study found a significant increase in bond 

strength when acid-etching and polyacrylic acid conditioning of the enamel were performed 

which is in agreement with Beress et ala. However, both Manilli et al4' and Ewoldsen et al4', 

found these surface treatment to enhance the bond strength marghally, and not statistically 

significantly. 



Adhesive Remnant Index (ARI) is ofien used in conjunction with shear bond strength studies 

in an attempt to explain the results 39J3. However, several studies suggest that cernent residues 

are correlated with the type and direction of debonding force rather than with the adhesive 

bond strength 4950J', a result which is in agreement with the finite element mode1 anaiysis 

described by Katonaz4. Ln most studies testing composite resks, adhesive residues remain on 

the enamel, because the shearing force deforms the bracket and failure occun in the 

bracketkement interface5'. Therefore, these shear tests actually measure the force required to 

defom the bracket, which is less than the force required to shear the cernent f?om the enarnel. 

If the aim of a study is to compare the bond strength between different adhesives and the 

enamel, or between different surface preparations and the same adhesive, then it should 

measure the force required for failure in the enamel-cernent interface. 

Light microscope examination of the hctured specimens detennines the site of bond failure. 

Since the cohesive shear strength of current bondhg materials is fa. greater than their shear 

bond strength, then if a true shearing force is applied, it is anticipated that the failure will be 

either in the bracketkement interface or the enamevcement interface. In the present study, the 

stereomicroscopic examination of al1 specimens after debonding, showed most enamel 

surfaces to have no cernent residues, indicating that the bond failure occurred in that interface 

(Figure 8). This rwult supports the contention that the shear test assembly used in this study 

delivers a true shear force through the enamel-cernent interface. It may also explain why the 

shear bond strength measured for Transbond XT is high, in relation to other studies (Table 4). 



The prepared enamel surfaces, which were polished down to 600 grit level, exhibited 

longitudinal grooves in the direction they were polished (Figure 1 1). Although these grooves 

were taken into consideration during the shear bond strength testing, by applying the force in 

the same direction as the grooves, it may be advisable to modiQ the tooth preparation process 

by polishing the surfaces to 2400 grit level. This modification achieves a smoother surface, as 

demonstrated by Kornori et als3, and wodd remove any variation which may be  caused by 

these grooves. 

It should be emphasized that the more the method controls for variations, the M e r  it is 

fkom the clinicai situation. In the clinicai reality, the enamel surfaces and the forces affecting 

the brackets, are diversified, and therefore, a clinical conclusion can only be extracted £?om a 

clinical trial. However, a well controlled in vitro study, yie1d.s a reliable scientific 

information, which future clinical trials can be based upon. 

2. CLINICALLY ACCEPTABLE LEVELS OF BOND STRENGTH 

Bond failure in orthodonties occurs as a result of many factors, including occlusal and 

functional forces. Although true shear force is not a common clinical situation, the shear 

bond strength is tladitionally u e d  as an indicator for the survivability of the bond throughout 

the course of orthodontie treatment. As the shear bond strength increases, so does the 

survivability of the brackets, however, the risk of enamel hcture at debonding increases, as 

does the amount of adhesive rernaining on the enamel surf'ace. Thus, stronger is not 

necessarily bette+? Since composite resins bond failure results clinically in adhesive 

remaining on the enarnel, apparently due to failure at the bracket/resin interface, it is logical 



that lower bond strength to enamel can, not only s d v e  treament, but dso reduce the risk of 

enamel hcture and discornfort during debonding and simpliQ c~eanu~"~~". 

Shear bond strength values that should be clinically sufficient were suggested by Reynoldssi 

to be in the range of 60-80 kg/cm2 (approximately 6-8 MPa) and by ~omori" to be about 8.5 

MPa. These values are positioned on the continuum of shear bond saength values in an area 

that theoreticdly, should provide an acceptable level of clinical retention of brackets, yet 

decrease the adverse effects during debonding. However, due to the variation in shear bond 

strength testing and the wide range of results, ofien reported for the same matend, and the 

inherent limitation of such study to measure a chical situation, using a certain shear bond 

strength value as clinicaily acceptable, would be illogical. 

Because Fuji Oriho LC is a relatively new material, and due to the length of orthodontic 

treaîment, there is very Little evidence as to its clinical perfoxmance. The only clinical report 

about brackets bonded to non-etched enamel with Fuji Ortho LC, has claimed a sunival rate 

of 96.8% 13. However, the data presented in this study indicate an actuai failure rate of 4.6% 

over a treatment penod, which is not stated, but could not be longer than a year. A second 

study, by ~r icker '~ ,  recorded bracket failure over a 12 months period, in ten patients, where 

half of the brackets were bonded with a composite resin to acid etched enamel and the other 

haif with Fuji II LC to polyacrylic acid conditioned enamel. Fricker had two failures with 

Fuji II LC (3.3%) and one with the resin (1.6%), which are very encouraging results, but 

should be viewed cautiously due to the limiteci number of patients and the short treatment 

penod. Studies using other brands of Light-cured glass ionorner cements cannot be compared 



to these two studies or to the in vitro results, due to the difference in composition and 

behaviour of these materialsS8. 

In view of these reports, it seerns that Fuji Ortho LC, when bonded to non-etched enamel, 

may be "aimost" strong enough to be deemed "clinically acceptable7'. In this snidy, using the 

modified SPSTA, the mean shear bond strength of Fuji ûrtho LC to non-treated enamel was 

4.84 MPa, ranging h m  0.6 1 - 7.3 1 MPa Therefore, it couid be estimated that for a bond to 

be clinically acceptable, it shodd have a mean, and especiaily range of rneasurements, in this 

specific method, which are somewhat higher than those mentioned above. Clùucal 

performance of Fuji Ortho LC, when acid etching or polyacrylic acid condiûoning are used, 

is therefore anticipated to be better than to non-treated enamel. 

3. LASER EFFECTS ON THE ENAMEL SURFACE 

Laser inadiation effects on the enamel s d a c e  were demonstrated by SEM images and thin 

cross-sec tions of treated teeth. Changes to surface rnolphology included melting, fusion, 

ablation and pittuig, and were more pronounced as the laser fluence increased. There is a 

dramatic change in surface appearance h m  the 3.5 and 5 k m '  groups to the groups 

irradiated with the higher fluences (7 and 9.5 J/cm2). This dramatic change coincides with the 

ablation threshold for these laser conditions, which is approximately 5.5 Jlcm'. The 

occasional melting observed in the 3.5 and 5 ~ / c r n ~  groups is due to the heterogeneity of the 

laser beam, which results in "hot spots". The pattern of these %hot spots" is demonstrated by 

the thermal image (Figure 13), and is coincident with the pattern of surface effects in these 

groups (Figure 9). 



25 50 75 100 
c o l  

Figure 13: Thermal image of laser beam, presented as a cross-sectional energy contour 

map, demonstrating uneven energy distribution. Note two crescent shaped %otW areas 

in the periphery, exhibiting a 40400% increased htensity. 

The same trend follows in the cross-sectional images, where an increase in crater depth 

correlated with the increased energy deposition. However, these craters are not the result of 

the average Buence, calculated for these laser pulses. Rather, they are the outcome of the "hot 

spots", which are the products of the uneven energy distribution throughout the laser beam, 

5 1 



which is commonly found in lasers. and pdcularly CO, lasers. This deleterious effect 

should be considered when the desired fluence is calculated. Although acid-etched enamel 

did not show any damage or loss using this method of irnaging, it is estimated that enamel 

loss due to acid-etching and the debondkg process is between 5 -60 P~* .  

4. BOND STRENGTH TO LASER IRRADLATED ENAMEL 

The composite resin (Transbond XT) and the resin-modified glass ionomer cernent (Fuji 

Ortho LC) interaction with the laser irradiated enamel surfaces follow diEerent trends, as 

dernonstrated by Figure 14. As expected, composite resin bond strength to non-treated 

controls was very weak, m e a s d g  only 1.1 MPa Bond strength was higher in al1 laser 

treated groups, increasing in magnitude as the laser beam fiuence increased. The bond 

strength in the groups treated with low level energy, 3.5 and 5 ~/cxn', was still fairly Iow and 

was not statisticaily different fiom the non-treated enamel. The groups treated with energy 

levels above the ablation threshold, 7.5 and 9.5 J/cm2, had significantly higher bond strength, 

with the 9.5 J/cm2 group rneasuring between 9.26 to 14.1 MPa, with a mean of 11.84 MPa. 

These values may suggest that this laser treatment can provide a clinicaily acceptable bond 

between enamel and composite resin. 



Mean Shear Bond Strength 

SJlcm2 7.5Jlcm2 9.5J/cm2 Condiüoner AcM etch 

Enamel Treatment 

Figure 14: Mean shear bond strengtb 

The trend exhibited by the composite resin groups can be explained by their bonding 

charactenstics and the SEM observations of the laser effects on the enamel surface. 

Composite resins adhere to enamel by a micro-mechanical bond, created by their ability to 

flow and occupy indentation and invaginations prior to their setting. Their bond strength to 

enamel increases with the increase in the area of the retentive surface6'. The SEM images 

demonstrated that the increase in laser beam energy resulted in an increase in the surface 

roughness, and its retentiveness, hence the increased bond strength 



The same rationale can also explain why the bond strength to the acid etched group is higher. 

Surface ablation inducecl by the highest fluence yielded a disorganised cluster of changes 

which included pits and invaginations, ranging in size from 5 to 40 p. In cornparison, acid- 

etching effects each enamel pnsm separately, resulhg in a highly organised arrangement of 

4 p m  wide retentive cups. The increased number of retentions and more homogenous effect 

achieved by the acid etch, result in an increase in the total retentive area engaged by the 

bonding agent, which can explain its higher bond strength. 

The interaction between the resin-modified g l a s  ionomer cernent (Fuji Ortho LC) and the 

laser treated enamel surfaces was very different than that seen with the composite resin. The 

groups irradiated with fluences of 3.5, 5.0 and 9.5 km' ,  had significantly higher mean bond 

strengths than the non-etched control. The means of these three groups (7.96, 7.52 and 8.12 

MPa, respectively) were almost identical and not statistically different fiom each other and 

sunilar to the group treated with 10% polyacrylic acid conditioner (9.76 MPa). Based on the 

above discussion regarding cluiically acceptable bond strength, and the limited clinical 

evidence existing, it can be estimated that these laser beam parameters can provide a 

clinically acceptable bond between enamel and Fuji Oriho LC resin-modified glass ionomer 

resin. 

The trend exhibited by the four experimentai groups can be explained by the bonding 

rnechanism of resin-modified g l a s  ionomer cements, which combines physical and chernical 

bonds. It is probable, that the lower laser energy treatment removed organic material f?om the 

surface and fiom the outer layer of the enamel, a d o r  caused a change in its molecular 

structure, primuig it for the chernical bond, and/or lowered the surface energy, similar to the 
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effect obtained by the polyacrylic acid conditioner. The higher energy densities may have 

offset this effect by damaging the surface morphology and integrity, and probably changing 

its rnolecular structure, as weli. This will explain the lower bond strength rneasured for the 

group treated with fluence of 7.5 km' .  The higher bond strength rneasured in the 9.5 .J/cm2 

group is probably due to the resin component bonding physically, similar to that seen in the 

composite resin goup. 

Relatively hi& bond strengths between composite resin and enamel surfaces were achieved 

in this study, using laser irradiation energy levels far lower than previously reported"-la. 

However, this result was only achieved with the highest fluence used, and M e r  studies 

need to be done to examine the effects on adjacent tissues, especially the tooth pulp. Pulp 

temperature nse is correlated with the cumulative energy deposited into the tooth, which 

depends on the pulse energy and the number of pulses. If the energy per pulse can not be 

reduced, without loosing the etching effect, a lower number of pulses can be assessed as well, 

to minimize the nsk to the pulp. However, according to studies by Fried et al", the energy 

conditions used in the present study are unlikely to cause undesirable temperature rise in the 

pulp. The above used parameters should also be tested to confirm their ability to inhibit 

caries progression in enamel. If indeed these parameters are safe and effective in vivo, laser 

irradiation may be conçidered to replace pumicing and etching before bracket bonding, while 

decreasing the incidence of enamel decalcification around orthodontie brackets during 

treatment . 



Similar saféty and clinical survivability studies shouid be performed with Fuji Ortho LC, 

using the lower laser fluence. If successfui, the combination of laser irradiation and this 

cernent may offer more benefits to the orthodontist and the patient. A 2-3 seconds laser 

treatment of each tooth wodd eliminate the need for pumicing and etching. The wet 

environment required for proper bsnding by Fuji Ortho LC, eliminating the need for 

maintainhg a dry field, wodd allow convenient placement of the brackets immediately after 

laser irradiation. These benefits and the clean tooth d a c e  at the time of debonding, al1 

translate to a reduction in the risk of enamel damage and a reduction in chair time, benefiting 

both, the patient and the orthodontist. In addition the patient would have a better protection 

against decalcification during orthodontie treatment, due to the caries inhibitory effect of the 

laser treatment", the higher incorporation of fluoride to laser irradiated enamel" and the 

release of fluoride fiom the glass ionomer. 

It is important to stress that current commerciaily available laser devices produce a different 

wavelength, have dinerent energy charactenstics, and are not capable of producing the 

specific irradiation parameters used in this study. Any attempt to use them clinically may 

result in permanent damage to vital tissues. 



EL CONCLUSIONS 

1. The shear bond strength testing method described in this dissertation, resulted in 

complete shearing of the adhesive fiom the enamel surface, thus measuring true shear 

bond strength. 

2. Shear bond strength measurements were consistent with published results and had better 

than average coefficients of variation. 

3. This reproducible and highly controlled method is proposed for consideration as a 

standard shear bond strength testing rnethod in orthodontics. 

4. Composite resin (Transbond XT), achieved an acceptable bond strength to enarnel 

irradiated with 10.3 pm wavelength CO- laser, at 9.5 J/cm2 per pulse. 

5. Resin-modified glass ionomer (Fuji Ortho LC), achieved an acceptable bond strength to 

enamel irradiated with 10.3 p waveiength CO, laser, at three different fiuences, 3.5, 5.0 

and 9.5 J/cm2 per pulse. 

6. Laser irradiation effects on the enamel surface, including melting, fusion and pitting, 

were enhanced as the fluence increased. Only mild effects were seen in several "hot 

spots" when the fluence was below the ablation threshold for 10.3 pm wavelength laser 

iight (approximately 5.5 J/cm2). These effects dramatically changed to a fully covered 

stormy appearing surface, when fluences above this threshold were used 

7. Occasional "hot spots", resuiting h m  uneven energy distribution in the laser beam, may 

mate localized surface effects, such as cratering, which may have deleterious effects. 
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