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PORTIA ELLIS, D.D.S. 
The Cytotoxic Effects of Orthodontic Bonding Materials on Cell Metabolism 
(Under the direction of CAROL A. LEFEVBRE, D.D.S., M.S.) 

Orthodontic bonding materials· are present in the oral cavity, bathed in oral fluids 

and may be in contact with hard and soft tissues for extended periods of time. Therefore, 

it is important to be aware of the potential toxicity than can result from the components 

that may leach out of the materials over time. The purpose of this study was to determine 

the effects of orthodontic bonding materials and sealants (Phase II w/ fluoride--F, Phase 

II w/o fluoride--NF, Phase II Dual Cure w/light--DCL, Phase II Dual Cure w/o light--

DCN, Light Bond Sealant--LC, and Phase II Sealant--CC) on cell metabolism. Sample 

disks were aseptically fabricated according to the manufacturer's recommendations. 

Eluates of materials were prepared by daily transfer of the discs to fresh culture medium 

(DMEM + 5% ~S) over an 8-day period. Oral epithelial cells were plated in 96 well 

plates, and after 24 .h of incubation at 37°C and 5% C02, the cells were fed eluate-

containing medium. After an additional 24 h incubation, viable cell numbers were 

. determined using the MTS assay. DNA and RNA synthesis were determined by labeling 

·the cells with eH] thymidine and uridine, respectively. Medium-containing eluates and 

radioisotopes were added to pre-plated cells as described previously. The raw data from 

each assay were converted to percent control values. Multifactor AN OVA ( a.=0.05) and 

least square means analysis were performed on the DNA, RNA and MTS data to evaluate 

significant effects of days of elution and specimen types. DNA data from day 1 eluates 

· showed significant stimulation by all specimen types ( 143.3-176.0%) compared to 

control (p=0.0001), whereas RNA synthesis assay showed significant inhibition by all 



materials (28.7-59.5%, p=O.OOOl). MTS data revealed that only Phase II w/o fluoride, 

Phase II Dual Cure w/light and Phase II Sealant produced significant reduction in enzyme 

activity with day 1 eluates (90.7, 95.8 and 96.6%, respectively) compared to control 

(p=O.OOOl). Significant differences between specilnen types and days were also noted on 

other days for each assay. These results suggest that orthodontic bonding materials may 

have both inhibitory and stimulatory effects on various aspects of cell metabolism and 

these reactions are time dependent. (Wilmer Eames Study Club and MCG 

Biocompatibility Progratn) 
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INTRODUCTION 

Statement of the problem 

Prior to the development of orthodontic resin composites, orthodontic appliances 

were attached to teeth via cemented bands. The cements used included zinc phosphates 

and silicates. With the introduction of orthodontic brackets, such mate~als as black 

copper cements, epoxy cements and acrylic resins were used as adhesives (Proffit, 

1993). Eventually, resin composites were in~oduced and replaced acrylic resins and 

silicate cements. Currently, bonding attachments directly or indirectly to teeth with resin 

composites has become a routine procedure in orthodontics (Gorelick et al., 1982). 

Orthodontic bonding h~s advantages and disadvantages compared to conventional 

banding (Zachrisson, 1994). Whether to bond or band teeth is left to the discretion of 

the orthodo~tic practitioner. Criteria for resin composites include dimensional stability, 

fluidity to allow surface penetration and ease of use. Key problems associated with the 

use of resin composites are bond failures and decalcification of enamel. In addition to 

these problems, clinically significant gingival hyperplasia and inflammation rapidly 

occur when excess adhesive approximates the gingival tissues and is not properly 

removed (Zachrisson et al., 1977, 1978). Although some orthodontic bonding materials 

have been proven to be toxic in vitro (Davidson et al., 1982), to date there have been 

few studies examining the toxicity of contemporary resin composites and the differences 

among them. 

1 



LITERATURE REVIEW 

History of orthodontic bonding materials 

As previously mentioned, orthodontic brackets were first attached to teeth with 

the use of dental cements and acrylic resins. Second generation orthodon~ic resin 

composites were developed in the mid-1970's (Proffit, 1993). They were classified as 

bonding agents and consisted of stabilized resins whose polymerization was initiated by 

ultra-violet light. The advantage of the second generation resins was that the brackets 

could be manipulated prior to the onset of polymerization. The disadvantages included 

the use of an ultr3:-violet light as well as difficulty in removal of excess bonding material. 

With metal brackets, there· was also co~cem regarding light penetration to the bonding 

materials beneath the bracket pad to obtain adequate polymerization. mira-violet light is 

no longer used because of hazards associated with it, the inability to cure the resin 

tl.rrough the tooth structure, and the limited curing effecton microfilled composites (Lutz 

et al., 1983). 

In the late 1970's, third generation resins~ were developed. These were tWo paste 

systems with one paste being the ·catalyst and the other the base. These filled resin 

composites contained high percentages of inert filler materials and replaced ultra.:.violet 

light polymerized resins. They demonstrated enhanced bond strength (Zachfisson, 1985). 

Fourth generation resin composites were developed in the mid-1980's and are 

described as "no-mix" systems. The unfilled resin is placed on the tooth while the filled 

catalyst paste is placed oil the back of the bracket When the bracket is placed on ~e 

tooth, the excess is expressed and the resin beneath the bracket is polymerized. 
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Manufacturers are now producing materials which have dual capabilities of 

polymerization, contain fluoride and have excellent working and setting times. These 

dual cure resins have the ability to polymerize by light induction as well as by auto

polymerization. 

Fluoride has·been added to some resin composites to reduce plaque accumulation, 

reduce enamel decalcification, and enhance gingival health (Zachrisson and Brobakken, 

1978; Spangberg et al., 1984; Artun and Brobakken, 1986). Decalcification around 

brackets is especially a problem in patients who are not adtninistered additional fluoride 

supplements. It has been shown that 50% of orthodontic patients experience an increase 

of hypocalcified areas on the teeth (Gorelick et al., 1982). A major disadvantage of 

fluoride use in resin composites is that this element may decrease bond strength and 

increase bond failures (Chan et al., 1990). 

Components of typical adhesives 

There are two types of adhesives used in orthodontics for the sole purpose of 

bonding brackets. They are classified as mono- or multi-functional methacrylate resins 

(Reynolds et al., 1975). Mono-functional resins are auto-polymerizing and composed of 
,~-' 

a methylmethacrylate tnonomer and powder. The polymers formed are linear in nature. 

Multi-functional resins are modified epoxy resins which contain bis-GMA (an acronym 

ofbispenol-A and glycidyl methacrylate). The polymers that are formed have a three 

dimensional cross-linked network. The crosslinking provides greater strength, lower 

water absorption, and enhanced resistance to solvents (Reynolds et al., 1975). Both types 

of these adhesives can be filled or unfilled. The filled multi-functional methacrylate 

resins are the strongest adhesives for metal brackets (Buzitta et al., 1982; Jost-Brinkman 

et al., 1992) while the mono-functional methacrylate resins have been most successful for 

bonding plastic brackets. The highly filled methacrylates have larger filler particles and 

have therefore beenfound to have greater bond strength in vitro (Buzitta et al., 1982). 

3 
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Figure 1. - Stages of polymerization of resin composites A) Activation B) Initiation 
C) Propagation D) Termination 

A. 

, B. 

C. 

D. 
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(free radical) 
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R-C-C-C-C-C-C• 
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M M M 

Caughman et al., (1991) determined in cell culture that a direct relationship 

existed between the degree of monomer conversion and the ability of gingival fibroblasts 

to synthesize protein. As monomer conversion decreases so does ·protein synthesis.· This 

study showed that unreacted, leachable cotnponents affect the biocompatibility of a 

material. The remaining unreacted monomer which is not bound is free to leach out of 
\ . 

the material (Loza et al., 1996). 

The amount :of monomer conversion in visible light cured denture base resins has 

been shown to be inversely proportional to filler content (Barron et al., 1993). If filler 

7 



content decreases, monomer conversion increases. They speculated that the filler acts as 

an impediment to polymerization by not allowing irradiant energy to infiltrate the entire 

material and thereby decrease the extent of cure (Barron et al., 1993) .. In addition to the 

impact of the filler on· monomer conversion,. other materials such as amines, peroxides, 

inhibitors of polymerization, and oxygen can decrease monomer conversion (Asmussen, 

1975; Powers et al., 1978) .. As previously mentioned, if monomer conversion decreases 

there may be an increased tendency for unreacted eluted components to cause a cytotoxic 

response. 

Types of orthodontic resin composites 

Orthodontic resin composites ar~ available in a variety of one (no-mix) or two-
. . . 

paste systems ·which can be auto-polymerizing only, light polymerizing only· or dual 

polymerizing. "No-mix" systems· consist of unfilled sealant resins and filled pastes. The 

paste contains a peroxide initiator and the sealant resin contains an amine activ~tor. 

When the two parts approximate each other, free radicals are formed and the 

polymerization reaction begins. The depth of cure is dependent on the diffusion of the 

system components into one another. With the no-~ix systems, several advantages exist. 

There is less time involved in the mixing of individual pastes and there is less 

probability of incorporating voids or porosities which may decrease the extent of cure 

(Yamuda et al., 1988). A disadvantage is that "no-mix" materials have been reported to 

exhibit a greater potential for producing a toxic response because of excessive monomer 

content (Terhune et al., 1983). 

Two-paste auto-polymerizing materials first utilize an unfilled resin sealant which 

is placed on etched enamel Two pastes (catalyst and base) are then mixed, placed on the 

bracket base, and the bracket is compressed onto the tooth. The polymerization reaction 

is initiated by a peroxide compound in one paste reacting with an amine in the other 

paste. One advantage of us~g a two paste system is the ability to have a fresh mix of 
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resin composite for each bracket. However, there is a higher potential for air 

incorporation into the mix, leading to a decrease in the extent of monomer conversion 

and the production of voids (Evans and Powers, 1985; Craig, 1993). 

Photo-activated systems consist of a light-polymerizable, unfilled and a filled 

adhesive, each containing an initiator (usually a di-ketone such as camphorquinone) and 

an amine activator. This ketone is sensitive to wavelengths in the range of 450-4 70 run. 

When exposed to visible light in this range, a free radical is generated and polymerization 

begins. Light-polymerizing resins have an advantage of controlling the accuracy of 

bracket placement due to unlimited working time and immediately placing the archwires 

(Greenlaw et al, 1989). A major disadvantage to their use is the risk of incomplete 

polymerization of the material beneath the bracket as a result of low light levels ii1 this 

region (Greenlaw et al., 1989). 

Dual cured materials polymerize through a combination of photo-activated and 

auto-polymerizing systems. Free radical' formation is initiated when the initator {usually 
-

camphorquinone) is exposed to visible light in the range of 450-470nm. The two.:.paste 

system contains the components in different pastes. The initiator, an amine as well as 

inhibitors ~e in one paste whereas, benzoyl peroxide and an inhibitor are in the other 
- . . 

paste. Rueggeberg et al. (1993) determined that initial exposure to light will cause a 

rapid increase in the conversion of the resin and free radical formation. As a resUlt of 

this action, a viscous phase of the material is produced. Further migration of the· particles 

that would chemically cure are reduced. Benzoyl peroxide in one paste acts with an

amine in the other paste to continue polymerization after initial light induction. 

However, Rueggeberg et al. (1993) have shown that there is not a significant amount of 

curing that occurs after the initial induction of free radical formation with Visible !light. 

The advantages and:~sadvantages of this dual-cure.system include those of the light 

polymerizing and auto-polymerizing materials. 
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Bonding scenario 

There are several steps involved in bonding brackets directly or indirectly. The 

first step is to thoroughly remove the organic enamel pellicle (Aboush et al., 1991). 

Pumice or paste is used with a rubber cup or bristle brush to clean the teeth without 

traumatizing the gingiva. After the teeth are cleaned, moisture control devices such as 

cheek retractors and cotton rolls are placed in the mouth and the teeth are dried with air. 

An acid etchant (usually 37% phosphoric acid) is applied to the teeth. The etchant is left 

on the teeth for 15-30 seconds according to manufacturers' recommendations. The 

. teeth are rinsed and dried with care not to re-contaminate them with saliva. Sealant is 

then painted on each tooth to be bonded in a thin, even layer. Sealant is also applied to 

the back of the bracket. In the final step, resin composite is applied to the bracket and 

the bracket is placed on the tooth in the correct position. Excess resin expressed from 

beneath the bracket is then carefully removed. If left it may lead to increased plaque 

accumulation (Zachrisson et al., 1978) with subsequent gingival irritation. 

Biocompatibility assays 

The biocompatibility of dental materials may be assessed· by a variety of tests, 

including animal implantation, pulpal, and tissue culture studies (Hensten-Pettersen, 

1988): Since the 1930's researchers have been utilizing animal implantation techniques 

to evaluate the biocomp3:tibility of dental materials (Dixon and Rickert, 1933). Materials 

were implanted in rabbits subdermally and intramuscularly for extended periods of time. 

The ~ffects were evaluated histologically and grossly. Orthodontic adhesives have been 

implanted into the oral mucosa, skin, and gingiva of hamsters to determine the extent of 

tissue response (Davidso~ et al., 1982). Harsanyi et al. (1991) implanted freshly prepared 

aliquots of cements and composites into subcutaneous-.tissue of hamsters and found that 
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resin composites, even though they produced an inflammatory tissue response, were less 

irritating than silicates or zinc oxide eugenol (ZOE). Disadvantages of animal studies 

include expense and animal rights concerns (Lefebvre et al., 1994a). 

Previous studies have demonstrated the biocompatibility .of dental cements (Dahl 

et al., 1975, 1976; ~ensten-Pettersen and Helgeland,· 1971; Leiskar and Helgeland, 1977; 

Hanks et al., 1981; Caughman et al.; 1990). Dahl et al. (1975, 1976), compared zinc 
. ' 

phosphate cement and silicophosphate cements and found that the pulpal reaction of the 

zinc phosphate cem~nts. is milder in nature than the silicophosphate cements. They 

showed that silicop~osphate cements caused a moderate-to-sev~re reaction of the pulp. 

It was noted that the materials were more toxic when freshly prepared. The toxicity did 

decrease with increased setting time. Researchers have confrrmed that materia~s are 

more toxic in their freshly mixed form (Spangberg et al., 1973; Hanks et al., 1981; Tell 

et al., 1988). 

Previous tiss.ue culture studies, have reported that resin composites andlo~ their 

components may be cytotoxic (Tronstad and Spangberg; 197 4; Hanks et al., 1991; 

Holmes et al., 1993; Wataha et al., 1994; Lefebvre et al., 1994, 1996; Lee et al., 1995; 

Bouillaguet et al., 1996). Because these materials are present in the oral cavity and 

bathed in saliva, the unreacted components may leach out (Thompson and Bowles, 

1981). Toxicity may be the result of the production of new products or residual products 

that may be eluted from a resin (Hensten-Pettersen et al., 1977; Baker et al., 1988.; 

Lefebvre et al., 1996). These toxic eluates can include formaldehydes (Oysaed et al., 

1988), methyl methacrylates and benzoic acid (Tsuchiya et al., 1994) as well as bis-GMA 

which has been shown to be inherently toxic (Hanks et al., 1981). TEGDMA, present in 
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most all resin composites, has been shown to leach out of resins and cause toxic reactions · 

in the pulp (Gerzina andHume 1994, 1996). 

Tissue culture assays are the most suitable tests for toxicity screening as well as 

examining biological effects of materials (Rosenbluth et al., 1964; Caughman et al., 

1990). The type of cell used is important, as there can be different effects of materials on 

different cell types (Hanks et al., 1981; Caughman et al., 1990; Wataha et al., 1994). 

Hamster cheek pouch epithelium has been used by many investigators for ~everal 

reasons: 1) the permanent line of hamster oral cells will grow indefinitely in culture and 

aid in standardization, 2) the·cellline is easy to maintain, 3) the donor biopsy variability 

in this cell line can.be eliminated, and-4) greater reproducibility of the experiment is 

possible with the use of this cell line (Browne et al., 1979; Caughman et al., 1990). 

Parameters 1:1sed to measure the material cytotoxicity ·using tissue culture 

·techniques include ~he inhibition of cell growth, cytolysis, alterations in membrane or 
. . 

cytoplasmic markers, and ch~nges in metabolic 'activity (Lefebvre et al., 1994a ). 

Cytotoxicity tests that assess cell death include the agar overlay test and 5lcr release. 

One of the most common techniques used for assessing the toxicity of leachable · 

materials has been the agar overlay test (Guess et al., 1965; Tell et al., 1988; Afashi et al., 

1988; Okita et al., 1991). This method cominonly uses mouse fibroblast cells to . 

determine acute toxicity of leachable components. The materials or extracts are allowed 

to diffuse through agar gel, and produce death to the underlying cells. The test may be 

less than accurate as a result of improper incubation conditions, loss of volatile 

components from the solid materials, an inability of the extracts to diffuse through the 
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gel and a lack of protection of the materials from light (Lefebvre, 1994 ). Nevertheless, 

this method allows the material to come into close contact with cells. 

Vital staining techniques identify viable or non-viable c~lls in culture. Trypan · 

blue has been used to stain non-viable cells measuring cellular proliferation and viability 

as an indicator of toxicity (Holmes et al., 1993). Another stain, neutral red, has been 

used to stain viable cells (Terhune et al., 1983~ Afsahi et al., 1988~ Tell et al., ~988~ 

Caughman et al., 1990~ Holmes et al., 1993). With neutral red clear, colorless zones 

indicate toxic areas and the presence of dead cells while non-toxic areas are an even-pink 

color (Powell et al., 1975). 

51cr release has been used to assess cell death (Spangberg et al., 1973~ Hensten

Pettersen et al., 1977). Cell cultures are labeled with Na51cr04• Living cells retain th~ 

isotope while the amount of isotope released from dead cells, is determined with ~ 

gamma counter. The proportion of isotope released from treated cells, when compared 

with control cells, provides an index of toxicity. This test requires the use of a gamma. 

spectrophotometer or a liquid scintillation counter and a disposal system for radioactive 

waste. 

(he MTS assay is a colorimetric test which assesses mitochondrial 

dehydrogenase activity as an indication of cell viability .. The assay measures the 

conversion of a tetrazolium compound (3-( 4~5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenol)-2-( 4 sulfophenyl)-2H-tetrazolium~ MTS, also known as Owen's 

reagent) to a blue s~luble formazan product that absorbs at 490 nm. This conversion is 

catalyzed by mitoc~ondrial dehydrogenase enzymes found in metabolically active cells. 

There is a direct correlation between the number of viable cells in the cUlture and the 
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enzyme conversion. This assay involves fewer steps and less time than the previously 

described assays and does not involve the use of radioisotopes. This assay provides 

quantitative information· regarding cell death; but does notdetect cell injury or metabolic 

impairment. 

The structure of DNA inc~udes a deoxyribose s~gar unit. It contains p~e 

derivatives of nitrogenous bases (adenine and guanine) and pyrimidine derivatives of 

~trogenous bases (cytosine and thymidine). The chemical sturcture of RNA is similar to 

DNA except that each nucleotide in RNA contains a ribose sugar unit and uridin~ as one 

of its pyrimidines instead of thymidine. It is therefore appropriate to use radioactive · 

isotopes of uri dine and thymidine to label RNA and DNA, respectively. The acid 

insoluble macromolecules of the cells exposed to specimen eluates are labeled with 3 [H] 

uri dine and 3 [H] thymidine and compared to those cells exposed to control eluates. The 

·'" 
labeling of these macromolecules indicates a measurable increase or decrease in 

radioactivity of the culture system exposed to the materials. Inhibition of radioisotope 

incorporation of these compounds into macromolecules serves as an indicator of toxicity. 

These tests can be performed with minimum laboratory facilities but do require a sterile 

handling area and ~ incubator with control for atmosphere, humidity and temperature. 

They also require liquid scintillation counters and disposal systems for radioactive waste. 

Other than these disadvantages, the cell metabolism techniques are sensitive measures of 

cellular inhibition. 

Metabolic assays have been used to determine the effects of resin composites on 

protein, RNA or DNA synthesis and lipid metabolism (Lefebvre et al., 1991, 1992, 1994, 

1996; Barron et al., 1993). Caughman and others (1990) examined the biocompatibility 
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of resin composite cements ·and the effects seen on protein and RNA synthesis. These 

studies showed that resin composites may significant inhibit the metabolism of 

macromolecules. Some mode~ polymerization-based restorative materials have 

demonstrated cytotoxic potential (Lefebvre et al., 1991, 1992, 1994, 1995; Ratanasathien 

et al., 1995). Lefebvre et al. (1991, 1992) demonstrated that denture base resins as well 

as their sealants have an inhibiting effect on macromolecular synthesis in oral epithelial 
I 

·cells .. In addition to effects. on previously mentioned cellular mechanisms, some. resin 

components such as TED(}MA and DMAEMA have been shown to have an effect on 
. . . 

lipid metabolism (Weaver and Goebel, 1980; FuJi~awa et al., 1988; Schuster et al., 1995; 

Lefebvre et al., ·1996) .. 

. The cytotoxic effects of current orthodontic resin composites may be dependent 

upon the polymerization method as well as the ability of these materials to elute 

unreacted products. Fredericks (1981) tested the potential mutagenicity of liquid 

components of commercially available orthodontic bonding materials by using the Ames 

test. He found that these materials were weakly mutagenic with the exception ofone 

primer. Davidson et al. (1982), used animal models to test the effect of six commercially 

available orthodontic adhesives on the skin, oral mucosa, and gingiva. The monomer 

.component of one adhesive caused gross irritation and histological inflammation. As a 

result of the study, the material was removed from the market. Terhune et al. (1988), 

tested several orthodontic bonding materials by means of the cell culture ~gar overlay 

test. The cytotoxic effects suggested.that 1) all of the materials had so~e.degree of 

toxicity immediatelr after mixing with the "no-mix" system having higher toxicity, and 

2) immediately after mixing and 30 days post-polymerization, the sealants had a greater · 
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toxic effect. They also evaluated the toxic effects of various orthodontic adhesives 

immediately after polymerization and up to two years post-polymerizati~n. They 

reported that the cytotoxic effects seen immediately decreased over time. 

Lewis et al. (1996) studied the response of oral mucosal cells to glass ionomer 
' . 

cements. They also investigated the effects of different levels of fluoride in fluoride-

containing solutions on cell metabolism. They found that 1) fluoride levels less than · 

0.45 mM stimulated cell growth 2) fluoride levels equal to 0.9mM had no affect on cell 

growth, and 3) fluoride levels greater than 0.45mM were necessary to produce an 

inhibitory effect on cells. Hangslo (1974) and Vesco and Colombo (1970) showed that a 

concentration of fluoride greater than 1.3mM will inhibit protein and DNA synthesis in 

mouse fibroblast cells. 
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PURPOSE 

Because the selection of orthodontic adhesive resin in current practice is so. 

encompassing, the clinician requires basic guidelines with respect to the cytotoxicity 

related to the mode of resin cure as well as the presence of fluoride. Thtis, the purpose of 

this study is to: 

1. investigate the effect of mode of cure (chemical cure only, light cure only, 
. and dual cure) on the potential for cytotoxicity as measured by cell 
viability, and RNA and DNA synthesis over an 8-day period. 

2. determine the relative extent of monomer conversion among the different 
curing modes . 

.. 3.. cgrre~ate.the·.extent Qfresin cure with cytotoxic reactions to presence 
oftluoride or mode of t~sin cure. 
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HYPOTHESES 

1. All of the orthodontic materials tested will demonstrate significant 
inhibition of cell viability and metabolism that will decrease over 8 days. 

2. The effect of the mode of cure willhav~ a significant impact on the 
._.biocompatibility of the ~aterials. The materials that require light to 
: initiate polymerization will-be less likely to inhibit cell viability, RNA and 
DNA-synthesis. This includes the single and dual cured n}aterials. 

3. The materials that have the lowest degree of monomer conversion will 
have a significant inhibitory effect on cell viability, RNA and DNA 
synthesis of oral epithelial cells 

4. The material that contains fluoride will have more of an inhibitory effect 
of oral epithelial cells. Cell viability, RNA and DNA synthesis will be 
significantly reduced when _exposed to that material which contains 
fluoride as opposed to the non-fluoride containing material. 
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MATERIALS AND METHODS 

Specimen selection 

In order to determine which orthodontic materials should be studied, 14 

orthodontic departments in U.S. dental schools were randomly selected and contacted via 

telephone. Several of the schools surveyed used two-paste systems including light

polymerizing, dual-polymerizing and auto-polymerizing resins which did or did not 

contain fluoride. As. there were a variety of resin composites utilized, a representative 

sample of the various products available from the same manufacturer was selected. 

Reliance Orthodontic Products, Inc. (Itasca, illinois), produces two-paste, systems that are 

light polymerizing, auto-polymerizing, dual-polymerizing and some contain fluoride 

(Table I). 

Tablel Experimental Reliance ™ Products (Istaca, Illinois) 

MATERIALS COMPONENTS LOT NUMBER 

Phase II Orthodontic Paste A (with fluoride) 39145 
Bonding System with PasteB 059255 
Fluoride™ 

Phase II Orthodontic Paste A 049065 
Bonding System without Paste B · 059255 
Fluoride™ 

Phase II Dual Cure Paste A (with fluoride) 
Bonding System™ PasteB 039175 

059255 

Phase II Sealant ™ Part A 059074 
(Contains Fluoride) PartB 

119094 

Light Bond Sealant™ ----------- 039015 
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The materials were divided into six different specimen types: 1) Phase II Self Cure with 

fluoride --F 2) Phase IT Self Cure without fluoride--NF 3) Phase IT Dual Cure with light-

DCL 4) Phase IT Dual Cure without light--DCN 5) Light Bond Sealant--~C, and 6) Phase 

IT Sealant--CC. The resin composites and sealant resins were tested separately in order to 

determine if they were cytotoxic independent of one another. 

Description of materials 

As mentioned earlier, all of the materials tested were two paste systems. Each 

system consisted ofa catalyst and a base (Part A and Part B) which were. mixed 

according to the manufacturers' recommendations. The composition of the resin 

composite and sealants was provided by the manufacturer ( BISCO, Itasca, IL) (Table IT · 

and Table III). 
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Tab/elL Composition of the resin composites/sealants and mixing instructions 

SPECIMEN COMPOSITION MIXING INSTRUCTIONS 
CODES 

F Paste A: Bis-GMA,-polyethylene To achieve a working time of 
glycol dimethacrylate, TEGDMA, approximately 2 minutes, 
amine, quartz, silica glass and dispense equal amounts of each 
tritertiary butyl-4-rhethyl phenol, paste onto a clean mixing pad. 
hydrofluoride copolymer Mix thoroughly for 

PasteB: Bis-GMA, polyethylene apProximately 10 seconds prior 
glycol dimethacrylate, TEGDMA, to use. 
benzoyl peroxide; quartz, silica 
glass 

NF Paste A: Bis-GMA, Polyethylene Same as mixing instructions 
glycol dimethacrylate, TEGDMA, above 
amine, quartz, silica glass and 
tritertiary butyl-4-methyl phenol 

Paste B: Bis-GMA, polyethylene glycol 
. dimethacrylate, TEGDMA, 
benzoyl peroxide, quartz, silica 
glass 

DCL/DCN Paste A: Bis-GMA, polyethylene To achieve a working time of 4 
glycol dimethacrylate, tritertiary minutes, dispense equal 
butyl-4-methyl phenol, amine, amounts of each paste onto a 
dihydroxyethyl toludine,· clean mixing pad (shield 
camhorquinone, hydrofluoride material from light). Mix 
copolymer, quartz, silica glass thoroughly for approximately 5-

Paste B: Bis-GMA, polyethylene glycol 10 seconds .prior to use 
dimethacrylate, TEGDMA, 
benzoyl peroxide, ·quartz, silica 
glass 

cc Part A: Bis-GMA, TEGDMA, To achieve a working_ time of 
polyethylene glycol, amine 70 seconds, dispense equal 
hydrofluoride copolymer amounts of sealant into a clean 

PartB: Bis-GMA, TEGDMA, mixing well. Mix thoroughly 
polyethylene· glycol for 5 - 10 seconds · 
dimethacrylate, benzoyl peroxide 

LC Bis-GMA, TEGDMA, camphorquinone, Expose to light for 20 seconds 
tritertiary butyl-4-methyl phenol. 
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·Table Ill. Product features for materials according to manufacturer: Phase II 
Self Cure with Fluoride and Sealant™--I; Phase II Self Cure and 
Sealant™--2; Phase II Dual Cure™--3; Light Bond Sealant™-4 

FEATURE 
Fluoride releasing 
Unsurpassed bond strength 
Ease of removal 
High stain resistance 
Smooth, tacky consistency 
Enamel protective sealant 
Variable working time . · 
2-3 year shelf-life 
Bonds enamel and porcelain to moist 
surfaces 
Dual cure process _ 
Immediate archwire. pl8:cement 

Cells cultUre 

MATERIAL 
1,3,4 

1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,4 
1,2 

1,2,3,4 
4 

3 
.3 

This study utilized hamster c~eek pouch epithelial cells (HCP) whose 

characteristics have been previously described (Schuster et al., 1990). The cultures were 

maintained in Dulbecco' s Modified Eagle's Medium (DMEM) (Gibco, "Grand Island, 

NY, USA) and supplemented with 5% (v/v) fetal bovine serum (FBS) (Gibco), 100U/ml · 

penicillin and 100 ug/ml streptomycin. Cultures were incubated at 3 7°C in an atmosphere 

of 95% air-5% C02. 

Disk fabrication/eluate preparation 

The materials were mixed according to the· manufacturers' recommendations. 

Disks (1 Omm in diameter and 1mm thick) were fabricated aseptically in aluminum 

molds. Thickness of the disks was greater than would be used clinically under an 

orthodontic bracket However, this dimension was thick enough to allow the material to 

polymerize and it fit the experimental design which would allow full coverage ofthe 

specimens by the medium (Lefebvre et al., 1994). The light polymerized specimens were 
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cured according to the manufacturers' recommendations using a 14mm straight tip of the 

Max Light (LD Caulk Co, Milford, DE, 19963) at an intensity of 450 nm. 

Six ~sks per material were fabricated and placed in light-protected sterile vi~ls 

for 24 h: At this time, each set of disks was placed in 9ml of fresh fluid. The medium 

was removed and replaced with fresh medi~ at 24 h intervals for a period of 8 days. 

The vials were sealed and stored in a refrigerator. At the end of the transfer, the eluates 

were diluted to a 1 :2 ratio by adding 9ml of additional medium to each eluate. When 

used in experimental cultures, the disk size/medium ratio corresponded with the ratio 

used in prior studies (Caughman et al., 1990; Lefebvre et al., 1991, 1992, .1994; Barron et 

al., 1993) and to that of the International Standards Organization (ISO). The eluates 

contained cell culture medium (DMEM + 5% FBS) and the products that leached out of 

the orthodontic bonding materials over 8 days. 

MTS assay 

The MTS- assay (Cell Titer 96 AQ Assay~ Promega, Madison, WI) is a 

colorimetric method of determining viable cell number. This conversion is catalyzed by 

mitochondrial dehydrogenase etlzymes found in metaboli<?ally active cells. There is a 

direct correlation between the number of viable cells· in the culture and the enzyme 

conversion. Thus, the more viable cells present, th~ more intensely blue the solution, the 

greater will be the absorption at 490 nm. 

On the first day of the experiment, HCP cells (45,000 cells/well) were se~ded 

into 24-well plates ~nd incubated for 24 h. The total volume of cell suspension/well was 

1ml. Control wells contained only DMEM + 5% FBS and 45,000 cells. 
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· . On the second day, the medium in the previously plated test wells was removed 

. I 

and the·appropriate eluates were added to each well. Day 1, 3, and 6 eluates were used. 

The plates were placed on a rocking platform for approximately 30 minutes and then 

placed in the incubator for an additional 24 hours. 

The two reagents for the assay included the MTS solution and the phenazine 

methosulfate (PMS). The MTS solution was made by adding 210 mg MTS Reagent 

powder (Promega, Lot# 45502021, Madison, WI, USA) to 105 ml ofDulbecco's 

phosphate buffered saline (DPBS, stock) to provide the manufacturers' recommep.ded 

ratio of 42mg MTS powder/21ml DPBS. PMS was aseptically made by adding 92mg of 

PMS powder (Sigma Chemical, Lot# 13H5044, St. Louis) to 10ml ofDPBS. As both 

materials were light sensitive, the solutions were filtered through sterile 0.2 urn filter 

(Acrodisc, Gelman Sciences) into separate light-protected containers and frozen at -20°C 

until ready for use. . 

On the third day, the MTS and PMS solutions were thawed in a 37°C water ~ath 

and 200 ul of the recommended proportions were added to each well. Because the 

materials were sensitive to light, all procedures were performed with minimal 

illumination. The plates were shielded from light and placed on a rocking platform for 

30 min. Subsequently, the plates were placed in the incubator for 4 h. 

Again in a li~t-protected environment, duplicate aliquots of 1 00~1 of the · 

experimental eluates were added to each well in a 96 well plate (Falcon 3S72 Primaria 96 

well· sterile Tissue Culture· Plates, Be.cton Dickinson Labware, Oxnard, California). The 

absorbance of each plate was read using a Thermomax Microplate reader (Thermomax, 

Sunnyvale, CA, USA) at 490 nm. The optical densities w~re collected. The mean 
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optical densities were converted to percent control as previously described (Lefebvre et 

al., 1994). After analysis of the initial data, it was determined that the day 4 eluates 

should be tested.with the MTS assay as previously described for the eluates of day ·1, 3, 

and6. 

RNA and DNA synthesis assays 

To determine cellular metabolic responses to-eluates, HCP.-cells (4,SOO cells/well) 

·were plated in 96 well plates. The control consisted of cells and mediuni (DMEM + 

S%FBS). The total volume:for each well was SOul. The cells were incubated overnight 

to allow attachment 

The eluates for day 1, 3 and 6 were labeled with the radioisotope.-· The final 

concentration of the [3H] uridine was lSuCi/ml (specific activity=38.S Ci/mmol) and 

[
3 H] thymidine was 20uCi/ml (specific activity=73. 7 Ci/mmol) for RNA and DNA 

synthesis, respectively. The radioisotope was added to each eluate and control medium. 

The vials were sealed tightly and stored in the refrigerator until ready for use. 

On the second day, 50ul of each eluate containing radioisotope was added to test 

wells and SOul of medium containing radioisotope was added to the control wells: The 

plates were placed on a rocking platform for 30 min and returned to the incubator for 24 

hours. 

On the third day, the medium was removed from the wells. Twenty-five 

microliters of 10% trichloracetic acid (TCA) was added to each well to precipitate the 

macromolecules. The TCA remained on the cells for 1 hour. The plates· were washed 

two more times with 2Sul of 10% TCA after allowing the fresh TCA to r~main on the 

cells for 5 min. T~e proteinss were then solubilized with 1S0ul of0.5N NaOfl. 

After 1 h, duplicate 50ul aliquots of the solubilized TGA precipitable extracts 

were placed in appropriately labeled 7ml scintillation vials with 5ml of Scintiverse 

scintillation fluid (Fisher Scientific Inc., Atlanta, GA). The macromolecules were· 
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quantitated in a Beckman 3 801 spectrophotometer (Beckman Instrumen~s, Fullerton, 

CA). The extent of RNA or DNA synthesis was calculated based on comparison of the 

incorporated radioactivity in the macromolecules of the experimental specimens to those 

of the control. 

Determination of monomer conversion 

Five additional disks/material were fabricated as previously described. The. disks 

were placed in amber vials and were stored at room temperature for 24 h. Small pieces 

of each specimen were pulverized in a steel percussion mortar (Fisher Scientific, 

Norcross, GA). A digital analytical balance (Model1712 MP8, Satorius; Silver edition, 

W. Germany) was used to proportion the pulverized specimens and potassium bromide 

(KBr ). For the fill_ed re~in compos~tes, 0.006mg of powdered material was mixed with 

0.04mgofthe KBr, -whereas for the unfilled resiris, 0.004mg of powdered specimen was 

mixed with 0.04mg ofKBr .. Potassium bromide is used to suspend particles "in air" so . 

that the energy generat~d from the IR apparatus can penetrate: the specimen to produce a 

spectrum. The amounts of test specimens were varied With the filled and unfilled resins 

based ori the polymer content. The. higher the po~ymer content of a material, the more 

plas~ic the material is. )'here is 1ess polymer in filled resins than unfilled, resins therefore 

the ratio of specimen to KBr necessary to increase the plastic qualities of the filled 

specimen is higher .. If the ratios were not varied, the spectrum for the unfilled resin 

would not fit on the· graph. 

The powders were mixed thoroughly and a pellet was made using a hand press 

(Model MKD-S13, Harrick Scientific Corp., Ossining, NY). The pellet was placed in a 

micro-transmission holder (Model TSH-OLG, Harrick Scientific Corp) of a beam· \ 

condensing unit (Model4Xf-CLO, Harrick Scientific Corp). The infrare4 spectrum of 

the specimen was obtained with a IR apparatus (FTIR, FTS-40, Digilab, Cambridge, MA) 

26 



using 16 scans at a resolution of 2 em -1. The infrared spectrum of the up.cured resiri was 

obtained using a transmission technique of the uncured paste between ZnSe crystals. 

The absorbance peak heights of the spectra were analyzed (Spectra Calc version 
I 

2.23, Galactic Industries Corp, Saletn, NH) and the data were recorded ih spread sheet 

format (Microsoft Excel, version 4.0, Microsoft Corporation, Redmond, .WA). The 

specific absorption groups analyzed were that of the aliphatic carbon bond C=C (1636 

cm-1
) and the aromatic C=C (1608 cm-1)(Figure 2). According to previous studies, the 

absorption ratio of these peaks was correlated to the molar ratio of aliphatic and 

aromatic carbon double bonds in the cured and uncured states. From this ratio, the 

percent conversion of each specimen was determined using calibration graphs (Ruyter 

and Svendsen, 1978; Ferracane and Greener 1984; Rueggeberg et.al., 1990) (Figute 3). 

Fluoride analysis 

The eluates for day 1, 3, 4, and 6 of the fluoride-containing materials were· 

analyzed for fluoride content. Each test sample was pipetted into a microbeaker and 

thoroughly mixed with an equal volume (0.50 ml) of TISAB (Total Ionic Strength 

Adjustment Buffer, Orion Research, Cambridge, MA). The ion specific fluoride 

electrode and miniature calomel reference electrode were immersed ii1 the solution with 

occasional swirling until a ·stable millivolt reading was obtained on the potentio~eter 

(Orion Research, Model720A).· Aqueous fluoride standards (as sodium ijuoride) were 

prepared and analyz:ed using the sample techniques. The fluoride concentrations of the 

test sampl~s were determined by reference to the standard solutions. 
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Figure 2. · · Carbo'!- double bond peak heights used in monomer conversion 
analysis of the experimental specimens. AB: baseline drawn 
between the lowest point of the aliphatic and aromatic troughs; 
CD:. absorption of aliphatic C=C of cured specimens; CE: 
absorption of aliphatic C=C of uncured specimens; FG: 
absorption of aromatic C=C of both specimens 
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Figure 3. Calibration plot formulated to determine the ratio of C=C :after 
monomer conversion of experimental specimens 
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ABSORPTION R~TIO 

Percent cure = [ 1 ~ (molar ratio cured I molar ratio uncured)] ~.: 100% 

Statistical analysis 

The raw data for each biocompatibility assays were converted to p~rcent control 
! 

values. Two-way ANOVAs on percent control were used to determine the presence of 

significant effects of days and specimens. The dependent variable for the MrS assay was 

the optical density as a percentage of control for the day. The dependent variable. for the 
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RNA and DNA assay was the counts.ofradioisotope per minute as a perc~ntage·of 

control for the day. The independent variables included specimens (7 levels) arid' days 

(1,3,4, and 6 for MTS assay, 1, 3, and 6 for RNA and DNA assay). The tWo-way 

ANOVAs were followed by least square means analysis (SAS Institute In~., SAS/STAT® 

User's .Guide, Version 6, Fourth Edition, Volume 2, Cary, NC: SAS Institute Inc., 1989). 

Overall statistical testing was performed at a significance level of0.05. 

The monomer conversion of each type resin was compared using a one-way 

ANOVA (six levels). Post hoc pair-wise means comparison was performed using the 

Tukey Kram~r test. All statistical comparisons were made at a significance level of0.05. 

The data collected from the fluoride cont~ining sample was compared to 

standard values to determine if the amounts were significant. This was th~n compared 

to previous research values which have cited the concentrations of fluorid~ necessary to 

elicit a response on cell division or protein accumulation (Lewis et al., 19?6). 
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RESULTS. 

MTS assay 

Generally, the mitochondrial dehydrogenase activity of cells exposed to day 1 

eluates from Phase II SelfCure without fluoride (NF),.Phase n·Dual Cure without light 

(DCN), Phase IT Self Cure without fluoride (NF) and Phase IT Sealant (CC) was 

significantly reduced compared to .. control cultures (Figure 4 ). Day 1 eluates for all the 

other materials were not significantly different from control (Figure 4 ). There was a high 

degree of variability when comparing the enzyme activity of cells exposed to day 3 and 4 

eluates of all specimens (Figures 5 and 6). Cells exposed to day 6 eluates containing 

Phase II Self Cure with and without fluoride were the only specimens that significantly 

inhibited mitochondrial dehydrogenase enzyme activity. All other day 6 ell.Iates 

produced no significant effects on enzyme activity (Figures 4-7). These data suggested 

that some specimens are more toxic on the first day of exposure and then become less 

toxic as time proceeds. The findings are supported by the 2-way ANOV A which showed 

significant interaction of specimen and day (p=O. 0001 ). The main effects <;)f specimen 

and day were also significant, each at p=0.0001 (Table IV). 
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Figure 4. Response of oral epithelial cells to day 1 eluates from orthodontic resin 
composite and sealant disks as compared to controlJ based on MTS levels. 
Response of cells to control medium equals 100% The asterisks (*) 

denote significant differences from controL Bars beneath the graph 
represent no significant differences between compared groups . . 
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Figure 5. Response. of oral epithelial cells to day 3 eluates from orthodontic resin 
composit€ and sealant disks as compared to controlJ based on MTS levels. -
Response pf cells to control medium equals 100% The asterisks (*) denote 
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. significant difforences from controL Bars beneath the graph represent no 
significant difforences between compared groups. 
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Figure. 6. Response. of oral epithelial cells to day 4 eluates from orthodontic resin 
composite.!andse.alant disks as compared to control:~ based on: Mrs levels. 
Response. of cells to control medium equals 100% The asterisks (*) denote. 
significant diffore.nce.s from controL Bars beneath the. graph represent no 
significant diffo.re.nce.s between compared groups. 
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Figure. 7. Response. pf oral epithelial cells to day 6 eluates from orthodontic resin 
composite.: and sealant disks as compared to control:~ based on MTS levels. 
Response. of cells to control medium equals 100% The. aste. risks (*) denote. 
significant differences from controL Bars beneath the. graph rep resent no 
significant diffore.nce.s between compared groups. 
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· Table IV. . Values represent MFS raw data (optical densities) and standard 
deviations that have been converted to percent control. 

' II SPECIMEN I DAYl. •.. I DAY3 DAY4 DAY6 

F N=16 N=16 N=16 N=16 
97.0±3.05 100.6±3.51 94.8±2.67 96.8±3.53 

NF N=16 N=16 N=16 N=15 
90.7±4.82 101.8±3.20 94.8±3.21 94.8±2.67 

DCL N=14 N=16 N~16 N=16 
97.2±2.68 101.7±7.80 97.4±3.38 102.0±3.58 

DCN N=16 N=14 N=16 N=:16 
95.8±3.23 98.8±3.86 54.4±11.5 I 97.6±3.23. 

LC N=16 N=15 N=15 N=:l4 
98.0±4.41 94.8±5.42 97.9±4.47 ,, 99.7±3.92 

cc N=16 N=16 N=16 N=16 
96.6±8.12 91.2±5.37 69.5±3.85 100.7±4.41 

CONTROL N=30 N=32 N=32 N=32 
100.0±5.70 100.0±5.13 100.0±5.55 100.0±5.03 

1. Effect of the presence/absence of fluoride 

Cells exposed to day 1 eluates from Phase II Self Cure without fluoride 

(NF) exhibited a significant inhibition (90.7% of control) ofmitochondrial 

dehydrogen~se activity as com~ared to the response of the cells. exposed to day 1 

eluates containing the fluoride version (97.0% of control) of this material 

(F)(Table IV; Figure 4 ) .. There were no significant differences in the 
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mitochondrial dehydrogenase activities produced by the day 3, 4 or 6 eluates of 

either specimen with or without fluoride when compared to each 'other (Table IV; 

Figures 5-7). ~though day 4 and 6 eluates of both versions of the material 

· significantly, inhibited mitochondrial dehydrogenase enzyme activity as compared 

to control, these data. suggest that fluoride has no overall effect on the enzyme 

activity of oral epithelial cells after exposure to day 1 eluates because there is no 

significant difference between the two· specimens With or without fluoride. 

2. Effect of the presence of light for dual cured specimens 

Mito~hondrial dehydrogenase activities of cells exposed to Phase II Dual 

Cure with light (DCL) eluates from all four days were not significantly affected as 

compared to control (Figures 4-7). There were no significant differences detected 

between day 1 and 3 eluates ofDCL and its counterpart, Phase II Dual Cure 

without light (DCN)(Figures 4 and 5). However, differences were detected 

between the two specimens when cells were. exposed to day 4 eluates (Figure 6). 
I 

Mitochondrial dehydrogenase activity of cells was significantly reduced (54. 4% 

of control) by day 4 eluates containing DCN. Upon exposure of cells to day 6 

eluates containing DCN, the cells had recovered 97.6 % of control (Figure 7). 

There is evidently a biphasic pattern to the action of the eluates containing DCN. 

These data suggest that the presence of light for dual cured specimens may have a 

significant impact on how eluates affect mitochondrial dehydrogenase activity. 

3. Effect of specimen polymerization mode of a single cured material 
I 

Mitochondrial dehydrogenase activity. of cells exposed to day 1 el~tes 

from Phase II Sealant (CC) was significantly inhibited as compared to control. 
I . 
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However, this response did not differ from the effect on mitocho~drial 

dehydrogenase activity produced by day 1 eluates (98.0% of conttol) containing 

Light Bond Sealant (LC) (Figure 4 ). Day 3 eluates containing CC was 

significantly more inhibitory than day 3 eluates containing LC (Figure 5). Day 4 

.eluates containing CC were inhibitory as compared to the day 4 eluates 

contairiing LC (Figure 6). Mitochondrial dehydrogenase activity ()f cells exposed 

to day 6 eluates of both specimens was comparable to that of the control (Figure 

7). These data suggest that polymerization mode of the material has a significant 

effect on cell viability. Overall, the eluates of the single cured speciinen ~hich 

was auto-polymerized (CC) were more iphibitory to enzyme activity than the 

single cure specirilen th~t was light cured (LC). 
' . . . ~ \ 

RNA assay 

RNA synthesis of cells exposed to day 1 eluates of all ~pecimens {28. 7%-59.5% 

·· o~c.ontrol) was significantly reduced as compared to control (Figure 8). RNA synthesis 

of ~ells exposed to d.aY 3 and 6 eluates for some of the specilnens was stiffiulated while 

that of other cells exposed to the ·eluates of the remaining specimens were inhibited 

(Figures 9 and 10). Cells exposed to day.6 eluates containing Phase II Self Cure with 

fluoride (F), Phase II Dual Cure without light(DCN) and Phase II Sealant (CC) 

r~covered. Cells exposed to day 6 eluates containing the remaining spec~ens had 

variable results (Figure 10). These data suggest that all of the specimens were inhibitory 

on the first-day of exposure ·then less so as time proceeded. The findings are·supported 
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· by the 2-way .ANOVA which showed significant interaction of specimen and day 
. ' 

I 

• ' I 

(p=O.OOOl). The main effects· of specimen and day were also significant, each at p=O.OOOl 

(Table V). 

Figure 8. ResponseloforaL epitheLiaL ceLLsto day 1 eLuates from orthodontic resin 
composite and seaLant disks as compared to controlJ based on RNA 
LabeLing. Response of ceLLs to controL medium equaLs 100% The asterisks 

(*) denote significant differences from the controL Bars beneath the graph 
represent no significant differences between compared groups. 
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Figure 9. Response of oraL epitheLiaL ceLLs to da.y 3 eLuates from orthodontic resin 
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composite an_d seaLant disks as compared to controLJ based on· RNA LabeLing. 
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significant differences from the controL Bars b~neath the graph represent no 
significant differences between compared groups. 
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Figure 10. Response of oral epithelial cells to day 6 eluates from ortho,dontic resin 
composite and sealant disks as compared to contrt;Jl based o~ RNA labeling. 
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Table V. 

II SPECIMEN 

F 

NF 

DCL 

DCN 

LC 

cc 

CONTROL 

Values represent RNA raw data (counts per minute) and ~tandard 
deviations that have been converted to percent control : 

DAY1 DAY3 DAY6 

II 
· N=11 N=10 N=11 
59.5±23.6 128.3±23.4 111.8±25.5 

N=12 N=12 N=12 
55.2±10.6 112.2±19.3 74.2±11.9 

N=12 N=12 N=12 
34.1±4.37 103.4±13.6 80.7±7.75 

N=12 N=12 N=12 
28.7±4.03 63.7±9.85 95.8±10.3 

· N=12 N=12. N=10 
48.5±13.1 108.2±29.6 145.2±18.9 

: N=12 N=12 N=12 
35.5±9.28 78.0±17.3 111.9±11.9 

. N=23 N=24 N=24 
100.0±16.2 100.0±23.7 100.0±7.75 

1. Effect of presence/absence of fluoride 

Even though cells exposed to day 1 eluates containing both fluoride and 

non-fluoride. containing versions of the Phase II Self Cure material significant~y 

inhibited RNA synthesis (55.2% and 59.5% of control respectively), there were 
' ' 

no significant differences between their effects (Figure 8). Day 3 eluates from 

both specimens stimulated RNA synthesis (Figure 9). However, day 6 eluates 

from the non-fluoride containing version of the material (NF) again reduced RNA 
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synthesis as compared to the day 6 eluates from the fluoride containing specimen 

(F) (Figure 10). RNA synthesis ·of cells exposed to day 6 eluates ~ontaining F had 

approached values ·comparable to that of the control. 

2. Effect of the. presence of light for dual cured specimens 

RNA synthesis of cells exposed to days 1 and 6 eluates containing each 

version of the Phase II Dual Cure material (DCN and DCL) was significantly 

inhibited as compared to control (Figures 8 and 10). Cells exposed to eluates 

containing the· version of the material that was allowed to auto-polymerize (DCN) 

gradually recovered (although n~t fully) over the three days (Figures 8-10). The 

version of the material that was light polymerized (DCL) produced a biphasic 

pattern of action. RNA synthesis of cells exposed to day 1 eluates containing 

DCL was significantly reduced to 34.1% of control (Figure 8). RNA synthesis of 

cells exposed to day 3 eluates was equal to control (Figure 9), but the cells 

exposed to day 6 eluates demonstrated another reduction in RNA synthesis to 

80.7% of control (Figure 10). 

3. Effect of specimen polymerization mode of a single cured specimen 
I 

As with the dual cured specimens, exposure of cells to day 1 eluates 

containing Light Bond Sealant (LC) and Phase II Sealant ( CC) significantly 

reduced RNA synthesis as compared to control (48.5% and 35.5%.of control 

respectively). However, the effects were not significantly different from each 

other (Figure 8). Day 3 eluates containing CC significantly inhibited RNA 

synthesis whereas day 3 eluates containing LC were equal to control (Figure 9). 

While RNA synthesis of cells exposed to day 6 eluates containing CC was equal 
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to control, RNA synthesis of cells exposed to day 6 eluates contaihing LC was 

stimulated (145.2% of control) (Figure 10). 

DNA assay 

In general, day 1 eluates of all specimens stimulated DNA synthesis (143.3%-

176.0% of control) of oral-epithelial cells (Figure 11). Compared to controls, exposure of 

cells to days 3 and 6 eluates showed variable results, but the eluates generally produced 

stimulation. Cells exposed to day 6 eluates containing Phase II Self Cure without 

fluoride (NF) and the Phase II Dual Cure with light (DCL) were not significantly 

different from contr~l (Figure·13). Surprisingly, day 6 eluates of the other specimens 

continued to significantly stimulate DNA synthesis (Figure 13). These fnidings are 

supported by the 2-way ANOV A which showed significant interaction of specimen and 

day (p=0.0001). The main effects of specimen and day were also significant, each at 

p=0.0001 (Table VI). 
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·Figure 11. Response of oraL epitheLiaL ceLLs to day 1 eluates from orthod~ntic resin 
composite and sealant disk's as compared to ·controL~: based on DNA 
Labeling. · Response of ceLLs to control m,edium equals 100% fhe asterisk's 
(*) denote significant difforences from controL Similar bars b~neath the 
graphs represen~ no significant difforences between compared groups. 
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Figure 12. Respons~ of oraL epitheLiaL ceLLs to day 3 eluates from orthodontic resin 
composite and sealant disk's as compared to controL~ based on DNA 
Labeling. Response of ceLLs to controL medium equals 100% The asterisk's 

(*) denote significant difforences from controL Bars beneath the graph 
represent no significant difforences between compared groups. 
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Figure 13. Response. of oral epithelial c~lls to day 6 eluates from orthodontic resin 
composite. and sealant disks as compared to controlJ based on DNA labeling. 
Response. of cells-to control medium equals 100% The. asterisks(*) denote. a 
significant diffe. renee. from controL Bars beneath the. graph rep resent no 
significant differences between compared groups. 
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Table VI. 

II SPECIMEN 

F 

NF 

DCL 

DCN 

LC 

cc 

CONTROL 

Values represent DNA raw data (counts per minute) and ~tandard 
deviations that have been converted to percent control , 

DAYl DAY3 DAY6 

II 
N=12 N=12 N=10 

143.3±40.3 103.2±18.1 143.9±22.6 

N=12 N=11 N=11 
156.3±38.9 172.0±49.0 108.8±17.6 

N=10 N=11 N=12 
155.4±49.5 205.3±50.0 115.7±21.5 

N=12 N=11 N=12 
176.0±52.9 123.5±23.1 191.2±31.5 

N=12 N=11 N=11 
152.1±41.6 146.4±19.7 231.4±41.1 

N=11 N=11 N=10 
1,68.2±47.1 147.6±25.1 182.1±31.0 

. N=21 N=21 N=24 
100.0±21.7 100.0±18.5 100.0±19.8 

1. Effect of the· presence/absence of fluoride 

. ' 

DNA synthesis of cells exposed to day 1 eluates of both versions of the 

•• I 

Phase II Self Cure material with and without fluoride (F and NF) was stimulated 
. . ' 

I 

(143.3% and 156.3% of control) as compared to control (Figure 11). The 

presence of fluoride in day 1 eluates did not appear to play a significant role in 

the effect on DNA synthesis because both specimens with and without fluoride 
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affected DNA synthesis t~ a sim~lar degree. Day 3 eluates from, the fluoride 

containing specimen (F) showed no effects while day 3 eluates c~ntaining the 

non-fluoride containing specimen (NF) stimulated DNA synthes~s (Figure 12). By 
,· 

the time the _cells were exposed to day 6 eluates containil!g F, a stim~lation of 

DNA synthesis continued (Figure 13). DNA synthesis of cells exposed to day 6 

eluates containing NF was not significantly different from control (Figure 13). 

The pattern of stimulation produced by the eluates containing F is biphasic 

throughout the three day period. When the cells were exposed to day 6 eluates 

containing NF, there was no further stimulation produced (Figures 11-13). 

2. Effect of the presence of light for dual cured specimens 

Day 1 eluates containing both versions of the Phase II Dua1 Cure material 

(DCL and DCN) stimulated DNA synthesis (155.4% and 176.0% of control) 

compared to control. These effects were not significantly different from each 

other (Figure 11 ). Day 3 eluates containing the material that was light 

polymerized (DCL) showed further stimulation while that from the auto-

polymerize~ version (DCN) produced some stimulation also, but it was not 

s~gnificantly different from control (Figure 12). Day 6 eluates from DCL showed 

no significant effect compared to control, whereas day 6 eluates containing DCN 

stimulated DNA synthesis (Figure 13). 

3. Effect of specimen polymerization mode of a single cured specimen 

The pattern of effects produced by the Light Bond Sealant :(LC) and Phase 

II Sealant (CC) were similar for the three days (Figures 11-13). -C~lls exposed to 

each of these eluates were significantly stimulated on each day as compared to 
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I 
I 

control. There was no significant difference between the effects:produced by day 

1 and 3 eluates of each specimen (Figures 11 and 12), as both stitnulated DNA 

synthesis. However, day 6 eluates containing LC (231.4% of con~rol) significantly 

stimulated DNA more than CC (182.1% of control) (Figure 13). 

Analysis of fluoride content 

The fluoride, analysis of the Phase II Self Cure specimen with fluoride (F) 

demonstrated that the greatest amount of fluoride eluted on day 1 (0.033h1M) (Tables VII 

and VIII). The majorio/ of the fluoride had eluted by day 3 (0.004mM). :These ~ta 

suggest~ that fluoride did not play a significant role in the inhibition of mitochondrial 

dehydrogenase activity or RNA synthesis after exposure to day 3 eluates since the 

amount in any of the eluates was less than 0.045mM. The stimulation of DNA synthesis 

by the eluates containin~ fluoride can be supported by previous literature (Lewis et al., 

1996) because the concentration in the eluates was less than 0.045mM. 

Table VII. 

I 

Standard fluoride concentration in 500 J11 of standard 
solutions. In order for the experimental value to be of 
some significance, the amount in the specimen has to 
fall between 84. 6m V and 118. 8m V. 

STANDARDS I mV I mM I 
1 118.6-118.8 0.025 
2 101.8-102.0 0.050. 
3 84.6-84.7 0.100 
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T~ble VIII. Fluoride concentrations in 500 pi of the eluate containing F. 
The asterisk (*) denotes a significant presence of jluoric{e as 
compared to standard values. 

I Dar I mV I mM I 
1* 111.8 0.033 
3 161.5 0.004 
6 162.2 0.004 

Monomer conversion 

The percent monomer conversion of the compared groups ranged from 58.4% to 

79.8% and showed a significant difference as compared to each other (p=0.0001). There 

appeared to be a significant difference between the percent cure of the single cured 

specimens when compared-to one another (Figure 14). While the Light Bond Sealant 

(LC) showed a significantly higher percent monomer conversion as compared to Phase ll 

Sealant (CC) (79.8% and 61.9% respectively), LC also had a· significantly higher percent 

monomer conversio~ than ·any of the. other spe_cimens. There appeared to be no 

significant effect offluor~de on monomer conversion. The-monomer conversion of both 

Phase ll Self Cure materials with arid without fluoride (F and _NF) were not significantly 

_different from one another (63.2% and 61.5% respectiyely) (Figure14). Both versions of 

. the dual cured specimen with or without light polymerization (DCL and DCN) cured at 

values that were not significantly different from one another (58.4% and 62.4% 

respectively) (Figure 14). These fmdings are supported by a 1-way ANOYA followed by 

post hoc Tukey Kramer test which was used to determine the difference between each 

· specimen and the percent monomer conversion (Table IX). 
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Figure 14. Monomer conversion ofeach material as represented by 4cure. 
The asterisk(*) denotes a significant difforence from the other materials 
Similar bars beneath the graphs represent no significant difference 
between compared groups. 
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Mean and standard deviations ofthe One-Way ANOVA 
Effect: Sp.ecimens 
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DISCUSSION 

The main comparisons in this study are between 1) the auto-polymerizing 

material with and without fluoride, 2) the dual cure material with and without light 

polymerization, and 3) single cure specimens that were either light or auto.:. polymerized. 

Two of the subcategories that may play a role in enhancing or minimizing the effects on 
. ' . ' 

.. 
cell metabolism are the presence of fluoride in the specimens and the degree of monomer 

conversion. Fluori~e has been shown to inhibit, stimulate, or not affect cell meta~olism, 

depending on its concentration. The fluoride contents were measured by using the ion 

specific fluoride electrode and compared to standard values. 

Caughman ~t al. ( 1993) have shown that there is a direct relationship between 

degree of monomer conversion and the metabolism of protein by gingival fibroblasts. As 

monomer conversion decreases so does protein and RNA synthesis. The assumption in 

this study is that leachable components may affect the biocompatibility of a material. 

However, this cannot be confirmed since the presence of any leachable components was 

not determined. 

The ability of mitochondria to convert a tetrazolium salt into a blue form~an, 

product via mitochondrial dehydrogenase activity was measured in vitro after exposure 

of the cells to the eluates derived from the experimental specimens. The acid insoluble 

macromolecules labeled with 3[H] uridine and 3[H] thymidine (RNA and DNA synthesis 
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respectively) of the cells exposed to specimen eluates were determined and compared to 

that of cells exposed to control eluates. 

There were varying results obtained with each parameter of cell function tested 

( c~ll viability, RNA, and DNA synthesis). In general, RNA synthesis and cell viability 

were inhibited by most of the Day 1 eluates. Most of the cells exposed to the different 

Day 6 eluates had not fully recovered from the insult. These results were consistent with 

. . . . ' 

previous research (Lefevbre et al., 1991, 1992, 1994a, 1994b). 

Cells exposed to eluates radiolabeled with 3[H].thymidine were stimulated upon 

exposure ·to day 1 eluates. This stimulation continued over the treatment time. These 

results were not consistent with previous results. Lefebvre et al. (1994a) found that DNA 

synthesis was reduced after the first day of exposure to eluates containing compo1;1ents of 

denture base resins. As time proceeded, this inhibition was not evident. They felt that 

the impairment of DNA synthesis that was observed was due to the toxic effects of the 

material. If the impairment was severe, the cells were not likely to recover from the 

insult. The stimulation of DNA synthesis in this experiment could indicate the presence 

of cells that are in distress due to a sublethal toxic response. As a response to this 

toxicity, the cells will in turn stimulate rather than significantly decrease DNA synthesis 

(Lefebvre et al., 1994a). They also speculated that the lack of impairment to cellular 

function or even stimulation can be a function of the different rates and amount of 

components release~ from these materials. Alternatively, labeling of DNA by eH] 
thymidine is affected by uptake of the isotope. The materials in the eluate could affect 

the membrane such that there is increased radioisotope available for labeling DNA. 

Thus, the response tpay be increased labeling and not increased synthesis. 
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Since DNA synthesis was stimulated by most of the materials in this study, it may 

be safe to speculate that RNA should possibly be increased also. This is explained by the 

fact that there is an interdependent flow of information between DNA, protein and RNA 

(Thompson et al., 1991). DNA directs the synthesis and sequence of RNA; RNA.directs 

the synthesis and sequence of polypeptides and specific proteins that are involved in the 

synthesis and meta~olism of DNA and RNA (Thompson et al., 1991). However, in this 

study, RNA was generally inhibited when cells were exposed\tO day 1 eluates and then 

recovered after this exposure. It is not clear which type of RNA is inhibited. The .RNA 

assay used does not .measure one particular type of RNA (mRNA, rRNA or tRNA); rather 

total RNA synthesis is evaluated. Lefebvre et al., (1994a) discussed the fact that some 

types of RNA may be more sensitive than others. Considering this relationship, recovery 

of the cells can then be .attributed to the resultant rapid turnover of total RNA as a result 

of the initial toxic insult to the cells. 

Effect of presence or absence of fluoride 

Greater fluoride release in resin composites ~is usually evident initially, then its 

release gradually decreases over time (Turner, 1993). Hanes and Whitford (1992) 

explained this response as a surface phenomenon. While the fluoride that is closer to the 

surface will elute fiJ,"st, fluoride that is deeper in the material takes .a longer period of time 
. . 

to reach the surface and leach~ This research supports the findings of the present study 

in that most of the fluoride was present in the day 1 eluates of the fluoride containing 

material, but the day 6 eluates had fluoride levels that were minimal. 

51 



The effects of fluoride on the DNA synthesis assays can be explained by previous 

literature (Lewis et al., 1996). The levels of fluoride present in all these eluates were 

sufficient to stimulate DNA synthesis. However the ~ffects of stimulation.may be 

related to an altering of the cell cycle, prolonging the uptake of isotope or slowing down 

cell division. Some materia~s may arrest the cell division cycle or may impair it so much 

that the cells may not have had time to divide by the time of measurement (Lewis et al., 

1996). They confirmed this by relating what occurs in the initial observation to what 

occurs over the entire treatment period. Initial toxicity can be due to overt toxicity. If 

this .is so, the inhibition should be evident throughout all the· metabolic processes 

measured (cell viability, RNA and DNA synthesis).· Since there was not consistent 

inhibition of the other biocompatibility assays, it was suggested that this difference may 

be due to the slowing of the cell cycle (Crisp et al., 1976; Lewis et al., 1996). Therefore, 

it is assumed that th~ increase in metabolism of DNA synthesis is due to a slowing down 

of the cell cycle either before ·G1 phase or during the S phase of the cell cycle. 

To explain the variable results of three parameters, it can be speculated that there 

may be an effect of fluoride in the day 1 eluates, but after this, the effect could be an 

inter~ction with the :material and the fluoride. It can also be speculated that different 

sensitivities of cells to material can produce variable data. 

Effect of the presence or absence of light on dual-cured materials 

Data from the MTS assay strongly suggests that the presence of light to initiate 

polymerization of the dual cured specimen has a great effect on cell viability. On all 

four days, the eluates containing the light-polymerized dual cure specimen (DCL) were 
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less inhibitory to cells. There was no significant disturbance of cell viability by this 

specimen as compared to eluates containing the dual cure specimen that was not light 

polymerized (DCN). DCN reduced enzyme activity in a biphasic pattern. This pattern 

can be explained by different elution rates of the materials (Lefebvre et al., 1994b). 

Similar effects were seen with the specimen with DNA labeling. 

Rueggeberg and Caughman ( 1993) stated that the polymerization of the c~emical 

components of a dual cured material will always be lower than that in specimens exposed · 

r 

to light. Because one of the dual cured specimens was not exposed to light, there is a 

higher chance of the specimen not being fully polymerized due to the fact that the 

initiation of free radical formation has not been achieved with light induction. The· 

chemical component will never reach the extent of cure that the material exposed to light 

will reach. Since research has shown that the rate and quantity of eluted compo~ents 

can depend on degree of polymerization (Barron et al., 1992), the higher toxicity of dual 

cured material that was allowed to auto-polymerize can be attributed to the fact that the 

material was not ful~y polymerized. 

Effect of polymerization mode of a single cured specimen: light versus auto
polymerization 

The polymerization mode of single cure specimens had a significant effect on cell 

viability. The single cure _material that was auto-polymerized (CC) significantly reduced 

cell viability as compared to the single crired material that was polymerized with light 

(LC). The degree of monomer conversion for LC was significantly higher than for CC. 

This result is consistent with the work ofRueggeberg ap.d Caughman (1993). They 

showed that the degree of cure is lower for a dual-cure material that is auto~ polymerized 
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as compared to such a material that is cured via light induction. It is speculated that these 

assumptions were true with sealants. Further investigation into the differences betwe~n 

the sealants would be necessary to confirm this. 

Because the LC specimen had a higher degree of cure than the CC specimen, LC 

may have had less ability for components to leach out. Even though the ll).onomer 

conversion of LC is tnuch higher than that of CC, no differentiation was made between 

C=C bonds remaining covalently bonded to the polymer chain ( unleachable) and those 

which remain as unreacted monomer molecules (leachable). Further investigation with 

High Perf~rmance Liquid Chromatography (HPLC) would be necessary to detect the 

amounts of C=C molecules present in the eluate. 

The results :for the RNA and DNA assays were variable. These results may be due 

to the fact that the cells attempted to compensate for a sublethal toxic response by 

increasing activity in the metabolic pathways (LefebVre et al., 1994a). Variation in RNA , 

synthesis, whether stimulatory or inhibitory, may be attributed to the different rates at 

which components elute from materials well as their composition (Lefebvre et al., 

1994b). 

Finally, some effects may be due to technical errors or variable cellular activity 

evident by the large standard deviations observed, especially with the RNA and DNA 

assays. Errors could have been introduced during counting of the cells. Variations in the 

counts per minute could be a reflection of improper concentration of the cell suspension 

not being enough to deliver 45,000 or 4,500 cells/well. Increased cell numbers, c~uld 

reflect increased counts per minute and could thus mimic stimulation. Decreased cell 

numbers, could reflyct decreased counts per minute and could thus mimic inhibition. The 
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activity of the cells at the time of experimentation could also be a factor in the results 

achieved. There was no way to determine if the cellular activity of all the. cells was the 

same. The rate of metabolism could have been different for different groups of cells. 

It is felt that the MTS assay was more reliable due to the fact that the data was 

more consistent within the study. The standard deviations, in the MTS assay were much 

lower than those of the formerly mentioned tests. The reason for this is probably that 

there were fewer steps and therefore less probability for the introduction_ of errors. 
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CONCLUSIONS 

Based on the limitation imposed by this study, the following conclusions 1can be drawn: 

1. All of the materials had a significant affect on cell viability, RNA synthesis and 
DNA synthesis whether these effects were stimulatory or inhibitory. The cell 
·viability and RNA synthesis assays showed consistent reduction in these two 
parameters by most of the specimens when exposed to day 1 eluates with cells 
recovering when exposed to day 6 eluates. The data from the DNA assay showed 
that these materials stimulated as opposed to inhibiting DNA synthesis. 

2. The presence/absence of fluoride, produced no significant effects .on cell . 
viability, RNA or DNA synthesis after exposure to day 1 eluates. 

3. With the respect to the mode of polymerization, the light polymerized specimens 
whether single or dual-cured appeared to produce less inhibition on cell viability 
and RNA synthesis than the single or dual cured materials that were allowed to 
auto-polymerize. However, all the materials stimulated DNA synthesis to 
some degre~. 

4. The degree of monomer conversion was for the light cured sealant was 
higher than the degree of monomer conversion for the auto-polymerizing · 
sealant. The light cured sealant also was more inhibitory to mitochondrial 
dehydrogenase activity and RNA synthesis than the auto-polymerizing sealant. 
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SUMMARY 

The materials that were tested in this study were supplied by the manufacturer. 

The exact make-up of the materials were not disclosed by the manufacturer. These. 

materials may differ from material to material and from batch to batch. Therefore, it is 

imperative that a "1llodel resin composite" be fabricated so that the exact composition of 

t~e material can be known and factored. into the. experiment. Since the components of 

these resin composites have been determined to have some degree of toxicity, these 

specific components should be ide~tified. HPLC is an excellent tool that can be used to 
' ' . . ' 

· quantitatively and q_ualitatively determine the make-up of a material. 

Sorrie researchers have shown that the components in certain dentin bonding 
I .. . 

components have cytotoxic' interactive both synergistic and antagonistic effects 

(Ratanasthien et al.,_ 1995). There may be a po~sibility that orthodontic bonding materials 

may exhibit these s~e effects. Therefore, it may be necessary to test these components 

of the materials on an individual basis but more importantly in different combinations. 

The effects of these materials on lipid synthesis should also be considered. 

Lefevbre et al (1996) showed that the components of dental resin components can affect 

the levels of diglycerides in vitro whether this affect is stimulates or inhibits polar lipid 

formation. Some of the materials and their components may affect the permeability of 

the membrane and subsequently the uptake of different markers. Finally, in order to 
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determine if the results are clinically significant, it may be necessary to devise a system 

that will successfully compare in vivo effects with in vitro effects. 

Orthodontic bonding materials exhibit an effect on oral epithelial cells in vitro 

whether this effect is stimulatory or inhibitory. These effects should be further 

investigated. 
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