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INTRODUCTION 

Background 

Resin composite bonding of orthodontic brackets to 

etched enamel is a procedure widely used by orthodontists. 

Since Buonocore (1955) first proposed acid etching of enamel 

surfaces for placement of resin adhesives, bonding of 

orthodontic brackets has virtually replaced metal banding of 

anterior and most posterior teeth. Resin bonding of 

orthodontic brackets has many advantages and is gaining 

widespread acceptance because: 1) they are relatively easy 

to place, 2) there is good acceptance by the patient, 3) 

interproximal band space is eliminated, 4) decalcification 

under loose bands is eliminated, and 5) lingual brackets and 

retainers can be used. 

In spite of the increasing acceptance of resin 

bonding, a problem still exists with enamel decalcification 

and caries under and around orthodontic bands and brackets 

(Hirschfield and Johnston, 1974; Stratemann and Shannon, 

1974; Zachrisson, 1976,1977; Hirschfield, 1978; Lehman, 

Davidson and Duijsters 1981). Enamel decalcification can 

occur whenever bacterial plaque is retained on the enamel 

su~face for a prolonged time (Gorelick, Geiger and Gwinnett 

1982). Possible causes of decalcification and plaque 
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accumulation are difficulty in maintaining adequate oral 

hygiene (Zachrisson, 1976; Gwinnett and Ceen, 1979) and the 

possibility that·· etched enamel may be more susceptible to 

the carious process(Lehman et al., 1981). 

The orthodontist can recommend preventive measures 

including: (1) efficient oral hygiene instruction, (2) 

fluoride rinses, (3) continual checks for loose bands, (4) 

restoration of all caries before band cementation, (5) 

2 

adapting bands adequately, (6) proper nutrition, and (7) use 

of fluoride containing cements and resins (Zachrisson, 

1976). All of the above mentioned measures are important; 

however, the direct application of fluoride at the time of 

resin bonding is a measure that has theoretical appeal, but 

' remains controversial. 

Directions accompanying some dental composite bonding 

systems used on enamel or dentin surfaces state "Do not use 

prophy paste containing oil or fluorides" (Concise, 1988). 

Dentists have accordingly avoided fluorides during composite 

resin application. Nevertheless, the use of fluoride 

probably remains the best approach to prevention of decay. 

Many uses of fluorides have been advocated and implemented 

by dentists, dental auxiliaries and by the patients them-

selves with a great deal of documented success(Zachrisson, 

1976). The various applications include mouth rinses, 

topical gel trays, fluoride containing prophylaxis paste, 

cements, resins, tablets, dentifrices, and solutions. 
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Some of the early research demonstrated adverse 

effects of fluorides when evaluating bond strengths and acid 

etched surfaces (Gwinnett, Buonocore and Sheykholsam, 1972; 

Sheykholeslam, Buonocore and Gwinnett 1972; Low, Bon 

Fr.aunhoter and Winter, 1977). More recently, investigations 

have shown no effects on bond strength using fluoride 

(Hirce, Sather and Chao, 1980; Bishara, Chan and Abadir, 

1989;Garcia-Godoy, Hubbard and Storey, 1991; Wang and Sheen, 

1991). Some investigators have demonstrated that the acid

etched enamel surface is not affected by fluoride 

application after etching (Garcia-Godoy et al., 1991). 

Thus, the literature is still unclear as to the effect of 

fluoride treatment on the tooth surface before resin 

bonding. 

Much research has been accomplished since the wide

spread acceptance of direct bonding of brackets. The focus 

of the research includes topical application of fluoride 

during orthodontic treatment, attempts to remineralize 

decalcified tooth structure, and application of fluoride 

both before and after acid-etching prior to bonding 

orthodontic brackets. Also, some investigators have placed 

fluoride in the etching solution. 

Several methods of in-office topical fluoride 

application have been advocated by different authors: 

painting (Hoyt and Bibby, 1943), varnish application (Clark, 



1982), and iontophoretic application (Gangarosa and Jeske, 

1992, p. 13). 

Statement of the Problem 

4 

The main purpose of this project was to determine the 

effect of fluoride applications on the shear bond strength 

of orthodontic resins to bovine enamel. The null hypothesis 

was that fluoride treatment would have no effect on the 

shear bond strength of resin-bonded orthodontic brackets to 

bovine enamel. Thus, three groups of teeth were studied in 

the main experiment: 1) topical fluoride treatment, 2) 

fluoride iontophoresis treatment, 3) no treatment. The 

differences in resin bond strength on teeth treated with 

fluoride by either iontophoresis or conventional topical 

fluoride was compared with the non-fluoride treated control. 

A secondary purpose was to determine whether there 

was any difference in fluoride uptake in the enamel by 

topical application or by iontophoresis; Thus, fluoride 

uptake after the treatments was measured. 

Review of Related Literature 

Background 

Fluoride has been studied extensively in the dental 

literature. The proposed mechanisms by which fluoride can 

reduce decalcification and caries include: 1) increased 

resistance of enamel to acid dissolution(Jenkins, 1978, 

pp.403-405), 2) interference with metabolism of 

microorganisms(Jenkins, 1978, pp. 403-405), and 3) 
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facilitation of remineralization of white spot lesions 

(Koulourides, 1980). 

With respect to fluoride treatment and bonding of 

orthodontic brackets to enamel, two main methods have been 

used. They include: 1) topical application of fluoride to 

the enamel prior to acid etching, and 2) topical application 

of fluoride to the enamel after acid etching. Studies of 

the effect of fluoride on bond strength (both tensile and 

shear) have been reported in the orthodontic literature. 

There have been few studies reported comparing topical 

fluoridation of the enamel to iontophoresis. More recently, 

fluoride has been incorporated in the acid-etching agents. 

Early Literature 

According to the early literature with experimental 

bonding systems and first generation composite resins, use 

of fluoride prior to bonding seemed to have an unfavorable 

influence on the bonding process. Sheyholeslam et al. 

(1972) reported that various fluoride treatments after 

' etching interfered with tensile bond strength of 

subsequently applied resin adhesives. However, 2% 

acidulated sodium fluoride was not statistically different 

from control values and actually improved the wettability of 

the surface. Wettability is. desirable because it causes a 

higher surface energy and lower contact angle and thus 

should provide greater resin penetration and retentive 

strength. 
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Sheykholeslam et al. (1972) studied various 

fluoride compounds (stannous fluoride, zirconium tetra

fluoride and titanium tetrafluoride) and found lowered 

tensile bond strength following acidulated sodium fluoride 

treatment. The authors' conclusion from this study was 

that pre-treatment with most fluoride comp~unds decreased 

bond strength. He suggested that fluoride interfered with 

tag formation by the formation of reaction products (CaF2 

salts) and caused poorer wetting of the surface, even though 

NaF treatment seemed to promote wettability. 

Low et al. (1977) examined the effects of stannous 

and acidulated phosphate fluoride applications after enamel 

acid etching. They found decreased tensile bond strengths 

when stannous fluoride was used with the following resins: 

(Nuva Seal, Espe, and Epoxylite). For reasons that were not 

clear, the bond strength was increased somewhat when 

stannous fluoride was used with Alpha Seal. SEM evaluation 

of reaction products on the enamel surface of stannous 

fluoride-treated teeth was not conclusive. Some 

investigators revealed no gross alterations of the acid

etched enamel surface after treatment (Gwinnett et al., 

1972) while others noted dense granule-like reaction 

products on the enamel surface (Kochavi, Gedalia and Annise, 

1975) . 

Lastly, Gwinnett et al. (1972) found that reaction 

products of fluoride with enamel tended to occlude the 
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etched enamel surface. Their conclusion was that to achieve 

maximum bond strength in clinical application of adhesives 

to enamel, the adhesive resin should be applied directly to 

acid-etched enamel and not fol.lowing fluoride treatment. 

Recent Literature 

In contrast, several later reports, see below, showed 

no effect of fluoride on bond strength and a favorable 

effect(less decalcification) of applying fluoride during the 

bonding of composite resins to teeth. There appeared to be 

no difference whether the fluoride solution was applied 

either before or after acid etching. This result may have 

coincided with improvement of resin chemistry after better 

materials and techniques were developed. 

Hirce et al. (1980) found that the topical 

application of fluoride after acid-etching of the enamel 

increased fluoride uptake without changing the bond strength 

of the resin adhesive. Three groups received different 

experimental fluoride applications. The application of a 

basic phosphate fluoride (10-2 M Na3P04 , 103 ppm F) or 8% 

stannous· fluoride did not alter bond strength significantly. 

However, the acid-fluoride combination (50% phosphoric acid 

containing 2% sodium fluoride) had a torsional bond strength 

that was significantly weaker than the control bonds. 

Interestingly, as described in a parallel clinical study, 8% 

stannous fluoride was considered unacceptable for clinical 

use because of a dark staining of the etched enamel 
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surrounding the brackets; the stain was both unaesthetic and 

difficult to remove. In a group of subjects treated with 1% 

sodium fluoride solution, little or no decalcification 

around the brackets was found. 

Roland, Yates, Hambree and McKnight (1975) reported 

that 8% SnF increased the tensile strength of a filled 

resin, had no effect on two unfilled resins but decreased 

the bond strength of Concise resin (also unfilled). 

Bishara et al. (1989) found that teeth etched with 

37% phosphoric acid for 1 minute and treated with 2% or 4% 

NaF in a O.lM H3P04 solution showed no significant change in 

tensile bond strength. 

Kochavi et al. (1975) evaluated fluoride treatment 

both before and after acid etching, as well as incorporation 

of fluoride into 50% phosphoric acid-etching solution. 

These investigators found that pre-treatment with either 

sodium fluoride or stannous fluoride reduced the etching 

ability of the phosphoric acid, probably due to decreased 

enamel solubility. Also, pretreatment with fluoride 

resulted in the formation of reaction products (Ca5 (P04 )~F, 

CaF2 and Sn3P04F3 ). A significantly higher fluoride uptake 

by the etched enamel was noted with incorporation of either 

2% sodium fluoride or 8% stannous fluoride in phosphoric 

acid compared to incorporation of fluoride after acid

etching. Interestingly, the mean fluoride concentration in 

the enamel of teeth treated with NaF in phosphoric acid was 



9 

significantly higher than the teeth treated with SnF2 in 

phosphoric acid. Also, SnF2 was not statistically different 

from the control. Their conclusion was that the highest 

fluoride incorporation was achieved with 2% NaF included in 

the acid. 

Fluoride has also been incorporated into the etching 

gel. Garcia-Godoy et al. (1991) reported a statistically 

higher bortd strength using 60% phosphoric acid gel 

7ontaining 0.5% NaF than the non-fluoride control using 38% 

phosphoric acid gel. Also, the etching patterns of both 

groups, as seen under SEM, were noted to be similar. 

However, fluoride uptake studies using the 0.5% NaF were not 

conducted. Thornton, Retief, Bradley and Denys (1986) noted 

that tensile bond strengths of the bonding resin to the 

etched enamel surfaces were not significantly different with 

a fluoride range of 0.01-0.09% in a 50% phosphoric acid gel. 

Lastly, Takahashi, Arakawa, Matsukubo and Takevchi (1980) 

found that a high concentration of fluoride (0.2%) in the 

30% phosphoric acid was unfavorable, but lowering the 

concentration of NaF to 0.02% did not decrease bond 

strength. 

Other studies have evaluated fluoride application 

prior to acid etching the enamel surface. Brannstrom, 

Nordenvall and Malgrem (1978) studied prophylactic fluoride 

treatment prior to orthodontic bonding procedures. They 

found that pretreatment of the enamel with a fluoride 
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varnish (Duraphat) resulted in·no reduction in etching 

irregularities seen in the SEM. Wang et al. (1991) 

evaluated 'tensile bond strength of Concise (orthodontic 

self-cured resin).' They demonstrated that topical treatment 

with 1.23% APF gel prior to acid etching had no effect on 

bond strength when compared to the untreated control group. 

Also, greater detachment of enamel tags was seen in the 

fluoride pretreatment group. Also in this study, enamel 

fluoride uptake after acid-etching was not measured. 

Iontophoresis 

Application of fluoride via iontophoresis to enamel 

prior to orthodontic bonding is a relatively unexplored 

area. See Appendix A for a review of iontophoresis. 

Fluoride iontophoresis has been shown to significantly 

enhance the amount and depth of dentin penetration by 

fluoride ions over topical application alone (Wilson, Fry, 

Walton and Gangarosa, 1984). In an IADR abstract, 

Gangarosa, Gado and Baratz (1985) reported that ionto

phoresis with 2% NaF produced much more intense narrowing of 

the dentinal tubules compared to topical fluoride 

application. This reduction of dentin tubule diameter could 

help explain dentin desensitization by fluoride 

iontophoresis, but enamel fluoride uptake after 

iontophoresis was not considered in this study. 

Pashley, Livingston and Outhwaite (1978) demonstrated 

increased movement of ions (iodide and lidocaine) across 
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dentin discs caused by iontophoresis. In addition, the 

studies reported by Wilson et al., 1984 and Nagatani, 1985 

demonstrated increased fluoride concentration in dentin. The 

latter study reported CaF2 crystals in the tubules by SEM 

analysis after fluoride iontophoresis. 

In contrast to studies involving the dentin, fewer 

studies have been done with iontophoresis of fluoride into 

enamel. Gangarosa and Gao (1989) reported that fluoride 

iontophoresis caused a higher Knoop hardness number than 

topical fluoride application to demineralized enamel and 

dentin surfaces. They concluded that fluoride iontophoresis 

could provide greater rehardening of human enamel than 

topical application of fluoride. Previous studies, 

performed between 1983-1985 at the Medical College of 

Georgia, tested the tensile bond strength of orthodontic 

brackets bonded to human enamel using 2% NaF with 

iontophoresis both before and after acid etching. The data 

collected suggested that iontophoresis with 2% NaF did not 

alter shear bond strength of Concise orthodontic resin when 

compared to the non-fluoride treated controls. However, the 

work was never published because the sample sizes were too 

small, topical fluoride application without iontophoresis 

was not evaluated, and no fluoride uptake data were 

obtained. Present studies were designed to overcome these 

deficiencies in a controlled experiment on bovine enamel. 
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Fluoride Uptake and Retention 

Several investigations have been conducted studying 

fluoride uptake and retention by enamel after various 

methods of fluoride application (DePoala, Aaseden and 

Brudevold, 1971; Retief, Sorvas, Bradley and Taylor, 1980; 

Sieck; Takagi and Chen, 1990). Retief et al. (1980) 

analyzed fluoride uptake by human enamel after 1- and 24-

hour applications of several different topical agents. They 

found that teeth treated with Fluor Protector (polyurethane 

varnish) for one hour acquired significantly greater amounts 

of fluoride in the outermost 7.5 pm of enamel compared to 

teeth treated with APF or Duraphat (fluoride varnish 

containing 5% NaF in an alcoholic suspension of natural 

resins). However, after a 24-hour application, the fluoride 

concentration in enamel significantly increased for both the 

Fluor Protector and Duraphat groups. More than 3000 ppm 

fluoride in the outermost 7.5 pm layer for both the Fluor 

Protector and Duraphat was reported. Approximately 2000 ppm 

fluoride was noted in the second and third layers(7.5 pm-

22.5 pm). 

The same investigators also studied the retention of 

fluoride. After treatment, the teeth were stored in 

synthetic saliva for 24 hours and acid-etch biopsies were 

performed. They noted that the teeth treated with Fluor 

Protector retained more than 1000 ppm fluoride in the 

outermost 22.5 pm; however, the Durphat-treated teeth 
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retained just under 100 ppm fluoride in the treated enamel. 

Another study by Sieck et al. (1990) evaluated 

fluoride uptake using an APF treatment alone and a DCPD

forming solution saturated with respect to fluorapatite 

(pretreatment of teeth with an acidic calcium phosphate 

solution, saturated with dicalcium phosphate dihydrate and 

fluorapatite) followed by an APF treatment. The authors 

noted significant mean fluoride uptakes for the DCPD-APF 

groups in the outer 5,10 and 15 ~m of enamel with mean ppm 

of 1610, 1280, and 971, respectively. The results from the 

APF treatment alone did not show a significant difference 

from the control. The DCPD-APF treated teeth were exposed 

to a fluoride washing system to remove the CaF2 • Their 

results showed that DCPD-APF treated enamel incorporated 

significantly more fluoride than did the specimens that 

received APF treatment alone and that washing did not 

significantly alter uptake in either group. 

Investigators have shown more fluoride uptake in 

etched enamel than non-etched. Mellberg and Loertscher 

(1973) evaluated a NaF and ((NH4 ) 2SiF6 ) solution applied for 

four minutes to the etched human enamel. The specimens were 

rinsed and stored for 24 hours. All treated specimens had 

high net fluoride concentrations ranging from 2000 ppm to 

7000 ppm at a depth of 5~m. The results showed that the 

etched enamel specimens treated with 1.2% NaF, acquired 8.2 

times more fluoride than sound enamel; however, samples 
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treated with 1.2%(NH4 ) 2SiF6 acquired only 4.1 times as much. 

They also found that uptake of fluoride by sound enamel 

increased from 670 to 2049 ppm when the pH was changed from 

4.5 to 2.5. 

Lastly, DePaola et al. (1971) found that acid-etched 

teeth treated with 1.2% APF for 3 minutes acquired signifi

cantly more fluoride than APF-treated controls that were not 

etched. The in vivo acid etch biopsies were performed one 

year after the fluoride application. Their findings 

indicated a reduced caries experience in individuals with 

increased levels of fluoride, presumably because the 

deposited fluoride was firmly bound to the enamel mineral 

and was present as fluorapatite. 

Summary of Literature Review 

In summary, fluoride application to both human and 

bovine enamel has been extensively studied. Conflicting 

reports have been published with regards to: bond strength 

(both tensile and shear); type of method of fluoride 

application, whether the application of fluoride was 

performed before or after acid-etching; and pH of fluoride 

solutions. More recent evidence seems to demonstrate that 

fluoride does not affect bond strength. 

Another important aspect of fluoride application is 

the amount of uptake and retention. Acid-etched enamel and 

acidic conditions seem to promote the greatest amount of 

fluoride uptake. 



MATERIALS AND METHODS 

Enamel Surface Preparation 

Ninety mandibular bovine incisors were used for the 

bonding experiments. A sample size of 30 teeth was 

determined to give 95% power for detecting at least 0.9 

standard deviations of mean difference. The teeth were 

extracted and stored in phosphate-buffered saline (pH 7.4) 

with a crystal of thymol added as preservative and stored at 

3°C. Before bonding, the teeth were cleaned and curetted to 

remove debris, calculus, and any tissues from the root 

surface. Enamel preparation consisted of sequential wet 

grinding of the facial surface with silicon carbide to 600 

grit. A flat facial surface was created to reduce nonshear 

forces at the interface. Each tooth was examined under a 

light microscope for presence of dentin exposure. Any such 

exposure resulted in exclusion of that tooth. 

Iontophoresis Equipment and Electrode Attachments 

The Dentaphor II and accessories(Life Tech, Inc. 

Houston, TX 77236-6221) were used for the iontophoresis 

treatment in this study. The electrode leads were inserted 

into the Dentaphor II unit according to the manufacturer's 

instructions. The unit is capable of operating between 0 

15 
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and 90 volts DC and was adjusted to a constant current (0.75 

rnA) for a period of two minutes. The electrical conditions 

were similar to those used clinically to treat sensitive 

teeth. A gelled return electrode (model #6506) was wetted 

with 0.1 ml of added phosphate buffer and wrapped around the 

root of the tooth. A vinyl-covered dental probe (model 

#6510) served as the treatment electrode. Plastic tubing was 

placed over a wick-tip which was inserted into the probe. 

Topical Fluoride Application Using Iontophoresis 

The facial surface ·of the incisor was exposed for two 

minutes with 2% neutral NaF (Fisher Scientific Co., Fair 

Lawn NJ 07410, Lot# S-299) which was contained within a 

piece of cotton roll located inside the plastic tubing. The 

other end of the probe was inserted into a negative terminal 

of the iontophoresis apparatus. After iontophoresis, the 

teeth were rinsed with water for 5 seconds and dried with 

compressed air. Then, orthodontic brackets were immediately 

placed and the teeth were stored in Ringers solution for 24 

hours prior to thermocylcing. 

Topical Fluoride Application Without Iontophoresis 

The facial surface was exposed to 2% neutral 

NaF with a cotton tip in the plastic tube as described above 

for a period of 2 minutes without current application. The 

tooth was then rinsed and dried, as above, prior to bracket 

placement. 



Bonding Procedures 

1. Tooth treatment and bracket bonding 

The prepared teeth were randomly assigned to the 

following experimental groups: 
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Group 1: (30 teeth) The enamel was first acid etched 

(Ultra-Etch, 35% phosphoric acid gel) for 30 

seconds and then rinsed with water for 15 

seconds, then topical NaF was applied for 2 

minutes followed by a five second water 

rinse. Bracket bonding was accomplished 

using Rely-a-Bond (Reliance Orthodontic 

Products, Inc. Itasca, IL, Lot# 029023). The 

excess resin was removed from the periphery 

of the bracket with a scaler. 

Group 2: (30 teeth) The enamel was first acid etched, 

then NaF was applied by iontophoresis, 

followed by bracket bonding using Rely-a

Bond. 

Group 3: (30 teeth) These teeth were controls. They 

were acid etched and then brackets were 

applied using Rely-a-Bond. No fluoride 

treatment was applied. 

2. Bracket Bonding 

Lower incisor, metallic orthodontic brackets (model 

#095-010, American Orthodontics, Sheboygan, WI) with no 

tip or torque and standard mesh pads were used. Bracket 



bonding was performed using one resin system, Rely-a

Bond. The brackets were bonded according to the 

manufacturer's instructions. For a review of resin 

composites, see Appendix B. 

3. Thermocycling 
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After bonding, the teeth were thermocycled through 

250 cycles between 5 degrees C and 50 degrees C. 

Thermocylcing is important because it simulates oral 

conditions where there is continual thermal challenge 

of the bonded interface due to differences between the 

coefficients of expansion for the resin and the enamel. 

Changes in both linear and volume expansion are 

important in considering the strength of restorative 

materials. Contraction of a substance upon cooling is 

equal to the expansion that results from heating. 

Accordingly, tooth structure and restorative materials 

in the oral cavity will expand with hot foods and 

beverages but will contract when exposed to cold 

substances. Continual contraction and expansion may 

weaken the bond strength of the composite resin to 

tooth structure, especially when a large difference 

exists between coefficients of thermal expansion of 

tooth and composite resin. The average linear 

coefficient of thermal expansion for composite resin is 

35 x lo-• per degree Celsius whereas the crown portion 

Of a tooth is 11.4 x lo-• per degree Celsius (Craig, 
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1993, pp.42-43). This three-fold difference is 

conceivably enough to influence the bond strength. 

Thermocycling was performed using a dwell time at each 

temperature of 2 minutes with a 12 second transfer time 

for 250 cycles. Thermocycled teeth were then stored in 

Ringer's solution at 37 degrees Celsius for 24 hours 

prior to shear bond testing. 

Measurement of Shear Bond Strength 

For a review of bond strength, see Appendix C. A 

constant interval of 24 hours was chosen after bonding 

and before shear testing to keep the experimental 

conditions consistent.The teeth were positioned so the 

facial surface was normal to the plane of the bottom of 

the tooth/bracket holding device (Figure 1). This 

alignment causes the shearing force during debonding to 

be parallel to the flattened tooth surface. The teeth 

and holder were placed in an Universal Testing 

Machine(Model TT-B, Instron Corp., Canton, MA) for 

debonding(Figure 1). A steel fork was attached to the 

crosshead of the Instron. The fork was modified to fit 

the outer surface of the orthodontic bracket. The 

cross-head of the Instron was lowered at a rate 1.27mm/ 

min. and the force imparted to the bonded bracket was 

recorded on a calibrated strip chart recorder. The 

force at failure was determined to be the maximum 

deflection in the time-force strip chart recording 



(Rueggeberg and Margeson, 1990). The strip chart 

recorder was calibrated to a 100 pound scale. Shear 

bond strength was recorded in pounds. The order of 

specimen fabrication and debonding were randomized to 

reduce operator-induced error. 

Determination of Enamel Fluoride Concentration 
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A subset of 20 bovine incisors (ten for each group) 

was used to determine the enamel fluoride concentration 

after acid-etching and then treating with topical 

application with or without iontophoresis of the 2% 

sodium fluoride solution. The facial surfaces of all 

the incisors were flattened. The fluoride application 

was for a 2 minute interval and the teeth were rinsed 

with water for 5 seconds and then dried (Figure 2). 

This technique was used in determining the possible 

difference between the two methods of fluoride appli

cation in promoting enamel fluoride uptake as well as 

estimating the ~namel fluoride concentrations of the 

teeth in the main experiment. 

Two pieces of nonwettable adhesive tape (3M Co., 

#417) with a punched hole (diameter 2.2mm) were 

attached to the middle third of the facial aspect of 

the tooth (Figure 3). A piece of adhesive tape for the 

control acid-etch biopsy was placed in the middle third 

to the left of the midline before fluoride application. 

An acid-etch biopsy was then performed (Koulourides and 
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Walker, 1979), as described below. Immediately after 

fluoride application, another piece of adhesive tape 

was placed over the treatment area and a similar acid

etch biopsy was performed. Both biopsies were taken 

from the middle third of the enamel surface. An acid

etch biopsy of each exposed enamel site was performed 

using 5.0 pl of 0.5 M perchloric acid. The acid was 

applied to each site for 15 seconds and then recovered 

and placed in a microbeaker containing 100 pl TISAB 

(Total Ionic Strength Adjustment Buffer). Any 

remaining acid was quantitatively recovered immediately 

using two 5.0 pl rinses with 0.25 M NaOH which also 

were added to the microbeaker (Figure 3). The net 

increase in fluoride concentration was determined by 

subtracting the control fluqride concentration from the 

concentration after fluoride treatment. (net fluoride 

uptake = [F] post-treatment - [F] pre-treatment) (1) 

The biopsy solution was analyzed for phosphorus 

using the molybdate-ascorbate spectrophotometric method 

of Chen, Toribara and Warner (1956) and for fluoride 

using the ion-specific electrode(Orion, Model 720A 

Cambride, Mass.). The total amounts of phosphorus and 

fluoride obtained from the acid-etch biopsy were 

determined and used to calculate the enamel fluoride 

concentration. The amount of phosphorus was used to 

determine the mass of enamel removed, based on the fact 
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that mature bovine enamel mineral contains 17% 

phosphorus by weight (Koulourides and Walker, 1979). 

Thus, if 17 Jig. of phosphorus were obtained_, the mass of 

enamel mineral biopsied would have been 100 Jig. The 

total amount of fluoride recovered in the biopsy was 

divided by the mass of enamel to determine the enamel 

fluoride concentration. 

The depth of the acid-etch biopsies was determined 

as well. This calculation is important because enamel 

fluoride concentrations decline sharply from the 

surface to interior regions. Thus, it was desirable to 

demonstrate that the depths of the biopsy sites using 

the two methods of fluoride application were similar. 

The depths of the etched sites were calculated assuming 

that the geometry was described by a cylinder and 

according to the following equation (Koulourides and 

Walker, 1979): 

DEPTH = Mass of enamel biopsied (2) 
Density of enamel x surface area of biopsy site 

Statistics 

This study was designed to give adequate 

opportunity to detect a difference in shear bond 

strength, if any, between the two methods of fluoride 

application. The power level was estimated using the 

t-distribution, assuming a two-tailed test at the 0.05 

level of significance. The difference in means between 
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the groups and the variance were not known a priori. A 

sample size of 30 was determined to give 95% power for 

detecting at least 0.9 standard deviations of mean 

difference. For example, if the standard deviation of 

the mean shear debond force was 5 pounds and the 

variances of the test groups were the same, then a 

difference of 4.5 pounds could be detected between the 

means with 95% power. Thus, if the ratio of mean 

difference to standard deviation was greater than 0.9, 

the power exceeded 95%. 

The shear bond data were analyzed using a one-way 

analysis of variance (ANOVA) (Cohen, 1969, pp. 1-16). 

The independent variable was fluoride treatment which 

was evaluated at three levels. Duncan's multiple range 

test was used for group comparisons. The mean, 

standard deviation and standard error are used as 

summary statistics throughout. 

The data for the determination of enamel fluoride 

concentration was reported by using the mean, standard 

deviation, and standard error. The analysis of the 

data was carried out using a one-way ANOVA. The 

independent variable was fluoride treatment which was 

evaluated at two levels. Before and after fluoride 

treatments were analyzed for each treatment group, 

iontophoresis and topical. Also, both groups were 

compared after fluoride treatment. Lastly, the net 



change in fluoride concentration of the specimens was 

analyzed, after treatment, using a one-way ANOVA. 
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RESULTS 

Table I contains the raw data of the debonding 

experiment. A one-way analysis of variance (ANOVA) was used 

to compare the means of the groups (Table II). TheE value 

of 0.65 indicates that there were no differences in bond 

strengths among the groups. Figure 4 compares the three 

groups with respect to mean bond strength and standard 

deviation. Table III shows the mean values, range, standard 

deviation and standard error for each group. Also, Table IV 

compares both iontophoresis and topical treatment with the 

control using Duncan's multiple range T-test (Snedecor and 

Cochran, 1989, pp. 83-102). A significant difference 

between the two treatments compared to the control was not 

found. 

Since a statistically significant difference among the 

three groups was not found, there was concern about whether 

the experiment was designed with adequate power. Using the 

root mean square error from the one-way ANOVA (14.6) 

(Snedecor and Cochran, 1989, pp. 217-235) as the overall 

estimate of standard deviation, it was estimated that the 

experiment had 95% power to detect a 0.5 pound difference in 

the groups and 85% power to detect 0.4 pounds difference. 

Thus, differences of smaller magnitudes have diminishing 
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mechanical significance. The power would exceed 95% for 

differences larger than 0.5 pounds (Kraemer and Thiemann, 

1987, pp. 37-53). Therefore, we may conclude that the 

fluoride treatments were not likely to have a significant 

effect on shear bond strength. 

The raw data for the enamel fluoride uptake specimens 

are shown in Table's V-VIII. The statistical analyses are 

shown in Table's IX-XIII. 
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Table IX shows the amount of phosphorus removed in the 

acid-etch biopsies. It was noted that the control 

phosphorus levels were higher in the topical group. 

However, the difference between the net phosphorus levels 

was not statistically significant (p=0.39; Table IX,e). 

In Table X, the amount of fluoride removed with the 

acid-etch biopsies is shown. Both treatments demonstrated 

significant increases in the amount of fluoride biopsied 

(Table X, b&c). Moreover, the difference in the net amounts 

of fluoride biopsied was also significant 

(p=0.02; Table X, e). 

Enamel fluoride concentration and depth of enamel etch 

were calculated based on phosphorus in the biopsied samples. 

For the formula and calculation of the depth of the etch 

refer to Appendix D, #3. 

The depth of enamel etch after topical treatment was 

3.033 ~m compared with 1.954 ~m for iontophoresis (Table 

XI). The net depth of etch between the two treatments was 



27 

also evaluated. The difference was not statistically 

significant (p=0.39; Table XI, e). Therefore the enamel 

weights recovered in the acid-etch biopsies were equivalent 

for the two fluoride treatments (p=0.39; Table XIII, e), 

(when taking into consideration the control value). 

The increases in enamel fluoride concentrations after 

fluoride treatment using the topical application technique 

and the iontophoresis technique were statistically 

significant (Table XII, band c). The difference between 

the increases in fluoride concentration using the two 

techniques, however, was not statistically significant 

(p=0.46; Table XII, e). It was also noted that the control 

enamel fluoride concentrations prior to fluoride treatment 

were higher in the iontophoresis group. 

The difference in amount of enamel biopsied, after 

fluoride treatments, between the two groups was also 

significant (p<O.OOOl)(Table XIII). 

The relationship between depth of etch and enamel 

fluoride concentration are graphically displayed as linear 

regression scattergrams in Figures 5 and 6. There was a 

significant decrease (p < 0.01) in fluoride concentration, 

before fluoride treatment, as the depth of etch increased. 

However, Figure 6 demonstrates a non-significant decrease (p 

> 0.1) as the depth of etch increased. Although the 

relationship between depth of etch and enamel fluoride 

concentration was not significant, the fluoride 
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concentrations did tend to decrease as the depth of etch 

increased. Also, the depth of etch after fluoride treatment 

had a smaller range than that seen prior to fluoride 

treatment. 



Figure 1 
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Shear Bond Apparatus a. The bovine incisor is 

placed in a brass mounting jig and the facial 

surface is parallel to the mounting fork. 

Mounting stone was then placed in the jig for 

stability. b. A removable partial denture 

surveyor was used to hold the mounting apparatus. 

The debonding fork of the Instron is parallel to 

the facial surface of the incisor. 
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a. 

b. 



Figure 2 Determination of Enamel Fluoride Concentration 

Flow-chart 
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The facial surface of the incisor was flattened. The incisor 
was ecthed with 38% phosphoric acid for 30 seconds and then rinsed 
with water for 30 seconds. Then, the teeth were dried with 
compressed air. 

AO sO 

A - An acid-etch biopsy was recovered prior to fluoride 
treatment. The pre-treatment acid-etch biopsies were recovered on 
the left side, in i:he middle third, of the facial surface. 

B - An acid-etch biopsy was recovered after fluoride 
treatment {2% NaF applied for two minutes either by iontophoresis 
or topical application). The post-treatment acid etch biopsies were 
recovered from the right side, in the middle third, of the facial 
surface. 



Figure 3 
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Acid-Etch Biopsy Location a. A piece of 

nonwettable adhesive tape was placed on the 

middle third of the bovine incisor. The control 

biopsy was removed on the left side of the 

incisor and the fluoride biopsy was taken from 

the right side. b. The acid-etch biopsy 

recovery technique was demonstrated here. A 

perchloric acid ·application was applied and then 

recovered. Then, two NaOH rinses were applied 

and then recovered. 
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a . 

b. 



Figure 4 Mean shear debonding strengths of each tooth 

treatment (bar = +1 standard deviation) 
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Figure 5 
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The linear regression scatterqram plots 

fluoride concentration with the depth of the 

acid etch prior to fluoride treatment. 
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Figure 6 
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The linear regression scatter gram plots 

fluoride concentration with the depth of the 

acid etch after fluoride treatment. 
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TABLE I 
Shear Bond Strength Data: 

Iontophoresis 

Testing 
Order 

1 
7 

11 
18 
21 
26 
30 

32 
35 
38 
40 
41 
42 
44 
46 
47 

49 

52 
57 

65 
71 
74 
75 
76 
77 

78 
81 
82 
85 
86 

Mean = 
S.D. = 

Strength 
(lbs.) 

42.1 
51.0 
61.5 
71.5 
42.0 
52.0 
63.3 

30.0 

45.0 
18.1 
37.4 

4.7 
44.7 
50.1 
41.8 

60.5 

46.8 

50.4 

37.2 

47.1 
26·.1 

23.5 
29.6 

20.3 
23.4 

37.6 
15,2 
23.9 
24.3 
20.8 

38.1 
16.1 

Testing 
Order 

2 
3 

8 
10 

12 
13 

14 

20 
23 

24 
25 
28 
29 
33 
34 
45 

48 

53 

54 
55 
58 

63 
66 
68 
72 
73 
79 
84 
89 
90 

Topical 

Strength 
(lbs.) 

22.3 
41.9 
35.6 
51.2 

30.9 
24.8 
53.7 

55.8 
57.5 

38.3 
62.2 
28.4 
60.4 
36.8 
46.5 

28.9 

18.4 

39.3 

35.8. 
47.3 
36.1 
46.4 
47.6 

40.6 
25.6 
18.9 
18.5 
22.8 
28.7 
32.1 

37.8 

12.9 

41 

Pounds 

·control 

Testing 
Order 

4 
5 
6 
9 

15 
16 

17 
19 

22 
27 

31 
36 
37 
39 
43 

50 

51 

56 
59 

60 
61 
62 
64 
67 
69 
70 

·SO 

83 
87 
88 

Strength 
(lbs.) 

17.7 
45.0 
51.8 
39.2 

45.2 
48.0 
54.5 

40.7 
42.9 
60.5 
50.2 

74.1 
46.4 
51.8 
43.8 
38.5 

42.8 

41.5 

33.1 
46.2 

17.9 
67.4 
42.7 
50.1 
20.3 
27.0 
16.9 

20.9 
25.0 
26.9 

41.0 

14.5 



Source 

Model 
Error 
Corrected 

Total 
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TABLE II 
Analysis of Variance: (Data of Table I) 

Sum of 
Squares 

187 
18,480 

18,666 

D.F. 

2 
87 

89 

Mean Square 

93 
212 

F p 
Value Value 

0.44 0.645 
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TABLE III 
Summary Statistics (Data of Table I) 

TRMT=Control 

N Obs Minimum Maximum Mean Std Dev 

30 16.9 74.1 41.0 14.5 

Std Error CV* 

2.7 35.48 

TRMT=Iontophoresis 

N Obs Minimum Maximum Mean Std Dev 

30 4.7 71.5 38.1 16.1 

Std E:r;ror cv 

2.9 42.27 

TRMT=Topica1 

N Obs Minimum Maximum Mean Std Dev 

30 18.4 62.2 37.8 12.9 

Std Error cv 

2.4 34.22 

* coefficient of variation 



TABLE IV 
Shear Bond strengths: Comparison of Treated Samples with 
Control by Duncan's T Test 

Comparison 

Iontophoresis vs. Control 

Topical vs. Control 

Duncan Grouping Mean * ---
41.0 

38.1 

37.8 

N 

30 

30 

30 

P-Value 

0.44 

0.40 

Treatment 

Control 

Iontophoresis 

Topical 

44 
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TABLE V 
Fluoride in Enamel BioEsies in Vitro 

Specimen Treatment Application Fluoride (ng) 

1-1 Before F T 4.39 
2-1 Before F T 4.83 
3-1 Before F T 6.51 
4-1 Before F T 8.37 
5-l Before F T 10.05 
6-1 Before F T 4.85 
7-1 Before F T 4.36 
8-1 Before F T 4.32 
9-1 Before F T 4.93 

10-1 Before F T 7.65 
A 1 Before F I 6.37 
B-1 Before F I 4.32 
C-1 Before F I 5.96 
D-1 Before F I 6.81 
E-1 Before F I 6.09 
F-1 Before F I 6.43 
G-1 Before F I 9.17 
H-1 Before F I 9.48 
I-1 Before F I 6.70 
J-1 Before F I 5.92 
1-2 After F T 151.62 
2-2 After F T 95.85 
3-2 After F T 141.94 
4-2 After F T 150.54 
5-2 After F T 84.59 
6-2 After F T 59.43 
7-2 After F T 59.67 
8-2 After F T 73.74 
9-2 After F T 100.12 

10-2 After F T 85.92 
A-2 After F I 84.26 
B-2 After F I 88.73 
C-2 After F I 49.02 
D-2 After F I 82.47 
E-2 After F I 70.38 
F-2 After F I 64.10 
G-2 After F I 54.93 
H-2 After F I 74.81 
I-2 After F I 73.60 
J-2 After F I 69.53 

I = Iontophoresis 
T = Topical 
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TABLE VI 
Phosphorus and Enamel Content from Biopsies in Vitro 

Appli-
Specimen Treatment cation Phosphorus(pg) Enamel (pg) 

1-1 Before F T 8.57 50.4 
2-1 Before F T 7.47 43.9 
3-1 Before F T 7.38 43.4 
4-1 Before F T 11.80 69.4 
5-1 Before F T 9.96 58.6 
6-1 Before F T 6.36 37.4 
7-1 Before F T 3.96 23.3 
8-1 Before F T 5. 72 33.6 
9-1 Before F T 6.36 57.4 

10-1 Before F T 6.73 39.6 
A-1 Before F I 4.79 28.1 
B-1 Before F I 4.61 27.1 
C-1 Before F I 3.96 23.3 
D-1 Before F I 6.36 37.4 
E-1 Before F I 4.05 23.9 
F-1 Before F I 4.70 27.7 
G-1 Before F I 7.47 43.9 
H-1 Before F I 3.78 22.2 
I-1 Before F I 3.50 20.6 
J-1 Before F I 3.69 21.7 
1-2 After F T 5.53 32.5 
2-2 After F T 6.36 37.4 
3-2 After F T 7.19 42.3 
4-2 After F T 6.55 38.5 
5-2 After F T 5. 72 33.6 
6-2 After F T 4.15 24.4 
7-2 After F T 3.78 22.2 
8-2 After F T 6.91 40.7 
9-2 After F T 5.62 33.1 

10-2 After F T 5.99 35.2 
A-2 After F I 4.33 25.5 
B-2 After F I 5.44 32.0 
C-2 After F I 3.32 19.5 
D-2 After F I 4.15 24.4 
E-2 After F I 3.78 22.2 
.F-2 After F I 3.13 18.4 
G-2 After F I 3.22 19.0 
H-2 After F I 3.32 19.5 
I-2 After F I 3.32 19.5 
J-2 After F I 3.22 19.0 

I= Iontophoresis 
T= Topical 
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TABLE VII 
DeEth of Etch and Fluoride Concentration from Enamel Etch 
BioEsies in Vitro 

Appli-
Specimen Treatment cation Depth (1Jm) Enamel[F] (PPM) 

1-1 Before F T 4.50 87.1 
2-1 Before F T 3.92 109.9 
3-1 Before F T 3.87 150.0 
4-1 Before F T 6.19 120.6 
5-l Before F T 5.23 171.5 
6-1 Before F T 3.34 129.6 
7-1 Before F T 2.08 187.1 
8-1 Before F T 3.00 128.5 
9-1 Before F T 3.34 131.8 

10-1 Before F T 3.53 193.1 
A 1 Before F I 2.52 226.0 
B-1 Before F I 2.42 159.3 
C-1 Before F I 2.08 255.9 
D-1 Before F I 3.34 182.0 
E-1 Before F I 2.13 255.3 
F-1 Before F I 2.47 232.4 
G-1 Before F I 3.92 208.8 
H-1 Before F I 1.98 426.6 
I-1 Before F I 1.84 325.2 
J-1 Before F I 1.93 27.2. 8 
1-2 After F T 2.90 4660.3 
2-2 After F T 3.34 2561.6 
3-2 After F T 3.77 3355.4 
4-1 After F T 3.43 3909.7 
5-2 After F T 3.00 2516.0 
6-2 After F T 2.18 2436.3 
7-2 After F T 1.98 2684.7 
8-2 After F T 3.63 1813.0 
9-2 After F T 2.95 3026.9 

10-2 After F T 3.14 2437.7 
A-2 After F I 2.27 3306.7 
B-2 After F I 2.85 2773.4 
C-2 After F I 1. 74 2512.4 
D-2 After F I 2.18 3380.5 
E-2 After F I 1.98 3166.8 
F-2 After F I 1.64 3478.7 
G-2 After F I 1.69 2895.7 
H-2 After F I 1. 74 3833.8 
I-2 After F I 1. 74 3772.0 
J-2 After F I 1. 69 3665.3 

I= Iontophoresis 
T= Topical 
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TABLE VIII 
Net Increase in Fluoride Concentration due to Treatments 

Identi- Appli- Net [F] 
fication cation [F] Before [F] AFter) Increase 

1 T 87.1 4660.3 4573.2 
2 T 109.9 2561.6 2451.7 
3 T 150.0 3355.4 3205.4 
4 T 120.6 3909.7 3789.1 
5 T 171.5 2516.0 2344.5 
6 T 129.6 2436.3 2306.7 
7 T 187.1 2684.7 2497.6 
8 T 128.5 1813.0 1684.5 
9 T 131.8 3016.9 2895.1 

10 T 193.1 2437.7 2244.6 
A I 226.0 3306.7 3080.7 
B I 159.3 2773.4 2614.1 
c I 255.9 2512.4 2256.5 
D I 182.0 3380.5 3198.5 
E I 255.3 3166.8 2911.5 
F I 232.4 3478.7 3246.3 
G I 208.8 2895.7 2686.9 
H I 426.6 3833.8 3407.2 
I I 325.2 3772.0 3446.8 
J I 272.8 3665.3 3392.5 

I = Iontophoresis 
T = Topical 



a. 

TABLE IX 
Amount of Phosphorus Removed with Acid-Etch Biopsies 

Iontophoresis 

Topical 

Before F 

4.69* 
±1.28 

±0.40(10) 

7.43 
±2.23 

±0.70(10) 

After F Net Change 

3.72 
±0.73 
±0.23(10) 

5.78 
±1.11 

±0.35(10) 

-.97 
±1.41 
±.45 

-1.65 
±2.01 

±.63 
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b. ANOVA table: Iontophoresis, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

DF: 
1 
18 
T9 

Sum 
Squares: 

4.69 
19.55 
24.24 

Mean 
Square: 

4.69 
1.09 

F-test: 
4.32 

p=.0523 

c. ANOVA table: Topical, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

DF: 
1 
18 
T9 

Sum 
Squares: 

13.63 
55.58 
69.22 

Mean 
Square: 
13.63 

3.09 

F-test: 
4.41 
p=.05 

d. ANOVA table: Iontophoresis vs. Topical, after fluoride 

e. 

treatment 

Source: 
Between groups 
Within groups 
Total 

DF: 
1 
18 
T9 

Sum 
Squares: 

21.16 
15.85 
37.0 

ANOVA table: Net difference between 
fluoride treatment Sum 
Source: DF Squares: 
Between groups 1 2.33 
Within groups 18 54.11 
Total T9 56.44 

Mean 
Square: 
21.16 
0.88 

"before 
Mean 

Square: 
2.33 
3.01 

*~g - Data expressed as mean, SD and SE(N) 

F-test: 
24.03 

p=.0001 

and after" 

F-test: 
.77 

p=. 39 
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TABLE X 

Amount of Fluoride Removed with Acid-Etch Biopsies 

Before F After F Net Change 

6.73* 71.18 64.46 a. ~G~r~o~u~~~~~---------,~~----~.-.n-------,~.-~--Iontophoresis 
±1.54 ±12.62 ±13. 19 
±0.49(10) ±3.99(10) ±4.17 

Topical 6.03 100.34 94.32 
±2.03 ± 35.58 ±35.22 
±0.64(10) ±11.25(10) ±11.14 

b. ANOVA table: Iontophoresis, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

Sum 
DF: Squares: 
1 20773.75 
18 1455.11 
I9 22228.86 

Mean 
Square: 

20773.75 
80.84 

F-test: 
256.98 

p=.OOOl 

c. ANOVA table: Topical, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

Sum 
DF: Squares: 
1 44478.19 
18 11427.78 
19 55905.97 

Mean 
Square: 

44478.19 
634.88 

F-test: 
70.06 

p=.OOOl 

d. ANOVA table: Iontophoresis vs. Topical, after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

DF: 
1 
18 
I9 

Sum 
Squares: 
4251.45 

12824.76 
17076.22 

Mean 
Square: 
4251.45 

712.49 

F-test: 
5.97 

p=.0251 

e. ANOVA table: Net difference between "before and after" 
fluoride treatment 

Source·: 
Between groups 
Within groups 
Total 

Sum 
DF: Squares: 
1 4457.51 
18 12725.7 
19 

Mean 
Square: 
4457.51 

707.0 

*ng - Data expressed as Mean, so and SE(N) 

F-test: 
6.31 

p=.0218 
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TABLE XI 
Depth of Etch in the Enamel surface 

a. 

Before F After F Net Change 
Grou 
Iontophoresis 

Topical 

2.46* 
±0.67 

±0.21(10) 

3.90 
±1.17 
±0.37(10) 

1.95 
±0.3 

±0.12(10) 

3~03 
±0.58 
±0.18(10) 

-.51 
±. 74 

±.23 

-.87 
±1. 06 

±.33 

b. ANOVA tabl~: Iontophoresis, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

DF: 
1 
18 
19 

Sum 
Squares: 

1.29 
5.38 
6.67 

Mean 
Square: 

1.29 
0.3 

F-test: 
4.32 

p=.0523 

c. ANOVA table: Topical, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

OF: 
1 
18 
I9 

Sum 
Squares: 

3.75 
15.31 
6.67 

Mean 
Square: 

3.75 
.as 

F-test: 
4.41 
p=.OS 

d. ANOVA table: Iontophoresis vs. Topical, after fluoride 

e. 

treatment 

Source: 
Between groups 
Within groups 
Total 

ANOVA table: Net 

OF: 
1 
18 
I9 

Sum 
Squares: 

5.82 
4.36 

10.19 

difference between 
fluoride treatment 

Sum 
Source: OF: Squares: 
Between groups 1 .64 
Within groups 18 14.93 
Total I9 15.56 

Mean 
Square: 

5.82 
.24 

"before 

Mean 
Square: 

.64 

.83 

*~m - Data expressed as Mean, SO and SE(N) 

and 

F-test: 
24.03 

p=.OOOl 

after" 

F-test: 
.77 

p=.3922 



a. 

TABLE XII 

Fluoride Concentration in the Enamel 

Grou 
Iontophoresis 

Topical 

Before F After F Net Change 

254.43* 3278.53 
± 76.49 ± 441.45 
± 24.19(10) ±139.60(10) 

140.92 
± 34.18 

2940.15 
± 832.94 

263.4(10) ± 10.81(10) ± 

3024.3 
±398.25 
±125.94 

2799.4 
±850.38 
±268.91 
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b. ANOVA table: Iontophoresis, before and after fluoride 
treatment 

Sum Mean 
Source: OF: Sguares: Sguare: F-test: 
Between groups 1 45725909.8 45725909.8 455.6 
Within groups 18 1806553.34 100364.07 12=.0001 
Total 19 47532463.13 

c. ANOVA table: ·Topical, before and after fluoride 
treatment 

Sum Mean 
Source: OF: Sguares: Sguare: F-test: 
Between groups 1 39178659.15 39178659.15 112.75 
Within groups 18 6254662.48 347481.25 12=.0001 
Total I9 45433321.62 

d. ANOVA table: Iontophoresis vs. Topical, after fluoride 
treatment 

Source: DF: 
Between groups -1 
Within groups 18 
Total 19 

Sum 
Sguares: 

572490.33 
7998052.73 
8570543.06 

Mean 
Sguare: 

572490.32 
444336.26 

F-test: 
1.29 

12=.2112 

e. ANOVA table: Net difference between "before and after" 
fluoride treatment 

Source: OF: 
Between groups -r 
Within groups 18 
Total I9 

Sum 
Sguares: 

252900.05 
7935766.5 
8188666.55 

Mean 
Sguare: 

252900.05 
440875.92 

*PPM - Data expressed as Mean, so and SE(N) 

F-test: 
.57 

E=.46 
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TABLE XIII 

Enamel Weight in the Acid-Etch Biopsy 

Before F After F Net Change 

27.60* 21.9 -5.7 
a. ~G~r~o~u~~~~~----------~-,~----~.-n-------~.,----

Iontophoresis 
± 7.52 ± 4.31 ±8.27 
± 2.38(10) ± 1.36(10) ±2.61 

Topical 43.71 34.0 9.71 
±13.09 ± 6.51 ±11.83 
± 4.14(10) ± 2.06(10) ±3.74 

b. ANOVA table: Iontophoresis, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

OF: 
1 
18 
19 

Sum 
Squares: 

162.3 
676.38 
838.68 

Mean 
Square: 
162.3 
37.58 

F-test: 
4.32 

p=.0523 

c. ANOVA .table: Topical, before and after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

OF: 
1 
18 
T9 

Sum 
Squares: 

471.68 
1923.31 
2394.99 

Mean 
Square: 
471.68 

106.85 

F-test: 
4.41 

p=.05 

d. ANOVA table: Iontophoresis vs. Topical, after fluoride 
treatment 

Source: 
Between groups 
Within groups 
Total 

OF: 
1 
18 
T9 

Sum 
Squares: 

732.07 
548.36 

1280.43 

Mean 
Square: 
732.07 
30.47 

F-test: 
24.03 

p=.OOOl 

e. ANOVA table: Net difference between "before and after" 
fluoride treatments 

Source: 
Between groups 
Within groups 
Total 

OF: 
1 
18 
19 

Squares: 
80.4 

1874.33 
1954.73 

Square: 
80.4 

104.13 

*~g - Data expressed as Mean, SD and SE(N) 

F-test: 
.77 

p=. 39 



DISCUSSION 

The primary purpose of this study was to determine the 

effects of two methods of fluoride applications, topical and 

iontophoresis of 2% neutral NaF, on the shear bond strength 

of an orthodontic resin, Rely-a-Bond, to bovine enamel. 

Based on the statistical analyses, neither fluoride 

treatment had an effect on the shear bond strength of resin

bonded orthodontic brackets to bovine enamel leading to 

acceptance of the null hypothesis. Also, statistically 

significant differences were not noted between the two 

experimental treatments. 

Although both methods of application have a topical 

component, iontophoresis uses an electrical current to force 

a charged drug into the treatment site. Iontophoresis might 

have had the ability to drive more fluoride ion into the 

etched enamel but support for such a difference in fluoride 

uptake not obtained. It was noted that, despite the lack of 

a statistically significant difference in the net increases 

in enamel fluoride concentrations, the depth of the enamel 

biopsy sites was greater in the topical fluoride group than 

the in the iontophoresis group. In view of this and the 

fact that enamel fluoride concentrations (both endogenous 

and after treatment) declined sharply as the distance from 
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the surface into the enamel increased, it appears likely 

that the topical treatment deposited greater amounts of 

fluoride in the more superficial regions of the enamel. 
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While. studies have been reported stating that fluoride 

reduces bond strength (Sheykholeslam et al., 1972 and Low et 

al., 1976), other studies have indicated that fluoride does 

not affect bond strength (Hirce et al., 1980 and Garcia

Godoy et al., 1991). Combining fluoride applications with a 

resin bonding system results in greater uptake by etched 

enamel than unetched enamel (Aasenden, Brudevold and McCann, 

1968 and DePaola et al., 1975). The results of the present 

experiment supports the concept that the fluoride treatment 

does not influence the shear bond strength, at least for 

Rely-a-Bond. Since treating etched enamel with fluoride 

after acid-etching will promote greater uptake, compared to 

unetched enamel, the enamel surface may be more resistant to 

acid dissolution. Thus, not only would there be no change 

in shear bond strength, but also an advantage may be 

obtained because the· likelihood of decalcification may be 

reduced or eliminated. 

The shear bond strength data reported in this study was 

in units of force (pounds). The rationale for not 

converting to force per unit area is because of the 

difficulty of determining the precise surface area of the 

bracket base which contains a retentive mesh. Also, the 

bracket failure was never a perfect shear between the 
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bracket base and the resin composite. However, for purposes 

of discussion, the shear bond strengths were converted from 

pounds-to megapascals to normalize the data to surface area. 

For a review ~f the conversion factors, see Appendix c. 

The two experimental groups, iontophoresis and topical, 

had shear bond strength average values of 17.6 and 17.2 MPa 

respectively. The control group had a value of 18.6 MPa. 

The bond strengths recorded in the experiment tended to be 

higher than some of the strengths reported in the 

literature. 

Garcia-Godoy et al. (1991) reported shear bond 

strengths of 11.8 MPa for non-fluoridated control and 16.5 

MPa for the teeth that had an application of 0.5% NaF in 60% 

phosphoric acid gel. They used 15 human molars in each 

group. The results showed that a higher shear bond strength 

was obtained with the application of fluoride in the acid

etch compared to the control. 

Tensile bond strengths reported by Thornton et al. 

(1986) ranged from 11.8 MPa to 15.3 MPa. Sodium fluoride, 

in a range from 0.01 to 0.9%, was added to 50% phosphoric 

acid. Twelve specimens were used in each group. The 

addition of fluoride in this study did not significantly 

affect tensile bond strength. 

Lastly, Wang and Sheen (1991) evaluated the effect on 

tensile bond strength of 1.23% APF applied for 4 minutes 

prior to acid-etching. Tensile bond strengths for the 



experimental and control groups were 7.0 and 7.1 MPa 

respectively. They concluded that fluoride pre-treatment 

did not significantly affect tensile bond strength. 
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The ne~ fluoride uptake of etched eriamel was measured 

in order to estimate the fluoride concentrations obtained in 

the main experiment. This process accomplished the 

secondary purpose of the project which was to ascertain 

whether there was any difference in fluoride uptake between 

the two treatments. If one of the treatments were more 

effective in delivering fluoride ion without affecting the 

shear bond strength, then that treatment might be more 

valuable in protecting against carious attack (see below). 

The fluoride concentration in the enamel, after 

fluoride treatment, was not significantly different between 

the experimental groups (Table XII, e). Thus, the two 

treatments appeared to be equivalent with regard to fluoride 

uptake. 

The fluoride uptake analysis demonstrated 

statistically significant differences in net fluoride uptake 

when comparing the treated enamel to the untreated control; 

this event occurred in both experimental groups (Table XII 

b. & c.). Since, the fluoride concentrations obtained 

during the fluoride uptake experiments should be 

representative of the fluoride concentrations in the shear 

bond testing experiment, one can conclude that fluoride 



concentrations up to 3000 ppm did not affect shear bond 

strength. 
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Both phosphorus and fluoride, recovered in the acid

etch biopsies, are needed to calculate enamel fluoride 

concentrations. For reasons that were not clear, the amount 

of phosphorus removed in the acid-etch biopsy was 

significantly different between the experimental groups, 

prior to treatment. The mean amount of phosphorus differed 

by 2.74 ~g per etch (Table IX). Possible explanations 

include: 1) the teeth may have been extracted from different 

cows 2) the sample size may have been too small to be 

representative 3) the enamel may have been flattened to 

different depths and 4) the teeth may have come from 

different locations in the mouth. 

However, the net difference in the amount of phosphorus 

removed between the two groups was similar. The one-way 

ANOVA (p=0.39; Table IX, e). demonstrates no statistical 

difference between the two groups. Since the amount of 

phosphorus removed is used to calculate the enamel mass 

removed in the biopsy, the total amount of fluoride 

recovered in the biopsy must be divided by the mass of 

enamel removed to determine the fluoride concentration. 

The net difference in the amount of fluoride removed in 

the acid-etch biopsy was statistically significant (p=0.02; 

Table X, e). However, the reason more fluoride was removed 

in the biopsy was due to the fact that more enamel was 



59 

removed for the topical group (Table XIII, d). Even though 

more fluoride was removed in the biopsy, the difference in 

the net fluoride uptake was not statistically significant 

(p=0.46; Table XII, e). 

The mean fluoride concentration values of 3279 and 2940 

ppm for iontophoresis and topical groups respectively (Table 

XII) are consistent with other reports in the literature 

evaluating net fluoride uptake after acid-etching (Depaola 

et al., 1971 and Retief et al., 1980). One concern is the 

uncertainty of the optimal fluoride concentration needed for 

cariostatic ability. Another concern is the retention of 

fluoride. Retief et al. (1980) reported that fluoride 

retention decreased after exposure to synthetic saliva. 

This finding points out the need for fluoride 

supplementation by the patient using rinses. The optimum 

protection that the patient can obtain would be to apply 

fluoride to the enamel-after acid-etching but prior to 

bracket bonding along with supplementation by home care. 

The assumption can be made that fluoride application, after 

acid-etching but prior to orthodontic bracket bonding, 

enhances cariostatic potential. 

Mechanism of the Fluoride Cariostatic Effect 

The ultimate objective of t'his study was to determine 

if fluoride had a significant effect on bond strength after 

acid-etching the enamel surface. However, much has been 

written on the cariostatic effect of fluoride. 
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It is important to preface any discussion on fluoride 

with a discussion on caries and its etiology. The acid 

theory of caries, proposed by Dr. W.B. Miller, has dominated 

views on the nature and cause of dental caries. He showed 

that acid formed from carbohydrate by salivary bacteria was 

the cause of caries. When teeth were incubated with saliva 

and carbohydrates, some of the calcium phosphate of the 

teeth dissolved. The conclusion was that acid formed from 

carbohydrate by salivary bacteria caused caries. The 

evidence for this theory has grown and is reinforced by the 

finding that pH in plaque after eating sugar may be lower 

than the critical value at which enamel dissolves (Jenkins, 

1978, p. 414). 

Factors Influencing the Bacterial Attack 

1. Rate of flow and viscosity of saliva: It is thought, 

although not scientifically proven, that a relative 

freedom from caries is associated with higher salivary 

flow. The thinking is that buffered, mobile saliva 

would increase plaque pH and wash organisms and food 

debris out of the mouth. 

2. Spacing of the teeth: With well-aligned dental arches 

that are properly spaced and occlude satisfactorily, 

there are fewer stagnation areas for bacteria to 

accumulate. While precise clinical data are lacking, 

it seems logical that an individual would harbor less 

plaque following orthodontic treatment. The primary 



goal of orthodontic treatment is we11-aligned arches 

with an ideal occlusion. One may assume that 

orthodontics makes it easier for the patient to 

maintain proper oral hygiene. 
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3. Oral Hygiene: One of the most effective and important 

methods of reducing plaque and oral bacteria on buccal 

and lingual surfaces is via tooth-brushing. Although 

tooth-brushing may have limited effects on plaque in 

the more frequent sites of caries, for example occlusal 

pits and fissures of premolars and molars, it has been 

shown that proper tooth-brushing will remove plaque 

from buccofacial surfaces. In orthodontics, bands and 

brackets are primarily placed on the buccofacial 

surfaces of teeth. With effective tooth-brushing, 

decalcification can almost be totally eliminated. 

4. Dentifrices Containing Antibacterial Substances: Most 

dentifrices have been designed to assist the mechanical 

action of brushing the teeth in removing plaque and 

debris and provide a source of fluoride in high 

concentrations. Recently, some dentifrices have been 

developed which contain antibacterial substances. To 

be effective, the substance must diffuse through the 

plaque to the inner surface which is attached to the 

tooth. To date, many of those substances have been 

effective in preventing the lowering of plaque pH but 

their clinical effectiveness remains uncertain. 
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5. Mouth Rinses: Chlorhexidine (0.2%), a strong synthetic 

antibacterial substance, used twice daily as a 0.2% 

rinse is effective and can reduce oral bacteria, plaque 

and gingivitis. The problems with long-term use, 

especially during orthodontic therapy, are its 

unpleasant taste and staining capabilities (Jenkins, 

1978, pp.435-436). Other factors that tend to reduce 
. ' 

the effect of bacterial attack include lowering the 

critical pH. In the diets of rodents, addition of 1-2% 

sodium or calcium phosphate were successful in reducing 

caries presumably by increasing the buffering 

capability of saliva and lowering the critical pH. 

Experiments, using 1-2% sodium or calcium phosphate, on 

human subjects have been negative, possibly because of 

the normally high concentration of phosphate in human 

plaque relative to rodent plaque. With the addition of 

1% phosphate orally, the salivary secretion probably 

rapidly dilutes this to concentration of that normally 

present (Jenkins, 1978, pp. 450-451). 

The optimal concentration of· fluoride in enamel for 

reducing caries is about 3000 ppm (Jenkins, 1978, p. 

483). One explanation for the effect of fluoride in 

reducing enamel solubility is the outer part of the 

apatite crystals are converted to fluorapatite, which 

exerts a protective action on the unsubstituted 

hydroxyapatite. Plaque fluoride might be derived from 



a number of sources including: 1) enamel surface, 2) 

food or drinks, 3) saliva and gingival fluid. 
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One of the most widely advocated methods of 

providing fluoride to the teeth is via topical 

application. Many positive results have been claimed 

for this method, although some results have been 

negative. Most topical applications are either sodium, 

stannous or acidulated phosphate fluoride (APF). The 

cariostatic effect is due to high concentrations of 

fluoride becoming attached to the enamel surface partly 

in a stable form by ionic exchange with hydroxyl ions 

in apatite and partly by the formation of absorbed 

calcium fluoride. Probably the most important measure 

to date in reducing caries has been addition of 1 ppm 

of fluoride to the drinking water (Hargreaves, 1990). 

A brief discussion of fluoride and its mechanism of 

cariostatic effect is appropriate at this point. 

Fluoride has been effective in reducing caries in 

smooth surfaces of anterior teeth more than on the 

occlusal surfaces of molars. Two reasons are 1) 

anterior. teeth receive more fluoride after eruption 

from direct contact with fluoride-containing drinks, 2) 

fluoride doesn't penetrate the fissures and grooves of 

posterior teeth as well. The concentration of fluoride 

on the outer surface of enamel is ten times higher than 

that of enamel as a whole (Jenkins, 1978, p.476). 
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For years, fluoride, incorporated into enamel, as a 

means of reducing the solubility of enamel, was 

considered the main cariostatic mechanism of fluoride. 

The rationale behind many topical treatments included: 

1) elevation of the fluoride content of the enamel to 

increased levels in a short period of time and 2) 

elimination of the formation of CaF2 and other fluoride 

containing precipitates that are more soluble than FAP. 

More recently, research has focused on studying the 

active role of fluoride during de- and remineralization 

of caries defects. 

When fluoride is incorporated into demineralizing 

solutions, a well-formed surface layer is seen with a 

mineral content higher than that of the underlying 

lesion. The mineral content of the surfac·e layer and 

the thickness of the surface layer are related to the 

fluoride concentration in solution. When fluoride-rich 

enamel is subjected to caries-inducing solutions, less 

mineral is removed from the surface zone and mineral 

from the deeper regions may precipitate in the surface 

zone (Ekstrand, Fejerskov and Silverstone, 1988, pp. 

135-139). 

Remineralization has been well-documented in the 

literature. A precipitation site is needed for the 

mineral to precipitate. In the oral cavity, mineral 

deposition in enamel defects may result in either total 
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or partial replacement of lost mineral and is referred 

to as "remineralization". 

Remineralization of enamel lesions can occur by 

deposition of crystalline hydroxyapatite, however, this 

process is slow and full recovery is seldom achieved. 

It is generally concluded that fluoride stimulates 

apatite precipitation and precipitation of FAP(or FHAP) 

on an apatite matrix is amplified by fluoride (Ekstrand 

et al., 1988, pp. 139-142) 

In addition, fluoride can affect dental plaque 

metabolism. Van Loveren (1990) demonstrated that 

plaque grown over enamel treated with fluoride 

inhibited acid production. However, this inhibition 

was present for a short time and thus could not play a 

major role in caries reduction after topical 

application of fluoride on a six-month interval. The 

optimal antimicrobial effect of fluoride is enhanced 

with more frequent applications, e.g., daily fluoride 

rinses. 

Fluoride mouth rinses, which can reduce caries, are 

used quite extensively. Daily rinses have been 

reported to be more effective than periodic rinses. In 

orthodontics, fluoride mouth rinses are heavily 

prescribed as a means of reducing decalcification 

and/or caries around bands and brackets. 
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One recent report by R~lla, Ogaard and De Almeid 

Cruz (1993) suggested that the calcium fluoride, a side 

reaction of the fluoridation process, is quite 

insoluble in saliva at neutral pH and can persist on 

the tooth surface for weeks or months after topical 

application. The fluoride becomes available when the 

pH in plaque drops and Ca2
', P04 and OH are lost and 

then reprecipitated as fluorhydroxyapatite. 

This experiment was designed to evaluate the 

effect of enamel fluoride uptake on bond strength after 

acid-etching. When patients eat, they primarily place 

the orthodontic brackets in a shear load. If fluoride 

is incorporated into the etched enamel for anti-caries 

effects, it is imperative that the treatment not lower 

shear bond strength. Another concern is that after 

topical application of fluoride, the deposited fluoride 

can leach away within days, thus leaving only a small 

amount of fluoride for permanent incorporation. The 

bound fluoride could be critical when it comes to acid 

invasion during a caries attack. The orthodontist must 

do everything possible not only to maintain an adequate 

bond strength, but also to prevent carious attack. 

Neither the iontophoretic or topical application had an 

effect on bond strength. Whether one method or the 

other method will aid in caries prevention is probably 

a subject for future research to decide. A well 
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designed clinical trial could provide answers to these 

questions. 



SUMMARY 

In conclusion, fluoride treatment of bovine enamel 

subsequent to acid-etching did not significantly affect 

shear bond strength. The mode of application (fluoride as 

either topical or iontophoretic application) did not 

significantly affect shear bond strength. The fact that 

fluoride treatment did not influence bond strength may have 

important clinical implications in orthodontics. By 

applying the results of this study, it seems possible to 

reduce decalcification around orthodontic brackets by the 

application of fluoride to acid-etched enamel prior to 

bonding the bracket. However, the resonance time of 

fluoride in the enamel is short (a few days to weeks); 

therefore additional supplementation would be required. 

A significant fluoride uptake by etched enamel was 

demonstrated in this research. Net fluoride uptake values 

of around 3000 ppm were noted in both treatment groups 

compared to control concentrations of less than 300 ppm 

prior to treatment. It can be concluded, therefore, that 

concentrations of 3000 ppm did not alter bond strength. The 

mode of fluoride application, i.e., topical application with 

and without iontophoresis, did not significantly affect 

fluoride uptake. This indicates that fluoride application, 
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after acid-etching, will enhance enamel fluoride uptake but 

the mode of application does not matter. More research is 

needed to determine the optimal concentration of fluoride 

needed for cariostatic purposes as well as whether fluoride 

penetration into enamel can be increased at a greater depth 

using iontophoresis. 



REFERENCES 

Aasenden, R., Brudevold, F. and McCann, H.G. (1968). The 

response of intact and experimentally altered human enamel 

to topical fluoride. Archives of Oral Biology, 13:543-

552. 

Bishara, S.E., Chan, D., & Abadir, E.A. (1989). The effect 

on the bonding strength of orthodontic brackets of 

fluoride application after etching. American Journal of 

Orthodontics, 259-260. 

Brannstrom, M., Nordenvall, K. J., & Malmgren, o. ( 1978). 

The effect of various pretreatment methods of the enamel 

in bonding procedures. American Journal of Orthodontics, 

74:522-530. 

Buonocore, M.G. (1955). A simple method of increasing the 

adhesion of acrylic filling materials to enamel surfaces. 

Journal of Dental Research, 34:849-853. 

Chen, P.S., Jr., Toribara, T.Y., & Warner, H. (1956). 

Microdetermination of phosphorus. Analytical Chemistry, 

28:1756-1758. 

Clark D.c. (1982). A review of fluoride varnishes: an 

alternative topical fluoride treatment. Community 

Dentistry oral Epidemiology, 10:117-123. 

70 



Cohen, J. (1969). Statistical Power Analysis for the 

Behavioral Sciences. Academic Press, Inc. New York. 

Concise Enamel Bond Package Insert. (1988). 3M Company, 

St. Paul, MN. 

71 

Craig, R.G. (1993). Restorative dental materials. Mosby

Year Book, Inc., 9th Edition. 

DePaola, P.F.,Aasenden, R. and Brudevold F. (1971). The 

use of topically applied acidulated phosphate-fluoride 

preceded by mild etching of the enamel: A one-year 

clinical trial. Archives of Oral Biology, 16:1155-1163. 

Fry, B.W., & Taves, D.R. (1970). Serum fluoride analysis 

with the fluoride electrode. Journal of Laboratory 

Clinical Medicine, 75:1020-1025. 

Fowler, c.s., Swartz, M.L., Moore, B.K. and Rhodes B.F. 

(1992). Influence of selected variables on adhesion 

testing. Dental Materials, 8:265-269. 

Ekstrand, J., Fejerskov, 0., Silverstone, L.M. (1988). 

Fluoride in Dentistry, Year Book Medical Publishers, 

Inc., Chicago. 

Gangarosa, L.P., Sr., Gada, M., & Baratz, R. (1985). 

Occlusion of dentinal tubules by iontophoretic applica

tion of sodium fluoride. Journal of Dental Research, 

64:309. 

Gangarosa, L.P~, Sr., & Gao, F. (1989). Topical and ionto

phoretic fluoride as an aid in tooth rehardening. 

Journal of Dental Research, 68:336. 



72 

Gangarosa, L.P., Sr., & Jeske, A.H. (1992). Iontophoresis: 

A clinical system for solving some difficult dental 

problems. Clark's Clinical Dentistry (Vol. 1). J.B. 

Lippincott Company. 

Garcia-Godoy, F., Hubbard, G.W., & Storey, A.T. (1991). 

Effect of a fluoridated etching gel on enamel morphology 

and shear bond strength of orthodontic brackets. 

American Journal of Orthodontics, 100:160-170. 

Gorelick, L., Geiger, A.M., & Gwinnett, A.J. (1982) 

Incidence of white spot formation after bonding and 

banding. American Journal of Orthodontics, 81:93-98. 

Gray, J.A. (1966). Kinetics of enamel dissolution during 

formation of incipient caries-like lesions. Archives of 

Oral Biology, 11:397-421. 

Gwinnett, A.J., Buonocore, M.G., & Sheykoleslam, Z. (1972). 

Effect of fluoride on etched human and bovine teeth 

enamel surfaces as demonstrated by scanning electron 

microscopy. Archives of Oral Biology, 17:271-278. 

Gwinnett, A.J., & Ceen, F. (1979). Plaque distribution on 

bonded brackets. American Journal of Orthodontics, 

75:667-77. 

Hargreaves, J.A. (1990). Water fluoridation and fluoride 

supplementation: Considerations for the future. Journal 

of Dental Research, 69 (Special Issue):765-771. 

Hirce, J.D., Sather, A.H., & Chao, E. (1980) The effect of 

topical fluorides, after acid etching of the enamel, on 



the bond strength of directly bonded orthodontic 

brackets. American Journal of Orthodontics, 78:444-452. 

Hirschfield, R.E., & Johnston, L.E. (1974). Decalcifica

tion under orthodontic bands. Angle Orthodontist, 

44:218-221. 

Hirschfield, R.E. (1978). Controi·of decalcification by 

use of fluoride mouth rinses. Journal of Dentistry 

Child, 26-28. 

73 

Hoyt, W.H. and Bibby, B.G. (1943). Use of sodium fluoride 

for desensitizing dentin. Journal of the American Dental 

Association, 30:1372-1376. 

Jenkins, G.N. (1978). The Physiology and Biochemistry of 

the Mouth (4th ed.). Alden Press, Oxford. 

Kochavi, D., ~edalia, I., & Annise J. (1975). Effect of 

conditioning with fluoride and phosphoric acid on enamel 

surfaces as evaluated by scanning electron microscopy and 

fluoride incorporation. Journal of Dental Research, 

54:304-309. 

Koulourides, N., & Walker, A. (1979). Fluoride 

distribution in the facial surfaces of human maxillary 

central incisors. Journal of Oral Pathology, 8:179-183. 

Koulourides, T., & cameron, B. (1980). Enamel remineral 

ization as a factor in the pathogenesis of dental caries. 

Journal of Oral Pathology, 9:255-269. 



Kraemer, H.C., & Thiemann, s. (1987). How many subjects? 

Statistical power analysis in research. Sage Publica

tion, Newbury Park, CA. 

Lehman, R., Davidson, C.L., & Duijsters, P.P.E. (1981). 

In vitro studies on susceptibility of enamel to caries 

attack after orthodontic bonding procedures. American 

Journal of Orthodontics, 80:61-72. 

Low, T., Bon Fraunhoter, J.A., & Winter, G.M. (1977). 

74 

Influence of the topical application of fluoride on the 

in vitro adhesion of fissure sealants. Journal of Dental 

Research, 56:17-29. 

Mellberg, J.A., & Loertscher, K.L. (1973). fluoride 

acquisition in vitro by etched enamel from acidulated 

phosphate-fluoride preparations. Journal of Dental 

Research, 53:447-450. 

Nagatani, T. (1985). Fundamental study of fluoride 

iontophoresis for hypersensitive dentin. Japanese 

Journal of Conservative Dentistry, 28:155-175. 

Pashley, D.H., Livingston, M.J., & Outhwaite, w.c. (1978). 

Dentin permeability: Changes produced by iontophoresis. 

Journal of Dental Research, 57:77-82. 

Relyabond Package Insert. (1993). Reliance, Inc., Itasca, 

Illinois. 

Retief, D.H., Sorvas, P.G., Bradley, E.L., Taylor, R.E., 

& Walker, A.R. (1980). In vitro fluoride uptake, 



75 

distribution and retention by human enamel after 1 and 24 

hour application of various topical fluoride agents. 

Journal of Dental Research, 59:573-582. 

R~lla, G., Ogaard B. and De Almeid Cruz R. (1993). Topical 

application of fluorides on teeth. Journal of Clinical 

Periodontology, 105-108. 

Roland, G.F., Yates, J.L., Hambree, J.R. Jr., McKnight, J.P. 

(1975). The influence of a topical stannous fluoride 

application on the tensile bond strength of pit and 

fissure sealants. Journal of Periodontics, 4:9-16. 

Rueggeberg, F.A., & Margeson, D.H. (1990). The effect of 

oxygen inhibition on an unfilled/filled composite system. 

Journal of Dental Research, 69(10):1652-1658. 

Sieck, B., Takagi, B.S., & Chow, L.C. (1990). Assessment 

of loosely-bound and firmly-bound fluoride uptake by 

tooth enamel from topically applied fluoride treatments. 

Journal of Dental Research, 69:1261-1265. 

Sheykholeslam, z., Buonocore, M.G., & Gwinnett, A.J. 

(1972). Effect of fluorides on the bonding of resins to 

phosphoric acid-etched bovine enamel. Archives of Oral 

Biology, 17:1037-1045. 

Snedecor, G.W., & Cochran, W.G. (1989). statistical 

.methods, 8th edition. Iowa State University Press, Ames. 

Stratemann, M.W., & Shannon, I.L. (1974) Control of decal

cification in orthodontic patients by daily self

ad~inistered application of a water-free 0.4 percent 



76 

stannous fluoride gel. American Journal of Orthodontics, 

66:273-9. 

Takahashi, Y., Arakawa, Y., Matsukubo, T., & Takeuchi, M. 

(1980). The effect of sodium fluoride in acid etching 

solution on sealant bond and fluoride uptake. Journal of 

Dental Research, 59:625-630. 

Thornton, J.B., Retief, D.H., Bradley, E.L., & Denys, F.R. 

(1986), The effect of fluoride in phosphoric acid on 

enamel fluoride uptake and the tensile bond strength of 

an orthodontic bonding resin. American Journal of 

Orthodontics, 90:91-101. 

Van Loveren c. (1990). The Antimicrobial Action of Fluoride 

and its Role in Caries Inhibition. Journal of Dental 

Research, 69(Special Issue):676-681 

Wang, W.N., & Sheen, D.H. (1991). The effect of pre

treatment with fluoride on the tensile strength of 

orthodontic bonding. Angle Orthodontist, 61:31-34. 

Wilson, J.M., Fry, B.W., Walton, R.E._, & Gangarosa, L.P. 

(1984). Fluoride levels _in dentin after iontophoresis of 

2% NaF. Journal of Dental Research,-63:897-900. 

Zachrisson, B.U. (1976). Cause and prevention of injuries 

to teeth and supporting structures during orthodontic 

treatment. American Journal of Orthodontics, 69:285-300. 

Zachrisson, B.U. (1977) A posttreatment evaluation of 

direct bonding in orthodontics. American Journal of 

Orthodontics, 71:173-89. 



APPENDIX A 

Review of Iontophoresis 

77 



78 

Iontophoresis is the process of introducing ionic drugs 

into the body for therapeutic purposes. The use of ionic 

drugs with iontophoresis offers a broad potential for the 

development of more effective dental therapies. 

One of the advantages of iontophoresis is that the 

systemic effects are minimal. High concentrations of drugs 

can be placed precisely at the treatment area without the 

side effects of topical and systemic application. 

Iontophoresis requires that a charged drug be placed at 

the appropriate electrode and that a source of direct 

current be used. A treatment electrode is placed over the 

target area and a return electrode is placed at another 

location on the body. The treatment electrode is saturated 

with the appropriate drug and the return electrode is 

moistened with electrolytes. 

The electrons complete the circuit by traveling from 

negative to positive .terminals in the wire portion of the 

circuit. The local uptake of drug allows it to remain in 

the target tissue and exert its therapeutic effect(Gangarosa 

and Jeske, 1992). 

Iontophoresis has been used in medicine for many 

therapies. In dentistry, the use of fluoride iontophoresis 

to treat hypersensitive dentin has been well established 

(Gangarosa et al., 1985 & Wilson et al., 1984), Other 

dental applications include: treatment of herpes simplex 

lesions, treatment of aphthous ulcers and therapy of 



neuralgias and painful TMJ problems (Gangarosa & Jeske, 

1992). 
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The development of composites, or filled resin 

restorative materials, has resulted in better mechanical 

properties, decreased thermal coefficient of expansion, and 

higher resistance to abrasion. such properties improve 

clinical performance. The organic polymer matrix in most 

filled resin systems is either an aromatic or urethane 

diacrylate oligomer; these are made less viscous by addition 

of a diluent monomer such as triethylene glycol 

dimethacrylate. The polymerization reaction can be 

chemically initiated with a pe:z;oxide and amine.accelerator. 

It can also be photoinitiated with a beam of visible blue 

light (460 nm) in the presence of a light-sensitive absorber 

like camphoroquinone and an aliphatic amine accelerator. 

The polymerized resin is highly cross-linked because of the 

presence of difunctional carbon-carbon double bonds(Craig, 

1993, pp. 249-253). Materials like hydroquinone, eugenol, 

or oxygen(Rueggeberg and Margeson, 1989) can inhibit or slow 

down the polymerization. 

The filler in dental composites is used to reinforce 

the composite·and make it more resistant to abrasion. The 

filler is typically silica which is incorporated into the 

polymerized oligomer. The current composites can be 

classified as fine, microfine, or hybrid products. The two 

most common classes of oligomers used in dental ·composites 

are Bis-GMA and urethane dimethacrylate(UDMA). Both of 

these oligomers are similar because they contain reactive 
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carbon-double bonds at each end that undergo free radical, 

addition polymerization. The free-radical polymerization of 

monomers or oligomers with unsaturated double bonds results 

in a high number of double bonds reacting. The degree of 

conversion describes the percent of double bonds that react 

and, obviously, is important relative to bond strength. The 

focus of much research has been on increasing the degree of 

conversion via elimination of the oxygen inhibition layer. 

Triethylene glycol dimethaacrylate (TEGMA) is a low 

molecular weight .compound with difunctional double-bond 

carbons which are added by the manufacturer to reduce and 

control viscosity of the compounded composite. 

Polymerization of composites is accomplished through 

chemical or light activation. Chemical activation is 

accomplished by an organic amine reacting with an organic 

peroxide to produce free radicals. These free radicals 

attack the carbon double bonds present at the end of the 

oligomer and diluent which results in a highly cross-linked 

polymer (Craig, 1993, pp. 134-137). 

Rely-a-Bond, used in this study, is a no-mix autocuring 

bonding system for metal, plastic and ceramic brackets. The 

e~tent of chemical reaction in the no-mix material is the 

result of the diffusion of the liquid amine into the paste 

product, where it reacts with benzoyl peroxide. · It is 

formulated with a highly filled paste that combines with a 

primer to produce an increased bond strength. Decreased 
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bond strength was a major complaint by orthodontists when 

using such a one-step system. The advantages to using a 

one-step system are: (1) easy bracket removal with either a 

ligature cutter or bracket removing instrument (2) decreased 

clinical chair time because no mixing is required 

(Relyabond, 1993). 



APPENDIX C 

Review of Bond Strength Measurement 

L 

84 



85 

Shear strength is the maximum stress a material can 

withstand before failure in a shearing mode of loading. 

Shear stress strength at failure is equal to the shear force 

applied to the specimen divided by the cross sectional area 

of the specimen. Many tests have been developed to measure 

bond strength between two materials such as resin composites 

to enamel and dentin. Some tests are designed to place the 

bond in shear. This type of test is used to determine the 

bond strength between materials like resin composites to 

enamel or dentin. In a shear stress application, one 

portion of the body must resist sliding pas~ another (Craig, 

1993, pp. 70-71). 

One problem in evaluating dental adhesives has been 

the lack of a standardized test procedure. Numerous 

variables such as test mode (shear or tension) and the 

design of the apparatus have been shown to influence the 

data. One study by Fowler, Swartz, Moore and Rhodes (1992) 

found no significant difference in tension or shear. Also, 

they looked at human enamel versus bovine ,enamel and found 

no significant difference in bond strength to bovine and 

human enamel when tested in tension. No difference was 

found in one of the groups in shear whereas the other group 

was statistically different but only by a small margin. In 

the present experiment, the shear test was chosen over the 

tensile test because it appears more likely to produce 
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failure at the tooth-resin interface, and simulates more 

closely the clinical situation seen in orthodontic bonding. 

The conversion from pounds(lbs) to megapascals(MPa) is 

described below. 

Bracket surface area: 0.09631 cm 2 

Conversion of pounds to kilograms: multiply by 0.4536 

Conversion of kg/cm 2 to megapascals: multiply by 0.0981 
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0,1 Phosphorus Analysis 

A. Reference: Chen, P.S., Jr., Toribara, T.Y., and 
Warner, H. (1956). Analytical Chemistry, 28: 1756-1758. 

B. Preparation of Standards and Samples 

' 

1. Working reagent (.made up daily) 

3 parts 
1 part 
1 part 

2. Standards 

2N sulfuric acid 
2.5% Ammonium molybdate 

10% L-ascorbic acid 

To 1.00 ml of working reagent, add the following: 

Standard 1-11 of 1-11 of 
JJg Phosphorus ( p) 1.25 mg % p Distilled Water 

0 0 200 
0.20 20 180 
0.50 40 160 
1.00 100 100 

3. Acid-etch enamel biopsies 

To 1.00 ml of working reagent, add 25 1-11 of sample 
and 175 1-11 distilled water. Mix well. 

4. Incubate reagent blank, standards and samples at 
36° for 45 minutes. After cooling, read absorbance 
at a wavelength of 820 nm. 

c. Calculations 

1. A standard curve* was constructed by plotting IJg 
Phosphorus (P) against absorbance units to check 
for linearity. 

2. The 1-1g P of the unknowns were determined directly 
from a computer which can perform a linear 
regression analysis. 
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3. The pg P of each unknown were contained in a 25 pl 
aliquot from the 115 pl original buffered acid-etch 
biopsy solution. Therefore, multiplying the pg P 
of the unknown by 9 yields the total amount of 
phosphorus removed from the enamel. 

4. The total amount of enamel biopsied was calculated 
based on the fact that mature bovine enamel 
contains 17% P by weight. Thus, if 17.0 pg P were 
removed from the enamel by the exposure to acid, 
then 100.0 pg of enamel would have been removed 
(17.0 pg p + 0.17). 

5. The total amount of enamel biopsied was used in the 
calculation of the enamel fluoride concentration 
and the depth of acid etch biopsy site. For 
example, if 100 pg of enamel were biopsied and the 
amount of associated fluoride was 1.00 pg, then the 
enamel fluoride concentration is 10,000 ppm (1 pg 
F/100 pg enamel = 10 pg/mg = 10 mg/gm = 10,000 
mg/kg = 10,000 ppm). 

*standard curve constructed using Statview 2 software and a 
Macintosh 2 computer ' 
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0,2 Fluoride Analysis After Buffering with TISAB* 

A. Reference: Fry, B.W. and Taves, D.R. (1970). Journal 
of Laboratory Clinical Medicine, 75: 1020-1025. 

B. Preparation of Standards and Samples 

1. Standards for acid-etch enamel biopsy samples were 
composed of 1000 ~1 TISAB and 100 ~1 .25% NaOH and 
50 ml NaF so that the resulting fluoride 
concentrations were either 0.10 mM or 1.0 mM. The 
pH of the standards was 5. 

c. Calculations 

1. A standard curve* was constructed by plotting mM 
Fluoride concentration against mV units to check 
for linearity. 

2. The fluoride concentration of the unknowns were 
determined directly from the computer which can 
perform an exponential regression analysis. 

*TISAB (Orion Research, Inc.) Total Ionic Strength Acetate 
Buffer, was used in the analysis of acid-etch enamel biopsy 
samples. 

*standard curve constructed using StatView 2 software on a 
Macintosh 2 computer 
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D,3 Depth of Enamel Etch Calculation 

A. Reference: Koulourides, N. and Walker, A. (1979). 
Fluoride distribution in the facial surfaces of human 
maxillary ·central incisors. Journal of Oral Pathology, 
8: 179-183. 

B. Formula: 

Depth of etch (~m) = 

Mass of enamel (Hql 
Density of enamel x Biopsy area (mm) 2 

c. Calculations: 

1. Constant values 

a. Density of enamel = 2.95 grams/~m3 • This is 
equivalent to 2.95 (10 6 )~g/ (10 4~m) 3 , 

b. Diameter of the biopsy site = 2.2 mm. 

c. Area of biopsy= rrr2 : 3.14 (1.1 mm) 2 = 3.80 mm2 • 

2. Depth of etch formula simplified. Using the 
formula for depth of etch and plugging in the 
constant values, the formula can be reduced in the 
following manner. 

Depth of etch = Enamel sample (Hql 
2.95 g/cm3 x 3.80 mm2 

= 

Enamel sample (Hql 

2.95(106
) H9 x 3.8(103

)
2 (Hm) 2 

(10 4~m) 3 

= Enamel sample (Hql 
11.21 ~g/~m 
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Enamel sample (Hql 
= 

2.95 ~g/~m x 3.8 
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3. Example: assume the weight of an enamel sample is 
56.0 ~g, then the depth of etch would be 
calculated as follows: 

56.0 /19 = 5. 0 ~m 




