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A. Introduction and Specific Aims

A.1. INTRODUCTION

Orthodontic appliances have repeatedly been implicated for increased
incidence of decalcification.[1, 2] The white spot lesions (WSL’s) that develop are
the result of early arrested demineralization.[3, 4] While the condition may be
stable, the tooth is esthetically and structurally compromised.[5]

Several studies have been done to establish protocols to effectively prevent
the occurrence of WSL’s.[1, 6] However, in cases of insufficient oral hygiene
regimens and motivation on the part of the orthodontic patient, decalcification
around orthodontic appliances remains prevalent. Due to the ability to transfer
accountability to the orthodontic patient, in addition to the lack of easy and
acceptable treatments, these enamel defects remain largely untreated. This can
reflect negatively on the benefits of orthodontic treatment and poses a potential
liability concern.

While prevention of decalcification should be the primary goal of the dentist
and patient, effective treatments are warranted in cases where decalcification has not
been circumvented. Treatments for decalcification have been established, but
generally require removal of sound tooth structure to access the underlying opacity
for remineralization. Ideally, a mechanism that allows optical and structural
enhancement of the lesion without compromising tooth structure needs to be

developed.



A.2. PURPOSE OF STUDY

The purpose of this study was to establish an effective, scientifically
based treatment for dental enamel white spot lesions that conserves dental tissues
and enhances demineralized enamel esthetically. Chemical products that are not
commercially available in the United States were investigated for efficacy to
quantitatively reverse the optical effects of demineralization. The ability of sodium

hypochlorite to enhance the action of these chemical products was also investigated.

A.3. WORKING HYPOTHESIS

The hypothesis that was tested was that calcium sucrose phosphate (CSP)
and calcium phosphopeptide (which will be referred to as “pentapeptide” or PP), in
combination with sodium hypochlorite treatment, will allow for incorporation of
minerals that will return demineralized enamel to a more “normal” color. (refer to

sections B.5.2. and B.7.)

A.4. LONG TERM OBJECTIVES

Assuming that CSP and/or PP are found to be efficacious, an optimal
treatment protocol (preliminary surface treatments, concentration, treatment time,
repetition of treatments, etc.) will need to be established. The exact mechanism of
action should also be explored and understood to further advance science and give

light to other possible applications.

A.5. SPECIFIC AIMS OF PRESENT STUDY

Demineralization and remineralization of tooth enamel around orthodontic

brackets has previously been studied in vitro and in vivo with similar results in



mineral profiles [7]. This ability to mimic demineralization allowed for an in vitro

study to be employed in the testing of the hypothesis. A demineralization solution

developed by White [8] was utilized to create subsurface caries-like lesions (also

referred to as “white spot” lesions) on extracted human teeth. These artificial

caries-like lesions were used as the basis for the experiments in the present study.

The determination of the efficacy of CSP and/or PP in “normalizing” the

color of WSL’s was achieved through the following specific aims:

a)

b)

c)

d)

€)

g)

h)

Establishing the color effects of artificial enamel decalcification on
extracted human teeth.

Establishing the color effects of bleach (5.25% sodium hypochlorite) on
artificially demineralized and non-demineralized human enamel.
Documenting color changes of sound enamel treated with saliva, with
and without prior surface bleach treatment.

Documenting color changes of sound enamel treated with CSP in
conjunction with saliva, with and without prior surface bleach treatment.
Documenting color changes of sound enamel treated with PP in
conjunction with saliva on sound enamel, with and without prior surface
bleach treatment.

Documenting color changes of artificially created WSL’s treated with
saliva alone, with and without prior surface bleach treatment.
Documenting color changes of artificially created WSL’s treated with
CSP in conjunction with saliva, with and without surface bleach
treatment.

Documenting color changes of artificially created WSL's treated with PP

in conjunction with saliva, with and without surface bleach treatment.



B. BACKGROUND AND REVIEW OF THE LITERATURE

B.1. STATEMENT OF THE PROBLEM

Orthodontic treatment has been associated with an increase in enamel
demineralization creating “white spot” lesions.[2, 6, 9] These lesions result due to
increased plaque accumulation around the appliances,[10][11] as well as an altered
microflora in orthodontic patients that is more cariogenic.[12, 13]

Regimens have been established that significantly decrease or eliminate the
incidence of decalcification during orthodontic treatment. These regimens require
the use of topical fluoride products in the form of rinses and gels. A 0.05% sodium
fluoride rinse, in addition to twice daily use of an approved fluoride-containing
dentrifice, is a recommended prevention protocol to eliminate the incidence of
WSL'’s in orthodontic patients.[6]

While decalcification around orthodontic brackets is preventable, high levels
of patient motivation and compliance are required throughout the course of
orthodontic treatment. Given the length of treatment time and the need to closely
monitor and encourage oral hygiene regimens with many patients, decalcification
and resultant “white spot” lesions are still a common finding in orthodontic patients
today.[1]

Many current treatment methods do not conserve the overlying sound
enamel. (refer to section B.5.1.) Because the treatment is often considered more

harmful than the condition, white spot lesions often remain untreated.



B.2. DECALCIFICATION-WHITE SPOT FORMATION

B.2.1. ENAMEL COMPOSITION AND STRUCTURE

Enamel is approximately 96% by weight mineral matter, mostly in the form
of carbonated hydroxyapatite [Ca,(PO,),(OH),], with carbonate, HPO,*, F', and
other inclusions in the crystals.[14] The main inorganic consitituent of enamel,
calcium, represents about 36% of enamel by weight. Phosphorous, which occurs
as PO,”, is approximately 18% by weight.[15] OH" and carbonate are two other
substantial components of enamel.

Enamel is composed of a patterned structure of enamel crystals.[16]
Enamel crystals are hexagonal in shape and, when mature, measure approximately
35-40 nm in thickness.[17] These enamel crystals are much larger than apatite
particles found in other mineralized tissues (e.g. bone).[16] The length of
individual crystals vary and can be quite long, extending from the tooth surface to
the dentinoenamel junction. There is sufficient space between individual crystals to
allow for acid, phosphate, and fluoride flow. Proteins, lipids, and water envelope
the individual crystals and the enamel prism as a whole, creating a prism
sheath.[14] One enamel rod or prism is approximately 100 crystals across,
measuring 4-5 pm in diameter.

Caries resistance of enamel is related to the maturity of the enamel, the size
of the crystal, the strain and stresses within the crystal, and the alignment of enamel
crystallites.[15] Fluoride ion substitution affects the physical and structural
properties of the enamel crystal, improving crystallinity of enamel apatite.[18] The
increases in fluoride levels in teeth that occurs with maturation, combined with a
reduction in carbonate concentration in the surface enamel (carbonate is associated

with increased enamel solubility), has been suggested to be the reason that mature



teeth are less susceptible to caries.[15] It is of interest, especially when discussing
incipient carious lesions, to note that surface enamel is more dense and possesses a
higher concentration of mineral salts than subsurface enamel, it is thus more

resistant to the caries process.[19]

B.2.2. DEVELOPMENT OF THE WHITE SPOT LESION

Bacterial metabolism in dental plaque produces organic acids that attack the
enamel crystals. Miller, in 1891, was the first to identify this as the mechanism of
early caries that resulted in white spot lesions.[20]

Mineral loss from the outer tooth surface is the first step of caries attack
resulting in surface softening of the outer enamel.[21, 22] Lactic and acetic acids
are predominantly responsible for this surface penetration phenomenon.[23] While
the surface layer becomes more porous, it may not be severely damaged. The
lesion can in this way progress to deeper layers while maintaining a relatively intact
surface. If the process continues, the mineral content will decrease to a critical level
at which point cavitation will occur. The dissolution of the subsurface enamel
crystals releases calcium and phosphate ions. Some of these ions diffuse out into
the oral environment and are lost, while others redeposit at more superficial levels
in the enamel structure. The resultant white spot lesion is caused by changes in the
optical properties of the enamel due to subsurface demineralization.[3, 4]

After removal of orthodontic appliances, the white spot lesions will
discontinue their progression because the cariogenic factors have been alleviated.[5]
Some studies actually show regression and improved esthetics of the incipient
caries lesion after the cariogenic challenge has ceased.[3, 5, 24] Since
remineralization appears to be restricted to the surface layer,[25, 26] a theory for

this gradual regression is surface abrasion.[5] Regardless of the mechanism for




this partial reversal, the remaining white scars, even of reduced degree, still

represent an esthetic insult to the enamel.[5] (see figure 1)

B.2.3. HISTOLOGY OF THE WHITE SPOT LESION (WSL)

The fully formed white spot lesion has been characterized into four
zones:[27] (see figure 2)
i)  Translucent Zone
The most advanced front of the lesion, this zone was first referred to
as the “light zone”. In comparison to normal enamel, this region has a higher pore

volume (1.0% vs. 0.1%, as measured by polarized light) and lower Ca/PO4

ratio.[28] The crystal diameters are also reduced relative to sound enamel,
measuring from 25 to 30 nm as compared to 35 to 40 nm for sound enamel.[17]
This results in the irregularly larger intercrystalline micropores and interrod spaces
reported by Orams, et. al.[29]
ii)  Dark Zone

This zone, which is immediately below the translucent zone, is
believed to be the result of remineralization [30] and consists of a reduced number
of crystals of increased diameter (50-100 nm) [17]. While the apatite pattern is still
apparent, there is a decreased area of normal enamel crystals and an increase in the
number of short, irregularly shaped crystals of random orientation.[29] This zone

is not present in all natural lesions.
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Figure 1: Intraoral photo shows marked decalcification along

gingival portion of teeth after orthodontic treatment.
decalcifications are referred to as white spot lesions.
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ii) Body of the lesion
This zone, which represents the majority of the white spot lesion,
shows a loss of 30-70% of the mineral normally present in sound enamel. The
inter- and intra-prismatic dissolution[32] results in decreased crystal diameters (10-
30 nm)[17] with resultant spaces that are filled with unbound water, protein, and
lipid.
iv)  Surface zone
One of the defining characteristics of the advanced white spot lesion,
this zone is a relatively intact outer layer covering the underlying lesion that
maintains the original contour of the tooth surface.[33] While this region is initially
demineralized, allowing for lesion progression to deeper regions of the enamel,
dissolved minerals from the deeper layers redeposit at the surface and remineralize
this zone.[33, 34] Crystal diameters in this zone range from 40-80 nm, which is
larger than in sound enamel (35-40 nm).[25] Despite the increased pore volume
(less than 5% as compared to 0.1% in sound enamel)[35] and mineral deficiency (a
minimum of 8%),[34] it has been suggested that this zone still functions to protect

the subsurface lesion from further demineralization.[34, 36]

B.3. ORTHODONTIC TREATMENT AND WHITE SPOT LESIONS

B.3.1. PREDISPOSING FACTORS TO WSL’S IN THE ORTHODONTIC
PATIENT

Bands, brackets, and different orthodontic elements (e.g. elastics, plastic
sleeves, springs) make oral hygiene more difficult and promote plaque
retention.[10, 37, 38] (see figure 3) Although demineralization remains a risk with
direct bonded brackets,[10, 13] these appliances may decrease the affected tooth

surface and allow for more efficient oral hygiene as compared to bands.[39]

10



Zachrisson[40] has reported a lower incidence of WSL’s with direct bonding as
compared to that seen in fully banded patients. Orthodontic bands may pose
additional plaque accumulation risks due to poor adaptation to tooth contours and
the potential for cement wash-out.[37] Aside from the appliances themselves, other
favored plaque accumulation sites include resin surfaces adjacent to bonded
attachments, which provide a rough surface that allows oral microorganisms a
greater chance to attach and grow.[41]

A more acidogenic oral environment has been correlated with orthodontic
appliances,[42] increasing susceptibility to decalcification. The reason for this is a
physical alteration of the microbial environment.[12, 13, 42] Bloom and
Brown[42] found that orthodontic appliances resulted in significant increases in the
facultative microbial population, including streptococci, lactobacilli, staphylococci,
and yeast. Other studies have also reported on this increase of microorganisms,
particularly S. mutans[12, 13, 43] and lactobacilli,[43, 44] These findings are
consistent with the microflorae associated with enamel caries.[45]

Orthodontic appliances have also been associated with an increase in the
concentration of carbohydrate in each milligram of plaque,[46] in addition to an
increase in the volume of dental plaque and the number of bacteria. The
carbohydrate increase is of note because it results in increased plaque tenacity,
leading to ineffective saliva washing of enamel surfaces, decreased salivary

neutralization of acids, and ultimately a more acidogenic plaque.[46]

11
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Figure 3: Intraoral photo depicting plaque accumulation around

orthodontic appliances.



B.3.2. INCIDENCE OF WSL IN THE ORTHODONTIC PATIENT

Enamel opacities are not unique to orthodontic patients. Studies have
indicated that well over half of individuals who have not had orthodontic treatment
have enamel opacities.[47, 48] These opacities can be attributed to a variety of
causes, 98 of which have been documented by Small and Murray.[49] For this
reason, distinguishing the incidence of WSL’s due to decalcification during
orthodontic treatment has been an area of much research.

Estimates of WSL incidence among orthodontic patients vary. Regional
water fluoridation,[19] patient education,[1] appliance types,[10, 50] and many
other factors undoubtedly affect study findings and empirical reports. Studies have
found that many patients, 50% according to one study,[2] experience a significant
increase in the incidence of WSL’s during orthodontic treatment. Gorelick[2]
reported white spot lesions had the greatest incidence in the mandibular posterior
and maxillary anterior teeth with orthodontic treatment, showing a 15 percent and
14 percent increase, respectively. Maxillary lateral incisors showed the greatest
prevalence of WSL’s, followed by mandibular canines, premolars, and molars.[1,
2] It was suggested from this pattern and other related findings that areas with the
least accessibility to the free flow of saliva are the most at risk for enamel
decalcification during orthodontic therapy. Susceptibility to decalcification is also
generally more pronounced on the gingival portion of the tooth,[1] where higher
plaque accumulation usually occurs.[37]

Given the increased propensity for plaque accumulation and an acidogenic
environment in the orthodontic patient, it is not surprising that in vivo studies report
measurable surface demineralization occurring within four weeks after appliance
placement at the periphery of orthodontic brackets[6] and underneath ill-fitting

bands.[45] Considering that the treatment time for orthodontic correction usually

13



ranges from 12-30 months, these studies indicate that demineralization in the
orthodontic patient is a very rapid process.

Glatz and Featherstone[9] showed that demineralization was seen even with
regular use of fluoride toothpaste (5-15% mineral loss to a depth of 75 um
immediately adjacent to the orthodontic brackets in 4 weeks). Demineralization was
observed to an even greater extent in groups which used monofluorophosphate
(MFP) paste (up to 36%, up to 120 pm depth).

Acid etching is routinely done prior to bonding of orthodontic brackets to
enhance micromechanical retention. Investigations have determined that this
procedure does not contribute to caries susceptibility in the orthodontic patient.[51]
The etching effect has been found to be insignificant and the enamel returns to

normal levels of mineralization within 24 hours.[52]

B.3.3. PREVENTION OF WSL DURING ORTHODONTIC TREATMENT

Efforts to incorporate fluoride release into orthodontic adhesives have been
largely unsuccessful in preventing “white spot” lesions due to the limited time of
release in comparison to the total orthodontic treatment time. One study of fluoride
bonding agents found no fluoride detectable after 90 days with the highest
concentrations within the first 24 hours.[53]

Lasers are not yet approved for the purpose of preventing caries, although
some studies indicate that surface treatment of enamel with CO, lasers at specific
operating parameters can inhibit caries-like progression from 10-85%.[54] Even if
FDA approval is obtained for the purpose of decalcification prophylaxis, the lasers
will be rather costly and, therefore, not widely accessible.

Regimens that show the greatest ability to reduce or completely eliminate the

incidence of “white spot” lesions are sealants[40, 55] and fluoride therapies.[6, 56]
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Sealants, in the absence of adequate oral hygiene and fluoride
supplementation are insufficient protection against demineralization,[40] making
them an inadequate ‘“cure” to the problem of decalcification. Given the
inefficiencies and inaccessibilty of other preventive modalities, fluoride therapies
remain the most widely available, cost efficient, and highly effective for prevention
of decalcification. Sodium fluoride (NaF) toothpaste (1000 ppm F as NaF) daily in
combination with NaF mouthrinse (0.05 percent NaF) has been shown to give
complete protection against demineralization in vivo and in vitro with a
demineralization/remineralization cycling model with orthodontic brackets.[6, 7] A
study by @gaard and Rella,[57] found significant retardation, but not complete
elimination, of lesion development with daily use of a 0.2% NaF mouthrinse.
Findings support the concept of frequent (daily) applications of relatively low
concentration fluoride products for the elimination of caries. The presence of low
concentrations of fluoride in saliva appears to effectively inhibit demineralization
and enhance remineralization even in high caries susceptibility cases.[6, 7]

Patient compliance is a limiting factor for supplemental fluoride therapies
and, thus, the problem of preventing “white spot” lesions remains. Non-compliant
patients, orthodontic patients treated before the wide spread use of adjunctive
fluoride therapies, and patients who have not received orthodontic treatment but
have a high prevalence of WSL'’s, create a large population that would benefit from
a conservative, predictable treatment protocol to reverse the esthetic and structural

insult of the WSL.

15



B.4. ARTIFICIALLY CREATED DECALCIFICATION

Naturally occurring incipient caries lesions have been found to often be too
variable in structure and too far advanced for reversal mechanism studies.[25]
Because of this, in addition to the need for a large number of samples, several
methods to simulate caries formation of varying degrees have been reported in the
literature.[8, 58-62] For the purpose of this study, a method of artificial
development of incipient caries lesions with a sound outer layer was desired.

White[8] developed a demineralization system that was easily reproducible,
free of impurities such as mineral ions and fluoride, and had the versatility to create
“life-like” early artificial carious lesions which were relatively fluoride free with
good remineralization reactivity. The demineralization solution he devised utilizes
lactic acid/calcium phosphate buffers containing 0.1-0.5% (w/w) polyacrylic acid
(also known as Carbopol C907, MW = 450,000 daltons). The polyacrylic acid
served as a surface dissolution inhibitor, similar to the function of the enamel
pellicle. Calcium and phosphate are present at concentrations that produce 50%

saturation with respect to hydroxyapatite. (refer to section C.2.2.1.)

B.S. TREATMENT OF WHITE SPOT LESIONS

B.5.1. CURRENT TREATMENT OF WHITE SPOT LESIONS

Currently, most “white spot” lesions remain untreated. In cases where such
decalcifications are esthetically unacceptable to the patient or practitioner, several
treatment modalities have been employed. Some of the treatments utilized to
improve the esthetics of discolored teeth described in the literature include rubbing
18% hydrochloric acid into the tooth, both with and without heat,[63, 64] hydrogen

peroxide with or without heat,[65-67] and techniques combining hydrochloric acid,
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hydrogen peroxide and heat.[68] Other protocols that incorporate microabrasion or
surface layer removal have also been reported.[64, 69, 70] It is of note that the
majority of these treatments incorporate mechanical or chemical removal of the
intact outer enamel layer. This is done as a means to allow for removal of the
underlying affected tissue or to improve access to the underlying porous lesion,
allowing more rapid subsurface remineralization through saliva exposure or some
other chemical mechanism. As a means of reference, 30-40% phosphoric acid
applied for one minute to teeth of an unstated mineral profile, reportedly etches
enamel to a depth of 24-30 um.[71]

The esthetic improvement related to the treatment was evaluated subjectively
in the majority of these reports and little research has been done on the mechanisms
by which these various treatments are “successful”. Such methods of treatment are
often at the expense of enamel material and can necessitate tooth isolation
techniques. While the tooth isolation techniques are not desirable because of
increased chair time required for the procedure, the removal of sound enamel is less
acceptable given today’s conservative approach toward removal of dental tissues.
A less aggressive methodology needs to be developed that is equally or more

effective at reversing the discoloration of white spot lesions.

B.5.2. POTENTIAL CHEMICAL THERAPIES FOR WHITE SPOT LESIONS

B.5.2.1. Calcium Sucrose Phosphate

B.5.2.1.1. Preparation and chemical composition

Calcium sucrose phosphate (CSP) was first prepared in Australia in 1960
[72]. CSP contains approximately 11% calcium, 9.5% organic phosphorous, and

2.5% inorganic phosphorous.[73]  Preparation of the compound involves
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phosphorylation of sucrose in the presence of calcium hydroxide.[73, 74] This
results in a mixture of calcium sucrose phosphates and calcium phosphates, namely
calcium sucrose mono- and di-phosphates and inorganic calcium orthophosphate,
and disucrose monophosphate.[73] The compound is a fine, white powder that can

be incorporated into foods, gels, and dentrifices without a discernible taste.[73]

B.5.2.1.2. Indications and efficacy

CSP was initially marketed as an anti-caries food additive under the trade
name “Anticay”.[73, 75-77] The premise during development was that free
phosphates provided in the substance would incorporate into the dental plaque to
produce a cariostatic effect.[73] Since its development, the efficacy of CSP as a
caries inhibitor has been demonstrated in in vitro studies,[77-79] animal
experiments,[80, 81] and clinical studies.[72, 82] The in vitro studies suggest
various modes of anticaries potential, including the ability of the compound to
reharden decalcified softened tooth enamel,[78] absorb into enamel surfaces,[79]
and buffer the effect of acid in plaque.[77] While it is suspected that high
concentrations of calcium and orthophosphate ions in CSP are responsible for the
rapid remineralization of softened enamel, the mechanism remains unclear.[70] It
has, however, been reported that calcium and phosphate ions in the presence of
sugar phosphates remineralize softened tooth enamel in minutes, compared to the
hours which are necessary for lower concentrations of calcium and phosphate ions
without sugar phosphates.[78] Since remineralization has been related to Fluoran
(CSP) paste, which contains less than 1 pg/g free fluoride,[83] it can be said that
anticariogenic and remineralization capacities of CSP can not be attributed to any

contribution from fluoride.
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Evidence exists that many organic and inorganic phosphates reduce caries in
experimental animals on cariogenic diets.[84] CSP has proven to be an effective
source of such phosphates in animal anticariogenicity studies [80, 81]. Human
clinical trials have demonstrated reduced caries incidence in children eating CSP
containing foods (1% CSP by weight of the total carbohydrate content)[75, 85]
with no untoward medical effects.[73, 86-89]

Since its introduction as an anti-caries agent, it has also found applications
as a dentin desensitizing agent[78] and as a treatment agent for reversal of enamel
discoloration associated with fluorosis[70, 90, 91] and demineralization around
orthodontic brackets.[70] One study demonstrated, quantitatively, that CSP
followed by immersion in artificial saliva, alone or in combination with a sodium
hypochlorite pretreatment, can significantly improve the color (as measured by L*)
of fluorotic lesions and white spot lesions in vitro.[70] In the same study, it was
concluded using scanning electron microscopy (SEM) that CSP resulted in more
normal light reflectance of fluorotic lesions due to the deposition of globular
material between the enamel rods.[70] Such absorption of CSP into porous enamel
surfaces was also evidenced in prior SEM studies.[79] The same mechanism of
subsurface “fill”, rather than actual remineralization, would be expected for the
improvement of WSL color reflectance.[70]

Empirical and qualitative reports of improvement of discolored enamel with
CSP have utilized varying treatment protocols. The first report in 1982, by Powell
and Craig,[90] was an in vivo study of fluorosed teeth that utilized two 2-3 minute
applications of 37% phosphoric acid for etching with polishing of the surface with
pumice and glycerine being carried out before and after each phosphoric acid
treatment, then a 4 minute 2% sodium fluoride solution treatment, followed by
application of a thick layer of 40% CSP gel. Patients were instructed to allow the

gel to dissolve. Use of a sodium monofluorophosphate or a sodium fluoride
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dentrifrice at home was also advised. Myers and Lyons reported on a similar
protocol, that only varied with a decrease in the time for each etch.[91]

The study by Den Besten and Giambro[70] demonstrated significantly
improved esthetics of in vitro fluorotic and white spot lesions using 10% CSP
followed by artificial saliva, with or without prior surface treatment with 5.25%
sodium hypochlorite. The treatment effect, however, did appear to be enhanced by
the sodium hypochlorite pretreatment. Normal (sound) enamel was not
significantly affected by either treatment protocol in this study, which is a desireable
result. The study also included a group of normal, fluorosed, and demineralized
samples that were treated with hydrogen peroxide prior to CSP treatment and saliva
immersion. The results for this group were not desirable. The samples all
demonstrated increased L* values (appeared more white), including the sound
enamel] samples. This, in addition to experiments with hydrogen peroxide alone,
indicated that hydrogen peroxide caused significant whitening that was not reversed
with subsequent treatments, thereby excluding protocols containing hydrogen
peroxide as viable treatment options.

Featherstone, et. al.,[83] measuring hardness profiles of artificial lesions
treated with 10% CSP, found lesion depth reduction with rehardening to
approximately 40 pm of the inner surface. CSP was found to be more efficacious
at surface rehardening than the control paste (0.76% sodium monofluorophosphate)

or saliva alone in this study.
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B.5.2.2. Pentapeptides

B.5.2.2.1. O-phosphoserine [Ser(P)] sequences

Multiple O-phosphoserine [Ser(P)] sequences play important structural roles
in many phosphoproteins.[92] Multiple phosphoseryl-containing sequences of
proteins stabilize amorphous calcium phosphate, which is believed to influence the
regulation of biomineralization, protein structure, and enzyme activity.[93-95]

Peptides containing the cluster sequence -Ser(P)-Ser(P)-Ser(P)-Glu-Glu-,
the sequence found in casein, have been shown to be anticariogenic in various in
vivo animal and in vitro human experiments.[96, 97] These findings may indicate a
potential effectiveness of these pentapeptide chains preventing and, possibly,
reversing demineralization of enamel.

Desl;ite the understanding that Ser(P) sequences play important structural
roles in phosphoproteins, the structure of the sequences and relationship between
structure and function is yet unclear.[98] For the purpose of laboratory
investigation to determine biochemical and structure-function relationships,
synthetic means of creating Ser(P)-containing peptides were initiated in the 1950’s
and continued into the 1990’s to find a predictable and efficient method.[92] After
much research, findings at the University of Melbourne indicated that the use of
Bos-Ser (PO, Ph,)-OH in the Boc mode of peptide synthesis produces high yields
of multiple Ser(P) residue peptides.[92]

In addition to triple Ser(P) sequences, Thr(P) clusters in pentapeptide
configuration, although not generally found in calcium phosphate binding
phosphoproteins, have also been shown to stabilize amorphous calcium phosphate
at neutral and alkaline pH.[98, 99] A mechanism similar to that mentioned for
multiple Ser(P) peptides is utilized for the synthesis of O-phosphothreonyl
containing pepetides.[99]
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Several natural acidic peptides have been reported to interact stongly with
calcium ions and/or to promote mineralization. For example, the ability of the
salivary phosphoprotein, statherin, to prevent spontaneous precipitation of calcium
phosphate in saliva has been attributed to the hydrophilic N-terminal segment, Asp-
Ser(P)-Ser(P)-Glu-Glu-.[94] Other Ser(P)-containing phosphoproteins, found in
enamel, bone, and dentin, are believed to play a role in the nucleation and
subsequent regulaﬁon of biomineralization of these tissues.[95] The multiple
Ser(P)- segment, -Ser(P)-Ser(P)-Ser(P)-Glu-Glu-, is credited with the ability of
casein to sequester large amounts of calcium, creating calcium phosphate

interactions that lend structural integrity to the casein micelle.[100]

B.5.2.2.2. Topacal™

Pentapeptides (PP) have been incorporated into a commercial product
marketed in Australia called Topacal™ (Nulite Systems International). This
formulation contains a concentrated form of Calpep™ (calcium phosphopeptide,
also referred to as CPP). Peptide CPP is isolated from milk casein as a complex of
concentrated calcium and phosphate. It has been found that CPP is capable of
binding with plaque, dentin, and enamel. This binding ability boosts local levels of
calcium and phosphorous over 100%. Resultant surface layer buffering drives the
surface reaction to produce more calcium hydroxyphosphate than was previously
lost from acid attack.[101]

According to the product’s informational flier,[101] Topacal™ consists of
54% distilled water, 40% Calpep™, 5% ethanol, 0.9% methyl paraben, and 0.1%
food pigment by weight. It is marketed for occlusion of exposed dentin tubules,
remineralization of enamel lesions, as an alternative to topical fluoride, and for the

reduction of signs of fluorosis. Repeated applications are recommended for
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increased benefit. Air drying of the tooth surface is advised before application.
Topical fluoride can be applied following Topacal™ application. This allows for a
beneficial reaction between fluoride and calcium hydroxyphosphate. As with in-
office fluoride treatments, one hour without solid or liquid intake is recommended

following treatment with Topacal™.

B.6. SALIVA’S REMINERALIZING EFFECT ON ENAMEL

Saliva has several structural features which influece its interaction in the oral
environment and with dental enamel, in particular.[102] The ability of saliva to
remineralize enamel is not clearly established in reported studies. Featherstone, [7]
using artificial saliva with <.01mg/l fluoride added, stated that it was ineffective as
a remineralizing solution. Conversely, ten Cate[103] found that the remineralizing
capacity of saliva in the absence of concentrated fluoride agents is relatively fast. It
has been concluded that WSL’s, which are surface softened lesions, remineralize
differently than subsurface lesions. For this reason, it has been recommended that
WSL’s should not be treated with concentrated fluoride agents because it will arrest
the lesions and prevent complete repair. This is not the case for carious lesions
developed in caries-susceptible areas like proximal surfaces and the gingival part of
facial and lingual surfaces of posterior teeth. Lesions of this type should be treated
topically with fluoride to prevent further lesion progression.[45, 57] Further
investigation of the interaction of saliva with white spot lesions is needed,

especially with respect to the effect on enamel optics.

B.7. THE EFFECT OF BLEACH ON ENAMEL

Previous studies have shown sodium hypochlorite (bleach) to effectively

remove the surface organic layer and increase the penetration of mineral into carious
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enamel lesions.[70, 104. 105] A study by Den Besten and Giambro also indicates
that 5.25% sodium hypochlorite alone does not significantly alter L* (color gradient
from white to black) in normal, fluorosed or WSL enamel samples in vitro.[70]
(refer to section B.8.) This indicates that bleach is an acceptable treatment

adjunctive in protocols for the reversal of white spot lesions.

B.8. ENAMEL OPTICS

B.8.1. OPTICS

B.8.1.1. Color Perception
Color is a form of radiant energy which is in the wavelength region
detectable by the human eye. The eye is sensitive to light radiations from about 380

nm to 780 nm and capable of registering all colors from violet to red.[106] In the

absence of light, color is non-existent. (see figure 4)
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Figure 4: Diagram illustrates the wavelength correlations of
colors in the visible light spectrum. (Reproduced from McLean
with permission)[106]
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According to McLean,[106] the color of a tooth seen by the observer
depends upon:

a) the spectral energy distribution of the light source (e.g. daylight or
artificial light)

b) spectral characteristics of the tooth in respect to absorption, reflection,
and transmission

c) the sensitivity of the eye

d) conditions under which the tooth is being viewed (background, wet/dry,

angle and intensity of illumination)

B.8.L.2. Tl i .  col

There are three different dimensions which define color.[106] These will be
explained here.

1) Hue: Hue is the type of color (e.g. red) experienced by the
observer. It is possible to make nearly all colors by mixing of the three primary
colors, which are red, green, and blue. The hue that is expressed is the result of the
amount of absorption of the various color rays of the tooth dentin and enamel (e.g.
grey-yellow, bluish-yellow).

2) Chroma: Chroma is the strength or purity of a color at any
given value level. This dimension of color depends on the saturation of color or
strength of hue, which is dependent on the thickness and translucency of the enamel
and degree of calcification of the underlying dentin. When taken together with hue,
these properties define the quality aspect of color

3) Value: Value (L*) is the total reflectance or luminance of an object.
This is a photometric quality that is related to brightness or lightness. An object

will appear white when all of the incident light is reflected. Conversely, when all
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spectrum colors are absorbed an object appears black. Decalcified enamel appears

white, and thus has an increased value or brightness relative to sound enamel.

X khyk

The C.LE. Colorimetric System (Commission Internationale d’Eclairage),
which comprises standards and procedures of measurement, was established to
numerically specify the color of a physically defined visual stimulus.[107] In the
CIE System, the color of a material is specified by the intensity of the three primary
colors reflected under standard conditions. The reflected tristimuli (red, green and
blue) intensities are then compared with those from a white reference standard and
the tristimulus values of the specimen are calculated.[106] Further calculations lead
to a complete specification of the color of a material in terms of its dominant
wavelength, percentage luminance or brightness, and its excitation or spectral
purity.[106]

CIE 1976 (L*a*b*) relates tristimulus values to the uniform color space
depicted in figure 5.[107] The L* function defines the lightness correlate, ranging
from black to white. This is also referred to as value. The a* and b* coordinates
combined represent chroma and hue. When b* is plotted against a*, the points
resulting in the (a*, b*)-diagram are not uniquely related to chromaticity because
their position depends on the value of L*.[108] The reliance of a* and b* on L* is
more easily understood by looking at the diagram for the Munsell and Adam’s
coordinate systems. (see figure 6) In the Munsell color system, value is plotted on
the vertical, hue is in the center in the horizontal plane, and chroma is the distance

outward.[106]
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Figure 5: Diagrammatic representation of CIE 1976 (L*a*b*) color
space with respect to standard illuminant D65. The colors of all
object-color stimuli are contained in this area. (Reproduced from

Wyszecki and Stiles with permission)[108]
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Figure 6: Diagrammatic representation of value, chroma, and hue in
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coordinate system, with L* along the vertical (neutral) axis.

(Adapted from McLean with permission)[106]
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CIE 1976 (L*a*b*) defines the quantities L*a*b* by the following
equations:[107]
L* =116 (Y/Y,)'" - 16
a* = 500 [(X/X,)"" - (Y/Y,)""]
b* =200 [(Y/Y,)"" - (Z/Z))""]
with X/X, Y/Y,,Z/Z >0.01
X,, Y,, Z, are the tristimulus values of the nominally white object-color stimulus

that is the reference surface viewed with a standard illuminant (e.g. D).

Color difference formulas to obtain AL*, Aa*, and Ab* values are simply

the subtraction of the previous L*, a*, or b* value from the subsequent
measurement for the same parameter. The total color difference, AE*, between two

color stimuli measured in L*a*b* is defined as:[108]

AE* = [(AL*)* + (Aa*)’ + (Ab*)*] *

B.8.1.4. Color Measurement

While the human eye is generally regarded as the most sensitive and
accurate perceiver of color, critical color perception varies from one individual to
another and some individuals are unable to duplicate color perception with any
reliability.[109]

To obtain correct color measurement a source of light that contains a full
spectrum without excessive dominance of energy at any wavelength is required. If
an object is viewed under a light source that has a greater energy in one or more
specific wavelengths (color bands), then that color will be dominant. The blue end

of the spectrum (450-500 nm) is slightly more dominant in average daylight.[106]
(see figure 7)
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Figure 7: Diagram of the relative energy distribution of average
daylight over the visible spectrum. (Adapted from McLean with
permission)[106]

Regardless of the nature of the light source, color response results from
either a reflected or a transmitted beam of white light or a portion of that beam.[106]
Translucent objects, like enamel, both reflect and transmit some light. The amount
of each is influenced by the reflection and refraction of light in the enamel rods.

For the present study, a spectrophotometer was utilized for color data
collection. The spectrophotometer is a monochrometer that breaks up and measures
different parts of light through the use of an integrating sphere. (see figure 8) The
- integrating sphere has two entry ports, which allows a reference beam to be
transmitted at the same time as the beam that is directed at the tooth sample. This
enables the detectors to calculate the difference in reflectance values between the
reference (i.e. standard spectralon material. which is used throughout the
integrating sphere) and the tooth sample. Absolute reflectance can then be

converted to the uniform color scale, CIE L*a*b*, for measurement and analysis.
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Figure 8: (a) Perkin Elmer Lamba 19 spectrophotometer (on right) and PC
(computer on left) used to collect spectra, (b) Internal portion of spectrophotometer,
(c) Diagrammatic representation of apparati and integrating sphere shown in (b)
[M1= first mirror to direct beam, M2= second mirror, M3= third mirror, R=
reference (spectralon plug), S= sample (tooth hemisection with mask exposing
enamel window)]
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B.8.2. PARAMETERS OF MINERALIZED ENAMEL

Enamel has a high surface area to volume ratio due to the small
hydroxyapatite crystals and contains approximately 1% organic material of the total
mass, which makes it very translucent. Enamel can transmit up to 70% light thru a
1 mm thick section, as opposed to dentin which generally will not transmit much
more than 30%.[106]

According to previous studies on extracted teeth, L* values for normal
enamel ranged from 68.1 to 70.5 when measured with a colorimeter.[70] The a*
and b* measurements indicate that the color range for natural teeth lie in the yellow

and red area.[110, 111]

B.8.3. PARAMETERS OF DEMINERALIZED ENAMEL

Decalcification can change the color, texture, and translucency of the
tooth.[112] These changes have allowed for a variety of optical methods in the
detection and quantification of early dental caries.[112-115]

Den Besten and Giambro[70] utilized a colorimeter to measure the L*
parameter of color of naturally occurring white spot lesions associated with
orthodontic treatment. As compared to sound (non-demineralized) enamel which
gave L* values ranging from approximately 68-70, enamel with WSL’s recorded
L* values in the 81-83 range. This difference demonstrates that WSL’s are
significantly more white than sound enamel, which correlates with the visual

assessment.

32



C. EXPERIMENTAL DESIGN AND METHODS

C.1. OUTLINE OF EXPERIMENTAL PROGRAM

The experimental program consisted of several parts to address the specific
aims of this study. The main programmatic parts were:

eoptical parameters of sound enamel

eoptical consequences of sound enamel treated with saliva, with and without
5.25% sodium hypochlorite surface pretreatment

eoptical consequences of sound enamel treated with CSP, with and without
5.25% sodium hypochlorite surface pretreatment

eoptical consequences of sound enamel treated with PP, with and without
5.25% sodium hypochlorite surface pretreatment

eartificial decalcification to produce “white spot” lesions (refer to section
C.2.2.1)

eoptical consequences of “white spot” lesions

eoptical effects on “white spot” lesions treated with saliva, with and without
5.25% sodium hypochlorite surface treatment

eoptical effects on “white spot” lesions treated with CSP, with and without
5.25% sodium hypochlorite surface treatment

eoptical effects on “white spot” lesions treated with PP, with and without
5.25% sodium hypochlorite surface treatment

einterpretation of the results in terms of long range implications for treatment

of “white spot” lesions with CSP and/or PP
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C.2. EXPERIMENTAL DESIGN

C.2.1. TOOTH SAMPLES

C2ll Collection

Extracted human teeth were collected from oral surgery offices in San
Francisco, Tulare, and Visalia, California. Jars containing double deionized water
(DDW) with thymol crystals, which served as the storage media for the extracted
tooth specimens, were provided to the offices by the investigator. Teeth were put
into the DDW and thymol solution immediately following extraction without
rinsing. Collectors were instructed not to clean or sterilize the teeth with any heat or
chemicals to prevent alteration of proteins and/or optical properties of the tooth.
The thymol in the storage solution served as an anti-fungal and anti-bacterial agent.

Tooth samples were picked up by the investigator within 2 weeks of extraction.

C.2.1.2 5 Irradiati

A cesium (Cs'’) radiation source was used to sterilize the tooth samples at a
dose above 173 krad. The samples were irradiated overnight submersed in the
collection media. Following sterilization, the collection media was disposed of and
replaced with fresh DDW and thymol.

Sterilization of teeth by gamma irradiation was reported by White, et.
al.[116] to show no detectable changes in dentin structure, as measured by FTIR,
UV/VIS/NIR, and permeability. Because enamel has less organic material than
dentin, it has been assumed that the effects on enamel would be less pronounced

and, therefore, negligible for the purposes of this study.
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Molar teeth (including 3rd molars) which were non-carious and unrestored,
with a minimum of 2/3 root formation, were considered for inclusion in the study.
Inspection of the teeth under a stereoscope at 3X power in an air dried state was
carried out. Samples were selected if a 4 mm high by 6 mm wide area could be
delineated on the buccal or lingual surface that was free of discoloration, white

spots, surface irregularities, and/or large craze lines.

C.2.1.4. Sample Preparation

Sterilized, selected tooth samples were sonicated and scrubbed with a
toothbrush using an Ivory™ soap solution and rinsed in DDW. Teeth were then
identified according to tooth type and categorized as having complete or incomplete
root formation. Apices open greater than Imm were defined as incomplete roots.

Root removal approximately 2 mm apical to the cemento-enamel junction
(CEJ) was carried out using a 15 HC diamond wafering blade (Buehler, Lake
Bluff, Ill.) on an Isomet low speed saw (Buehler, Lake Forest, Ill.). The crown
was then hemisectioned into buccal and lingual halves using the same apparatus.

The pulp chamber and occlusal grooves were filled with a light-cured
composite resin (Transbond XT¢®, 3M Unitek, Monrovia, California) to prevent
introduction of nail vamish or acrylic into these areas during subsequent sample
preparation. The tooth was then painted on the uncut surfaces with acid resistant
nail vamnish leaving a window approximately 4 mm high and 6 mm wide between
the depth of the central groove and the CEJ. The sections were thereafter stored in
individual vials with thymol crystals and a sterile gauze plug soaked with DDW to

create an environment with 100% humidity similar to the oral cavity.
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A mixture of superfine polymer acrylic and clear monomer (Great Lakes
Orthodontics, Tonawanda, NY) was placed in a 35 X10 mm petri dish (Falcon®
1008, Becton Dickinson, Lincoln Park, New Jersey), indented with the tooth
section, and hardened in a pressure pot to create a positioning jig. The window of
the sample was positioned parallel to the bottom of the petri dish, slightly above the
height of the petri dish rim. Such an orientation allowed the petri dish to rest firmly
against the walls of the reflectance sample holder in the UV/VIS/NIR
spectrophotometer apparatus with the unpainted window slightly protruding

through the sample mask. (see figure 9)

Figure 9: Hemisectioned tooth sample with 4 X 6 mm enamel window

delineated with nail varnish. Each sample is custom fit in a clear acrylic
Jig in a petri dish. The three black markings along the edge of the petri
dish align with a cross-grid on the back of the 4 mm diameter round
black mask (at right) for reproducible positioning.
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C.2.1.5. Sample Assignment

Nine (9) samples were assigned to each of twelve groups (refer to section
C.2.2. below) for a total of 108 samples. The groups were as follows:

1) sound enamel treated with saliva only

2) sound enamel treated with CSP+ and saliva

3) sound enamel treated with PP* and saliva

4) sound enamel treated with NaOHCL, then saliva

5) sound enamel treated with NaOHCI, then CSP and saliva

6) sound enamel treated with NaOHCI, then PP and saliva

7) demineralized enamel treated with saliva only

8) demineralized enamel treated with CSP and saliva

9) demineralized enamel treated with PP and saliva

10) demineralized enamel treated with NaOHCI, then saliva

11) demineralized enamel treated with NaOHCl, then CSP and saliva

12) demineralized enamel treated with NaOHCI, then PP and saliva

* CSP = calcium sucrose phosphate (10%)
A PP =pentapeptide (40%)
8 NaOHCl =sodium hypochlorite or “bleach” (5.25%)

Samples were originally randomly assigned to groups. Selected samples were
reassigned to improve the balance between groups for tooth type, tooth section (i.e.

buccal or lingual), and completion of root formation.

C.2.2. SAMPLE TREATMENTS

An flow diagram of the treatment groups is depicted in figure 10. The

protocol for the individual treatment steps follows.
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C.2.2.1. Demineralization P

Demineralization soluti :

Subsurface caries-like lesions were created using a carbopol and
hydroxylapatite (HAP) artificial caries demineralization solution developed by
White[8]. The protocol to make 1 liter (L) of this solution involved adding
approximately 700 mL of double deionized water (DDW) to a 1 L volumetric flask.
100 mL of 1.0 moV/L lactic acid stock solution, previously made and stored for at
least one month, was then added. The storage time for the stock solution allows the
polymers that are present in analytical grade concentrated lactic acid to be diluted
and broken up. A pH meter (TIM 900 titration manager, TitraL.ab™, Copenhagen)
was standardized using pH 4.00 + 0.01 and pH 7.00 + 0.01 (Fisher) certified
buffer solutions. After standardization, the meter was used to monitor the
adjustment of the pH of the lactic acid/DDW solution to 5.0 using 10% NaOH
(Fisher). DDW was then added to the solution to made it up to 1 L. The solution
was transferred to a beaker and 0.5g of hydroxyapatite (Calbiochem) was added.
Stirring was carried out for ten minutes with a magnetic stir bar, followed by
readjustment of the pH to 5.0 in the manner described previously. The solution
was then covered and allowed to continue stirring overnight to ensure complete
solution of the apatite up to the level of saturation. After stirring, the solution was
filtered by vacuum on a Buchner funnel using #42 filter paper (Whatman Limited,
England) to remove the excess apatite, leaving a solution saturated with respect to
hydroxyapatite (HAP).

2.0g of Carbopol 907 (B. F. Goodrich Chemical Co.) was weighed out on
an electronic balance (Mettler PM2000, Mettler-Toledo, Inc., Switzerland), then
added to approximately 300 mL of DDW in a beaker while stirring. Stirring
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continued for at least three hours to dissolve the carbopol, followed by readjustment
of the pH to 5.0 with NaOH.

500 mL of the saturated HAP/lactate buffer was put in a 1 L beaker and
approximately 300 mL of the carbopol solution was slowly added while stirring.
The pH was once again adjusted to 5.0, with either 10% NaOH or 2% HCI. The
stir bar was removed, the solution transferred to a volumetric flask, and made up to
1 L with DDW to produce a solution 50% saturated with respect to HAP. The
solution was thoroughly mixed, the pH tested and readjusted, if necessary. The
completed carbopol and HAP artificial demineralization solution was then
transferred to a plastic reagent bottle and stored with added thymol crystals.

Calcium analysis was performed on the solution. (refer to section D.2.1)

Demineralization of |

Subsequent to baseline spectral measurements for color reflectance (refer to
section C.2.3.), prepared samples were painted on the internal (cut) surfaces with
nail varnish. The enamel window was cleaned by rubbing with moistened grade 2
pumice (0.776% Ca, 0.716% Mg, 1.599% Na, 1.752% K, 14.262% Al,O,,
69.610% SiO,; Kerr Corp., Romulus, Michigan) on a cotton swab. The sample
was then double rinsed with DDW and wiped with moist gauze. The samples were
transferred to individual flat bottomed plastic vials and each immersed in 30 mL of
the carbopol/HAP demineralization solution with the enamel window facing
upward. The pH of the carbopol/HAP solution was tested. The samples were
incubated at 37° C for 48 hours. After the first 24 hours, the samples were checked
for proper positioning in the vial (window facing upward). The pH was again
tested after incubation to ensure that the amount of demineralization had not affected

the pH balance. The demineralized samples were rinsed with DDW, wiped with
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gauze, and immersed in 5 mL of whole saliva. (refer to section C.2.2.2.) Color

measurements were postponed until after saliva treatment.

Saliva was collected from a single donor (TRF). The donor brushed with a
fluoride dentrifice within 15 minutes of beginning saliva collection and thoroughly
rinsed with water. Saliva production was stimulated by chewing on parafilm®,
producing approximately 1 mL per minute. The saliva was collected in a 50 mL
centrifuge tube on ice, then centrifuged for 20 minutes at 3600 RPM. The
supernatant was poured off and thymol crystals were added. The whole saliva was

refrigerated no more than 24 hours before use to minimize protein degradation.

Saliva treatment of samples

Prior to immersion, the demineralized and sound enamel samples were first
rinsed with DDW and wiped with gauze to remove any potential residue. The
samples were then placed in 5 mL of whole saliva in a flat bottomed vial, with the
enamel window facing upward, and incubated at 37° C for 24 hours. The samples
were treated with saliva to produce a protein coating (i.e. artificial pellicle) that
would mimic an in vivo situation. After incubation, the samples were brushed with
an Ivory™ soap solution, rinsed with DDW, wiped with gauze, and returned to a
100% humidity environment. Color spectra over the visible light wavelengths were

taken at this time. (refer to section C.2.3.)
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Samples were cleaned with moist pumice on a cotton swab (as described in
section 2.2.1.), rinsed with DDW, and dried with compressed air. The enamel
window was dabbed with a 5.25% NaOHCI impregnated cotton pellet. This
treatment was carried out to remove the protein coating on the enamel surface. The
bleach was allowed to sit on the tooth surface for 10 minutes prior to rinsing with
DDW for 30 seconds. The samples were then returned to a 100% humidity
environment. Color measurements (refer to section C.2.3.) were taken before

proceeding to the next phase of the experiment.

: i Sucrose. Phiosghate (CSP) ad Calciu Phosahionen

The teeth were rinsed with DDW and dried with compressed air prior to
chemical treatment. Depending on the treatment the sample was assigned, either

10% CSP (Fluoran, Creighton Pharmaceuticals, Sidney, Australia) or PP

(Topacal™, Nulite Systems International, Hornsby, Australia) was applied using a
g

cotton pellet to provide complete coverage of the enamel window. The chemical
was allowed to diffuse for 5 minutes. After such time, the excess chemical was
wiped off with a cotton gauze, but was not rinsed. The sample was then
immediately immersed in 5 mL of whole saliva in an individual vial. (refer to
section C.2.2.5.) No optical data collection was carried out on these samples until

after said saliva treatment was complete.
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All samples were immersed individually in 5 mL of whole saliva as a final step
to mimic oral exposure. Teeth that had chemical treatment were not rinsed or stored
prior to saliva treatment to simulate an actual patient treatment protocol. The whole
saliva was prepared as described in section C.2.2.2. The samples were incubated
at 37° C for 24 hours in individual flat bottomed vials, with the enamel window
facing upward. After incubation, the samples were brushed with an Ivory™ soap
solution, rinsed with DDW, wiped with gauze, and returned to a 100% humidity
environment. Final optical measurements were taken at this time. (refer to section

2.3))

C.2.3. OPTICAL MEASUREMENTS AND DATA COLLECTION
C2.3.] I . | techni
A Lambda 19 model UV/VIS/NIR spectrometer and UVDM software (Perkin

Elmer Corporation) were used to collect reflectance spectra in the visible light

region of the spectrum (400-700 nm). The following parameters were used:

Ordipate Mode: Reflectance
Scale Limit: Max 100, Min 0
Abscissa Range: Max 700 nm, Min 400 nm
Data Interval: 1 nm
Split Sensitivity: Inm/3
Lamps: D2-on, W-on
Instrument Scan Speed: 480 nm/min
Smooth: 10 nm
43
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The instrument was turned on and the lamps allowed to stabilize for at least one
hour before initializing the instrument. After initializing (irises open, lens in open
position) and background correcting (irises closed to 1.5, lens in reflectance
position, 4 mm diameter mask in sample holder port), a standard spectralon was
scanned to obtain a 100% line, followed by 99% and 50% standard disks. The
99% and 50% standards were run again, but in the opposite order, at the end of
each session to allow for evaluation of the instrument accuracy and stability.

Pecol software (Perkin Elmer Corporation) was used to convert the reflectance
spectra to CIE L*a*b values (refer to section B.6.1.3. for definition) The

following parameters were used:

Evaluation mode: cLab

Observer: 10 (what 10 standard observers would report
for difference)
Nluminant: D65 (equivalent to outside daylight)

UVDM software (Perkin Elmer Corporation) was utilized to convert the spectra

to ASCII files for statistical analysis.

£.2.3.2. Samp] ical d llecti

All samples in all groups had a reflectance spectrum at baseline and after saliva
and sodium hypochlorite treatments. (refer to sections C.2.2.2., C.2.2.3., and
C.2.2.5.) Nail varnish was removed from the internal surfaces of the sample with
acetone prior to spectra collection. To minimize reflectance variability due to
desiccation, samples were dried with compressed air and then allowed to air dry for

1 hour prior to collecting reflectance spectra. (see section D.1.3.)




The tooth samples were mounted individually in a jig prepared for that specific
sample. The jig was marked in three places to align with a cross-hair grid on the
back of the mask in the sample port to enable reproducible positioning. (see figure
9) These sample orientation markings were done prior to collecting the baseline
spectra.

One sample from each group was selected to have a second run on a separate
day for each treatment phase. This was done to allow evaluation of reproducibility
of technique (sample drying, sample and mask positioning, instrument set-up, etc.)

and constancy of the spectrophotometer. (refer to section D.2.1.)

C.2.3.3. Statisti
The sample spectra were converted to L*a*b* values to evaluate color

differences between treatment steps. Due to the multiple measurements for each

sample, a repeated measures ANOVA was used to analyze the changes in L*a*b

values after each treatment. AE was calculated using the equation AE*= [(AL*)’ +

(Aa*)? + (Ab*)’] 2. Standard error measures were corrected for multiple

comparisons using the Tukey-Kramer calculation. Findings were considered
significant when p<0.05.

The independent variables in this study were the treatments and the sequence of
the treatments. The dependent variables were the color spectra, which were
converted to L*a*b* values.

Standards were run at the beginning and end of each spectra collection session
to test for the constancy of the instrumentation. To analyze the variability of the
standards both a paired t-test and a signed-rank test were carried out comparing
each standard pre- and post- for a given session. The level of significance remained

at p<0.05.
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Repeatability was tested by running selected samples twice, on separate days,
after each treatment step. A t-test was used to determine if the technique and

instrumentation was repeatable.

D. Results

D.1. PILOT STUDIES

D.1.1. DEMINERALIZATION TIMES

Sound tooth samples were demineralized (according to the protocol outlined
in Section C.2.2.1.) for either 24, 48 or 72 hours to determine the optimal amount
of demineralization for this study. It was determined by visual assessment and
spectral reflectance profiles that 24 hours of incubation in the demineralization
solution followed by 24 hours of incubation in whole saliva produced an
insufficient color change for the purposes of this study. Conversely, seventy-two
hours of demineralization resulted in a marked color change, but was also found to
produce changes in surface texture. The reflectance spectra were affected by the
surface texture variation, making analysis of color changes more obscure. A
demineralization time of 48 hours was determined to be best suited for the purpose
of this study. It produced a color change detectable by the instrumentation without

producing pronounced surface texture changes. (see figure 11)

D.1.2. SAMPLE POSITIONING FOR SPECTRA

In order to determine if sample positioning was an influential factor in the

spectra and L*a*b* values obtained, two samples were placed in their individual

jigs and rotated 360° in 90° increments. The resultant spectra and L*a*b* values
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Figure 11: 95% confidence intervals from pilot studies for sound enamel (stage

=N) and 48 hours of artificial demineralization (stage =D48) demonstrating no
overlap in % reflectance over the visibile spectrum (400-700 nm).
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were evaluated for changes with regard to position. It was observed that the

spectral profiles and numerical values at 0° and 360°, which are identical positions,

were the most similar. From this it was determined that sample positioning was an
important factor that must be controlled throughout the experiment. (refer to section

C.2.3.2)

D.1.3. SAMPLE DRYING TIMES FOR SPECTRA

It was observed that the percentage reflectance increased across the entire
visible spectrum as the drying time of a sound enamel tooth sample increased. The
slope of the overall spectral profile remained primarily the same, indicating that
certain wavelength regions did not affect the magnitude of reflectance
disproportionately. This finding is in apparent contradiction to an earlier study
which found no change in L* for wet versus dry fluorosed tooth samples.[70] This
may be due to fluorosed enamel responding differently to drying than sound or
decalcified enamel, or may be contributed to the instrumentation used for
measurement. It is, however, known that “whiteness” of WSL’s increases with
drying.[2]

In order to obtain predictable results, drying time trials were done to
determine the time at which the reflectance spectra stabilized. A tooth sample was
removed from a 100% humidity environment. Reflectance spectra were obtained
after 2, 5, 10, 15, 20, 25, 30, and 40 minutes of air drying. The sample was left in
the same position for each of the runs. The lid to the integrating sphere of the
spectrophotometer was opened in between runs to allow for air drying.
Observation of the time trial spectra demonstrated that the percentage reflection
profiles largely stabilized after 30 minutes of air drying. (see figure 12) (refer to
section C.2.3.2.)
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D.1.4. SAMPLE SIZE DETERMINATION

Five samples were used in the pilot studies. Reflectance spectra were taken
of the sound enamel and then again after every treatment stage. Treatments
included artificial demineralization, followed by bleach or laser surface treatment,
and finally calcium sucrose phosphate, pentapeptide, or saliva treatment. Power
analysis, detecting differences at the 80% level with p<0.05, determined that a
sample size of four was necessary to detect significant changes between samples
when both the treatment stage and wavelength (400-700 nm in 1 nm increments)
were considered. Using the same standards, it was calculated that a sample size of
nine could distinguish significant differences when analyzing treatment stage only.

Based on these calculations, nine samples were used for each group in each set.

D.2. MAIN STUDY

D.2.1. DEMINERALIZATION SOLUTION ANALYSIS

Calcium analysis was perfomed using gravimetric dilution. A Mettler
Toledo balance was used for all measurements. Using a dilution factor (mL total/
mL solution), the demineralization solution was diluted 1:20 with 1000 ppm KCI.
The KCI solution was used to reverse ionization of calcium under NO, flame
conditions. Raw measurements for calcium concentration were converted to actual
calcium concentration in ppm using the equation:

raw data (ppm) X dilution factor = actual [Ca] (in ppm)
Using this calculation it was determined that the demineralization solution contained

75.02 ppm Ca, which translates to 1.88 mmol/L.
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Knowing that the demineralization solution protocol (refer to section B.4.)
results in a 50:50 calcium and phosphate ratio in a saturated solution, the PO,

concentration is calculated to be 1.12 mmol/L.

D.2.2. CONSTANCY OF INSTRUMENTATION

As previously stated, 99% and 50% standards with defined color
parameters were run at the beginning and end of each spectra collection session to
test the constancy of the equipment. The mean changes and standard deviations for
each of the parameters, L*a*b*, are depicted in the table below. The numbers
indicate that L* experienced the greatest change (-0.929 for the 50% standard,
-0.911 for the 99% standard); however, the magnitude is still considerably smaller
than the values required to determine significant differences for samples between
treatment stages.

The pre and post data from each session were compared using both a paired
t-test and a signed rank test, producing similar results. Despite the small magnitude
of change, the consistency in direction, showed enough *“drift” during the collection
session to produce significant changes for all parameters for the 99% standard and
all but b* for the 50% standard. Considering the magnitude of change required for
sample treatments to demonstrate significance this small amount of instrument

“drift”, although demonstrating significance, is not of major concem. (see table 1)

D.2.3. REPRODUCIBILITY
In each of the 12 groups of nine samples, one sample was designated for

reproducibility runs at each treatment stage. (refer to section C.2.3.2.) While AE

did show a significant difference between the first run and the second run, this
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represents the accumulation of multiple small changes. When considering, L*a*b*
as individual parameters, there were no significant differences between the original
and repeat run. The p values for L*a*b* were 0.74, 0.10, and 0.78, respectively.

(see table 2)

D.2.4. SET 1-SOUND ENAMEL PLUS CHEMICAL TREATMENT
This group consisted of three treatment groups of nine samples each.

Group 1:

Sound enamel treated with saliva (24 hours).

Group 2: Sound enamel pretreated with saliva (24 hours), then treated with
CSP (5 minutes) followed by saliva immersion (24 hours).
Group 3: Sound enamel pretreated with saliva (24 hours), then treated with

PP (5 minutes) followed by saliva immersion (24 hours).

Reflectance spectra were taken at baseline (sound enamel) and again after
the final treatment (saliva, CSP/saliva, PP/saliva). No data was collected after the
saliva pretreatment for groups 2 and 3, with the assumption that the information
from group 1 could be extrapolated to explain findings in these groups. It was
further presupposed that the saliva would not create significant changes in the

reflectance spectra. (see figure 13)

*Single Step Comparisons

Sound enamel] to saliva treatment stage: (see figure 13) The only single step
comparison available for this set is in group 1. No significant change in color
parameters were found in this group for treatment of sound enamel with saliva.
While this finding for L* is consistent with that of Den Besten and Giambro for

sound enamel treated with artificial saliva,[70] they are inconsistent with those of
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Set 2/group 1 (sound enamel to saliva pretreatment stage). It is likely that the small
sample sizes contribute to this variation between groups receiving the same

treatment.

*Multiple Step Comparisons
Sound enamel to either CSP or PP treatment stage: (see figure 13) CSP and
PP groups (groups 2 and 3) had similar findings and will be discussed jointly.

AL* was significantly negative for these groups. This indicated that the enamel

appeared less white. Unless this change can be attributed to the saliva pretreatment,
this result is not entirely desirable since the treatment is intended to affect the color
of only demineralized enamel, leaving sound enamel unchanged. Without data
from the saliva pretreatment stage, it is difficult to interpret the influence of the CSP
and PP beyond the contribution of the saliva pretreatment. This problem is
accentuated by the fact that results in this and other sets for saliva’s color effects on

sound enamel conflict and are ambiguous.

Ab* was found to be consistently negative for group 2 (CSP), but not

group 3 (PP). The Aa* was only weakly influenced with both treatment protocols.

D.2.5. SET 2-SOUND ENAMEL WITH BLEACH PRETREATMENT AND
CHEMICAL TREATMENT

This set was divided into three groups (nine samples each) as follows:
Group 1: Sound enamel pretreated with saliva (24 hours), surface treated with

bleach (10 minutes) and then treated with saliva (24 hours).
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SET 1-SOUND ENAMEL

Group 1 Saliva only

NS

AL* Da* Ab*
I S ltoS | -0.2 00 0.3

Group 2 CSP plus saliva

| AL* Aa* Ab*
I \SP/ Cs ItoCs | -2.3 -0.3 -1.0
oL

Group 3 PP plus saliva

AL* Aa* Ab*

: \SP/ gl TN RS S

00oL

Figure 13: Sound enamel samples. The values for changes in L*a* b* are listed in
the table on the right for set 1, groups 1, 2, and 3. Values in red represent
significant findings. The level of significance is represented on the diagram to the
left. (0= p<0.05, ¢¢0= p<0.01, 000= p<0.001) [I= initial stage, S= saliva
treatment, Cs= CSP treatment followed by saliva immersion, Ps= PP treatment
followed by saliva immersion] Standard error values are shown in the appendix.
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SET 2: SOUND ENAMEL, BLEACH TREATED

Group 1 Saliva only
0oo0L oL
I SP
ooL 000L

Group 2 CSP plus saliva

000b

oL

Group 3 PP plus saliva

ooL

ooL

ooL

0o0b

000b

ob

/N

Ps

AL* Aa* Ab*
| to SP -5.7 0.0 0.7
SPto B 2.5 -0.3 -0.5
BtoS -0.7 -0.1 -1.7
ItoB -3.2 -0.3 0.
lto S -3.9 -0.4 -1.4
SPto S 1.8 -0.4 -2.2

AL* Aa* Ab*
B to Cs 0.1 -0.1 -0.9
ltoB -4.2 -0.1 0.6
1to Cs -4.1 -0.2 -0.3

AL* Aa* Ab*
B to Ps 0.4 0.1 -1.2
to B -4.2 -0.5 0.0
to Ps -3.8 -0.4 -1.2

Figure 14: Sound enamel samples with bleach surface treatment. The mean values
for changes in L*a* b* are listed in the table on the right for set 2, groups 1, 2, and
3. Values in red represent significant findings. The level of significance is
represented on the diagram to the left. (0= p<0.05, 0¢0= p<0.01, ¢00= p<0.001)
Stages written in green represent treatment stages at which no data was collected.
[I= initial stage, SP= saliva pretreatment, B= bleach surface treatment, S= saliva
treatment, Cs= CSP treatment followed by saliva immersion, Ps= PP treatment
followed by saliva immersion] Standard error values for the individual measures

are shown in the appendix.
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Group 2: Sound enamel pretreated with saliva (24 hours), surface treated with
bleach (10 minutes), then treated with CSP (5 minutes)
followed by saliva immersion (24 hours).

Group 3: Sound enamel pretreated with saliva (24 hours), surface treated with
bleach (10 minutes), then treated with PP (5 minutes)
followed by saliva immersion (24 hours).

Reflectance spectra were taken at baseline (sound enamel) and again after
bleach surface treatment and final treatment (saliva, CSP/saliva, PP/saliva). As in
Set 1, data was collected after the saliva pretreatment only for group 1, with the
assumption that the information from Set 2/group 1 could be extrapolated to explain

findings in the remaining groups, 2 and 3.

*Single Step Comparisons

Sound enamel to saliva pretreatment stage: Sound enamel pretreated with
saliva demonstrated a significant negative change in L*. As previously discussed in
section D.2.4., this finding is greatly magnified compared to that of Set 1/group 1
which displayed a minimal and insignificant change in L* when sound enamel was

treated with saliva. This is inconsistent with Den Besten and Giambro’s study, as

well, which utilized artificial saliva.[70] No change was detected for a*. The Ab*

was consistently positive, however, not statistically significant.

Data is only
available for group 1 of this set. AL* demonstrates a significantly positive change
between these stages indicating that the tooth sample becomes more white. This is
inconsistent with findings from a previous study of fluorosed, naturally

demineralized, and sound enamel which show no significant change in L*.[70] (It

is of note that the cited study did not include saliva pretreatment of the samples.)
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The changes in a* and b* are consistently negative. These changes, however, are

not statistically significant.

change was seen in L* and a* between these treatment stages. The change in b*

was significantly negative.

significant changes were seen in any of the parameters for this group. The change
in b*, however, demonstrated a consistently negative trend. These findings
demonstrate similarity to group 1 of this set, indicating that CSP does not affect

bleach treated sound enamel in a markedly different way than saliva alone.

accordance with the findings in Set 1/group 1, L* and a* demonstrate minimal
change, while b* was significantly negative. As in group 2, no effect can be

attributed solely to PP from these findings.

*Multiple Step Comparisons

Initial to bleach surface treatment stage: When considering the groups
individually, only the change in L* demonstrated significance, with a negative
change between stages. While this finding seems to indicate that the enamel
appears less white with bleach treatment, it must be considered that saliva
pretreatment was performed between these stages, which produced a significant
negative change in L*. Extrapolating from the data in group 1 would suggest that
the negative influence of the saliva pretreatment was partially, but not completely,
reversed by the bleach treatment. The saliva coated (pretreated) tooth represents the
more “natural” situation of a protein pellicle; therefore, the effect of bleach on
enamel should be considered more accurate from the saliva pretreated stage versus

the initial.
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Initial to saliva only treatment stage (Group 1): The overall treatment effect

in this group demonstrated a negative trend for all three color parameters, with the

change in L* and b* being significant.

A positive
change in L* (more white overall) and negative change for a* and b* were found.
Only the change in b* was significant. The finding for L* is in contrast to that
found for the initial to saliva only treatment stage for this group. This discrepancy
is due to the significant effect of the saliva pretreatment on L*. Again, the findings
from the saliva pretreatment stage should be considered to more accurately describe
the “natural” situation for the reasons already cited.

Initial to CSP plus saliva treatment stage (Group 2):; A significant negative
change in L* was found, with little concomitant change in a* and b*. These
findings are similar to Set 2/group 1 for L*, but do not elucidate the negative
changes for a* and b* found in group 1. This may be an actual difference or
simply due to the small sample size being insufficient to demonstrate stronger
trends due to single or minimal aberrations. Overall, no comment can be made
regarding the treatment effects of CSP plus saliva being markedly different than that

of saliva alone.

no data available for this group regarding the overall changes from the saliva
pretreatment stage to the CSP plus saliva treatment stage.

Initial to PP plus saliva treatment group (Group 3): L*, a*, and b* all
demonstrate a negative trend over these treatment stages. L* is the singularly
significant change, which is the same as Set 2/group 2. This indicates that not only
does PP not have a detectably different treatment effect from CSP, but it can not be

clearly distinguished from saliva alone, either.
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no data available for this group regarding the overall changes from the saliva

pretreatment stage to the PP plus saliva treatment stage.

D.2.6. SET 3-DEMINERALIZED ENAMEL PLUS CHEMICAL TREATMENT

This group consisted of three treatment groups of nine samples each.

Group 1: Sound enamel artificially demineralized (24 hours) then immersed in
saliva for surface remineralization (24 hours), then treated
with saliva (24 hours).

Group 2: Sound enamel artificially demineralized (24 hours) and immersed in
saliva for surface remineralization (24 hours), then treated
with CSP (5 minutes) followed by saliva immersion (24
hours).

Group 3: Sound enamel artificially demineralized (24 hours) and immersed in
saliva for surface remineralization (24 hours), then treated

with PP (5 minutes) followed by saliva immersion (24

hours).

Reflectance spectra were taken at three time points: baseline (sound
enamel), after the sample had been de- and re-mineralized (demineralization stage),

and again after the final treatment (saliva, CSP/saliva, PP/saliva). (see figure 15)

Single Step Comparisons

When the

groups are considered individually, not all of the color parameters demonstrate
significant changes. When all of the demineralized samples in sets 3 and 4 are
analyzed collectively, however, all the parameters are significantly affected (L*
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SET 3: DEMINERALIZED ENAMEL

Group 1 Saliva only

¢ L NS
R | ALY Aa* _AD*
 [1toDs 41 -0.3 .55
I m S DstoS | -1.1 0.0 0.6
Ito S 3.1 -0.3 -5.0
¢ L
[eXeXeY o)

Group 2 CSP plus saliva

¢00b NS
AL Aa* __ Ab*
I to Ds 2.7 -0.7 -4.9
I Ds Cs| |pstocs | -0.3 01 0.7
Ito Cs 2.4_-0.5_-4.2
00%b

o00L
000b NS
AL* Aa* Ab*
| to Ds 47 -0.5 -4.4
Ds to Ps -1.3 -0.2 0.
| to Ps 34 -0.8 -3.8
ooL
000b

Figure 15: Demineralized enamel samples. The mean values for changes in
L*a*b* are listed in the table on the right for set 3, group 1, group 2, and group 3.
Values in red represent significant findings. The level of slgmﬁcance is represented
on the diagram to the left. (0= p<0.05, ¢0= p<0.01, ¢00= p<0.001, NS= not
significant) [I= initial stage, Ds= demineralization followed by saliva immersion,
S= saliva treatment, Cs= CSP treatment followe.d by saliva immersion, Ps= PP
treatment followed by saliva immersion] Standard error values for the individual
measures are presented in the appendix.
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becomes more positive, a* and b* become more negative). This elucidates the
problem of the small sample sizes used in this study failing to show significant

changes that may in fact exist (i.e. Type II error in statistical terms).

(Group 1): No significant changes were seen between these treatment stages. A
negative trend (sample became less white) was seen for L* and a positive trend was
seen for b*. Both of these trends showed a reversal of the changes brought about
by demineralization, which indicates that saliva was partially reversing the color
changes due to the initial demineralization. This finding was expected since saliva

is well documented to assist in enamel remineralization.[57, 102]

stage (Group 2): The only clear trend for this treatment group was a positive
change for b*, which did indicate a reversal of the demineralization’s effect on the
b* color parameter. As in group 1, no findings were significant. No significant
differences in color can be attributed to the CSP treatment, nor does CSP

demonstrate any differences from saliva treatment alone.

stage (Group 3); The findings for group 3 correspond to those of group 1 (trend

for negative AL*, positive Ab*). This again demonstrates some ability of the

treatment regimen to reverse the color effects of demineralization on enamel. Any
additive or subtractive contribution of PP beyond that of saliva alone is not

distinguishable.
*Multiple Step Comparisons

Initial to saliva only treatment stage (Group 1): The findings are consistent

with those seen for the single step comparison of the initial to the demineralized
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stage for group 1 (significantly positive AL*, trend towards negative Aa*,

significantly negative Ab*). This indicates that the overall effect on the samples

was greatly influenced by the demineralization with minimal reversal attributable to
the saliva treatment.

Initial to CSP plus saliva treatment stage (Group 2): As in group 1, the
findings in group 2 for this multiple step comparison conform to the group’s single
step comparison of the initial to the demineralized stage. Again, this indicates that
the CSP plus saliva treatment had little effect on the demineralized enamel, leaving
the enamel samples esthetically compromised.

Initial to PP plus saliva treatment stage (Group 3); In keeping with the
pattern established for the overall treatment effect in set 3, these findings do not
differ from those found after the demineralization step in this group. Overall, the
enamel sample has undergone significant color differences from the initial state,

indicating that the treatment to reverse demineralization was insufficient.

D.2.7. SET 4-DEMINERALIZED ENAMEL WITH BLEACH
PRETREATMENT AND CHEMICAL TREATMENT

This group consisted of three treatment groups of nine samples each.

Group 1: Sound enamel artificially demineralized (24 hours) then immersed in
saliva for surface remineralization (24 hours), surface treated
with bleach (10 minutes), then treated with saliva (24
hours).

Group 2: Sound enamel artificially demineralized (24 hours) then immersed in
saliva for surface remineralization (24 hours), surface treated
with bleach (10 minutes), then treated with CSP (5 minutes)

followed by saliva immersion (24 hours).

64

i




SET 4: DEMINERALIZED ENAMEL, BLEACH

TREATED

R1 Saliva only AL*  Aa* Ab*
000b oob ob I to Ds 26 -0.4 -4.3
/\ /\ /\ Ds to B 0.4 -0.5 2.9
> " BtoS -2.8 00 -2.3
I s S| NMwos 2.9 -0.9 -1.3
ItoS 0.2 -0.9 -3.6
ca o NS DstoS | -2.4 -0.5 0.

000b

Group 2 CSP plus saliva
000b 44b 00b AL* Aa* Ab*

I to Ds 1.3 -0.7 -3.6
DstoB -0.4 -0.5 2.3
BtoCs -0.6 0.1 -2.0

ItoB 1.0 -1.2 -1.3
Ito Cs 0.4 -1.1 -3.2
000b DstoCs | -1.0 -0.4 O.

Group 3 PP plus saliva

o0a

000b 000b 0ob AL* Aa* Ab*
/\ /\ I to Ds 22 -1.0 -4.9
I Ds B Ps DstoB 0.5 -0.5 2.9
B to Ps -1.4 0.3 -1.9

~ ItoB 2.7 -1.4 -2.1
Mb‘ NS | to Ps 1.3 -1.1 -3.9

DstoPs | -0.8 -0.1 1.

Figure 16: Demineralized enamel samples with bleach surface treatment. The mean
values for changes in L*a* b* are listed in the table on the right for set 4, groups 1,
2, and 3. Values in red represent significant findings. The level of significance is
represented on the diagram to the left. (0= p<0.05, ¢0= p<0.01, 000= p<0.001)
[I= initial stage, Ds= demineralization followed by saliva immersion, B= bleach
surface treatment, S= saliva treatment, Cs= CSP treatment followed by saliva
immersion, Ps= PP treatment followed by saliva immersion] Standard error values
are shown in tables in the appendix.
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Group 3: Sound enamel artificially demineralized (24 hours) then immersed in
saliva for surface remineralization (24 hours), surface treated
with bleach (10 minutes), then treated with PP (5 minutes)

followed by saliva immersion (24 hours).
Reflectance spectra were taken at four time points: baseline (sound enamel),
after the sample had been de- and re-mineralized, after bleach surface treatment, and

again after the final treatment (saliva, CSP/saliva, PP/saliva). (see figure 16)

*Single step comparisons

of change for all three color parameters remains consistent amongst the groups and
also amongst sets for demineralization. The statistical significance of the individual
parameters varies between groups due to the small sample sizes. As stated
previously for set 3, when the demineralized samples are grouped as a whole, all of

the parameters are significantly changed, with the samples appearing more white.

stage: Groups 1, 2, and 3 showed a consistent negative trend for Aa* and a

statistically significant positive change in Ab*. The effect on a* is additive to the

effects of demineralization, while the effect on b* indicates some reversal of the
color change associated with demineralization. The effect on L* was minimal,
which is in contrast to the findings in set 2 with sound enamel that showed a
statistically significant effect on L* from both the initial and saliva pretreatment
stages. These contrasting findings would seem to indicate that bleach affects sound

and demineralized enamel differently. This may be explained by the fact that the
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demineralized samples are already whitened, so additional “whitening” with bleach

may be inconsequential by comparison.

treatment produces a trend for a negative AL*, which indicates partial reversal of

the demineralization color effects. A statistically significant negative Ab* is also

observed, which is additive to the demineralization effect on b*.

this group, only the difference in b* is statisticlly significant. This indicates a
reversal of bleach’s effect on the enamel color, but is not advantageous to correct

the effect of demineralization on the enamel color.

a*, and b* were changed in a negative, positive, and negative direction,
respectively. Only Ab* was a statistically significant difference, which is consistent

with groups 1 and 2. The change in L* and a* demonstrated a partial reversal of
the demineralization effects. The change in b* was additive to the demineralization

change, which is undesirable.

*Multiple Step Comparisons
Initial to bleach surface treatment stage: AL* was positive, Aa* was
negative, and Ab* was negative over these treatment stages. In the individual

groups, Aa* is consistently statistically significant and Ab* was statistically

significant only for group 3. When the three groups (27 samples total) are
combined, all three color parameters show highly significant modifications. The

directions of change for the three parameters are the same as those for demineralized
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enamel, indicating that the bleach did little to change the overall effect that
demineralization had on the tooth.

Initial to saliva only treatment stage (Group 1): Both a* and b* are
significantly altered in a negative direction. For a*, this appears to be due to the
cumulative negative effect of demineralization and bleach treatment. For b*, it is
due to the cumulative effect of demineralization and saliva treatment. This indicates
that after the series of treatments, the samples were not returned to the original color
due to alterations in two color parameters.

Initial to CSP plus saliva treatment stage (Group 2); As for group 1, the
overall treatment result was a statistically significantly negative change in a* and b*.

Initial to PP plus saliva ueatment stage (Group 3). Following the
established pattern in groups 1 and 2, a* and b* showed statistically significant
negative changes over the course of the treatments in group 3.

Demineralization to saliva only treatment stage (Group 1): A trend towards
lower L* and a* values is seen between these multiple stages. Considering the
effects of demineralization on enamel (I to Ds), it is observed that the effect on L* is
partially reversed with saliva treatment, while the effect on a* is additive.
Demineralization’s effect on b* remains relatively unchanged overall.

Demineralization to CSP plus saliva treatment stage (Group 2): An aptitude
towards reducing the L* value is seen for this group. As in group 1, this reversal
of demineralization’s effect on L* is only partial, but does indicate a desired
treatment effect. It is not possible to attribute any real differences to CSP above
those of saliva treatment alone based on the data.

Demineralization to PP plus saliva treatment stage (Group 3): The only
clear tendency for this group was a negative change in b*, which is unique for set
4. L* did not show a clear trend due to a large standard error, which is attributable

to an outlier in the data set. While the findings for this data group were slightly

68

I3

|

oA

o

MBI



varied from the other two groups in this set, they were minor and do not point to

clear differences between treatments in color effects.

D.2.8. AE VALUES

Delta E’s for each treatment stage from previous were significant for all sets
of all groups. This indicates that changes in the individual parameters, as already
described, resulted in changes that made the overall color significantly different
after each treatment. This is a general overview and actual effects on the color
parameters are best understood by taking the individual parameter changes into

consideration.

D.2.9. CROSS GROUP COMPARISONS
D.2.9.1. Saliva Pretreatment

Although every group in sets 1 and 2 received saliva pretreatment, data is
only available for Set 1/group 1 and Set 2/group 1. In Set l/group 1, it is not
termed “saliva pretreatment”, but represents the same treatment (sound enamel
treated with saliva). The data shows that, while the means of L* and b* show the
same direction of change for both data sets, the standard errors in Set 1/group 1
make trends ambiguous. A reduction in the value (L*) is consistent with the

remineralization associated with saliva.
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D.2.9.2. Demineralizati =,

As was discussed previously, the sample sizes for the individual groups did
not always allow for significant changes to be seen with demineralization for all of -
the color parameters. When all demineralized samples were considered together
(sets 3 and 4), L*, a*, and b* were all very significantly altered (p<.0001). The ©
positive difference in L* is due to the chalky white appearance of the enamel. (see |

table 3)

=
- |
"
i
el
Looking at whether DEMIN is different than initial '
-
t
N Mean SE T Statistic p-value a7
Change in L 54 2.93185 3.78805 5.6875 < 0.0001 .j"\‘
Change in A 54 -0.60796 1.05607 -4.2304 0.0001 —
Change in B 54 -4.59296 1.75092 -19.2763 < 0.0001 mre
Delta E 54 6.52742 2.39731 20.0085 < 0.0001 - “‘}
-
n'“; N
o=,
'J' ’ ;
Table 3: This table shows the statistics for all demineralized samples from set 3 and ;

4 combined. -
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D.2.9.3. Bleach Surface Treatment

For sound enamel with a salivary pellicle (set 2), bleach significantly
increased the L* value from the saliva pretreatment stage, making the tooth appear
more white, and decreased the a* and b* values. The deviations in a* and b* were
not statistically significant. The changes were opposite to those seen for saliva
pretreatment (I to SP) for L* and b*. This reversal suggests that bleach removes
the salivary pellicle and thereby changes the color of the tooth.

For demineralized enamel with a salivary pellicle (set 4), bleach has little
effect on the L* value. This may be attributed to the tooth having reached the “outer
limit” of the value (black to white) range with the demineralization process. There
was a trend to reduce a* and a statistically significant increase in b*. The change in
b* partially reversed the effect of demineralization.

The most notable contribution of the bleach treatment is the effect it had on
subsequent treatments of demineralized enamel. The positive change of L* caused
by the demineralization process was largely reversed for all three treatment groups
when the surface had previously been treated with sodium hypochlorite. Such
treatment effectiveness was not realized for the demineralized samples that did not

receive bleach treatment.

D.2.9.4. Saliva Only Treatment

Saliva treatment of sound enamel (Set 1/group 1 and Set 2/group 1) gave
varied results as discussed in the saliva pretreatment section. This is likely due to
the fact that some of the samples used for this study were impacted teeth that had
not had intraoral salivary exposure. Information regarding the eruption status of the
samples was not available, so the data could not be analyzed to confirm this

potential explanation.

71

IIRAD IR LA



‘dS paa1adal jey) sajdwies [[e 10§ Pa1d3][03 10U Sem BIEp ISNBIA] dnoid ¢ 1oy Jajjews st azis ajdureg ‘(uonezijesduiwdp = 10

Jusuneanaid eAIRs=dS Joyid) a8ris uiuaasaur ulapisuod ‘33els [RNIUL WO $1934)3 udunean yoes|q Joj SoNSHILIS :p JJqeL

L2000 = .4<qoid (97°92) - 4a ot f = .4 ‘(enba aie saduvtien H 104

Y000 0 0°2% 9661 "€ renby 000000661 000000102~ 1ZpZ61€2°0 01s€0f0Z° I 04f0LE62°0 x4 a5
“000°0 Ltor 94961 F - tenboug) 00000096 " € 000000%0 9- 18689920 0 6zZ611217 7 688888PG 1 L7 a
Il 4 L shouericA  wowixeWw  wnwruiw oia pis  aea ps  uew N s
feritur wolj (paidai1ion) g ut abuey) ANNYHO 4 1°LIeA

BRI I R R R R R R R R R R R RN AR R A

2voL 0 - L4-qo1d (97 07) - 4q 160 - .4 "frnby dae caouenaea ol 104
0°2s 79t € renby 000000L2°0 000000¢L°T €5990€91°0 SS8IELEB 0 94556587 0 (24 a5
[ A 4 29€7 ¢ renboun 00000020°0 00000086 " ¥ - 8TYILhTZT ge9gozLtt 0F967981° 1 L7 a
4 1A saue e ' XUW whurtuty 10114 pis A PSS Loy N 1441s

1etItUl walj (Pidn110s) ¥ ut FONYIL) ¥ O LIPA

e R R R R R R

sesesserssennese

ceee sesecss

esesesvevssens

csses

16000 - ,d<qod c)o-oda 187 - .4 1P SaDUCTIPA o] 104
wono o 0 S 10S¢°S tenby 0000008€° T 00000079 ' 6- LE6YIVES O vIetliBLL T (44244421 A" (X4 ds

1000°0 |4 4 L0641 S renbaun 00000060 °ST 000000L8 ¥ PEBLIG906 O 9vLobols b 0000001272 Le a

cqoag Aq L sansuey1ep wnwixry unwiuTy 10114 pPas AD] PIS uvan N 1d43Ls

[(PLITUL WO (PO1Oa1100) 1 ul obuey) HONYH) ‘T AerIes

R N R R R A R AR AR A

T6HO 0 - .d<qoig (97°9¢) = 4a (6 1 - .4 “renboa a1e saouptiep i 104
(L6t 0 0°Zs 1258 0 1enby 291560766 or8TLYIP ' 1 Zr06065b 0 6L804GHE T G6HETIGSE B (&4 ds
THOE O oLt L7SR 0 renbaun 816289V7 GI SLE6E686 0 (498414 5 16685046t € 00LbI0E0" S (< a
| A 1 EERUTIRT WOW X wowT e 10113 pIs AN PSS UPOR N 1141S

RN

[RIDN

Fynagoodd I

de3s Sujueazejuy uo spuedep HOVIIA O3 ONp [PIITT} woxj ebBuwyd Ieyzeys 3w Buyy00]



“(uonezijesauiwap =( Jo wawieanaid ealjes=4s Joy11a) adels snotaaid woij $193J)9 Juaunean yoeajq Joj sonsielS ¢ dqe],

10oo 0
000" 0

lL)-ao1q

0°bE
[ 41

da

‘dS PaA1931 jey) sojdwes [[e J0j Pa)d3][0d 10U Sem eiep asnedaq dnoid 4 Joj Jajjeuwss si azis ajdureg

1zse renb3
[ng 9 1enbay
L sanuptIep

0000005L°0
000000¢Y "8

unw X PR

6100°0 = .4-qoad (8°92) = 4a GE 0l = .4 ‘renbd aie saoueriep ol 104
00000052 ' 1- Tz o £9999999°0 zzezIILyY ' 0- 6 ds
00000085 " 1- 850182100 1L9zosetl -z 0€96291L°C LT a
A oinapas  awapis Tuew  om e

dnas snotaaild woij (110D) g ur abuey) 8 JONYHD :a[qrliep

B R R N R R R N R R R TR I

tp9s 0
864G 0

|FA IR

SEO0T 0
tkoo o

_._._ Sqoig

ssesesssvrserens

6982 0
6vEZ 0

(AR E]

0 pt
0'st

A0

0°pg
9t

4a

62860

6

seseverren

€Sb0 € -
G91F° ¢

renhby
[enbaup

SHHUP T IPA

19 o

sesesvoes

tenb3
{enboun

sasuptiep

sssevsene

61801 tenb3
66721 1enbaun
L SadURTIPA

00000016°0
00000098°0

wonex o

00000096 °S
00000075°S

unwiIx vy

sesesvsee

88616596 °S
[UT44782 2]

wow X PR

ov7H 0 - .4-q01] (8°97) - 4q 12°0 = .4 ‘tenbo a1e saonurriep 0y 104
00000060 1 Teeeeee o 9999999 0 424444 ' 6 A4S
00000001 "1 - 9L61ZIPL O 6E6HLEEL O CLEEFELP O Ly a
wnuruy 10113 pPIs AT PG UeIn ] 143Ls

dos snotasld wo1y (1100) ¢ utr abury) ¥ AONVHD o(qpliep

sresesense sesesses cesessens ssesesssas

€8¥9°0 = .d-aoid (8°9Z) - 4a ov 1 = .4 “teabo are saouvtiepg g 104
000000¥0°0- €0L10085°0 gotsoorL 1 95666851672 6 ds
0000008Y° & 6E/PHGEE O BEERBIGO 7 £9999981°0 L7 a
wnutury 10113 PI1S A1 PIS ueoy N 1431S

doas snotaald woij (1100) ] ut abuey) T 4ONVYH) (O[PLIPA

ssessscsane

Tessssses ssveses sssssses

LY9r 0 - Jd<qouid (R'97) A 991 - L4 prnho gae soouviaeps o 104
L€260966 0 L8151860°0 09GSvE6D 1 0e868€58°C 6 4S
PereE6Z89 ' 0 voszeoLe' o p8ELE976° 1 LILT9419°€C Le [¢]
wnwiutp 10113 pas Ao PIS ueap N 1d4.LS

das snotastd wory 3 earoq q vI'13Q topetIep

JUNA3ONHd LSALL

s snojaexd uo Bujpuedep seSuwyd HOVI'IE FO 3I0€3Je Ieyleygm v BUFY0OT



Demineralized enamel treated with only saliva (set 3) showed a tendency to
decrease L* and increase b*. These findings mimic those found for saliva
treatment/pretreatment of sound enamel.

Saliva treatment following bleach treatment for both sound (set 2) and
demineralized enamel (set 4) samples significantly decreased b*, while the influence
on L* tended to be negative. This decrease in L* is in accordance with the effect of
saliva treatment/pretreatment on sound enamel and demineralized enamel without
bleach surface treatment (sets 1 and 3, respectively). The significant change in b*,
however, is unique to samples that received bleach treatment prior to the saliva
treatment (sets 2 and 4). Changes in the b* parameter are difficult to define in the

CIE L*a*b* system, thus no explanation of this finding is readily evident.

D.2.9.5. Calcium Sucrose Phosphate Treatment

CSP in conjunction with saliva treatment of sound enamel (set 1)

demonstrates a significantly negative AL*, as well as a tendency toward a negative

Ab*. Data is not available to determine the effect that CSP has on sound enamel

with a salivary pellicle (i.e. following saliva pretreatment). It was presupposed that
the data collected in Set 1/group 1 and Set 2/group 1 could be extrapolated for this
purpose; however, the data was ambiguous. For this reason, the actual contribution
of CSP to the mentioned changes in L* and b* for sound enamel can not be
interpreted with any certainty.

Bleach treated sound enamel (set 2) did not experience any statistically
significant changes in color with CSP plus saliva treatment. A negative trend for b*
was noted. Overall, CSP showed no significant effect beyond the effect of saliva

alone on sound enamel, with or without bleach treatment.
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For demineralized, bleach treated enamel (set 4), treatment with CSP and
saliva yielded similar results to set 2; however, the negative change for b* was
statistically significant in this group.

Demineralized enamel (set 3) treated with CSP and saliva demonstrated no

significant changes. The only change of note was a positive trend for Ab*. This

finding is similar to that for Set 3/group 1 with saliva treatment alone, indicating
that the saliva rather than the CSP may be responsible for this observation. This
positive trend is inconsistent with the color change noted in Set 2/group 2 and Set
4/group 2, both of which had bleach surface treatment prior to the CSP treatment.
From this, it was gleaned that bleach surface treatment influences the effectiveness
of subsequent treatments in reversing the effect of demineralization on b*.
Although the bleach surface' treatment itself partially reversed the effect of
demineralization on b*, it influenced subsequent treatments to magnify the
demineralization effects on b*. This phenomenon was not observed in

demineralized samples that did not receive bleach treatment (set 3).

D.2.9.6. Pentapeptide Treatment

Sound enamel (set 1) treated with PP plus saliva produced a significantly

negative AL*. Data is not available to determine how much of this effect is

attributable to the saliva pretreatment rather than the PP treatment; therefore, the
actual contribution of PP to the mentioned changes in L* can not be interpreted with
any certainty.

Bleach treated sound enamel (set 2) experienced a significant negative
change in b* with CSP plus saliva treatment. A negative trend for b* was noted.

This is analogous to the findings for saliva only treatment and CSP plus saliva
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treatment in set 2. As with CSP, no treatment effect can be attributed to PP, since
there was no detectable difference in treatment effect from that of saliva alone, with
or without bleach.

PP plus saliva treatment of demineralized and bleach treated enamel (set 4)

produced a statistically significant negative change in b*, similar to set 2 (bleach

treated sound enamel). Additionally, a negative trend for AL* and a positive trend

for Aa* were evident for set 4.

Demineralized enamel (set 3) treated with PP plus saliva produced no
significant changes in color, but showed trends similar to saliva only treatment in
set 3. These trends are a negative change in L* and positive change in b*. The

trend for b* is in contrast to that seen for PP treatment of bleach treated samples

(sound or demineralized). This reversal of Ab* between bleach and non-bleach

treated demineralized samples (sets 3 and 4) was seen for saliva only and CSP plus
saliva treated samples as well. Interpretation of these findings indicates that no
treatment effect can be attributed to PP, but a clear and consistent treatment effect

can be attributed to bleach treatment of demineralized samples.

E. Discussion and Conclusions

The working hypothesis of this study was that CSP and PP, in combination
with sodium hypochlorite treatment, would allow for incorporation of minerals that
will return demineralized enamel to a more “normal” color. This treatment would
be considered efficacious if it showed reversal of the effects of demineralization on
the color parameters L*a*b* beyond those experienced with saliva alone. It was
also important to determine if this treatment had any detrimental color effects on the

sound enamel which would surround a treatable lesion.
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Based on the data presented here the hypothesis can not be accepted. If
CSP or PP had any affect it was largely masked by the subsequent saliva treatment.
No data was taken between these treatments in the final stage because a natural
situation was being simulated (i.e. the tooth bathed in intraoral saliva after
treatment). For the purpose of determining efficacy of these products, however, it
would be useful to collect data on the samples before the saliva treatment to isolate
the effects of the CSP and PP.

Saliva, CSP, and PP consistently demonstrated tendencies toward reducing
demineralization’s effect on L* with or without bleach surface treatment; however,
these reductions were never statistically significant. The small sample sizes,
minimal treatment time and single dosage treatment may have been insufficient to
detect any significant differences due to the treatments. Future studies should
employ a greater nuber of samples and focus on the potential for increased optical
benefit with multiple treatments.

Initial studies from which the sample sizes were determined proved to be of
less variability than the groups in the main study due primarily to unforseen
instrumental variations beyond the control of the investigator. The instrumentation
difficulties resulted from the replacement of a burnt light source in the
spectrophotometer midway in the experiment. All L*a*b* values collected beyond
this timepoint were corrected to standard spectralon values before the bulb
replacement.

Studies of saliva indicate that it can substantially remineralize portions of
WSL’s and partially return the color to that of sound enamel. A better
understanding of saliva’s effect on the optics of enamel, both sound and
demineralized, and its interaction with other chemical treatments is needed to best

capitalize on this “natural cure” for white spot lesions. The study design used in
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this research should be altered to incorporate data collection before and after any
saliva exposure in the protocol.

The effect the saliva, CSP, and PP treatments had on b* were dependent on
whether or not bleach surface treatment had been performed. Due to the
dependence of b* on L* and the complexity of the CIE L*a*b* color space, it is
difficult to explain the actual effect these treatments had on the color of the tooth.

Bleach affected all parameters of color in a manner opposite to that of saliva
pretreatment, indicating that bleach reverses the color by removing the salivary
pellicle. Subsequent treatments appeared to be of greater magnitude, supporting the
idea that sodium hypochlorite enhances the access for subsequent materials.
Despite its effectiveness in removing the sallivary pellicle, bleach may not be the
most ideal surface treatment. Bleach’s shortcomings are related to its potential to
influence the color of sound enamel surrounding the lesion to be treated and to it’s
corrosive nature, which necessitates isolation techniques (e. g. rubber dam) to
protect the oral soft tissues. Other surface treatments, such as that obtained with a
CO, laser, may also enhance subsequent treatment efficacy and should be explored.

While all three color parameters were considered equally in the mathematical
analysis of treatment effects, subjective visual assessment of the samples indicated
that the change in value or “brightness” (which corresponds to the L* parameter)
had the greatest impact on the esthetics of the tooth. Even though the data does not
indicate significant changes with the treatment protocol, distinct esthetic
improvements were noted visually.

It is widely accepted that the sensitivity of the instrumentation available to
measure color still does not match the perceptive abilities of the human eye.
Clinical photography has been shown to be an inadequate method of monitoring the
remineralization of WSL’s.[117] The spectrophotometer used in this study has

demonstrated an ability to register color changes with treatment, although it may not
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be ideal. Chroma meters,[118] spectroradiometers,[119] and the optical caries
monitor[115, 120] have been used with success in other studies regarding the
enamel optics and may offer superior detection abilities. Future studies with CSP
and PP may benefit from the incorporation of these alternate measurement devices.
Being that CSP and PP have been demonstrated not to have any untoward
health effects, and in light of more advanced optical measurement systems that can
be utilized intraorally, in vivo studies seem to be a logical and imminent realm for
future research of these chemicals. This would allow for the determination of CSP

and PP’s efficacy in the optical reversal of naturally demineralized enamel.
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Corrected Data

Initaal First Step Second Step Third Step
Sample Process L A B L A ] Ay L A ] AE A:p L A B ALy A:p
SET=Set 1 / Group 1 PROCES NBeS
111 SP+NBeg 74.91 -0 02 -0.86 7%.12 0.22 1.19 2.07 2.07
112 SP+NBeS 73.91 0.98 ERRY Y 72.12 2.22 4.19 4.12 4.12
113 SP+NB+S 75.91 0 98 3. 76.12 0.22 2.19 1.2 1.2
114 SP+NB+S 80.91 0.98 6.14 75.12 1.23 4.19 6.11 6.11
118 SP+NB+$ 72.91 -0.02 3.1 . 73.12 0.22 3.19 0.32 0.32
115cr SP+NB+S 73.58 -0.0% 3.03 . 72.50 0.44 3.82 1.42 1.42
116 SP+NB+§ 79.91 -0.02 3. 14 . 82.13 0.22 4.19 2.46 2.46
121 SP+NBeS 80.91 -1.02 3.14 . 82.12 -0 78 2.19 1.56 1.56
122 SP+NB+8 78.91 0.98 5.14 . 80.13 0.22 6.19 1.717 1.7
123 SP+NBeS 70.91 0.98 3.14 . 73.12 0.22 4.19 2.56 2.56
== ~-=-- SETsSet 1 / Group 2 PROCESSsSP+NBeC -----
131 SP+NBeC 72.58 -0.0S 1.0} 71.43 -0.48 1.03 1.23 1.23
132 SP+NBeC 77.58 0.95 4.03 75.43 0.52 3.03 2.41 2.41
133 SPeNBeC 73.91 -0.02 4.14 . 72.43 1.52 5.03 2.31 2.
134 SP+NBeC 77.91 0.98 6.14 . . 75.43 0.52 $.03 2.76 2.76
133 SP+NB+C 75.91 -0.02 6.14 . . 74.43 0.52 6.03 1.58 1.58
135r SP+NB+C 77.3%8 0.95 8.03 . . 73.%0 0.44 6.82 4.29 4.29
136 SP+NB+C 80.91 -0.02 7.14 . B 73.43 -0 48 3.03 8.5% 8.5%
14 SP+NBeC 77.91 -1.02 6.14 . . - . 79.43 -0.48 5.03 1.96 1.96
142 SP+NB+C 78.91 -0.02 3.14 . . . . 75.43 -3.48 2.03 .03 $.03
143 SP+NB+C 80.91 -0.02 3.14 . . . . . . 78.43 -0.48 .03 2.76 2.76
SET=Set 1 / Group 3 PROC BeP
131  SP+NB+P 76.358 1.95 6.03 . . . 71.43 1.%2 6.0} s.17 5.17
152 SP+NB+P 80.58 -0.05 4.03 . . . . . 75.43 0.52 3j.o3 S5.28 .28
153 SP+NB+P 635.91 0.98 3.4 . . . . 4.4 0.%2 4.03 1.79 1.79
154 SP+NB+P 77.91 0.98 7.14 . . . 71.43 0.52 4.03 7.20 7.20
153  SPeNB+P 80.91 0.98 4.14 . . . 75.43 0.52 4.03 5.50 5.%0
13Sr SP+NB+P 82.58 0.93 5.03 . . . . 73.30 0.44 3.82 7.20 7.20
156 SP+NB+P 76.91 1.98 6.14 . . . . . . 74.43 1.52 6.0} 2.52 2.%2
161 SP+NB+P 75.91 0.98 7.14 . . . . . . 71.43 1.52 7.03 4.51 4.51
162 SP+NB+P 74.91 0.98 3.14 . . . . . . . . 69.43 0.52 4.03 5.57 $.57
163 SP+NBeP 78.91 -1.02 4.14 . . . . . . . . 73.43 -0.48 4.03 5.51 $5.51
SET=8et 2 / Group 1 PROC s
211  SP+Bes 78.58 0.95 6.03 6€9.00 1.31 6.87 9.62 74.96 1.22 6.62 3.68 85.97 78.50 0.4¢ 4.82 1.32 4.03
212 8PeB+S 73.38 0.9% 5.0 68.00 1.31 S.87 5.65 68.96 1.22 $.62 4.67 1.00 68.350 1.44 4.82 .11 0.9%
213 8P+Be8  76.58 1.9% 6.03 72.00 1.31 7.87 4.98 73.96 1.22 7.62 1.86 3.97 74.50 1.4¢ ¢.82 2.46 3.17
214 SP+BeS 81.58 0.9% $5.03 80.00 0.31 3.87 1.90 81.96 -0.78 6.62 2.38 2.36 80.50 -0.56 3.82 2.22 3.7
218 SP+B+§ 80.58 0.95 6.03 73.00 1.1 4.87 7.68 72.96 1.22 3.62 8.00 1.25 74.50 1.44 2.82 6.89 1.7%
215r SP+Bes . . . B . . 73.43 3.%2 3.03 . . 77.58 1.17 3.73 4.42 4.4
216 SP+B+S 80.58 -0.0% 8.03 73.00 0.31 7.87 7.%9 75.96 0.22 ?.62 4.65 2.97 73.%0 0.44 5.82 7.43 3.06
221 SP+B+S  76.58 1.95 5.03 70.00 1.1 .87 6.66 71.96 0.22 5.62 4.97 2.26 71.50 0.44 .82 S.44 1.87
322 8PeB+s 80.58 -0.05 1.03 76.00 -0.69 2.87 4.98 78.96 0.22 1.62 1.73 3.34 73.50 -0.%6 -0.18 7.20 S.80
k3] SP+B+S 78.38 1.9% $.03 7s5.00 3. s.87 3.92 76.9¢ 3.22 4.62 1.69 2.57 77.%0 1.44 3.82 1.70 1.34
SET=Set 2 / Group 3 PROC c
331 SP+B+C  74.58 -0.05 3.03 . . 69.9¢ 0.22 2.62 4.63 4.65 €9.50 0.44 1.82 35.235 0.9%
332 SP+BeC  70.58 -0.05 .03 . . 71.96 0.22 5.62 1.46 1.46 67.50 0.44 4.82 3.38 4.54
233 SP+BeC  73.958 0.95 3.03 . . 66.96 1.22 3.62 6.63 6.65 70.50 0.4¢ 2.82 3.13 N
234  SP+BeC  71.58 0.9% 4.03 . . 64.96 1.22 5.62 6.81 6.81 71.30 0.44 3.82 0.56 6.8
233 SP+BeC  79.58 1.95 4.03 . . 76.9¢ 0.22 5.62 3.2 3.32 76.50 0.4¢ 3.82 3.4 1.87
235r SPeBeC  78.66 1.95 4.10 76.43 0.52 5.03 2.81 2.81 79.38 1.17 3.78 1.26 3.46
236 SP+BeC 80.58 0.95 7.03 . 71.96 0.22 5.62 .77 8.77 72.50 0.44 3.82 | PN 1.8
341 SP+B«C 75.58 0.95 3.03 . 73.96 1.22 4.62 2.29 2.39 mM.50 1.44 4.82 4.48 2.48
242 SP+BeC  75.38 -0.05 2.03 . . 70.96¢ 0.22 2.62 4.67 4.67 66.30 0.44 2.82 9.1) 6.47
243 SP+B+C  74.58 0.9 4.03 B . . 70.9¢ 1.23 S5.62 3.96¢ 3.9¢ 73.30 0.4¢ 4.82 1.43 am
SET=Set 2 / Group J P 14
73.58 -0.05 0.0} . . €7.9¢ 0.22 1.62 S.88 5.85 69.%0 4.18 1.
78.58 -0.05 4.03 . . 76.9¢ -0.78 4.62 1.87 1.87 71.50 7.20 S
7%.38 2.9%5 2.03 . 71.9¢ 0.22 1.62 4.353% 4.35 73.50 3.94 2.
68.358 1.9% 3.03 . . 67.9¢ 2.22 4.62 1.7 1.73 €9.50 32.08 1
77.58 -0.0% 7.03 . €7.96¢ 0.22 4.62 9.92 9.92 69.3% 9.12 2
76.66 -0.05 7.10 . . 68.43 0.52 3.0 9.20 9.20 72.38 $.97 4.
80.58 0.9 8.03 . . 72.96¢ 0.23 7.62 7.67 7.67 73.%0 7.7 2.
77.58 0.9% 4.03 . 75.96 0.22 6.62 1.87 1.87 74.50 3.1 1.
76.38 0.95 7.03 . . 73.96¢ 0.22 s.62 3.06 3.06 75.%0 2.%51 1
69.38 0.95 4.03 . . 64.96 1.22 4.62 4.67 4.67 67.3%0 2.1 2.




Corrected Data

Initial First Step Second Step Third Step
Sample Process L A B L A B AEg L A B AE, AR, L A B AEg Atp
SET=Set 3 / Group 1 PROC! 8 -----
kRS DeNBeg 77 66 0.95 2.10 80.58 0.17 -2.2% 5.30 80.0S 019 -2.30 $.06 0.%3
g D+NB+S 79 .66 0 9% 7.10 81.58 1.17 -0.2% 7.60 76.08 1.19 0.70 7.35 .61
313 D+NB+S 69.66 1.95 4.10 73.58 1.17 -0.2% 7.19 70.08 1.19 -1.30 5.47 5.63
314 De¢NBs+S 79 66 -0.0S 5.10 83.58 0.17 -2.3% 8.33 83.05 0.19 -0.30 6.38 2.02
s D+NB+S 73.66 1.95 2.10 76.58 1.17 -3.2% 6.14 76.0% 1.19 -2.30 $.06 1.09
31Sr DeNBeS 71.92 1.17 1.7¢ 713.93 4.33 372 6.51 78.12 1.26 -0.89 6.74 6.20
316 D+NB+S 75.66 -0.0% $.10 78.53 -0.67 0.28 $.64 79.08 0.19 0.70 3.56 1.09
321 D+NB+§ 70.66 2.9% 4.10 76.%8 1.17 -0.23 7.%6 73 08 1.19 0.70 $.82 1.80
322 DeNB+§ 70.66 0.9% 6.10 7s5.%8 0.17 -0.2% 8.07 80.0% 0.19 0.70 10.86 4.57
323 DeNBeS 79.66 -0.0% $.10 85.38 2.17 -0.25% 8.28 85.08 1.19 -0.30 7.73 1.12
SET=Set 3 / Group 2 PROC! ---
ER3Y D+NB+C 68.66 0.9% 3.10 74.58 -0.83 -3.2% 8.86 72.08 0.19 -1.30 5.61 3.3%
332 D+NBeC 80.66 0.95 1.10 82.58 1.17 -1.2% .04 . 82.09 0.19 -1.30 2.88 1.12
33 D+NB+C 75.66 -0.0S 2.10 e1.s58 1.17 -2.3% 7.45 . 79.03 0.19 -1.30 4.81 3.87
334 D+NB+C 72.66 0.93 4.10 76.38 0.17 -0.2% 5.91 77.08 1.19 0.70 $.56 1.47
338 D+NB+C 74.66 0.9% $.10 80.58 0.17 -0.2% 8.02 82.03 0.19 0.70 8.63 1.7%
3)Sr DeNBeC  79.92 2.17 6.7¢ 78.53 0.33 -0.72 7.81 82.12 1.26 2.11 5.21 4.66
136 D+NBeC 75.66 -0.0% 6.10 84.5) 0.3) 2.28 9.67 86.08 0.19 1.70 11.29 1.63
ja DeNB+C 85.66 0.9S 6.10 79.58 0.17 -1.2% 9.57 . - 80.0% 1.19 0.70 7.79 2.25
342 D+NBeC 88.66 1.95 $.10 83.s58 0.17 -1.2% 8.32 . . 8).08 0.19 -1.30 8.69 0.53
343 DeNBeC  74.66 1.9% S.10 77.58 0.17 1.7% 4.79 . . 77.09 0.19 1.70 4.51 0.%3
SETe8et ) / Group 3 PN
351  DeNBer  72.66 1.9% S.10 77.%8 1.17 -0.2%5 7.31 . . . 76.03 1.19 0.70 S.61 1.80
332  DeNBeP 77.66 0.95 6.10 79.58 1.17 2.75 3.87 . . . 82.08 1.19 3.70 S.01 2.6%
353 DeNBeP 78.66 0.95 2.10 82.58 0.17 -1.2% 5.23 . 83.05 0.19 -1.30 S5.60 0.47
IS4  DeNBeP 72.66 1.9% 4.10 01.58 0.17 -0.25 10.08 . . . 7%5.05 0.19 2.70 3.28 7.17
3335 DeNBeP 73.66 0.95 4.10 74.58 1.17 1.7% 2.3 . . 75.05 0.19 -0.30 4.68 2.32
3SSr  DeNBep 77.92 1.17 6.7¢ 71.%3 0.33 -0.72 9.86 . . . . . 76.13 0.26 3.11 5.0 3.3
356  DeNBeP  79.66 -0.05 3.10 82.53 0.33 1.28 3.42 . . . . . 82.035 0.19 -0.30 4.16 1.66
361  DeNBeP 73.66 3.95 4.10 61.58 1.17 -1.25 .45 . . . 63.05 1.19 -0.30 9.03 1.7%
362 DeNB+P 77.66 0.95 S.10 85.58 1.17 -2.25 10.81 . . . 80.05 0.19 -0.30 S5.95 5.9%
363 DeNBeP 73.66 -0.05 7.10 80.358 0.17 0.75 8.04 . . 78.08 0.19 1.70 S.31 2.70
8ETeget 4 / Group 1 PRC 8
411  DeBes 77.12 83.3) -0.67 -3.72 6.75 83.05 -0.81 -0.30 6.21 3.46 82.91 -0.6% -2.05 S.87 1.76
412 D+BeS 77.92 76.33 - 0.33 0.28 4.73 76.0% 0.19 8.70 4.49 8.4 7).91 -0.69 2.95 e 6.20
413 DeBes 82.92 63.53 0.33 4.28 4.58 83.05 1.19 7.70 1.08 3.56 75.91 1.31 4.95 7.97 7.6%
414  D+B+S 86.92 84.53 0.3 0.28 7.45 87.0%5 0.19 4.70 3.61 5.09 82.91 0.31 32.95 6.21 4.50
415 D+BeS 84.92 85.5) 1.33 2.28 S5.62 85.05 0.19 4.70 3.04 2.72 81.91 0.31 3.95 4.8¢ 3.23
413z D+Bes 79.12 $3.05 1.19 -0.30 8.51 635.12 0.26 6.11 6.10 6.80 81.25 0.34 2.71 4.96 S.1%
416 DeBes 78.92 79.53  0.33 -2.72 8.48 80.05 -0.81 -0.30 6.22 2.73 81.91 -0.6% -2.05 6.39 2.56
421  DeBes 70.00 79.5) 1.3 2.28 9.83 79.05 0.19 1.70 9.65 1.37 7%.91 0.31 -0.05 7.7 3.60
422 D+Bes 70.00 82.33 0.33 -0.72 12.79 85.05 -0.81 -0.30 15.25 2.80 78.91 -0.69 -2.05 9.79 6.39
423  D+Bes 80.92 77.83  0.33  2.28 4.19 76.05 0.19 4.70 2.87 2.48 76.91 0.31 1.95 ¢.89 2.98
4 / Group 3 PROC! D+B+C
431 DeBeC 77.92  1.17 4.74 78.53 0.33 1.28 3.61 78.05 0.19 4.70 0.99 3.46 76.91 0.31 1.95 3.09 3.98
432  DeBeC 77.92 1.17 6.74 70.53 0.33 4.28 4.58 75.0%5 0.19 S5.70 4.29 3.76 75.91 0.31 4.95 4.38 1.15
433 DeBeC 79.92  0.17 3.74 81.53 0.33 1.28 2.94 £0.05 -0.81 2.70 1.4) 2.35 79.91 0.31 1.9%5 1.80 1.36
434 DeBeC 84.92 0.17 7.74 85.53 0.3 2.28 5.50 80.05 0.19 8.70 4.96 8.44 81.91 -0.69 4.95 4.19 4.20
435  DeBeC 73.92 2.17 6.74 74.53 1.33 6.28 1.1¢ 76.05 1.19 .70 3.11 2.20 73.91 1.31 3.9% 2.92 2.27
435r  D+BeC 71.12 2.23 7.19 73.05 3.19 S5.70 2.44 77.12 1.26 S.11 6.42 4.23 75.25 1.3¢ 3.71 .16 3.04
436  DeBeC 78.92  4.17 2.74 81.33 0.33 -0.72 S5.79 83.05 -0.81 4.70 6.76 S5.74 80.91 -0.69 -0.05 S$.95 S.21
441  DeBeC 79.92  2.17 6.7¢ 80.53 1.3 2.28 4.58 1.05 0.19 3.70 3.80 1.89 79.91 1.31 1.95 4.87 32.37
442  DeBeC 70.12  0.22 0.19 76.53 -0.67 -2.72 7.10 79.05 0.19 -1.30 9.05 3.02 78.91 -0.69 -3.05 9.41 1.96
443  DeBeC 81.12 0.22 7.1 79.53 1.33 2.28 5.28 81.05 0.19 3.70 3.49 2.37 79.91 0.31 3.95 4.41 1.)7
SET=Sot 4 / Group ) PRC
79.92 1.17 8.74 78.33 0.3) -0.72 78.08 1.19 4.70 2.14 S5.51 78.91 1.31 1.9% 3.92 13.s8
81.92 0.17 4.74 81.53 0.33 0.28 81.05 -0.81 2.70 2.42 2.72 80.91 0.31 0.95 3.92 2.08
78.92 2.17 3.74 85.53 0.33 86.05 0.19 1.70 7.68 1.52 80.91 0.31 -1.035 5.51 5.8}
73.00 1.31 6.87 823.33 0.3) 83.05 0.19 4.70 10.34 0.68 80.91 0.31 13.95 8.49 23.27
81.92 23.17 1.3 87.05 0.19 3.70 6.28 6.13 82.91 0.31 1.9 S5.23 4.30
79.12 1.22 0.19 84.12 1.26 4.11 35.42 S5.62 81.25 0.3¢4 -1.29 7.8) 6.18
79.92 1.17 0.33 8.05 -0.81 3.70 2.92 3.90 79.91 0.31 1.9% 2.92 2.79
79.92 1.17 0.33 . 79.05 1.19 5.70 2.22 3.82 78.91 0.31 1.9 4.02 1.9
73.92 2.17 0.33 -1.72 9.81 79.08 -0.81 0.70 .47 2.73 76.91 0.31 -0.0% 7.65 3.5
80.92 1.17 0.33 -1.72 3.61 83.05 -0.81 2.70 3.06 4.81 81.91 -0.69 -0.05 2.76 3.98
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