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Abstract
Background: White spot lesions (WSLs) on dental enamel have been
an ongoing dilemma for orthodontists. Patients with fixed orthodontic
appliances (braces) appear to have significantly more WSLs. Past
research has explored the treatment of these lesions with various
remineralising agents, many of which that have relied on patient
compliance. A novel intra-oral releasing device (NIRD) has been
developed at the University of Otago, and can be used during active
orthodontic treatment to address WSLs, and is patient compliance
independent.

Objectives: The first objective was to investigate the effects of casein
phosphopeptide - amorphous calcium phosphate in Tooth Mousse®
(TM) and 0.05% daily acidulated sodium fluoride mouthrinse (F) on
WSLs in patients undergoing orthodontic treatment and patients who
had recently completed their treatment. The second objective was to
compare the effectiveness of TM applied using NIRDs with
conventional F application. The third objective was to explore diagnosis
and quantification of white spot lesions by means of light induced laser
fluorescence DIAGNOdent® (DD) and digital photographic analysis.
The fourth objective was to determine the effects of TM or F treatment
on Lactobacilli (LB) counts, enamel tactility, plaque acid production
and to consider the effects of diet; oral hygiene; decayed, missing and
filled teeth (DMFT); socio-economic status (SES) and frequency of
product use.

Methods: Thirty-six participants were recruited, and they were
randomly allocated into either TM group (18) or F group (18). They
were further divided into those undergoing orthodontic treatment and
those that had recently had their appliances removed (braces debonded).
TM was applied in NIRDs at each review appointment in the treatment
group and in a thermoformed tray in the debonded group. F mouthrinse
was used as per manufacturers instructions (Colgate®, FluoroCare 200,
0.05% acidulated phosphate fluoride, equal to 900 ppm fluoride ion,
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cool mint flavour, USA) in both F groups. Sixteen participants were
reviewed for eight weeks and twenty were reviewed for twelve weeks.
WSL progression or regression was monitored using colour image
analysis of digital photographs. Colour histogram values, size and
roundness were measured in all participants. Thirty-five photographs
were randomly selected from the photograph data set and assessed using
a 4-point visual analogue scale. Nineteen postgraduate students and staff
took part in this evaluation. White spot lesions were also quantified with
DD. The effect of treatment on Lactobacilli (LB) counts, enamel
tactility and plaque acid production was also assessed. Finally,
confounders such as diet; oral hygiene; DMFT; SES and frequency of
product use were analysed.

Results: All participants completed the study. Seventy percent of
participants lived in a fluoridated-water area (0.7 - 1.2 ppm). The
majority of these participants had diets that were high in acids and
sugars. A mixed effect restricted maximum likelihood (REML)
regression model found no significant differences at either 8 or 12
weeks of treatment. There were no statistically significant differences
between TM or F treatment; however, trends did demonstrate a small
reduction in the means for some colour histogram values of the WSLs
after twelve weeks of treatment. There were no differences in colour
analysis between participants in active treatment or participants who had
recently been debonded. DD and size measurements resulted in similar
findings, that there were no significant differences between TM or F
treatments. There were mixed responses from the participants towards
the NIRDs, overall they were well received. On average they lasted for

2.2 days after insertion. Roundness measurements demonstrated
statistical significance after six visits (P

=

0.00). Lesions became more

irregular after 12 weeks of treatment. There was also statistical
difference between TM and F groups (P = 0.04), where the F group had
a larger increase in roundness score than the TM group. There were no
significant changes in plaque acid production and enamel tactility
measurements after 12 weeks of treatment.

Plaque scores and LB
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counts were higher in those participants with fixed appliances than in
those without. A reduction in plaque scores at visits 4, 5, and 6 was
detected for all participants. LB counts reduced with treatment, but this
was not statistically significant. No statistically significant effect on
treatment outcome was found related to: diet; oral hygiene; DMFT; SES
or frequency of product use.

Conclusions : No statistically significant differences were found with
TM or Fused for 8 or 12 weeks on the colour, size or fluorescence of
WSLs. There were, however, trends indicating slight improvement over
time. The NIRD provided a method that was compliant independent, of
delivering potential remineralising agents to cervical white spot lesions
and with some improvement, may provide a useful adjunct in the
treatment of WSLs. However, the efficacy of the agents and the ability
of the NIRD to retain the material need to be investigated further. The
results of this study indicate that WSLs do not show quantitative or
qualitative improvement over a short duration in response to either
fluoride or Tooth Mousse application.
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Preface

The main body of this thesis is divided into four chapters.
The first chapter (1) is a review of the literature pertaining to the process of
demineralisation, remineralisation, and the role of casein phosphopeptide amorphous calcium phosphate (CPP-ACP) and fluorides in remineralisation,
assessment of demineralisation and caries risk assessment.
The second chapter (2) describes the methodology used to investigate the effects
of Tooth MousseR (TM) and fluoride (F) on white spot lesions in patients that
were undergoing orthodontic treatment and those that had recently had their
appliances removed (debonded). It outlines the use of DIAGNOdent (DD) and
image analysis of digital photographs in the diagnosis and quantification of
white spot lesions. These two techniques are then compared with the assessment
of colour photographs using a 4-point scale. Finally the measurement of
Lactobacilli (LB) counts, plaque tactility and plaque acid production 1s
described, along with the collection of information regarding other confounders
relevant to the dental caries process.
The third chapter (3) documents the results: descriptive and treatment effects.
Results due to treatment were determined by image analysis of changes in
colour histogram values and changes in size and roundness of lesions. DD
measurements and clinical grading of lesions using a 4-point scale were also
used. Measurements of changes in LB counts and plaque acid production and
plaque scores are also analysed.
In the final chapter (4) the findings are discussed and conclusions are drawn.
A copy of the data collected for this research has not been included owing to its
volume; however, copies are available from:
Dr Andrew Quick, Department of Oral Sciences, School of Dentistry,
University of Otago, Dunedin.
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1.1 Introdu ction
For over a century, the field of orthodontics has offered patients improvement in
aesthetics and function through the correction of mal occlusion. In the last three
decades there have been revolutionary changes in orthodontic technology (such
as temporary anchorage devices, indirect bonding, pre-adjusted brackets),
leading to vast improvements in treatment outcomes that were previously
difficult to achieve. However, despite these advances, 'white spot' lesions
(WSL) on the enamel surface continue to compromise treatment goals and can
ultimately lead to an aesthetic failure of orthodontic treatment. These lesions are
the result of mineral loss that occurs in the process of demineralisation.
Demineralised enamel produces greater amounts of light scattering than sound
enamel due to the fact that penetrating light photons change direction more
often in carious and demineralised compared to sound enamel (Verdonschot and
Angmar-M~msson,

2003). This results in the lesion appearing whiter than the

surrounding enamel and thus forms the optical phenomenon "the WSL"
(Ogaard et al., 1988a; Ogaard et al., 1988b). Demineralisation is strongly linked
to poor oral hygiene, where tooth enamel experiences prolonged contact with
acid-producing plaque, therefore predisposing it to mineral loss. Ciancio et al.
(1985) demonstrated that orthodontic appliances make plaque removal more
difficult and so there is more plaque retention. Studies have shown that patients
with fixed orthodontic appliances have significantly more demineralisation than
those who have not had treatment (Gorelick et al., 1982; Ogaard, 1989). The
prevalence of WSLs has been estimated to range from 2 - 96% in all patients
that have received fixed orthodontic treatment (Gorelick et al 1982; Mizrahi,
1982; Mitchell, 1992).
Fluoride (F) has been researched extensively to determine its role in the
prevention of dental caries (de Oliveira et al., 2002; Marinho et al., 2003;
Marinho et al., 2004(a); Marinho et al., 2004(b); Ijaz et al., 2010). Its use in
orthodontics for the prevention and treatment of demineralisation dates back to
the 1970s (Zachrisson, 1975). Several authors have suggested that treatment
1

modalities for orthodontic WSLs should involve oral hygiene instructions and
regular fluoride mouthrinses (Ogaard et al., 1988b; Mitchell, 1992; Boyd,
1993). These methods rely heavily on patient compliance, which can be as low
as 13% (Geiger et al., 1992). Understanding the lack of patient compliance is
important as it plays a significant role in the management of demineralisation.
These limitations redirect our attention to the improvement of treatment
modalities. In the Department of Oral Sciences at the University of Otago, focus
has been directed to compliance independent management of demineralisation
lesions, using novel intra-oral releasing devices (NIRDs) that use commercial
remineralising agents. These NIRDs have been designed and manufactured
specifically to target these remineralising agents directly onto the affected
lesions.
More recently, enamel remineralisation research has focused on casem
derivatives, in particular Recaldent

TM

Tooth Mousse® (TM). Animal studies,

in vitro, and in situ studies have demonstrated the ability of different casein
derivatives to aid in the remineralisation process (Reynolds and Johnson, 1981;
Reynolds and Black, 1987a; Reynolds and Black, 1987b; Reynolds and Black,
1989; Reynolds et al., 1995; Reynolds, 1997; Guggenheim et al., 1999; Shen et

al., 2001; Hay and Thomson, 2002; Reynolds et al., 2003; Cai et al., 2003, Hay
and Morton, 2003; Iijima et al., 2004; Itthagarun et al., 2005; Kowalczyk et al.,
2006; Walker et al., 2006; Oshiro et al., 2007; Schirrmeister et al., 2006; Cai et

al., 2007; Cochrane et al., 2008; Kumar et al., 2008). There have only been
three randomised clinical trials (Andersson et al., 2007; Bailey et al., 2009;
Brochner et al., 2010) that have investigated TM effects in vivo. It is
fundamental that the introduction of new remineralising agents be vigorously
tested and compared to the current standard before they can be established as
clinically effective. New products must also demonstrate a benefit above and
beyond what would naturally occur in the oral environment. Currently, there is
limited information regarding the efficacy of TM compared with F in patients
undergoing orthodontic treatment and those that have recently been debonded.
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Many of the current diagnostic tools for assessing WSL are highly variable.
There have been few randomised controlled clinical studies that have looked at
the diagnosis, quantification and treatment of WSLs in patients that are
undergoing fixed orthodontic therapy. This study investigated diagnostic
methods and treatment options to better inform clinicians and patients regarding
the treatment of WSL both in patients undergoing fixed appliance therapy and
those that have recently completed orthodontic treatment. It has also considered
various aetiological factors associated with the demineralisation process.
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1. 2 Review of the Literature
1.2.1 ENAMEL DEMINE RALISAT ION
1.2.1.1 Structure of Enamel
At low magnification, enamel is the hard, inert, acellular outermost layer of the
tooth. It is made up of approximately 96% inorganic material in the form of
apatite crystals, and the remainder is made up of water and organic material.
Enamel surrounds the less mineralised, less resilient and vital dentine tissue.
The dentine is formed from and supported by the dental pulp, which is a soft
connective tissue containing the tooth's blood supply and innervation system
(See figure 1).

Figure 1. A diagram of the structure of a tooth.
(http://www .deadwooddental.corn/treatment.html)
At high magnification, Enamel is a crystalline structure that is comprised of
99% calcium phosphate crystals by dry weight (Ten Cate et al., 2003). The
repetitive pattern of the calcium, phosphate and hydroxyl ions resembles
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hydroxyapatite mineral: Ca 10 (P04 )6 (OH) 2 . Ameloblast cells which are
responsible for enamel formation are visible during enamel deposition, but are
lost during tooth eruption. Anthropomorphologically, after tooth emergence,
enamel is a non-vital tissue that cannot be replaced or regenerated (Ten Cate
and Nanci, 2003). Enamel crystals measure 50 nm in width and greater than 100
11m in length. They are tightly packed together in a repetitive pattern to form a
crystalline lattice structure. These crystals are arranged to form rods separated
by an interrod substance. This also consists of apatite crystals but an·anged in a
different fashion from those in the rod structure (See figure 2). Perikymata are
the pits around the enamel rods. Perikymata are surface markings that reflect
regular growth increments during tooth development (Dean, 1987). They appear
on the surface of enamel as a series of grooves. Each perikyma is thought to
take approx. 7 - 8 days to form and thus the count of these lines may be used to
assess how long a tooth crown took to form. These perikymata layers may
disappear during enamel wear or demineralisation. Additionally, they indicate
the termination of Stiae of Retzius.

Owing to the high mineral content of enamel, the physical properties of enamel
are very similar to those of hydroxyapatite. Both enamel and hydroxyapatite are
translucent and similar in their density. Hardness values measure 430 Knoop
hardness number (KHN) for hydroxyapatite and 370 KHN for enamel. Enamel,
however, contains proteins and other materials such as carbonates and trace
elements such as fluoride. The inclusion of carbonate in enamel makes it more
soluble (Nelson, 1981). The opposite occurs with fluoride inclusion as enamel
becomes less soluble (Moreno and Zahradnik, 1974; Moreno et 1., 1974).
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Figure 2. An electron micrograph of enamel crystals organised in bundles called
rods, green (rods) and black (interrod) structure, magnification has not been
specified, the average diameter of rods are 4-8 )..lm.
(http://www.xenophilia.com/zb/zbOO 17/EnamelPrismscolor.jpe).

1.2.1.2 Enamel dissolution
Enamel mineral can dissolve in water. As water molecules separate ions from
the crystal lattice structure, they reduce the attractive forces between the two
oppositely charged ions. When one unit of solid hydroxyapatite dissolves a
resultant five calcium ions, three phosphate ions and one hydroxyl ion are
released into solution. This continues until the water solution is saturated in
respect to the mineral. Acid (H+) can affect the rate of dissolution. For example,
when the pH of water is changed, H+ ions will interact with phosphate and
hydroxyl ions to form hydrogen phosphate and water.
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This will cause the solution to become unsaturated. More minerals will dissolve
until equilibrium is reached. As the pH reaches 6.0, equilibrium is reached and
dissolution ceases. Dissolution can also be slowed down by the introduction of
more calcium and phosphate ions to increase the saturation of the solution, in
respect to hydroxyapatite (Ten Cate et al., 2003). When the net loss of minerals
reaches a certain level, the reduction in pore volume can be seen clinically as a
WSL. These lesions are usually the first sign of demineralisation.

1.2.1.3 Oral microflora: plaque
There have been over 300 species of bacteria identified in the mouth (Marsh
and Nyvad, 2003). Different species colonise and flourish better in selective
areas in the oral cavity. For example, anaerobic species prefer the interproximal
areas between teeth, S. salivaris prefers to inhabit mucosal surfaces and S.

mutans prefer hard surfaces (dental enamel) in the oral cavity. Newborn babies
have sterile oral cavities at birth. Bacteria are introduced through water, food
and saliva. Transmission of bacteria has been shown to be predominantly via
their mothers (vertical transmission) (Li and Caufield, 1995; Berkowitz, 2003;
Berkowitz, 2006).
Saliva can act mechanically to wash away bacteria but it can also aid in the
growth of oral microflora through the maintenance of pH, temperature and
nutrients (Marsh and Nyvad, 2003). A diet rich in carbohydrates and sucrose
promotes aciduric bacterial growth. Fermentable carbohydrates are metabolised
by bacteria and acid is a byproduct of this process. A diet high in sucrose can
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affect the composition of microflora in the mouth, as it tends to select for
species of bacteria that prefer acidic environments.
Dental plaque deposits begin with pellicle formation. This consists of salivary
glycoproteins, phosphoproteins, lipids and components of the gingival
crevicular fluid (Marsh and Nyvad, 2003). The pellicle not only provides a
selectively permeable membrane for the transport of ions in and out of enamel,
but also provides a surface for bacteria to bind to. The initial colonisers are
mainly Streptococci sanguinis, Streptococci oris and Streptococci mitis (Nyvad
and Kilian,

1990). These initial plaque colonisers flourish in acidic

environments. Mutans streptococci also have the ability to synthesise
extracellular polysaccharides, which act as a barrier preventing the diffusion of
acid away from the enamel surface. At two days, plaque has the ability to
produce sufficient acid to cause the demineralisation of enamel (Imfeld and
Lutz, 1980). These results were obtained from a very small study of one 14-year
old adolescent and two 7-year old boys prior to fixed appliances treatment.
They all wore removable appliances that incorporated miniature glass pHsensors. Measurements of pH were taken over a six-day period. Instructions not
to perform oral hygiene except for water rinses to remove food debris were
given. Sucrose rinses were also given routinely and the plaque pH recorded.
Owing to the small sample size of this study, the results should be interpreted
with caution, as they will not represent all groups in the population. After the
initial

colonisation by

Streptococci

species,

microbial

succession by

actinomyces species occurs (Syed and Loesche, 1978). This study looked at the
plaque of 25 participants who did not brush their teeth for 21 days. They found
approximately 40-50% of the colony forming units were predominately
actinomyces species at two to three weeks. Dental plaque was fully mature at
around two weeks. Lactobacilli (LB) may also play a role in lesion progression
as they are acidogenic and flourish when the lesion has been established or
when saliva flow is reduced (Marsh and Martin, 1999)
It has been reported that orthodontic patients have increased levels of Mutans

streptococci and LB (Rosenbloom and Tinanoff, 1991; Lundstrom and Krasse,
1987a); these species have also been implicated in caries incidence (Lundstrom
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and Krasse, 1987b). Twetman and coworkers (1994) found that the number of
Mutans streptococci in saliva was correlated to caries increment.

1.2.1.4 Specific and non-specif ic plaque hypothesis
The specific plaque hypothesis proposes that there are both canogemc and
commensal organisms in plaque. The non-specific hypothesis suggests that it is
the nature of the bacterial interactions that play a role in demineralisation.
Marsh (1994) incorporated his view into the modified ecological plaque
hypothesis (Figure 3), which postulates that if the balance of plaque microflora
was disturbed then this would favour demineralisation. A drop in the pH of the
oral cavity is one possible cause. In addition, Van Houte (1994) proposed that
plaque is only one part of a complex system that results in dental caries. Other
factors include saliva imbalances and carbohydrate consumption.

ECOLOGICAL PLAQUE HYPOTHESIS
AND PREVENTION OF CARIES

FERMENTABLE
SUGAR

NEUTRAL

ACID

LOW
pH

pH

S. out/Is

S. sanguis

MS
t..actobaellll

REMINERALIZAT!ON

DEMINERALIZATION

Figure 3. The ecological plaque hypothesis and the etiology of caries. The
diagram depicts a dynamic relationship whereby a shift in the pH of the oral
cavity will cause a change in the resident microflora, thus favouring
demineralisation (Marsh, 1994).
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1.2.1.5 Enamel demineral isation: multifacto rial etiology
Demineralisation is the destruction of a tooth's calcified tissues, often by acid
produced by bacteria found in plaque. It can also occur as a result of frequent
exposure to dietary acids and gastric acid from gastro-oesophageal reflux.
Demineralisation begins at the enamel and can progress to affect dentine,
cementum, and eventually the pulp. It has a multifactorial pathogenesis. This
involves having a susceptible tooth surface, plaque, substrate and sufficient
contact time with the tooth (Murray, 1989). A combination of factors is
involved in the initiation and progression of demineralisation. These factors
include: a decrease in resting pH below 5.5; a reduction in buffering capacity of
saliva; poor oral hygiene; an increased frequency of intake of fermentable
carbohydrates, and a depletion of fluoride reserves in plaque (Graber et al.,
2004) (Figure 4). All these factors together create the perfect environment for
enamel demineralisation to occur.

Social class

Buffer
capacity

composition
frequency
Microbial

Att ttudes

Figure 4. Schematic illustration of the multifactorial nature of the caries
process. The factors in the inner circle act at the tooth surface. The outer circle
includes more distant factors (Fejerskov et al. , 2003).
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Bacteria found in the plaque biofilm have the ability to ferment carbohydrates,
thereby producing acids that cause dissolution of the ions out of the enamel
crystal lattice structure (Murray, 1989; Arends et al., 1987). These early
changes in enamel demineralisation are the first step in the development of a
cavitated carious lesion. Dental caries develops in areas where plaque remains
stagnant and cannot be easily removed by either oral hygiene measures or by
daily functions like mastication. However, the presence of plaque does not
necessarily guarantee the presence of cariogenic disease. There is a dynamic
equilibrium between the minerals found in tooth tissue and the oral
environment.

If there is a change in pH due to the fermentation of

carbohydrates, there will be a change in this equilibrium. A pH drop will induce
more minerals to dissolve out of the tooth structure and into the oral fluids, and
there will be a net outward diffusion of calcium and phosphate ions from the
hydroxyapatite lattice of enamel (Featherstone, 2008). When the net outward
diffusion reaches a certain level, this can be seen clinically as a WSL.

1.2.1.5 Orthodontic WSLs
WSLs are usually the first sign of enamel demineralisation. Their development
has been considered the most significant iatrogenic effect of fixed appliance
therapy (Ogaard, 2008), and can occur in as little as four weeks (O'Reilly and
Featherstone 1987, Ogaard et al., 1988a). Previous reports of the prevalence of
demineralisation have been inconsistent. Mitchell (1992) reported a 0 - 95%
range of prevalence. This wide range can be due to differences in study design,
method of lesion assessment and, possibly, incorrect diagnosis of WSL. WSLs
can be classified as either subsurface or surface lesions. Subsurface WSLs have
a hard, shiny outer surface with an underlying subsurface lesion. This is due to
the process of demineralisation, which is initiated below the enamel surface (or
was a surface lesion that remineralised on the surface only). Surface WSLs
occur at a later stage when the subsurface lesions enlarge and have a rougher,
more porous surface than normal enamel (Fejerskov et al., 2003). At three to
four weeks, there is complete dissolution of the perikymata. These perikymata
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can also fracture, creating microcavities . Within the microcavities the striae of
Retzius (incremental growth lines seen in enamel, they appear as concentric
rings as seen in cross section) and the rod pattern of the enamel may be visible
(Figure 5).

Figure 5. Scanning electron micrograph of an inactive enamel lesion with a
microcavity (Fejerskov et al. , 2003).
Distribution of WSLs are highly variable (Table 1). The variation can be
attributable to differences in appliance use at the time of the study, for example
the reduction in the use of orthodontic bands. As an illustration, Ogaard (1989)
found mandibular and maxillary first molars to be highly susceptible. More
recently, Lovrov and coworkers (2007) found the greatest incidence in the
premolar teeth, followed by the canines and incisors, and the smallest incidence
occurred in the molar teeth. Gorelick and coworker' s (1982) early observation
of an increased incidence on the maxillary lateral incisors and canine teeth is
still applicable.
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Study

I

Lesion distribution

Gorelick et al.,

Maxillary laterals and canines and mandibular

1982.

molars

Mizrahi, 1982.

Maxillary centrals and laterals Mandibular
molars

Artun and

Maxillary laterals and canines

Brobakken,
1986
Ogaard, 1989

Maxillary first molars and Mandibular first
molars

Geiger et al.,

Maxillary canines and lateral incisors and

1992

Mandibular canines and first premolars

Lovrov et al,

34.8% premolars, 27.5% canines and incisors

2007

and 11.5% molars

Table 1. Distribution ofWSLs following fixed orthodontic treatment.

Unlike later progressing carious lesions that extend through the full thickness of
enamel and even into dentine, WSLs have an intact surface layer of enamel. The
demineralisation occurring underneath this layer is often described to be
triangular shaped. The lesions shown in Figure 6 are deepest in the middle with
reduced depths at the edges. Superficial to the intact enamel layer is the
translucent zone, where there is an absence of crystalline structure. Next is the
dark zone, where there is a further increase in volume of space due to
demineralisation. The final area is the body of the lesion, where there is
maximum tissue destruction (Gorelick et al., 1982).

Histologically, each of these zones has a different percentage pore volume.
These range from the areas of least dissolution at 1% pore volume, to the
greatest areas of tissue destruction of 20% pore volume, in the central body of
the lesion (Figure 6). This pattern of demineralisation can vary as lesions often
experience alternate periods of remission and activity. Lesions that have
experienced both demineralisation and periods of mineral deposition can have
wider dark zones than others. As lesions progress, demineralisation tends to
follow the direction of the enamel rods. A recent publication produced
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spectacular 3D reconstructions of subsurface enamel lesions usmg X-ray
microtomography (XMT). 3D images were generated showing the mineral
density distribution of the lesions without destroying enamel. This research was
performed on extracted wisdom teeth and confirmed that demineralisation
followed the direction of the enamel prisms. It also suggested that
demineralisation was related to the mineral content in enamel, in particular the
carbonate and magnesium content (Dowker et al., 2003).

A

B

c

Figure 6. A and B: Ground sections cut through the centre of an enamel lesion
examined under polarized light after the inhibition of water. 1: Surface Zone; 2:
body of the lesion; 3: dark zone; 4: translucent zone. C: diagrammatic
representation of pore volume distribution in different areas of the lesion
(Fejerskov et al., 2009).

At a microscopic level, dissolution of the enamel surface may occur in one
week if active dental plaque is left undisturbed. There is a widening of the
spaces between the crystals and the depth of enamel destruction ranges between
20-100 !!ID. After 14 days, visible changes can be seen clinically with air-drying
of the tooth surface. The clinical manifestation is a white opaque lesion: the
WSL. There is a preference for further mineral loss to occur in dental tissue
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immediately beneath the outer surface of enamel. This subsurface lesion
increases in porosity as more minerals are removed. After three to four weeks,
the thin perikymata exhibit dissolution characteristics (Figure 7). Intercrystalline spaces continue to enlarge and clinically signs of this are visible
without air-drying (Fejerskov et al., 2009). The chalky, opaque appearance is
due to direct erosion on the surface of enamel and an increase in porosity due to
the loss of mineral. This causes a change in translucency of enamel. Erosion
reduces the shiny surface appearance of enamel, as it no longer retains the same
light reflective properties of intact enamel.

Figure 7. Scanning electron micrograph of enamel surface after 4 weeks of
dissolution. There is marked loss ofperikymata overlap (Fejerskov et al., 2009).

The protective mechanism behind the 10-30

~-tm

of intact enamel at the surface

of these early enamel lesions is unclear. It is thought that saliva and its various
constituents play a role in preventing the dissolution of this surface layer.
Stadherin, a macromolecule found in saliva has been implicated as an inhibitor
of demineralisation (Hay, 1984). It has been shown to prevent the precipitation
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of calcium phosphate from enamel. The presence of fluoride in oral fluids is
also believed to play a protective role in maintaining the integrity of this surface
layer (Featherstone, 2000).
In Farhadian and coworker's (2008) study, microphotographs were used to
visualise the depth of demineralisation and remineralisation. These images were
obtained from extracted premolars cut into 50 - 70 r.tm sections in a buccal to
lingual orientation, and were taken at a fixed magnification of 25 times the
actual size. Figure 8 shows a section using polarized light microscopy.
Polarized light allows differentiation of the WSLs. Farhadian et al. , (2008)
found fluoride varnish resulted in a mean depth reduction in WSLs of 40%
greater than that of the control group. This demonstrates the ability of high
concentration

fluoride

to

decrease

demineralisation

and

enhance

remineralisation around fixed appliances.

Figure 8. Photomicrograph of a section of demineralisation taken at a
magnification of 25 times (Farhadian et al., 2008).

Numerous studies have investigated the relationship between fixed appliances
and WSLs (Gorelick, 1982; Ogaard et al., 1988a). Gorelick et al. , (1982) found
that 50% of patients who had previous orthodontic treatment had an increase in
the presence of WSLs compared with 25% in the control group. A possible
explanation for this is that oral hygiene becomes difficult when patients have
16

fixed orthodontic appliances attached to their teeth (Cianco et al., 1985).
Appliances increase the surface area for plaque and food debris to attach to, and
this may result in the increase of populations of LB and Mutans streptococci
(Bloom and Brown, 1964; Lundstrom, 1987a). These lesions are usually located
close to the gingiva, where oral hygiene around the orthodontic bracket is
difficult. Finally, scanning microscopy studies have found that the distribution
of plaque and bacterial colonisation is mainly at the composite resin-enamel
interface (Gwinnett and Ceen 1979 and Sukontapatipark et al., 2001). This
rough unpolished adhesive surface can also be a risk factor for enamel
demineralisation as it provides a rough surface for bacteria to colonise
(Gwinnett et al., 1979).
Studies have shown that fixed orthodontic appliances induce a rapid increase in
bacterial numbers, accompanied by a lower resting pH (Chatterjee and
Kleinberg 1979; Gwinnett and Ceen 1979). Similarly, it has been demonstrated
that pH levels fall below critical levels for extended periods of time in fixed
orthodontic patients after carbohydrate consumption (Murray 1989). Below this
critical pH, enamel demineralisation is favoured. Figure 9 illustrates the effects
of pH after bonding. The resting pH is lowered as a result of an acid attack, and
can occur when a patient consumes food containing fermentable carbohydrates.
Bacteria present in the plaque biofilm at this time will ferment carbohydrates
and also produce acid. In a patient with poor oral hygiene, the pH will fall
below the critical pH and demineralisation occurs. If fluoride is used frequently,
the critical pH of enamel dissolution is 4.5 compared with 5.5 in the absence of
fluoride. In patients with good oral hygiene, fluoride is able to prevent lesions
from developing (Ogaard, 2008). Furthermore, the composition of the bacterial
microflora shifts to a more acidogenic microflora when orthodontic appliances
are in place. Elevated levels of S. mutans have been demonstrated in orthodontic
patients (Mattingly 1983; Jordan and LeBlanc 2002).
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Figure 9. Stephan curves in orthodontic patients with good or bad oral hygiene
(Graber et al., 2004).

Chang and coworkers (1997) summarised the interactions of specific factors in
relation to demineralisation and remineralisation in the orthodontic patient
(Figure 10). They later demonstrated that there were favourable changes in
saliva such as increase in flow and buffer capacity (Chang et al., 1999). The
unfavourable changes included increased plaque retention and numbers of
mutans streptococci (MS) and lactobaccili (LB). Risk factors considered
significant to orthodontic WSL progression and regression include: bacteria,
saliva, diet, pH, socioeconomic status, fluoride exposure, past caries experience,
and oral hygiene.
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Fixed orthodontic appliances
I
Favourable changes
increased salivary
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Figure 10. Hypothesised sequence of events and interactions that occur in
enamel demineralisation during fixed appliance treatment (Chang et al., 1997).
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1.2.2 ENAMEL REMINE RALISAT ION
Enamel remineralisation is a process whereby the mineral removed from dental
tissues during demineralisation is replaced. This process can occur as a result of
exposure of enamel to solutions that are supersaturated with calcium and
phosphate, with respect to hydroxyapatite. Calcium and phosphate found
naturally in saliva can diffuse through the enamel surface and into the lesion to
aid in remineralisation (Zero, 2009). The first requirement of this process is the
removal of acidic conditions. This occurs when either bacteria are not producing
acid, or ideally when plaque containing acid-producing bacteria are removed.
As the pH on the surface of the lesions increases to the resting pH, enamel fluid
can become supersaturated with minerals again. The main source of these
minerals is obtained via saliva although some are provided from crevicular
fluid. These minerals are then able to facilitate rebuilding crystals damaged
during the process of demineralisation (Feijerskov et al., 2003). Fluoride's
effectiveness in promoting remineralisation has been repeatedly demonstrated in
the literature (Marinho et al., 2002, Marinho et al., 2003; Marinho et al., 2004a;
Marinho et al., 2004b, Walsh et al., 2010). More recently there has been
considerable interest m the development of casem (bovine milk
phosphopeptides) derivatives. These products may provide additional calcium
and phosphates when they are not readily available in saliva (Reynolds and
Johnson, 1981; Reynolds and Black, 1987a; Reynolds and Black, 1987b;
Reynolds and Black, 1989). The remineralising potential of this material
appears to be further enhanced by the presence of fluoride (Reynolds et al.,
2008).

1.2.2.1 Casein phosphop eptide - amorphou s calcium
phosphate: Tooth Mousse® and orthodontics
Dairy products such as milk and cheese have been shown to play a role in the
prevention of dental caries (Reynolds, 1998). Casein, calcium and phosphate
have been isolated as the anticaries components in dairy foods (Reynolds and
Johnson, 1981; Reynolds and Black, 1987a; Reynolds and Black, 1987b;
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Reynolds and Black, 1989). Several studies investigating dental caries in rats
examined the effects of substituting sodium caseinate for the non-fat milk solids
usually found in chocolate (Reynolds and Black, 1987a; Reynolds and Black,
1987b; Reynolds and Black, 1989). They found that animals consuming the
casein rich chocolate had significantly lower smooth surface and fissure caries
scores than those that consumed normal chocolate (Reynolds and Black, 1987a).
Rosen (1984) demonstrated in both animal and human caries models that casein
phosphopeptide (CPP) was able to stabilise high concentrations of calcium and
phosphate ions, together with fluoride ions at the tooth surface. CPP stabilises
these ions allowing them to diffuse down concentration gradients into enamel
subsurface lesions to promote remineralisation. Reynolds' anticariogenic
phosphopeptides patent in 1991 was based on these claims. The mechanism
behind casein phosphopept ide- amorphous calcium phosphate (CPP-ACP) was
demonstrated in early research. Trypsin (arseline protease) had the ability to
trigger the release of four peptides from CPP. These in turn isolate calcium
phosphate. All CPP peptides contain the sequence Ser(P) - Ser(P) - Ser(P) - Glu
- Glu which stabilises amorphous calcium phosphate (ACP) nanoclusters and
localises ACP at the tooth surface (Reynolds, 1998; Reynolds, 1999). The Ser
(P) residues bind to ACP nanoclusters in supersaturated solutions, preventing
their growth and critical size transformations into crystalline structures such as
calculus (Reynolds et al., 1999). These CPP-ACP nanoclusters provide a
reservoir of calcium and phosphate that can be used during times of acid attack
from cariogenic bacteria on the tooth surface. This enables the state of
supersaturation of calcium and phosphate ions to be maintained. CPP-ACP
improves the bioavailability of these ions in the oral cavity and their delivery to
the tooth surface as demonstrated in a competitive binding study (Rose, 2000a).
He demonstrated that CPP-ACP competes for the same binding sites in dental
plaque as calcium. The advantage of CPP-ACP binding to these sites is that
there are roughly three calcium ions per unit of CPP-ACP. This increases the
number of potential calcium binding sites, which will consequently decrease the
amount of calcium lost during an acid attack. At a pH of 5.0, he also found that
there was a loss of binding sites as a result of neutralisation, but the rate at
which calcium was lost was still lower than if CPP-ACP was not present (Rose,
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2000a). CPP-ACP can also buffer the plaque pH by dissociation into calcium
and phosphate ions. This increases the pH and as a result decreases enamel
dissolution (Reynolds, 1997).

Reynolds and coworkers (2003) more recently used immunolocalisation
technology to demonstrate that CPP binds to ACP and becomes incorporated
into bacterial cell walls as seen in the electron micrograph picture below (Figure
11) and also onto macromolecues on enamel. This binding facilitates a calcium

reservoir within plaque that can aid in remineralisation or decrease
demineralisation (Rose, 2000b).

Figure 11 . Electron micrograph of supragingival plaque showing CPP-ACP as
electro-dense particles associated with the surface of bacteria and the
intracellular matrix (Reynolds et al., 2003).
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1.2.2.2 Animal experimen ts.
CPP-ACP complexes have been demonstrated to have anti-cariogenic properties
in laboratory animals (Reynolds and Johnson, 1981; Reynolds and Black,
1987a; Reynolds and Black, 1987b; Reynolds and Black, 1989; Reynolds et al.,
1995; Guggenheim et al., 1999). Early observations suggested that milk was
more effective at reducing caries incidence in Spague-Dawley rats rather than
reducing the cariogenicity of their diet (Reynolds and Johnson, 1981). More
recently,

Reynolds

and

coworkers

(1995)

inoculated

144 rats

with

Streptococcus sobrinus and fed them a cariogenic diet. By varying the
concentrations (0.1 %, 0.5%. 1.0% w/v) of CPP- CP, a dose-dependent reduction
in caries was seen with CPP- CP use.
Guggenheim and eo-workers (1999) found that both skim milk powder and
casein micelles could decrease the percentage of Streptococcus sobrinus in rats.
Casein micelles were used and these acted as a carrier for calcium phosphate. In
the same study (Guggenheim et al., 1999) casein micelles have also been shown
to have statistically significant effects in decreasing the incidence of fissure and
smooth surface carious lesions. It has been postulated that the ability of casein
to bind with calcium and phosphate ions to form stable complexes is an intrinsic
mechanism in the body that aids in calcium regulation (Cross et al., 2005). It
has also been postulated that milk proteins adversely affect bacterial adhesion in
rats via alterations in plaque microbiota (Guggenheim et al., 1999).

1.2.2.3 In vitro experimen ts investigati ng the effects of CPPACP on enamel demineral isation and remineralisation
Many in vitro studies have investigated the effects of CPP-ACP on
demineralisation and remineralisation. Many of these trials have found CPPACP promotes enamel subsurface lesion remineralisation and prevents enamel
demineralisation (Reynolds, 1997; Oshiro et al., 2007; Sudjalim et al., 2007;
Yamaguchi et al., 2007; Pai et al., 2008; Cochrane et al., 2008; Kumar et al.,
2008). In vitro studies are cost effective and less time consuming than clinical
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randomised controlled trials. There are also no ethical constraints on in vitro
tests. In vitro studies are ranked below the prospective randomised controlled
trial in the hierarchy of evidence (Healey and Lyons, 2002).
Previous studies have either used human teeth (Reynolds, 1997; Sudjalim et al.,
2007; Cochrane et al., 2008; Kumar et al., 2008) or bovine teeth (Oshiro et al.,
2007; Yamaguchi et al., 2007) in their experimentation. The main difference
between bovine and human enamel is their relative rates of demineralisation.
Featherstone

and

Mellberg

(1981)

demonstrated

that bovine

enamel

demineralisation progressed at a 3: 1 ratio when compared to human enamel.
Bovine enamel has been reported to be more porous than human enamel and,
therefore, demineralises faster. The advantages of using bovine enamel are that
it is more uniform in composition and readily available (Zero, 1995).

The majority of studies

used carbopol solution to induce artificial

demineralisation (Reynolds, 1997; Sudjalim et al., 2007; Cochrane et al., 2008),
Others used either acetic acid (Kumar et al., 2008) or lactic acid (Yamaguchi et
al., 2007; Pai et al., 2008). The concentration of CPP-ACP also varied between
studies. The concentrations tested ranged from 0.1% CPP-ACP up to 10%. Two
studies looked at a range of CPP-ACP concentrations (0.1%- 1.0%) (Reynolds,
1997; Cochrane et al., 2008).
Treatment duration of various studies ranged from 96 hours - 28 days. The
protocols of CPP-ACP application also varied substantially between studies.
Several studies immersed teeth in a CPP-ACP solution for a set amount of time
(Reynolds, 1997; Cochrane et al., 2008; Kumar et al., 2008). This immersion of
enamel specimens ranged from 2 hours to 10 days. The remaining studies
applied CPP-ACP as a topical cream for 3- 10 minutes at a time (Oshiro et al.,
2007; Yamaguchi et al., 2007; Pai et al., 2008). Sudjalim and coworkers (2007)
did not disclose the time that CPP-ACP remained on the tooth surface prior to
immersion in a demineralising solution.

Although

all

these

in

vitro

trials

involved

CPP-ACP

and

enamel

demineralisation, they all differed in their area of focus. Both Reynolds (1997)
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and Cochrane and coworkers (2008) looked at the remineralising effect of CPPACP at different acidity levels. They found that maximum remineralisation was
2
observed at a pH of 5.5 at a rate of 7.4 x 10 -s mol appatite/m /s. Kumar and
coworkers (2008) on the other hand explored the amount of remineralisation by

altering the mode of delivery- for example, using CPP-ACP as either toothpaste
or as a gel. They found the greatest remineralisation with CPP-ACP occurred
when it was applied as a gel in addition to using fluoridated toothpaste.
Sudjalim and coworkers (2007) examined the preventative effects of CPP-ACP
(1.0% (w/v) CPP-ACP) and 9000 ppm sodium fluoride gel on brackets bonded
with either composite resin or resin modified glass ionomer cement. Results
from these studies show that resin modified glass ionomer cement could
significantly reduce enamel demineralisation. Previously, an in vitro study has
also found glass ionomer cements may result in a zone of inhibition around the
bracket, where demineralisation does not occur (Vorhies et al., 1998). CPP-ACP
or sodium fluoride applications used in addition to composite resin for bonding
of fixed appliances helped prevent enamel demineralisation.
These in vitro studies have used various modes of lesion assessment. These
include: polarized light microscopy (Kumar et al., 2008), transverse
microradiography (Cochrane et al., 2008), quantified light induced fluorescence
(Sudjalim et al., 2007), field emision-scanning electron microscopy (Oshiro et
al., 2007), and light induced laser fluorescence DIAGNOdent (Pai et al., 2008).

These studies and many other in vitro trials provide some evidence for the effect
of CPP-ACP. Findings from in vitro studies should be interpreted with caution
as the results have been obtained under ideal laboratory conditions. The results
from in vitro trials can misrepresent what actually occurs in the oral cavity
where factors like saliva, diet, plaque, pH and their interactions play a dynamic
role. Simulation of the intra-oral complex and its interactions is very difficult to
obtain in a laboratory. Therefore, results from in vitro trials should not be
directly applied to clinical practice.
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1.2.2.4 In vivo experiments
CPP-ACP has been tested in numerous in vivo investigations (Shen et al., 2001;
Hay and Thomson 2002; Cai et al., 2003; Hay and Morton 2003; Reynolds et
al., 2003; Iijima et al., 2004; Itthagarun et al., 2005; Kowalczyk et al., 2006;
Walker et al., 2006; Andersson et al., 2007; Cai et al., 2007; Schirrmeister et
al., 2006). A majority of these were clinical trials investigating the effects of
CPP-ACP in chewing gum. One was a survey on dry mouth symptoms, and one
was an uncontrolled clinical trial. Eight of these were randomised clinical trials
with a cross-over design that measured the remineralising effects of CPP-ACP
with an in situ model (enamel slabs imbedded into a removable appliance).
Seven of these

studies

found

casein derivatives

were

effective

in

remineralisation. These trials have been reviewed recently in four papers
(Azarpazhooh and Limeback, 2008; Reynolds, 2009; Zero 2009; Pitts and
Wefel, 2009). Six of the 12 trials reviewed were conducted at the University of
Melbourne, under the supervision of Eric Reynolds. It has been recommended
that more quality evidence is required from different centres (Pitts and W efel,
2009) to validate the current claims for the effectiveness of CPP-ACP in
decreasing demineralisation and enhancing remineralisation (Azarpazhooh and
Limeback, 2008).

Various methods of delivery of CPP-ACP have been trialed in vivo
incorporating chewing gum, lozenges, pastes and mouthrinses (Shen et al.,
2001; Cai et al., 2003; Reynolds et al., 2003; Iijima et al., 2004; Bailey et al.,
2008). Milk containing CPP-ACP has also been trialed previously (Walker et
al., 2006). These different delivery systems can all differ in their affinity for
enamel and ability to stimulate salivary flow, as well as their overall duration in
the oral environment.

Concentrations of CPP-ACP reported in previous literature have also varied;
two studies specifically investigated the effects of different concentrations of
CPP-ACP (Shen et al., 2001; Cai et al., 2003). Shen and colleagues (2001)
looked at the effects of various concentrations ofCPP-ACP in gum (0, 0.19, 10,
18.8 and 56.4mg) on enamel demineralisation. Other chewing gum studies used
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concentrations ranging from 9.5 mg - 18.8 mg CPP-ACP. Cai and colleagues
(2003) compared the effects of 0%, 1% and 3% CPP-ACP in lozenges.
Reynolds' (1987) earlier work used a 2% sodium caseinate solution applied to
bovine enamel slabs embedded in a removable mandibular appliance. Later,
they investigated a 2% unstabilised CPP mouthrinse for 5 days but found this
did not significantly increase the plaque calcium and phosphate levels. They
also looked at 2% and 6% stabilised CPP-ACP mouthrinses and found a dose
related increase in calcium and phosphate levels in plaque (Reynolds et al.,
2003). Walker and coworkers (2006) added 2 and 5 grams ofCPP-ACP to each
litre of bovine milk. Participants drank 200 ml of milk every weekday for three
weeks. They found the addition of CPP-ACP to milk significantly increased
enamel remineralisation in a dose dependent relationship.
Most in vivo studies have measured the combined effects of CPP-ACP and
saliva. The one exception was Hay and Morton (2003) who compared the
anticaries effects of a fluoride mouthrinse against casein derivatives, complexed
with calcium phosphate (DC-CP), in a large group of patients with salivary
gland dysfunction. There were no significant differences between fluoride
mouthrinse and the casein derivative. Thus CP-CD holds promise in caries
prevention in patients with dry mouth with further research.
Much of the previous research has used in situ experiments using removable
metal appliances with slabs of enamel embedded (Reynolds, 1987; Shen et al.,
2001; Cai et al., 2003; Reynolds et al., 2003; Iijima et al., 2004; Itthagarun et
al., 2005; Walker et al., 2006; Cai et al., 2007; Schirrmeister et al., 2006;
Manton et al., 2008). The advantage of this in situ model is that the enamel
slabs can be removed and analysed. The disadvantage of this model is that it is
not actually measured from a whole living organism (in vivo); rather it is an in
situ model that simulates what actually occurs in the oral cavity. In vivo
research is carried out on live organisms whereas an in situ model involves the
use of appliances or other devices that create defined conditions in the oral
cavity. Although in situ models have received increasing recognition, they still
only attempt to replicate the natural caries process (Zero, 1995).
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Unfortunately, the majority of these removable appliance studies have placed
enamel slabs in anatomical locations that are not representative of the natural
environment in which WSL frequently occur. Enamel slabs have most
commonly been embedded in the palatal surfaces of removable appliances
(Shen et al., 2001; Cai et al., 2003; Reynolds et al., 2003; Iijima et al., 2004;
Walker et al., 2006; Cai et al., 2007; Manton et al., 2008).

One study

(Itthagarun et al., 2005) had a lower removable appliance with slabs in the
lingual area below the second premolars. This places the enamel in direct
contact with the tongue, which has an abrasive action, especially during
mastication and deglutition. Two studies investigated the remineralisation
effects of CPP-ACP in the mandibular buccal region using bovine enamel slab
inserts (Schirrmeister et al., 2006; Reynolds, 1987). The areas of highest
incidence for WSL vary between studies (Table 1). Gorelick et al (1982), found
the greatest incidence on the labial surfaces of the maxillary lateral incisors,
labial surfaces of the mandibular canines, closely followed by the buccal
surfaces of the mandibular first premolars (Gorelick et al., 1982). Gorelick
(1982) postulated this was most probably due to reduced clearance between the
bracket and gingiva and possibly altered salivary flow rates. Dawes and
coworkers (1989) found the salivary flow rates differed in different parts of the
mouth.
Schirrmeister et al., (2006) did not find any additional remineralising effects of
adding CPP-ACP to chewing gum, when compared with three other types of
gum. They felt this result could have been caused by reduced chewing gum to
tooth contact owing to the position of the slabs. This study also differed from
other studies as the participants were asked to wear plates all the time and not
only when they were chewing. Shen and coworkers' (200 1) instructed their
participants to wear their appliances for 40 minutes (20 minutes of chewing and
20 minutes afterwards) four times a day, for two weeks. The control group was
given instructions to wear the appliances for only 40 minutes a day. This
duration of appliance wear in the oral cavity for both treatment and control
groups does not provide a true simulation of the remineralising effect that would
actually occur in vivo. It has also been suggested that the short duration may
not be sufficient for oral biofilm formation (Zero, 2009).
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Chewing gum only has been shown to stimulate salivary flow and remineralise
in vitro lesions (Shen et al., 2001) and also increase calcium concentrations in
saliva (Dawes and Dong, 1995). The simple act of inserting removable
appliances will also stimulate saliva flow · (Shen et al., 2001 ). Therefore,
stimulated saliva becomes a confounding variable when examining the effects
of CPP-ACP on enamel remineralisation and makes this mode of delivery
difficult to compare with other delivery systems. Manton and coworkers (2008)
compared the remineralising effects of two sugar free gums with a CPP-ACP
containing sugar free gum. Theoretically, the effect of regular sugar free gum
could be subtracted from that of the CPP-ACP gum to get the net effect ofCPPACP. Manton and coworkers (2008) demonstrated a 9.5% net effect of CPPACP after accounting for the effects of regular sugar free gum. Cai and
coworkers (2003) found that saliva flow increased 3-4 fold with lozenges. These
lasted on average for eight minutes before they fully dissolved. This regime
differs from the regime in some studies that advised participants to chew gum
for 20 minutes. Interestingly, Dawes and Macpherson (1992) found that salivary
flow rates with two types of lozenges and seven types of chewing gum all
peaked after the first minute in the oral cavity. For chewing gum, maximum
flow rate of saliva reached was 10-12 times that of unstimulated flow. This
decreased to 2.7 times that of unstimulated flow after 20 minutes. Shen et al.,
(2001) showed that CPP-ACP is completely released from the gum after eight
minutes of continuous chewing. However, CPP was still detectable on the tooth
surface even at three hours after chewing sugar-free gum containing CPP-ACP
(Reynolds et al., 2003).
Dietary factors such as acid attacks after eating have also been eliminated in
some of these in situ trials by having the participants remove the appliance at
meal times (Iijima et al., 2004; Cai et al., 2007). The enamel slabs in
Schirrmeister and coworkers' (2006) study remained in the oral cavity at meal
times. It could be argued that by doing this, their study provides a more accurate
representation of the environmental conditions of the human mouth. The
disadvantage is that the diet can differ between participants and can play a
significant role in demineralisation. This may possibly explain why this group
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found no beneficial effect of CPP-ACP in their study. However, if participants
are randomised and the numbers are appropriate, both the treatment and control
groups should have similar cohorts of people.

It should be noted that initial lesion size and depth do differ between studies.

This variation in lesion size and depth can make comparing results from several
studies more difficult (Shen et al., 2001). Schirrmeister and coworkers (2006)
induced lesion depths of52.0 ± 7.3

~-tm,

Shen and coworkers (2001) on the other

hand induced lesions twice this depth (11 0.0 ± 9

~-tm).

Schirrmeister and

coworkers (2006) postulated this substantially deeper lesion could have possibly
made it easier to pick up any changes, as their research found no differences
between chewing gums containing calcium and those that did not contain any
calcium.

Cai and coworkers (2003) conducted an in situ clinical trial of 10 participants
who wore plates containing sections of human enamel that had subsurface
lesions. CPP-ACP was delivered in the form of lozenges. They found that
remineralisation was dose dependent. In the 1% CPP-ACP group there was 78%
remineralisation and

in

the

3%

CPP-ACP

group

there was

176%

remineralisation when compared with the control group. Cai and coworkers
concluded that these lozenges were an effective carrier for the delivery of CPPACP. This is in agreement with two other in situ experiments that have
demonstrated the effectiveness of CPP-ACP delivered in the form of sugar-free
chewing gum (Shen, 2001; Manton et al., 2008). Other studies that have looked
at the effect of CPP-ACP have also shown dose-related increases in
remineralisation of demineralised enamel lesions (Shen et al., 2001; Iijima et
al., 2004). Iijima and coworkers (2004) also found CPP-ACP remineralised

enamel was more resistant to acid attack than an untreated control. This is
illustrated in Figure 12 microradiographs. The remineralisation is seen as a
lightening ofthe lesion with CPP-ACP treatment.
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Control Sugar-free Gum

S~tgar-frce

Gum +CPP-ACP

Control+ 8h AC

CPP··ACP + 8h AC

Control + 16tl AC

CPP-ACP + '16h AC

Figure 12. Microradiographs of the enamel subsurface lesions before chewing
gum intervention (first row), chewing gum without CPP-ACP (left column) and
with CPP-ACP (right column) after 8- and 16- hour acid challenges (Iijima et

al., 2004).
Findings from past research have differed in their reporting of improvement. A
majority of the CPP-ACP (18.8 mg) chewing gum studies reported treatment
with CPP-ACP gum resulted in twice the level of remineralisation of the control
groups using chewing gum without CPP-ACP. This was calculated as a
percentage remineralisation compared with their respective control groups
(Shen et al., 2001; Cai et al., 2003). By reporting the percentage improvement
compared with the control group, significant levels of remineralisation with
CPP-ACP treatment were found. However, a recent review (Zero, 2009)
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highlighted that if the improvements were measured as a percentage
remineralisation of the whole lesion it accounted for only 20% remineralisation.
Itthagarun and coworkers (2005) reported a modest 10.1% lesion depth
reduction. It must also be remembered that chewing gum without CPP-ACP
also results in enamel remineralisation as seen in figure 12 in the control
chewing gum group. These observations suggest that care should be taken when
interpreting results from different studies.

1.2.2.5 Randomised controlled trials of CPP-ACP use
At the present time only four randomised controlled trials (RCT) have been
published in English (Andersson et al., 2007; Morgan et al., 2008a; and Bailey

et al., 2009; Brochner et al., 2010). One English abstract is available for a paper
published in Chinese (He et al., 2010), which examined the treatment effects of
three-monthly dentist application of Fluor-Protector 5 wt % difluorosilane
corresponding to 0.7 wt % fluoride (Ivoclar Vivadent, Liechtenstein) protector
and daily CPP-ACP use. There were no statistical differences between either of
these treatments. The control group that received oral hygiene instruction only
had the greatest decrease in incidence from 60% to 14.7%. Unfortunately, the
abstract does not discuss the treatment duration and other important facts related
to the study. Of the English papers, three looked at orthodontic patients who had
recently had their appliances removed (Andersson et al., 2007; Bailey et al.,
2009; Brochner et al., 2010). The fourth was based on school children who had
never had orthodontic treatment (Morgan et al., 2008a). The number of
participants differed between the three studies; three had fewer than 60
participants (Andersson et al., 2007; Bailey et al., 2009; Brochner et al., 2010)
and one had 2720 participants (Morgan et al., 2008a). Treatment modalities
were similar in the Swedish (Andersson et al., 2007), Australian (Bailey et al.,
2009) and Danish studies (Brochner et al., 2010). All three of these papers used
CPP-ACP cream and fluoridated toothpaste. Andersson and coworkers used a
0.05% daily sodium fluoride mouthrinse, whereas Bailey and coworkers
advocated a 4 weekly 900ppm sodium fluoride mouthrinse at review
appointments only. One used CPP-ACP as toothpaste (Andersson et al., 2007)
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and the other study (Bailey et al., 2009) used it as a topical cream. Bailey and
coworkers (2009) gave 1OOOppm fluoridated toothpaste and a 4 weekly 900
ppm fluoride mouthrinse to both the treatment and active control groups. The
main differences between these three studies were the duration of treatment and
the mode of lesion assessment. Bailey and coworkers (2009) observed
participants over 12 weeks of active treatment with either CPP-ACP or fluoride
mouthrinse. Andersson and coworkers (2007) followed participants for 12
months, with 12 weeks of active treatment in the CPP-ACP group and 6 months
in the fluoride group. Brochner and coworkers (2010) monitored lesions for 4
weeks using quantitative light-induced fluorescence (QLF). The measurement
of lesion progression was monitored using the ICDAS II criteria in Bailey and
coworkers study (explained in chapter 1.2.4) whereas Andersson and coworkers
used DD.

Morgan and coworkers (2008a) investigated the effects of sugar-free gum
containing CPP-ACP compared with a control sugar-free gum in a two-year
clinical trial. Participants were instructed to chew their randomly assigned gum
three times a day for 10 minutes with one of these sessions being supervised by
their teachers. Morgan and coworkers used radiographic examinations to assess
caries progression on approximal surfaces. These were taken at baseline and
again at the end of the 24-month study period. Because each of the three studies
monitored lesions differently it is difficult to compare the results directly.
However all three in vivo trials reported a decrease in lesions with the use of
CPP-ACP. Morgan and coworkers (2008a) found a statistically significant
difference between their two groups. The odds of the participants in the CPPACP group experiencing demineralisation were 18% less than in the control
group. On closer examination of the results in the CPP-ACP group, 94.2%
lesions remained unchanged, 0.4% lesions decreased in their radiographic score
and 5.4% of lesions increased to a greater radiographic score. The control group
had 93.3% unchanged lesions, 0.3% decreased and 6.5% of lesions increased to
a greater radiographic score. The majority of patients in both groups had lesions
that remained unchanged.
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Andersson and coworkers (2007) measured regression of WSL with visual
inspection and DD. Improvement was recorded by the percentage of lesions
clinically scoring a 0 or a 1. After three months, they found more sites scored a
0 or a 1 (0 = no visible colour change/ 1 = slight white colour change, only
visible after air drying) in the CPP-ACP group (55%) than the fluoride
mouthrinse group (18%). After 12 months, the CPP-ACP group had 64% ofthe
lesions score 0 or 1 as compared to 23% in the Fluoride mouthrinse group, even
though treatment had ceased six months earlier. They also found a significant
correlation between the clinical WSL scores and the DD scores at baseline.
Using DD, no statistical significance was found between the treatment and
active control groups. DD readings and clinical recordings also continued to
improve even without intervention, which has been shown in other studies
monitoring WSLs after completion of orthodontic treatment (Willmot, 2004;
Mattousch et al., 2007; Brochner et al., 2010).

Bailey and coworkers (2009) used the ICDAS 11 criteria to evaluate the CPPACP effect. They found at 12 weeks, 33% more WSL had regressed in the CPPACP group than in the placebo group. There were no statistically significant
differences between the two groups at four or eight weeks.

Finally, Brochner and coworkers (20 10) did not find a difference between
treatment with CPP-ACP or their active control group (fluoridated toothpaste).
There was however a statistically significant reduction in fluorescence and
reduced area of WSLs in both the CPP-ACP and active control groups, after 4
weeks of treatment.

1.2.2.6 Other calcium phosphate products
There are various other casein derivatives available commercially at present;
these include Novamin TM, Enamelon ™, Dentacal TM and Topical C-5.

NovaMin

TM

(Novamin

Techonology

Incorporated,

US

Biomaterials

Corporation) is a calcium sodium phosphosilicate bioactive glass, which is
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commercially available in toothpaste. NovaMin

TM

technology claims to release

calcium and phosphate ions intraorally to aid in remineralisation. Burwell et al
(2009) conducted a series of in vitro and in situ experiments that investigated
the effects of NovaMin ™. The in vitro experiments found this product was
effective at re-hardening dentine and enamel WSLs. The in situ experiments
used removable appliances with small discs of human third molar enamel
embedded within. These enamel discs had previously been abraded with 600
grit sandpaper and acid etched with 37% phosphoric acid to create
demineralised lesions. Participants wore these appliances 24 hours a day for 28
days and brushed both their teeth and appliances twice a day with SoothRxTM
(7.5% Novamin™). The authors did not mention whether appliances were
removed when they brushed their own teeth. Under scanning electron
microscopy (SEM) the enamel discs treated with this product appeared
shallower. Defect heights were the same as in the control group, indicating that
NovaMin™ acts by filling in the defects. Burwell and coworkers concluded
from this series of studies that there is potential for this product to be effective
in the remineralisation of both dentine and enamel. Although these results
appear promising, this product is still in the very early stages of clinical testing
and further research is required to validate its claims.

Enamelon ™ (Enamelon, Incorporated. Nasdaq) is an unstabilised amorphous
calcium phosphate (ACP) based product, which has two components (calcium
sulphate and ammonium sulphate) delivered separately. As the two products
combine, they release calcium and phosphate ions in the mouth to form
amorphous calcium phosphate (ACP). In the presence of fluoride, amorphous
calcium fluoride phosphate (ACFP) is formed. Unfortunately both ACP and
ACFP are very unstable and provide only a small window of time to aid in the
process of remineralisation and prevention of demineralisation. After this, they
soon transform into a thermodynamically stable, insoluble crystalline phase of
either hydroxyapatite or fluorhydroxyapatite. It is available in products such as
toothpaste, gels and solutions: Night White ACP (16% CP), Day White ACP
and Mentadent replenishing white. There have been two animal model studies
that show the inhibition of caries is possible with toothpastes containing
Enamelon ™ (Mundorff-Shrestha et al., 1999; Thompson and Grant, 1999).
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Schemehom and coworkers (1999) have shown enamel remineralisation and
inhibition of demineralisation in vitro. A randomised clinical trial found
Enamelon

™ inhibited caries on root surfaces, but there was no reduction in

coronal caries relative to the control group (Papas et al., 1999). Although the
results from this research seem promising, Enamelon

TM

has been criticised for

its unstable nature and limited efficacy. The formation of dental calculus and
fluorapatite are also a concern (Reynolds 2008). A randomised, double blind
cross-over study of mouthrinse and chewing gum (Reynolds et al., 2003) found
the remineralisation effects of CPP-ACP superior to those of CPP alone or of
unstabilised ACP. Also, the levels of calcium found in plaque after five days of
mouthrinse use were higher in the CPP-ACP group than in the unstabilised ACP
group.

Hay and Morton (2003) used the casein derivative: Casein phosphoproteincalcium phosphate complex (DC-CP) "Dentacal

RTM,

in their research. They

compared the anticaries effects of a fluoride mouthrinse with casein derivatives
complexed with calcium phosphate in a large group of patients with salivary
gland dysfunction. They did not find any differences between using a fluoride
mouthrinse or a DC-CP mouthrinse in enhancing remineralisation in this group.

Topacal C-5 (Enamel Improving Cream, NSI Dental Pty Ltd, Leighton,
Horns by, Australia) is another milk protein based formulation supersaturated
with calcium and phosphate (Casein phosphopeptide). Nasab and coworkers
(2007) investigated artificially induced WSLs on extracted premolar teeth.
Topacal C-5 was applied to enamel surfaces. These teeth were then immersed in
an artificial saliva solution for 11 hours and then acetic acid solution for 1 hour.
This process was repeated over 31 days. Teeth were then sectioned and
photographed with a polarized light microscope at four times magnification.
They found significantly deeper demineralisation occurred in those teeth that
had not received Topacal C5 treatment.
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1.2.2.7 Summary

In summary, animal models have demonstrated that CPP-ACP can reduce caries
activity. Remineralisation can occur, to an extent, in situ with various agents
containing CPP-ACP. Currently, there is limited evidence to support the effects
of CPP-ACP on dental enamel remineralisation in vivo (Andersson et al., 2007;
Morgan et al., 2008a; Bailey et al., 2009; Brochner et al., 201 0). Two of these
studies have been conducted at the University of Melbourne, where CPP-ACP
was developed. One was in children without orthodontic appliances and the
other three trials focused mainly on post-orthodontic lesions. Brochner and
coworkers (20 10) found fluoride toothpaste as effective at remineralisation as
CPP-ACP. To the best of my knowledge there are no RCTs that have looked at
the effects of CPP-ACP during fixed orthodontic treatment in the English
literature. The Chinese paper (He et al., 2010) suggested that oral hygiene
instruction was highly effective at reducing the incidence of decalcification.
They also found no difference between Fluor protector and CPP-ACP in the
treatment of decalcification during orthodontic treatment. There is still
insufficient evidence in the form of RCTs or systematic reviews of RCT' s to
recommend CPP-ACP use as a routine treatment. More investigation is required
to determine the effects of CPP-ACP on natural WSLs in vivo and compare its
efficacy with fluoride. Previous research has focused on in situ trials that
unfortunately have weaknesses in sample size, design and have relied heavily
on patient compliance. Many of these studies have been produced at the
University of Melbourne, where the patent for Recaldent™ is held. Thus, more
independent research is required to support CPP-ACP claims (Zero 2009). It is
also crucial that factors such as pH, plaque, diet, socio-economic status,
fluoridation, oral hygiene and bacteria be considered, as these all play an
important role in the caries process.
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1.2.3 FLUORIDE
1.2.3.1 Mechanisms of action
Over the last few decades, fluoride has played an important role in decreasing
the risk of tooth demineralisation during caries attack (Marinho et al., 2002,
Marinho et al., 2003; Marinho et al., 2004a; Marinho et al., 2004b, Walsh et al.,
2010). The preventive effects of fluoride on demineralisation occur through the
following mechanisms:

1.

Fluoride prevents demineralisation, as the newly formed fluorapatite is
less soluble and more resistant to acid attack (Featherstone 2000; Ten
Cate 1999). Fluorapatite is formed as fluoride is incorporated into the
crystalline lattice structure of the hydroxyapatite crystals in dental enamel.
In the presence of calcium and phosphate ions, it replaces the hydroxyl
groups in the apatite structure with fluoride ions. One cell unit of
fluorapatite consists of two fluoride ions, 10 calcium ions and six
phosphate ions.

2.

Fluoride can enhance remineralisation by improving the crystalline
structure during the process of remineralisation and improving the uptake
of calcium and phosphate.

3.

Calcium fluoride deposits can form as spheres on the enamel surface and
can act as a slow release source of fluoride for remineralisation when high
concentrations fluorides are used (Chander et al., 1982).

4.

Fluoride can also accumulate in dental plaque. It is largely bound to other
ions in concentrations above 1OOppm. When the pH of plaque decreases,
this bound fluoride dissociates into an ionic form and can interfere with
acid production (Donly and Stookey, 2004).

5.

Fluoride diffuses into bacterial cells as hydrogen fluoride. This inhibits
glycolysis by interfering with the enolase enzyme and ultimately reduces
bacterial metabolism and acid production (Donly and Stookey, 2004).

6.

Fluoride can be taken up into developing enamel and this has been shown
to reduce the acid solubility of enamel (Limeback, 1999).
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In the 1940s it was postulated that sodium fluoride prevented demineralisation
and enhanced remineralisation by forming fluorhydroxyapatite (Phillips and
Muhler, 1947). It was later found that calcium fluoride formation also occurred
on the surface of enamel (Fischer and Muhler, 1952). The formation of calcium
fluoride has been found to be dependent on pH, fluoride concentration and
length of exposure to fluoride. Calcium fluoride formation occurs when enamel
is exposed to high concentrations of fluoride (McCann and Bullock, 1955) and
with both acidic and neutral fluoride preparations. (Fischer and Muhler, 1952).
Low concentrations of acidulated sodium fluoride (225 ppm) appear to improve
the formation of fluorapatite throughout the body of the lesion during
remineralisation, whereas high concentrations of fluoride favour the formation
of calcium fluoride and more surface remineralisation (Gerould, 1945).
In the late 1950s, stannous fluoride was introduced (SnF 2). SnF 2 was thought to
prevent the loss of the phosphate ions and in so doing, limit the formation of
calcium fluoride and enhance the formation of fluorapatite. It has also been
demonstrated to inhibit plaque and bacterial metabolism (Ogaard et al., 1980;
Baehni and Takeuchi, 2003). However, studies have shown that SnF 2 is highly
dependent on the pH, concentration of fluoride and length of exposure in the
oral cavity (Jordan et al., 1971; Wei and Forbes, 1974).
Brudevold and coworkers developed acidulated phosphate fluoride (APF) in the
1960s. Their aims were to enhance the formation of fluorhydroxyapatite and
minimise the formation of calcium fluoride. It was postulated that the
concentration of phosphate would increase with the use of phosphoric acid as
the acidulant. This additional phosphate would help with the formation of
fluorhydroxyapatite. The reduced pH would also hasten the reaction of fluoride
to

form

hydroxyapatite.

APF

resulted

m

a

greater

amount

of

fluorhydroxyapatite formation than the earlier fluoride systems. Calcium
fluoride still forms as a by-product of this reaction (De Shazer and Swartz,
1967). However, this is not a major problem as it can act as a slow release form
of fluoride during changing pH conditions in the mouth.

39

--~pll7.0

'"7.0

SEM
picture

'

.
Repaired and
arrested lessions

Fluoride treated

Enamel Surface -7

--...~
'" 7.0

During a
cariogenic challenge

Figure 13. Illustration of the process whereby calcium fluoride acts as a pHcontrolled reservoir and is released during an acid attack (Ogaard, 2008).
Calcium fluoride deposits on the enamel surface have been found to provide a
reservoir of fluoride for remineralisation (Chander et al., 1982). This calcium
fluoride reservoir releases calcium into the oral cavity when the pH drops
during a cariogenic attack (See figure 13)(0gaard 2008). Ogaard and coworkers
(1986) measured the salivary fluoride levels of a small sample of 11-13 year old
children. This was performed 10 times over a six-hour period after rinsing with
0.2% sodium fluoride solution. They found the concentration of fluoride ranged
between 900- 6,000 IJ.M during the first 30 minutes. These levels declined
rapidly in the following three hours. This research suggests that repeat
applications might be beneficial to maintain, or replenish fluoride reserves
intraorally. Repeat applications of fluoride have been found to reduce caries
incidence. Beiswanger and coworkers (1980) found caries incidence decreased
if 8 % SnF 2 was applied every six months for three years. The caries preventive
effects increased with the number of applications. This repeat application
benefit has also been observed with sodium and acidulated phosphate fluoride
systems (Knutson, 1948; Mellberg et al., 1970).
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Topical fluoride treatments include mouthrinses, toothpastes, gels and
varnishes. These preparations are all usually over 1OOppm in concentration. It
has been demonstrated that professional applications of fluoride can deposit
greater amounts of fluoride in subsurface lesions than toothpaste or daily
mouthrinse (Donly and Stookey, 2004). High concentrations of fluoride also
encourage more calcium fluoride formation in the oral cavity. An advantage of
this larger reservoir is to provide fluoride over a longer period of time. Low
concentrations

of fluoride

and APF

can enhance the potential for

remineralisation of the whole lesion and fluorapatite formation. O'Reilly and
Featherstone (1987) also found weekly application of APF gel (1.23%) can
result in a 25

~-tm

outer layer of hypomineralised enamel. It was, therefore,

recommended that a low dosage fluoride should be used daily, combined with a
fluoride toothpaste as a preventive regime in high-risk patients. More recently,
Walsh and coworkers (2010), in a Cochrane review of various concentrations of
toothpaste, found a dose dependent relationship between increasing the fluoride
concentration and prevention of caries (1000-1250 ppm to 2400-2800ppm).
Low concentrations of fluoride in dentrifices (440-550 ppm) have not shown
any statistically significant advantages over the placebo groups.

1.2.3.2 Fluoride use during orthodontic treatment
The effect of fluoride in general dentistry has been studied extensively. Its
therapeutic effects on dental enamel in the orthodontic patient have been
reported as far back as 1975 (Zachrisson). Previous studies have investigated
various formulations of fluoride in preparations such as professionally applied
prophylactic pastes, topical solutions, gels, home mouthrinses, tablets, cements,
toothpastes, varnishes and orthodontic elastics.
The use of fluoride during orthodontic treatment has been investigated in both
in vivo and in vitro studies, including randomised controlled trials (Ogaard et
al., 1986; Ogaard et al., 2001; Twetman et al., 1997; Chung et al., 1998;
Czochrowska et al., 1998; Gillgrass et al., 2001; Gorton and Featherstone,
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2003; Pascotto et al., 2004; Marcusson et al., 1997). The majority of these have
focused on the incorporation of fluoride in bracket bonding materials (Twetman
et al., 1997; Chung et al., 1998; Czochrowska et al., 1998; Gillgrass et al.,
2001; Gorton and Featherstone, 2003; Pascotto et al., 2004; Marcusson et al.,
1997). One study investigated the effects of fluoride varnish and chlorhexidine
varnish together compared with fluoride varnish alone (Ogaard et al., 2001).
Ogaard and coworkers (1986) also studied the effects of daily 0.02% NaF
mouthrinse. A comparison of fluoride toothpaste, gel and varnish has also been
conducted (Boyd, 1993). The methodology and findings of these will be
discussed in the body of this chapter.

Fluoride

studies

have

also

looked

individually

at

prevention

of

demineralisation: during orthodontic treatment (O'Reilly and Featherstone,
1987); immediately after appliance removal (Willmot, 2004) or a combination
of both (Alexander and Ripa, 2000). Finally, there have been various techniques
of lesion analysis that have reported changes in lesion size, intensity and
mineral content. This will be discussed in more detail in Section 1.2.4.

1.2.3.3 Fluoride vehicles
There are various vehicles for the delivery of fluoride in the mouth. Although
historic, Zachrisson' s 197 5 review of fluoride treatment in orthodontics gives an
in depth account of almost all vehicles of fluoride delivery. A more recent
systematic review (Benson et al., 2004) was published again a year later as part
of the Cochrane collaboration (Benson et al., 2005a), and examined different
fluoride vehicles. However, the suggestion was made that there is a need for
high quality trials as there is little evidence as to which fluoride delivery method
is most effective. Their recommendations included daily rinsing with 0.05%
sodium fluoride mouthrinse and the use of glass ionomer cement for the
bonding of orthodontic brackets. Fluoride therapies in the prevention of dental
caries in the general population have been extensively investigated. A recent
article has provided an invaluable summary of all the Cochrane reviews relating
to fluoride therapies in the prevention of dental caries (Marinho, 2009). Table 2
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presents the various treatment effects of different fluoride vehicles for direct
comparison. Prevented fraction (PF) was used to compare the various topical
fluoride therapies (TFT). PF is the difference in mean caries increment between
the treatment and control groups divided by the mean increment in the control
group. TFTs included both professionally applied and self applied therapies.
This table demonstrates there is an advantage in combining therapies to elicit an
enhanced caries inhibiting effect.

Type of topical fluoride therapies

Prevented

95%

fraction

Confidence

(number of studies)

interval
Varnish versus gel (1)

14%

-12 to 40%

Varnish versus mouthrinse (4)

10%

-12 to 32%

Gel vs mouthrinse (1)

-14%

-40 to 12%

Toothpaste vs gel (3)

0

-21 to 21%

Toothpaste vs mouthrinse (6)

0

-18 to 19%

Toothpaste vs any TFT*

1%

-13 to 14%

Toothpaste+varnish vs toothpaste alone (1)

48%

12 to 84%

Toothpaste+gel vs toothpaste alone (3)

14%

-9 to 38%

Toothpaste+mouthrinse

vs

toothpaste 7%

0 to 13%

alone (5)
Toothpaste+any TFT vs toothpaste alone

10%

2 to 17%

(9)

* 3 gel trials and 6 mouthrise trials, no varnish trial.
Table 2. D(M)FS (pooled) estimates of treatment effects (as PF) for direct
comparison between fluoride gels, varnishes, rinses, and toothpastes (table
adapted from Marinho, 2009)

Prophylaxis pastes have been criticised by some researchers because of their
abrasive properties. When used on WSL, the more abrasive of these pastes can
remove a significant amount of enamel from the surface layer, which contains a
higher concentration of protective fluoride (Zachrisson, 1975). Therefore lowabrasive prophylaxis paste is recommended when treating WSL. Fluoride gel
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treatments appear to have better outcomes than fluoride m any of the
prophylaxis pastes.
Topical fluoride solutions come in different concentrations and formulations
including 2% neutral sodium fluoride (NaF), 1.2 % acidulated sodium fluoride
(APF) and 8-10% stannous fluoride (SnF 2). Of these, APF appears to have the
best outcomes. APF has been shown to reduce enamel demineralisation by 70%
over a six-week period (Dimitriadis and Sassouni, 1973). A single application
of stannous fluoride prophylactic paste and solution prior to cementation of
orthodontic appliances resulted in less caries than those that did not have this
application (Muhler, 1970). However, since the 1970s, fluoride solutions have
largely fallen out of favour.
Fluoride gels on the other hand have increased in popularity owing to their
ability to remain on tooth surfaces for longer periods than solution. Zachrisson
(1975) in his review advocated the use of an acidulated sodium fluoride
phosphate gel applied immediately before placement of fixed appliances. This
recommendation was based on a series of papers comparing different topical
fluorides in the general population (Wei, 1973; Horowitz and Heifetz, 1970;
Clarkson and Silverstone, 1974). Two studies that have looked at the effects of
topical fluoride gels in the orthodontic patient are a short-term in situ study
(Landry and Shannon, 1973) and a long-term in vivo trial (Stratemann and
Shannon, 1974). Landry and Shannon found an inverse relationship between
enamel solubility and length of fluoride treatment. Figure 14 shows that as the
treatment duration increases, enamel solubility decreases (Figure 14).
Stratemann

and

Shannon

(1974)

found

a

decreased

incidence

of

demineralisation with daily use of 0.4% stannous fluoride gel. A limitation of
the first study was that demineralisation was performed in vivo prior to the
enamel blocks being worn in the mouth. Another weakness in the Stratemann
and Shannon paper was that two participants who failed to comply with the
protocol were excluded from the results. This created a bias as only those
participants who followed the protocol were included, thus potentially
enhancing the results. In reality, poor compliance is common and the results
should reflect this as well. The second study had a large number of participants
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and was conducted over 18 months but lacked randomisation and a placebo
group.
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Figure 14. Enamel solubility reduction by use of 0.4 % stannous fluoride gel
(Landry and Shannon, 1973).

Fluoride varnishes are usually of a higher concentration (7000ppm - 27000ppm
fluoride) than other fluoride preparations and thus predispose to calcium
fluoride formation (CaF 2). CaF 2 that forms on the enamel surfaces provide a
reservoir of fluoride, which can be dissolved during a pH drop. This increases
the concentrations of fluoride and calcium ions in the oral cavity that can aid in
remineralisation.

The fluoride can decrease the calcium loss in low pH

conditions. Earlier work suggested these crystals dissolve rapidly in the oral
cavity in the presence of water (Mellberg et al., 1966). However, more recently
(Beltran-Aguilar et al., 2000) it has been suggested that CaF 2 remains in the
mouth for longer periods, during which these CaF 2 reservoirs can be redeposited as fluorapatite under specific thermodynamic conditions and in the
presence of phosphate (remineralisation).

The effect of fluoride varnish on demineralisation around fixed appliances has
been investigated in many studies (Todd et al., 1999; Ogaard et al., 2001;
Schmit et al., 2002; Demito et al., 2004; Stecksen-Blicks et al., 2007; Farhadian

et al., 2008). Three of these studies found fluoride varnishes (22,600 ppm 45

27,000ppm fluoride) effective at reducing demineralisation by 38- 50% (Todd
et al., 1999; Demito et al., 2004; Farhadian et al., 2008). Todd and coworkers
(1999) found 36 extracted premolar teeth treated with 23,000ppm sodium
fluoride varnish exhibited 50% less demineralisation than the control teeth
under laboratory conditions. Artificial saliva and demineralising solution were
used in this study (Todd et al., 1999) and the Demito and coworkers study
(2004). This was in agreement with Farhadian's (2008) study of the effects of
Bifluoride (6% calcium fluoride combined with 6% NaF) on demineralisation
around brackets. Several in situ and in vivo studies evaluated sections of
extracted teeth, which had applications of fluoride, using polarized light
microscopy (Todd et al., 1999; Schmit et al., 2002; Demito et al., 2004;
Farhadian et al., 2008;). Polarized light microscopy allows for differentiation of
the levels of mineralisation in WSLs. The mean lesion depth reduction
demonstrated with microscopy ranged from 35%- 50% in lesions treated with
(22,600ppm- 27,000ppm) varnish, when compared with control groups in these
studies. In Marinho and coworkers (2002) Cochrane review on fluoride
varnishes in the prevention of dental caries in children and adolescents, they
found a substantial caries inhibiting effect of varnish on both permanent and
deciduous teeth. Unfortunately, this evidence was based largely on studies with
no control group.
Zachrisson (1975) also reviewed the effects of fluoride tablets, which were
available in NaF or APF formulations. Systemic Fluoride is incorporated into
enamel prior to eruption of teeth and may be taken up by the surface enamel of
newly erupted teeth topically in the mouth via saliva. This type of exposure has
been shown to reduce the incidence of dental caries over 6 years of chewing
1mg of fluoride once or twice a day (Driscoll et al., 1978)
Research has also looked at the effects of fluoride-impregnated elastomerics
(Banks, 2000; Mattick et al., 2001) and cements containing fluoride (Benson et
al., 2005a). These studies have shown promising results in preventing
demineralisation around orthodontic appliances. More recently, Baeshen and
coworkers (2010) have looked at the effect of 0.05% sodium fluoride
impregnated Miswaks chewing sticks in 9 participants over 12 weeks. This form
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of delivery showed highest approximal salivary retention values in patients
wearing orthodontic appliances. These chewing sticks (0.05% and 0.5%) were
compared to four other fluoridated home care products, including 0.32% and
1.1% sodium fluoride toothpaste, 0.05% and 0.2% sodium fluoride mouthrinses.

1.2.3.4 Fluoride toothpastes
Many

toothpastes

containing

fluorides

are

available.

Sodium

monofluorophosphate (Na2P0 3F), NaF, SnFz or amine fluorides are the most
commonly used compounds. The concentrations of these mainly vary from
1000ppm to 1450ppm fluoride in most over the counter toothpastes. Aasenden
(1973) performed enamel biopsies in 130 children after using an unspecified
concentration of fluoride toothpaste. Biopsies were taken between 9am and 3pm
the same day, 1-3 hours after applying the toothpaste. This study did not find
any statistically significant increase in enamel fluoride. D' Agostino and
coworkers (1988) found that increasing the fluoride concentration from
1000ppm to 1500ppm, resulted in improved caries prevention. O'Reilly and
Featherstone (1987) found toothpaste applied twice a day (llOOppm F) was
insufficient to prevent demineralisation around orthodontic brackets but
additional fluoride in the form of mouthrinse or topical gel resulted in
significant reduction in demineralisation. There have been numerous studies,
which have used fluoridated toothpaste as part of their treatment regime (Boyd,
1992; Geiger et al., 1988; Geiger et al., 1992; Alexander and Ripa, 2000;
Willmot, 2004; Ogaard et al., 2006; Brochner et al., 2010). Apart from
concentrations of fluoride in toothpaste, behavioral factors can also affect the
effectiveness of fluoridated toothpaste. For example, the frequency of
toothpaste use, length of brushing, rinsing practices after brushing, time of day
the toothpaste is applied and the amount of toothpaste used can all play a role in
the effectiveness of fluoride toothpaste (Zero, 2006).
Recently, Brochner and coworkers (2010) compared the use of CPP-ACP in
post orthodontic WSLs with an active control group using fluoridated toothpaste
and found no statistical differences between the two groups. Marinho and

47

coworkers (2004b), in a Cochrane review, compared fluoride toothpaste with
gels, mouthrinses and varnishes and concluded that fluoride toothpastes used
daily were similar in effectiveness to mouthrinses and gels used infrequently, in
the prevention of caries in children. Based on this meta-analysis of 70 trials,
Marinho and coworkers (2004b) found fluoride toothpastes had an average
DMFS reduction of 24% in the permanent dentition. In the same review, there
was no clear evidence to suggest that fluoride varnish was more effective than
mouthrinses.

1.2.3.5 Fluoride mouthrins es
The cariostatic effect of fluoride mouthrinses has been reported repeatedly in
the literature (Birkland and Torell, 1978; Mellberg and Ripa, 1983a; Ripa,
1991). A Cochrane review (Marinho et al., 2003) found that using a fluoride
mouthrinse is effective in reducing dental caries in children and adolescents.
Two regimes have been adopted for the use of topical fluoride mouthrinses in
the prevention of dental caries. These are 0.05% NaF mouthrinse (230 ppm F)
and 0.05% Acid Phosphate Fluoride (AFP) (230 ppm F-) mouthrinse, used daily
or 0.2%NaF mouthrinse used weekly. Heifetz and coworkers (1973) examined
413 children over 2 years and found negligible difference between the weekly
use of 0.3% sodium fluoride mouthrinse and 0.3% acidulated mouthrinse. In
fact, Rip a and coworkers ( 1981) later found weekly rinsing was not associated
with a reduction in dental caries in 3900 participants.
Daily rinsing with a sodium fluoride mouthrinse was not a new phenomenon
and its advantages had been noted in earlier studies (Torell and Ericson, 1965;
Weisz, 1960). It has been suggested that an advantage of daily fluoride
mouthrinse was that it could stimulate children's interest in oral hygiene and
improve patient compliance when compared with weekly rinsing (Zachrisson,
1975). Frankl and coworkers (1972) found a 25% reduction in caries increment
with daily rinsing with APF. Torell and Ericsson (1965) found a 50% reduction
in DMFS in 10-year old children over two years, using a 0.05% NaF rinse daily

48

in a low fluoride community. Laswell and coworkers (1975) found a 23 %
DMFS reduction from the daily use of a 200 pprn APF rnouthrinse in a
fluoridated community. The preventive effects of APF rinse and NaF have been
found to be similar, even though APF was found to deposit more fluoride ions
in the enamel (Aasenden et al., 1972). It has also been suggested that 226 pprn
fluoride rnouthrinses can result in higher levels of fluoride retention in saliva
than brushing with 11 OOpprn fluoridated toothpaste (Zero et al., 1992). This is
based on the average fluoride values over the first two hours after fluoride
application. The salivary fluoride levels are also dependent on behavioral
practices after tooth brushing such as rinsing with water. The results from this
work (Zero, 1992) suggest a combination of brushing followed by rnouthrinse
may be beneficial. This beneficial effect of combining topical agents is further
supported by the data in Table 2.
There are fewer studies investigating the effect of fluoride rnouthrinses during
orthodontic treatment. Recently a survey was conducted in the Netherlands
(Kerbusch et al., 2010), which found that 90% of 154 orthodontists
recommended daily rinsing with a fluoride rnouthrinse. A systematic review
(Benson et al.,

2005a) evaluated the topical effects of fluoride on

demineralisation in orthodontics. Out of the 15 accepted studies reviewed, only
three had investigated fluoride rnouthrinse and only one was a randornised
controlled trial (Ogaard et al., 1986). The other two studies were clinical
controlled trials (Hirschfield, 1978; Dyer and Shannon, 1982). Ogaard
compared 0.2 % neutral sodium fluoride rnouthrinse against no rnouthrinse in
two groups of orthodontic patients that needed premolar extractions. The
weighted mean difference for lesion depth reduction was -70.0 !!ill but the
confidence interval was quite large (-118.2 to -21.8), which suggests there is
substantial variability in the data (Ogaard, 1986). Shannon and Dyer (1982)
compared 0.1% stannous fluoride with 0.184% sodium rnonofluorophosphate
(MFP) in 22 patients. They found that two patients developed WSL in the
sodium MFP group and no cases were seen in the stannous fluoride group.
Unfortunately there were major methodological flaws in this study and Benson
and coworkers suggested there was a high risk of bias (2005a). They also
concluded that there was some evidence that daily use of sodium fluoride
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mouthrinse reduces the severity of enamel demineralisation around fixed
appliances and may also reduce the occurrence and severity of WSLs.
Unfortunately, the quality of the data reviewed was variable and none of the
reviewed studies fulfilled all the methodological quality assessment criteria.
Although several authors may have found fluoride mouthrinses resulted in a
reduction in decalcification, many have avoided random allocation in their
study design (Hirschfield, 1978; Dyer and Shannon, 1982; Ogaard, 1986; Boyd,
1992). Without randomisation of participants, allocation bias can be introduced
and ultimately affect the validity of the results. Another methodological flaw in
past research is the absence of a matched control group (Dyer and Shannon,
1982; Geiger et al., 1988; Geiger et al., 1992). The oral cavity is a dynamic
environment and can play a role in demineralisation and remineralisation even
without any intervention. Many confounders like age, sex, socio-economic
status and oral hygiene can affect the outcome. Therefore, without a matched
control group the effects of no treatment cannot be accurately measured against
treatment to deduce the actual effects of intervention.
Chadwick and coworkers (2005) also conducted a review of studies on the
effects of topical fluorides on decalcification in patients with fixed orthodontic
appliances. Of the 143 articles they retrieved, 130 were excluded. This was
because of the strict inclusion criteria of their systematic review. Problems with
study design and baseline measurements were the two main reasons for
exclusion. A systematic review was performed, as it was not possible to conduct
a meta-analysis of the remaining 13 articles owing to the differences in their
methodologies and reporting strategies. Only seven of the final 13 studies could
be included because of missing data in the other studies. Four studies
investigated the effects of fluoridated mouthrinse, either in the treatment or
control group (Hirshfield, 1978; Boyd, 1992; Boyd, 1993; Alexander and Ripa,
2000). Treatment time ranged between 20 months to 29 months. Three studies
looked at the whole mouth (Boyd, 1992; Boyd, 1993 and Alexander and Ripa,
2000) while Hirschfield (1978) only evaluated the effect on the maxillary right
lateral incisor and the mandibular left first permanent molar. Findings from this
study indicated Phos-flur (Davis Rose Hoyt) Acid Phosphate Fluoride (APF)
(concentration not given) mouthrinse resulted in significantly less clinically
50

visible decalcification compared with the control group (20 - 28 months
treatment).

Various methods have been used to evaluate fluoride effects in previOus
research. An example of one difference in methodology is the investigation of
post orthodontic treatment patients (Willmot, 2004) as opposed to those in fixed
appliance therapy. Fixed orthodontic appliances are a major contributing factor
to demineralisation as discussed previously. Therefore, removing them may
have a substantial effect on the cariogenic environment they contribute to in the
oral cavity. Ogaard and eo-workers (2001) reviewed 40 patients with WSL six
years after fixed appliances were removed. 75% of the WSL had regressed
without treatment. Using scanning electron microscopy, Artun and Thylstrup
( 1986) commented that lesion regression after the removal of fixed appliances
was

due mainly to

surface wear from

tooth brushing rather than

remineralisation. Another common difference between past studies is the use of
oral hygiene instructions. Boyd (1992) gave all participants oral hygiene
instruction at baseline and this was reinforced at each subsequent orthodontic
treatment visit. Oral hygiene instructions are given in some studies and not
others (Table 3). This in itself could affect the results of the study as an
improvement in mechanical cleaning can affect the delicate demineralisation/
remineralisation balance. In addition, regular use of fluoride toothpaste will
improve the effect of fluoride.

There have been various types of fluoride preparations used in different studies.
Fluoride compounds used in the past include stannous fluoride, sodium fluoride,
amine fluoride and acidulated phosphofluoride. These are available in rinse, gel
foam and solution preparations. It is also difficult to draw parallels between
studies as control group regimes differ. For example, Boyd (1992) used a 0.05%
NaF mouthrinse and fluoridated toothpaste as the control, while Alexander and
Ripa (2000), on the other hand, compared the effects of 1.1% NaF gel against
fluoride toothpaste and a 0.05% APF mouthrinse. Ogaard (2006) and eoworkers used either a 0.05 % stannous fluoride mouthrinse or a 0.05% sodium
fluoride mouthrinse daily and amine fluoride toothpaste or sodium fluoride
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toothpaste in their two treatment groups. The differences between studies are
shown on Table 3.

Different concentrations of fluorides have been used in studies. There is some
evidence that the concentration of fluoride may have a significant impact on the
outcome. Alexander and Ripa (2000) found 15% ofWSL reversed as a result of
the fluoride regimes they used. Daily application of high strength NaF gel
(5000ppm) resulted in fewer demineralisation sites compared with the control
group (lOOOppm toothpaste with a 0.05% APF rinse) at one month into
treatment and one-month post treatment. Willmot (2004) found no difference
between the group receiving low dose (50ppm) sodium fluoride concentration
mouthrinse and the group that received mouthrinse without fluoride. Other
studies have shown that higher concentrations of fluoride such as 92 ppm
(Aasenden et al., 1972) and 200ppm (Torell and Ericsson, 1965; Boyd, 1992)
are more effective at caries prevention. This was demonstrated by a reduction in
decayed and filled surfaces (DFS) and lesion size on extracted premolar teeth.
DFS was measured over two years in two of these studies (Torell and Ericsson,
1965; Boyd, 1992) but only over one month in the third study (O'Reilly and
Featherstone, 1987).
The characteristics of the study groups, the participant demographics and
treatment duration differ between studies. Most previous studies appear to have
obtained participants by convenience sampling. For example, some studies used
consecutive patients (Artun and Brobakken, 1986; Boyd, 1992; Boyd, 1993;
Alexander and Ripa, 2000; Ogaard et al., 2006). Other studies selected
participants that required premolar extractions (Ogaard et al., 1986; Ogaard et
al., 1988a; Ogaard et al., 1988b; O'Reilly and Featherstone, 1987). Hospital

(Willmot, 2004; Ogaard et al., 2006) and private practice patients (Artun and
Brobakken, 1986; Geiger et al., 1988; Geiger et al., 1992) have also been
included in studies. Willmot (2004) asked post orthodontic patients from a
dental hospital to participate. Ogaard and coworkers (1986) had one of the
smallest sample sizes - 10 children between the ages of 11-13 years. On the
other hand, some authors will use the number of teeth investigated rather than
number of participants, so that they can report larger numbers. However, the
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individual teeth in these studies cannot be seen to be independent study teeth
(Dyer and Shannon, 1982; O'Reilly and Featherstone, 1987). Geiger and
coworkers (1988) reported a large number of teeth (1,567) in their study. This
was observed in 101 participants, which is similar to other studies (Hirschfield,
1978; Artun and Brobakken, 1986; Boyd, 1993; Alexander and Ripa, 2000;
Ogaard et al., 2006). The largest sample sizes are 206 and 362 participants from
Geiger and coworkers (1992) and Aasenden et al. (1972) respectively.
Treatment duration in previous studies has ranged from one month to three
years (Table 3).
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Author,

Fluoride type, concentration

Fluoridated

Frequency of

Control

Year

and preparation

water supply

use

group

Aasenden et
aL, 1972

I

0.02% APF mouthrinse (MR) or

NoF

Daily

Placebo

Measurement/ improvement

30 % and 27% DFS reduction,

Number of

Duration of

participants

study

362 participants

3 years

22 participants

12 months

120 participants

1- 1.8 years

I month

respectively. More fluoride in biopsied

0.02% Neutral NaF MR

enamel surface (APF)
Not mentioned

Daily

No control

Rinsing with Sn 2F prevented WSL

Dyer and

242 ppm stannous fluoride (Sn,F)

Shannon,

MR

completely whereas MPF rinse less

1982

0.184 % sodium

effective. Enamel solubility reduction >

monofluorophosphate (MFP) MR

Sn 2F group

Artun and
Brobakken,

I

0.05% (Sodium fluoride (NaF)

Not mentioned

Daily

MR + FULFA + OH!

NoFULFA

Slightly less demineralisation in treatment

and no OHI

group than control

All groups

Control group= 15% demineralisation to

20 participants/
58 extracted teeth

1986
O'Reilly and

!.Weekly topical APF gel (1.2%)

Not mentioned

Featherstone

2.Daily NaF

received 1100

a depth of 15 J.lm. All treatment groups

'1987

3. MRDaily NaF (0.05%) MR +

ppmTP

showed re-hardening or inhibition of

weekly topical APF gel (1.2%)

including

demineralisation. Test group 3. had a

control group

harder outer surface than the other two
groups.

Boyd,1992

0.05% NaF MR compared with

F

Daily

peroxide+ 0.5% NaF MR

Control group

No difference between two fluoridated

used Fluoride

MR groups. Less decalcification between

toothpaste

MR with peroxide and control group.

95 participants

2 years

206 participants

9-49 months

only

Geiger et aL,
1992

l 0.05% neutral NaF MR with a
fluoridated TP

F

Daily

No control

13% fully complied with protocol. There

group

was a dose dependent relationship
between rinsing and WSL reduction

54

Author,

Fluoride type, concentration

Fluoridated

Frequency of

Control

Year

and preparation

water supply

use

group

Geiger et aL,
1988

I

APF applied in office after

F

Daily

bonding, 0.05% NaF MR given

No control

Clinical assessment scale

group

(1-4) = 34% had one or more WSL

1.1% NaF gel

Number of

Duration of

participants

study

I 0 I participants

12-42 months

76 participants

Average 26-

compliance = 50%

and fluoridated TP
Alexander

Measurement/ improvement

No-F

and Ripa,

Either at night

Fluoride

or 2 x day

toothpaste and

Reversal of 15% of lesions

months

a daily 0.05%

2000

acidulated
phosphate

Willmot,

I

2004

Ogaard et

aL,2006

fluoride MR
50 ppm F MR and non fluoridated

Not mentioned·

2x day MR + TP

No difference between the two groups

26 debonded

26 weeks

participants

fluoridated

TP

I

Non

MR and TP
a) AmF/Sn,F TP (1400 ppm) and
AmF/Sn,F MR (250 ppm)
b) NaF TP (1400 ppm) and NaF

Not mentioned

brushed 2 x day
rinsed daily

No control

Clinical assessment scale (1-4) =Slightly

Both groups

fewer lesions developed in the AmF/S n,F

received OHI

group (4.3%) than the NaF group (7.25)

115 participants

1.5 year
average

MR (250 ppm)

Table 3. Summary of in vivo studies using fluoride mouthrinse (MR) to treat orthodontic related demineralisation.
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The monitoring of patient compliance has varied in different studies. Willmot
(2004) asked participants to return empty bottles to keep track of patient
compliance, but only 10 out of the 21 participants did this. This was also
reflected in the high dropout rate of five of the 26 participants. Geiger and
coworkers (1992) found that fluoride mouth rinses were highly dependent on
patient compliance. They found only 13% of the 206 participants fully complied
with fluoride rinse recommendations. Compliance was measured by how many
bottles of mouthrinse each patient used. A dose response relationship was
found. Those who rinsed daily had 21% fewer lesions compared with those who
rinsed less frequently (49%). It was concluded that the use of a daily 0.05%
neutral sodium fluoride rinse, resulted in a statistically significant reduction in
the incidence of WSLs in the compliant participants, when compared with those
that did not follow recommendations. Boyd (1992) reported that patient
compliance improved after nine months of treatment but did not report how they
measured this. Landry and Shannon (1973) failed to measure patient
compliance in their study. Shannon and Stratemann (1974) carried out a study
where they found 0.4% stannous fluoride gel used daily resulted in 98% of
participants displaying no decalcification. In those where the fluoride was only
applied once a week or less often, 66% of patients displayed decalcifications.

Much of the previous research failed to consider possible confounders like
plaque scores, caries status, general health, age, material used to bond
orthodontic appliances, oral hygiene, level of water fluoridation, sociOeconomic status and compliance with fluoride regimen (Aasenden, 1972;
O'Reilly and Featherstone, 1987; D'Agostino et al., 1988; Willmot, 2004). One
confounder that is often not mentioned is fluoridation of the water supply in the
study population. In Table 3 only two of the ten studies mention that water was
not fluoridated for the participants involved (Alexander and Ripa, 2000;
Aasenden, 1972). In a 2005 review, these factors were acknowledged as effect
modifiers of decalcification during orthodontic treatment (Chadwick et al.,
2005).
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Another potential problem with comparing data from previous research is the
different outcome measures between studies. Two of the studies reviewed by
Chadwick and coworkers measured lesions as DFS or DMFS (Aasenden, 1972;
D'Agostino et al., 1988; Denes and Gabris, 1991). DFS measures the number of
decayed and filled surfaces, and DMFS also includes the missing surfaces in
each person's mouth. These measurements will usually exclude non-cavitated
enamel lesions, for example WSL, depending on the protocol. Previous in vivo
WSL trials have used either a chairside scoring system (0 - 4), laser
fluorescence, greyscale photographic analysis or a combination of these to
analyse the WSLs. In situ trials have used microscopy, when teeth have been
extracted, after fluoride treatments (O'Reilly and Featherstone, 1987; Ogaard et
al., 1986). Microradiography has also been used to measure mineral content

from extracted premolar sections. Ogaard and coworkers ( 1986) found a
statistically significant difference in mineral loss in their treatment group
compared with their control group. The fluoride group demonstrated less
demineralisation than the control group. The variation in assessment of
demineralisation and remineralisation makes it difficult to compare data.
There has been a vast amount of research on fluoride use in the prevention of
dental caries in children and adolescents (Marinho et al., 2002, Marinho et al.,
2003; Marinho et al., 2004a; Marinho et al., 2004b, Walsh et al., 2010).
Fluoride has been used in numerous studies as an active control to compare
other therapies (Kronenberg et al., 2009, Farhadian et al., 2008, Derks et al.,
2007, Willmot 2004, Demito et al., 2004, Schmit et al., 2002, Joziak et al.,
1998, Geiger et al., 1992). The consensus is that there is evidence to support
daily use of low dose fluorides to decrease demineralisation and enhance
remineralisation in children and adolescents. There are less data relating to
fluoride use during fixed orthodontic treatment (Benson et al., 2004; Benson et
al., 2005a). The available data suggest a beneficial effect of fluoride on WSL by

prevention of demineralisation, enhancement of remineralisation, providing
calcium fluoride reservoirs, interfering with acid production and bacteria
metabolism. Although there is less evidence to support the use of fluorides
during orthodontic treatment, at present fluoride is still considered an important
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method for caries prevention and has been used as the control to compare
various new treatment modalities against.
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1.2.4 ASSESSMEN T OF DEMINERAL ISATION AND
REMINERAL ISATION
At present there is a wide range of techniques available to assess
demineralisation and remineralisation. These can be divided into two types of
assessment: in vitro and in vivo.

1.2.4.1 In vivo- Clinical Diagnosis
Direct visual assessment has been widely used in past in vivo research to detect
demineralisation. Although commonly used, it is difficult to standardise results
between studies. This has resulted in a variation in the prevalence of
demineralisation reported.
The definition and diagnosis of WSL can often be unclear. Mizrahi (1982)
conducted a cross sectional study to examine the prevalence and severity of
enamel opacities. This study defined opacities as any discrete area of white
opaque enamel, including a line or patch occurring on either the vestibular or
lingual surface of the crown. Unfortunately, he did not exclude hypoplasia,
fluorosis, hypermature enamel, hypocalcification and any other dental
developmental abnormalities. Mizrahi found that fixed appliances contributed to
the development of new areas of enamel demineralisation. However, the
prevalence of enamel opacities was similar in patients who had completed
orthodontic treatment and those in a matched control group. This could be
because previously mentioned non-carious opacities were not excluded from his
study. Many studies disagree with Mizrahi's findings that there is little
difference between the prevalence of WSLs in children treated with fixed
appliances and those that have not had orthodontic treatment (Chang et al.,
1997; Cianco et al., 1985; Gorelick et al., 1982; Ogaard 1989; Ogaard 2008). A
cross sectional study performed by Bjom Ogaard (1989) demonstrated that
WSLs were a significant problem in the long term, even after the removal of
fixed appliances. He examined the prevalence of WSLs five years after
orthodontic treatment in 50 patients. He then compared this with untreated
subjects and found that the median white spot score was significantly higher in
the treated group.
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Owing to its similarities with other enamel opacities, the diagnosis of
demineralisation is often very difficult. Clinically, demineralisation must be
distinguished from hypomineralisation, hypomaturation, hypoplasia and
fluorosis, all of which are occasionally referred to as white spot lesions (WSL).
All opacities have a diminished enamel mineral content, whether from
disruptions of mineralisation during enamel formation or removal of mineral
after the enamel has erupted into the oral cavity. An important diagnostic
criterion of the hypomineralisation of dental fluorosis is that it is symmetrical in
appearance, across multiple teeth and related to developmental timing of teeth
and exposure to fluoride (Thylstrup and Fejerskov 1978). Fluorosis often has a
horizontal striated appearance that extends up to and beyond the gingival
margin. The shape of the demineralised white-spot lesion is determined by the
distribution of the plaque and the direction of the enamel prisms (Kidd and
Fejerskov, 2004). Thus, on smooth surface, the lesion formed is a kidneyshaped.
Opacities of non-fluoride and non-plaque origin are usually clearly demarcated
from adjacent enamel and are often round or oval shaped. They usually appear
on incisors and are located on the incisal two-thirds of the tooth. If they co-exist
with lesions on the first molars then this is referred to as molar-incisor
hypomineralisation (MIH) (Weerheijm, 2001). Table 4 is a modified summary
of the differential diagnosis of enamel opacities from Fejerskov and coworkers
(2009). Kanthathas and coworkers (2005) found the roundness of lesions was a
useful tool when distinguishing between developmental enamel opacities and
post orthodontic white lesions by using computerised image analysis.
Roundness is a measure of circularity; a perfect circle has a value of 1. Values
greater than 1 indicate decreasing circularity. Developmental lesions are usually
below 3.5. Anything above 3.5 is most likely to be a white spot lesion. This is
most likely because WSLs are more irregular and often follow the margins of a
bracket, or cement used to bond the bracket onto teeth. Developmental opacities
are more circular in shape than post orthodontic WSLs. Using the same
computerised image analysis they also found that developmental opacities were
whiter (higher luminance score) than WSLs. Finally, the experience of the
clinician also contributes to the ability of differentiating between these lesions
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WSLs can be difficult to detect if enamel is wet. This has been attributed to the
highly reflective surface of enamel, which is often covered by a film of saliva.
Chau and King (1989) reported a 6.3% increase in WSL identification when
teeth were dried, prior to examination. However, if the lesion is visible when the
enamel is wet, this suggests the WSL has progressed further into enamel than if
drying is required to see the WSL (Thylstrup and Fejerskov, 1994). A problem
with previous studies is that some have examined dry enamel (Artun and
Brobakken, 1986) and others have studied wet enamel (Thylstrup and
Ferjerskov, 1994).

Examining the surface characteristics of enamel can assess lesion activity. This
can be divided into two components: surface texture and surface appearance.
The appearance of an active non-cavitated lesion can be white or yellow,
opaque, lack-lustre, chalky or neon-white. On the other hand an inactive lesion
is more likely to be shiny, smooth to probing, and may vary from black though
to white in colour. For cavitated lesions the tactile sensation of an active lesion
is leathery as opposed to an inactive lesion, which is hard to probe (Nyvad et
al., 1999). Surface roughness may also be caused by abrasion or erosion, which
is caused by the dissolution of the outermost inter-crystalline enamel spaces or
by micro-fractures from general wear and tear (Artun and Thylstrup, 1986).
Therefore it is important to distinguish between the two. The differentiation
between an inactive and an active lesion is also difficult as many lesions can
have both an active and inactive component at the same time. The presence of
plaque on a WSL is also an important diagnostic tool (Ekstrand et al., 2007). It
can indicate whether a lesion is active or not. Sticky plaque that adheres to a
WSL is a very strong indicator of active disease (Fejerskov et al., 2009). It has
been suggested that the lesion should be classified active if it is predominately
active and vice versa (Fejerskov et al., 2009). In previous epidemiological
research, these methods of assessing lesion activity have been shown to produce
reliable scoring by trained examiners (Nyvad et al., 1999).
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There are various techniques for visual-tactile WSL diagnosis:
1.

Russell (1961) developed a set of criteria to differentiate lesions that
were of fluoride origin or non-fluoride origin. Fluoride-induced lesions
were white or yellow in colour, symmetrical distribution in the mouth
and not well defined from normal enamel. Non-fluoride opacities were
well defined and easily differentiated from normal enamel. These are
usually randomly distributed in the mouth and situated in the centre of
the tooth. Orthodontic WSL are often found under ill-fitting bands,
around brackets and in plaque stagnant areas.

2.

Pitts and Fyffe (1988) classified non-cavitated WSL lesions as D 1
(enamel lesion with no cavity).

3.

Thylstrup and Ferjerskov (1994) found the optical properties of enamel
were dependent on the surface moisture levels (wet or dry). There is a
greater difference in the refractive index of demineralised and sound
enamel when the surface moisture is removed from the porous tissue
(dry). As enamel is dried, it becomes more opaque owing to increased
light scattering. This is why if a lesion is visible under wet conditions
the decay is believed to have penetrated deeper into enamel and
possibly dentine, than a lesion that has to be dried before becoming
visible (Table 4).

4.

Ekstrand et al (1995, 1997) added lesion depth assessment, sconng
lesions by visualising macroscopic changes that were related to the
histological depth of a lesion. They demonstrated that lesions visible in
wet conditions indicated caries had penetrated through the entire
thickness of enamel and may extend into dentine. Lesions that require
drying to be visualised, on the other hand, are only halfway through
enamel. The following are the diagnostic stages of lesion progression
assessment (Ekstrand et al., 1997):
1. No or slight change in enamel translucency after prolonged airdrying (5 seconds)
2. Opacity or discoloration hardly visible on the wet surfaces, but
distinctly visible after air-drying
3. Opacity or discolouration distinctly visible without air-drying
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4. Localised enamel breakdown in opaque or discoloured enamel
and/or greyish discolouration from underlying dentine
5. Cavitation in opaque or discoloured enamel exposing dentine.

5.

ICDAS II (International canes detection and assessment system)
(Table 5) is an index that has incorporated concepts from Ekstrand and
coworkers' research (1995 and 1997). It has been used recently in a
clinical study conducted by Morgan and eo-workers (2008b ). WSL
progression and regression were measured based on clinical analysis of
these lesions using the ICDAS II criteria.
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NON-CAVITAT ED

Dental Caries

Dental fluorosis

Non-fluoride origin

LESIONS

(Nyvad et al. , 1999)

(Thylstrup and Fejerskov 1978)

(Fejerskov et al. , 1988)

Surface characteristics

Active: chalky, dull, rough on probing

Smooth, glossy and pearl like

Opaque, hypomineralisation

Inactive: glossy, sooth on probing

Colour

Active: white to light brown

Demarcation

Smooth/ glossy
White/opaque

White/opaque or creamy yellowish

Inactive: white to brown/black

to brown

Active: sharply defined, corresponding to White Striae or white capping of

Well defined, round and may have

area of plaque stagnation

incisal edges

a halo

Occurs symmetrically on

Occurs on individual teeth, most

• cervical region - banana shaped

homologous teeth, with similar

often on incisors

• approximal- below contact point

severity levels. The size of lesions

• occlusal pits and fissures

depends on the duration of

Inactive: well defined or diffuse borders

Location

Active: occurs on plaque retentive sites:

Inactive: located further away from

disturbance during maturation

gingival margin
Aetiology

Bacterial origin

Disturbance in enamel maturation

Localised traumatic disturbance in
mineralisation

Table 4. Characteristics that aid in the differential diagnosis of enamel opacities; modified from Nyvad et al. , 2009.
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Code

ICDAS II

0

Sound tooth surface

1

First visual change in enamel: lw (white) or lb (brown)

2

Distinct visual changes in enamel: 2w (white) or 2 b (brown)

3

Localised enamel breakdown due to caries with no visible dentine or underlying shadow

4

Underlying shadow from dentine with or without localized enamel breakdown

5

Distinct cavity with visible dentine

6

Extensive distinct cavity with visible dentine
Table 5. ICDAS II classification criteria (Ismail and coordinating ICDAS committee, 2005).
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1.2.4.2 In vivo -Quantitative light-induced laser fluorescence
and laser fluorescence
Other than clinical examination, laser fluorescence technology has also been
introduced as an objective means to detect WSLs in vivo. The optical
phenomenon of fluorescence occurs when light at one wavelength is absorbed
into a substance and emitted as a different wavelength. Sound dental hard
tissues exhibit fluorescent characteristics, which differ from those of
demineralised tissues. This detectable difference in healthy and diseased enamel
has led to the development of two methods of assessing demineralisation using
laser fluorescence: quantitative light-induced fluorescence (QLF) and DD

QLF utilises specialised equipment with a light source to produce light in the
blue-green range of the electromagnetic spectrum (440-570 nm). When the light
illuminates the tooth surface, a digital fluorescent image is captured by a
camera, which is transferred to a computer and displayed on a monitor. A filter
that only allows light in the yellow range (565-560 nm) to pass through
minimises the measurement of scattered wavelengths from the original bluegreen spectrum. The amount of yellow light emitted, therefore, is the amount of
fluorescence. The captured images are analysed by specialised software.
Carious lesions appear darker than sound enamel. The mineral loss from caries
is detected and measured as a decrease in fluorescence. Various authors have
investigated the prevalence and progression of orthodontic WSL using QLF in
both in vitro and in vivo trials, and found promising results (Al-Khateeb et al.,
1998; Pretty et al., 2003; Boersma et al., 2005; Mattousch et al., 2007). AlKhateeb and coworkers (1998) used QLF in a longitudinal study of seven post
orthodontic patients. They described QLF as a more objective way to detect and
monitor the regression ofWSLs after removal of fixed appliances in vivo. QLF
has been demonstrated in past research to be a valuable tool in the detection and
monitoring of white spot lesions. However, extensive equipment is required for
such analysis, which makes it costly and impractical for the practising
orthodontist. Thus at present, the expense and size of QLF equipment hinder its
use to monitor white spot lesions in general practice.
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DD has also been used in longitudinal studies to monitor changes in
demineralised lesions (Andersson et al., 2007; Skold-Larsson et al., 2004). DD
illuminates the tooth surface using a red laser light at a wavelength of 655nm.
The bacterial by-products within the lesion absorb a proportion of this light and
the remainder is re-emitted as near infrared fluorescent light. The difference
between the light absorbed and re-emitted gives the difference between sound
and decayed areas. The device records the amount of reflected light as a
numeric value (0-99). Within the probe, there are optic fibres that illuminate the
lesion and those that record the amount of light scattered by the lesion. The DD
filter is similar to the QLF filter in that it absorbs scattered short wavelength
light and transmits longer wavelength fluorescence. Instead of producing an
image on a computer screen as in the QLF system, the DD gives a digital
reading between 0 and 99, with 0 being minimum fluorescence and 99 being
maximum fluorescence. Carious tooth structure records a higher fluorescence
reading than sound tooth structure (Lussi et al., 2004). The DD produces a
reading that is thought to indicate bacterial activity rather than mineral loss
(Hibst and Paulus 1999; 2000). Farah and coworkers (2008) demonstrated that
the DD device was also able to detect the presence of protein, by producing
higher readings for hypomineralised enamel. Therefore, this study showed that
DD was not specific to the detection of dental caries.

QLF and DD have been compared in vitro (Shi et al., 2001a; Aljehani et al.,
2004) and one in vivo study (Kronenberg et al., 2009). These two diagnostic
tools were comparable in measurements of lesion depth and the mineral loss,
determined by histopathology and transverse microradiography techniques.
However, during mineral loss assessment, there were differences in the
correlation of QLF and DD measurements. While both of the fluorescence
techniques were shown to correlate reasonably well with the lesion depth, only
QLF was able to detect the amount of mineral. Shi and coworkers (2001a)
found a Spearman rank correlation of 0.8 between the current gold standard for
lesion depth analysis (histopathology and microradiography) and QLF. The
correlation between mineral loss and DD readings was only 0.65. This further
confirms the findings that DD measures organic rather than inorganic material
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in enamel (Hibst and Paulus, 1999). Recently a study of the effect of ozone
treatment on WSLs has used both the DD and QLF for quantitative analysis of
changes (Kronenberg et al., 2009). This study investigated the effects of ozone
versus Cervitec (chlorhexidine/thymol varnish) and FluorProtector (fluoride
varnish) on 20 patients treated with fixed appliances. They found the DD tool
was unable to detect any changes in a 26-month period and that QLF was only
mildly better than DD. The effectiveness of QLF was also questioned in this
study as it only modestly corresponded to clinical assessment of WSL. Clinical
evaluation proved to be superior in comparison to both QLF and DD
measurements.

A systematic review (Bader and Shugars 2004) looked at the performance of
laser fluorescence, in particular the DD in detecting caries. There were only two

in vitro studies that investigated the performance of DD on smooth surface
caries (Shi et al., 200la and 200lb). These two studies assessed the proximal
surfaces of extracted premolar teeth to quantify smooth surface carious lesions.
One study (Shi et al., 200la) compared DD to what is considered the current
gold standard (histopathologic and microradiographic analyses) for measuring
mineral content and depth (Huysmans and Longbottom, 2004). The other
compared DD with QLF for the quantification of smooth surface caries (Shi et

al., 200lb). Both studies found DD was comparable to the gold standard and
QLF in quantifying lesion depth but less accurate when assessing mineral loss.
One study found that the storage medium of extracted teeth affected DD
readings. Formalin resulted in 1.5 times higher readings than thymol and saline
(Shi et al., 200la). The inter- and intra-examiner agreements were 0.94 and 0.95
when teeth were stored in thymol and saline. Specificity and sensitivity for both
QLF and DD were similar for lesion depth. It was concluded that for the
quantification of smooth surface caries, either method was acceptable, but for
scientific purposes, QLF was superior in measuring mineral content. Smooth
surface caries detection with DD was more specific and less sensitive than the
detection of occlusal surface caries, (Bader and Shugars 2004). Overall DD was
proved to be more sensitive and less specific when compared to the visual
methods of caries detection. They concluded that there is an increased
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likelihood of getting false positives owing to its sensitive nature. This limits its
usefulness as a principal diagnostic tool (Bader and Shugars 2004).

DD has been used for the detection of WSL around brackets (Lussi et al., 2004;
Aljehani et al., 2004; Kronenberg et al., 2009) and after fixed appliance
removal (Aljehani et al., 2006; Andersson et al., 2007). Two of these studies
were in vivo (Aljehani et al., 2006; Kronenberg et al., 2009) and two were in
vitro (Lussi et al., 2004; Aljehani et al., 2004). Of the two in vitro studies, one
looked at molars and the other premolars. Another point of difference was that
Lussi and coworkers (2004) measured natural WSL and Aljehani and coworkers
measured artificially induced WSL. Aljehani and coworkers (2004) used a
conical tip to measure demineralisation in their earlier in vitro work. This was
contrary to the manufacturers' recommendations to use the flat tip for smooth
surface caries. In a later in vivo study, they rectified this by using the
recommended flat tip to assess post-orthodontic lesions using DD (Aljehani et
al., 2006). Both clinical studies had small numbers: 20 or fewer participants and
followed patients over a relatively long period (12 - 26 months). Aljhehani
(2006) examined 12 orthodontic patients every three months for 1 year, and a
total of 127 teeth were assessed. All of these teeth had carious lesions with
intact buccal surfaces. The mean number of lesions per patient was 10.6 ± 3.6.
After orthodontic appliances were removed, one group received oral hygiene
instruction and the other received both oral hygiene instruction and professional
tooth cleaning. They found the DD readings lower in both groups at 12 months,
suggesting that the lesions had remineralised. There were no significant
differences between the two groups. This lack of significance may be because
there is no true difference in effect of the two treatment modalities. It can also
arise because DD cannot detect minor changes owing to inaccurate or wide
variations in readings. The extent of air-drying time may have also affected the
DD readings. Finally, sample size may have been insufficient to pick up a
statistically significant difference between the two groups, as there is no
mention of any power analysis calculation prior to the commencement of this
study.
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Andersson et al (2007) measured regression of WSL treated with either CPPACP or F with visual inspection and DD. Success was recorded by the
percentage of lesions clinically scoring a 0 or a 1. After three months, they
found more sites scored a 0 or a 1 (0 = no visible colour change/ 1 = slight
white colour change, only visible after air drying) in the CPP-ACP group (55%)
than the F mouthrinse group (18%). After 12 months, the CPP-ACP group had
64% of the lesions score 0 or 1 as compared to 23% in the F mouthrinse group.
Although a clinical improvement was noted, no statistical significance was
found between the treatment group and the control using DD. Both DD readings
and clinical recordings also continued to improve even without intervention.
The reliability and reproducibility of caries detection using the DD has both
been supported and criticised. Andersson et al (2007) found that DD
measurements were highly repeatable within a participant for longitudinal WSL
monitoring but varied greatly between participants. Their research was on 26
recently debonded patients followed up over 12 months after two interceptive
therapies. They found it difficult to establish a cut off point to match their visual
scoring; however, they did find that a DD score of 10 or greater matched those
of the highest visual score (worst lesions). Other authors have also reported
problems with the reproducibility and sensitivity of DD measurements (Pinelli,
2002; Staudt et al., 2004; Farah et al., 2008; Bader and Shugars 2004;
Andersson et al., 2007). Pinelli (2002) found DD readings were extremely
sensitive to drying time, stains, hypomineralisation, calculus and plaque. Alkhateeb and coworkers (1998) agreed that this method for evaluation of WSL
was technique sensitive. They found that the interface between the probe tip and
the surface must be kept wet to provide good coupling during readings.
Standardisation of locating the same spot on a lesion more than once was also
difficult (Al-khateeb et al., 1998; Pinelli et al., 2002; Staudt, 2004). This
suggests that reproducibility of DD readings may be a significant problem.

Although DD has been shown to aid in the diagnosis and quantification of
demineralisation, many authors have reported problems in its reproducibility
and sensitivity (Pinelli, 2002; Staudt et al., 2004; Farah et al., 2008; Bader and
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Shugars 2004; Andersson et al., 2007). Currently QLF is still too costly and
complex to use in a clinical setting. A new method of assessing WSLs is
required for the general practitioner. A comparison of DD with other
measurement tools such as digital photograph analysis is required before any
definitive recommendations can be made.
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1.2.4.3 In vivo - indirect visual assessment: Photography
Photographs can provide a standardised permanent record of WSLs. They
record the optical properties of enamel in a format that allows re-examination
(Benson et al., 2003a). They have been used at length in past research to study
the prevalence of enamel opacities (Houwink and Wagg, 1979; Dooland and
Wylie, 1989; Levine et al., 1989; Ishii and Suckling, 1991; Ellwood and
O'Mullane 1995; Ellwood et al., 1996a and 1996b; Cochran et al., 2004a and
2004b). Photographs have also been used to assess the process of
demineralisation (Edgar et al., 1978). In relation to orthodontics, photographs
have been used to assess demineralisation throughout all stages of fixed
appliance therapy (Gorelick et al., 1982; Sonis and Snell, 1989; Adriaens et al.,
1990; Mitchell, 1992; Turner, 1993; Trimpeneers and Dermaut, 1996;
Marcusson et al., 1997; Wenderoth et al., 1999; Millett et al., 1999; Mattick et
al., 2001). A common investigation reported in these papers is the effect of
fluorides

incorporated

into

bonding

materials

or

elastomerics

on

demineralisation (Sonis and Snell, 1989; Mitchell, 1992; Turner, 1993;
Trimpeneers and Dermaut, 1996; Marcusson et al., 1997; Wenderoth et al.,
1999; Millet et al., 1999; Mattick et al., 2001 ). One study investigatesd the
prevalence of WSL in vivo (Gorelick et al., 1982). Another looked at the
differences between enamel opacities and WSL (Kanthathas et al., 2005). There
are only two clinical trials using image analysis that have investigated the
effects of either fluoride mouthrinse or varnish on orthodontically induced
WSLs (Adriaens et al., 1990; Willmot et al., 2000).
The advantage of photographic analysis is that many orthodontists routinely
take photographs in practice. Therefore, there is usually no additional cost of
purchasing photographic equipment nor is there any need for additional
training. Several authors have demonstrated that photographic analysis is
reproducible and a valid method to measure the prevalence of white spot lesions
(Gorelick et al., 1982; Benson et al., 2000; Willmot et al., 2000; Kanthathas et
al., 2005). They provide a permanent standardised record that can be examined
by multiple clinicians, eliminating potential bias that can result from subjective
clinical assessments (Edgar et al., 1978). Photographs can be digitised on a
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computer and used to quantify the severity of lesions. Initially, evaluation of
WSL used rudimentary four point scales (See figure 16) to grade the severity of
the

al.,

lesion (Gorelick et

demineralisation

from

1982).

photographs

Later,
used

quantification of enamel
Image

analysis

software.

Demineralisation has either been expressed by change in lesion intensity or in
size of lesions (Benson et al., 2003a; Benson et al., 2003b). Lesion intensity has
previously been measured as a change in the whiteness on a grey scale (Willmot
et al., 2000; Benson et al., 2000; Benson et al., 2003a; Benson et al., 2003b;
Benson et al., 2005b; Benson et al., 2008a; Livas et al., 2008). It has been
suggested that assessing demineralisation using photographs can reduce chairtime by 30% (Edgar et al., 1978). Furthermore, advances in digital photography
and associated software have produced a more sensitive tool than clinical
examination alone to assess demineralisation (Willmot et al., 2000).
The validity of photographic assessment has been demonstrated in the past
(Edgar et al., 1978; Nunn et al., 1993; Benson et al., 1998). Edgar and
coworkers (1978) compared direct clinical assessment with photographic
analysis of laboratory-induced WSL in human enamel. They found colour
photograph assessment using the Caries index grading system (See section
1.2.4.4) had high reliability and repeatability, as opposed to assessment of black
and white photographs. Cheng and coworkers (2001) also suggested colour
images can provide more information than grey scale images. The
differentiation between WSL and other enamel opacities is often difficult (Nunn
et al., 1993). They found colour slide assessment of developmental defects in
enamel more accurate that direct clinical assessment. Eighty three percent of
enamel defects were detected in photographs as opposed to 66% by clinical
assessment.

Benson

and

coworkers

(1998)

found

reproducibility

of

photographic analysis of demineralisation was higher than direct visual
assessment with the naked eye. They compared direct visual analysis with
microscopy and photography for the quantification of WSL. Benson et al.,
(2003a) later compared computer image analysis and quantitative light-induced
fluorescence. Both methods produced reproducible quantification of the lesions
surrounding orthodontic brackets. Either technique would be applicable to use
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in a clinical study as the two methods showed good agreement with one another
(Benson et al., 2003b ).
The majority of previous research has focused on in vitro assessment of
demineralisation of extracted human teeth (Linton et al., 1996; Willmot et al.,
2000; Benson et al., 1998; Benson et al., 1999; Benson et al., 2003a; Benson et
al., 2003b; Benson et al., 2005b; Benson et al., 2008a; Livas et al., 2008).
Artificial lesions were induced with a demineralisng solution in all these
studies. In particular, the specific photographic technique used to assess
demineralisation has been discussed in these papers. There are 13 in vivo studies
that have photographed WSL chairside (Edgar et al., 1978; Gorelick et al.,
1982; Sonis and Snell, 1989; Adriaens et al., 1990; Mitchell, 1992; Turner,
1993; Trimpeneers and Dermaut, 1996; Marcusson et al., 1997; Wenderoth et
al., 1999; Millet et al., 1999; Mattick et al., 2001; Willmot, 2004; Kanthathas et
al., 2005). Only two of these investigated the in vivo effects of fluoride
mouthrinse treatment on demineralisation (Edgar et al., 1978; Willmot, 2004).
Only one study investigated the effects of fluoride mouthrinse on the size of
WSLs after orthodontic treatment in a randomised clinical trial using
photographs (Willmot, 2004).
Teeth examined for WSLs varied between in vivo and in vitro studies. The most
common teeth used for in vitro research have been molars and premolars
(Linton, 1996; Benson et al., 1998; Willmot et al., 2000; Benson et al., 2003a;
Benson et al., 2003b; Benson et al., 2008). One in vitro study used incisors
(Livas et al., 2008) and another sectioned molars in half and reshaped them to
look like incisors (Benson et al., 2003a; Benson et al., 2003b). There have been
a range of teeth examined in the bonding and elastomeric studies. Two studies
looked at the maxillary anterior teeth, from canine to canine (Millet et al., 1999;
Mattick et al., 2001). The other four studies looked at maxillary and mandibular
teeth, from canine to canine (Wenderoth et al., 1999); maxillary laterals and
mandibular canines (Marcusson et al., 1997) and finally from second premolar
to second premolar in the maxilla and mandible (Sonis and Snell, 1989;
Trimpeneers and Dermaut, 1996). The variation between these studies makes it
extremely difficult to compare the results unless the same teeth are used.
Recently, a microhardness study on extracted premolar teeth found that mature
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teeth are more resisitant to demineralisation than newly empted teeth (Uysal et
al., 201 0). In vivo, reported WSL incidence is different for different teeth

(Zacharisson and Zacharisson, 1971; Gorelick et al., 1982; Mizrahi, 1983;
Artun and Brobakken, 1986).
The photographic assessment of demineralisation in previous studies has
included the measurement of changes in intensity, size and shape of lesions.
Photographic analysis of demineralisation around fixed appliances has been
extensively studied by Benson et al. (1998; 1999; 2000; 2003a; 2003b; 2005b;
2008a). Images were captured in earlier work using a 35mm film camera and
images were printed onto slides and scanned into image software to be
analysed. Later, digital images were converted directly into grey scale images
(8-bit range) using image software. Digital images have been shown to be as
accurate and reproducible as images captured from photographic slides.
Changes in the brightness of lesions, representing a change in luminance, have
been measured using Image Pro Plus, version 3.0 for Windows 95 (Benson et al
2003a). They used luminance as an indication of the amount of mineral loss in
each lesion. An increase in acid etching (in vitro simulation of demineralisation)
on dental enamel resulted in a linear increase in luminance (Benson et al.,
2000). The brightness values for 8-bit range grey scale start from 0 (black) and
can reach a maximum of255 (white).
The measurement of changes in lesion size has evolved from the earlier
methods of using a digitiser on black and white photographs into computerised
digital photographic image analysis. Although Benson and coworkers (1998)
criticized earlier hand measuring techniques for being time-consuming, the
basic formula remains unchanged:
Area of the WSL
Total labial surface area of the tooth
This is calculated by tracing the circumference of both the area of the WSL and
the labial surface of the tooth. Instead of manual calculations, computer
programs are able to calculate the area immediately from the selected
circumference. Willmot (2004) used Image Pro Plus to calculate the reduction
75

in lesion size after removal of orthodontic appliances. Figure 15 shows how the
reduction in size of the white spot lesions was determined. A percentage is
calculated by:

Size of the lesion just after debond
Total labial area of the tooth

After the study period this ratio is used and the difference between the two is
calculated.

lesion is 7%
of total labial

After 26 weeks
lesion is 3%
of total labial

surface

surface

I

DPR(26) is 7%- 3% = 4%

Figure 15. Illustrates the calculation of the difference of the demineralised white
lesion as a percentage of the area of the labial surface of the tooth. DPR

=

The

difference in percentage reduction at x weeks (26 = weeks of treatment)
(Willmot 2004).
Kanthathas and coworkers (2005) found luminance and roundness a useful
measure to distinguish developmental opacities from post-orthodontic WSL.
Luminance and lesion roundness of WSL and developmental opacities has
previously been calculated by:
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Luminance:

=-M=e=a=n-"'g=re=-y._l=e__,_v-=el'-'o=-=f'--W'--'-=S=L'-----'X 100
Mean grey level of sound enamel

Perimeter ofWSL

Roundness:

2

(4n x Area)
Where n is a constant with the value of 22/7.

Willmot and coworkers (2000) found images captured and converted to Tagged
Image Format (TIFF) produced good reproducibility provided photographs were
taken below the occlusal plane. The variability in camera position is a weakness
of photographic assessment (Benson et al., 2000). Photographs taken at greater
than 20 degrees to the perpendicular were found to produce a reduction in the
area of demineralisation through parallex (Benson et al., 2000). This was later
improved in in vitro studies by using a positioning jig to allow reproducible
camera positioning (Benson et al., 2003). Livas and coworkers (2008) found
that camera positioning did not make a difference to WSL assessment. Their in
vitro study used 20 central incisor teeth as opposed to premolars and molars

(Benson et al., 2000). A possible explanation in these conflicting claims can be
attributed to the difference in the buccal curvature of central incisors as opposed
to premolars and molars. Livas and coworkers (2008) concluded that
photographic analysis of central incisors was both reproducible and an accurate
method

for

quantification

of white

spots

and

diagnosis

of enamel

demineralisation during orthodontic treatment.

Reflections from the camera flash have been found to contribute to image
quality (Benson et al., 2008a). A cross polarization filter was found to enhance
the subjective assessment of the area of demineralised lesions around
orthodontic brackets but did not improve the assessment of changes in grey
levels (luminosity) in vitro (Benson et al., 2008a).
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1.2.4.4 Indices used in direct and indirect visual assessment
techniques
Indices are a simple method for recording the severity of demineralisation, and
there are many different indices available for the assessment ofWSL (See Table
6). The most basic is the digital index, which records a presence or absence of
decalcification (Tillery et al., 1976; Younis et al., 1979). DMFS (decayed,
missing, filled surfaces), an epidemiological index, has also been used in
previous studies to assess prevalence of WSL. DFS (decayed and filled
surfaces) and DMFT (decayed missing and filled teeth) have also been used to
calculate the effects of fluoride on the prevalence of WSL (Aasenden, 1972;
D 'Agostino et al., 1988). These measures only record the presence or absence
of visible white spot lesions. More complex indices can record lesion severity,
which is of greater clinical value.
The "Caries index system" was introduced in 1961 to aid in the clinical
assessment of caries: (von der Fehr, 1961). This index includes a four-point
scale to grade the severity of WSL (Figure 16). It was originally designed to
diagnose early caries, based on a sample of extracted teeth that had been
sectioned and viewed at 20 times magnification. This was later modified by
various research groups (Gorelick et al., 1982; Artun and Brobakken, 1986;
Boyd, 1992 and 1994) and since then widely used (Geiger et al., 1988; Ogaard
et al., 1997 and 2001; Stecksen-Blicks et al., 2007).
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1. None

2. Slight

3. Severe

Figure 16. Schematic representation of clinical assessment scale ofWSL
around orthodontic brackets. 1 = no white spot formation, 2 = slight white
spot formation, 3 = excessive white spot formation and 4 = white spot
formation with cavitation (Gorelick et al. , 1982).
Zachrisson and Zachrisson ( 1971) introduced an index to record the presence of
cavitations. A surface area index that divided the surface area of the tooth into
thirds was introduced in 1977 (Curzon and Spector). This index has since been
used to quantify demineralisation after orthodontic treatment (Mizrahi 1982;
Sonis and Snell, 1989). More recently, Banks and Richmond (1994) have
further subdivided the surface of the tooth in their Enamel decalcification index
(EDI) (See Table 6).
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von der Fer
(1961)

CodeO

I Normal surface

Zachrisson and
Zachrisson ( 1971)
Surface intact

appearance

Code 1

Code2

Code3

I Limited grayish
tinge, with or
without
accentuated
perikymata
I Perikymata
accentuated,
merging into
grayish WSL
· Pronounced WSL
with demarcation
line

Whitish
demineralisation
without cavitation

Curzon and
Spector (1977)
No opacity or
opacity< 1mm
in diameter
Opacity < 1/3
of the surface
area

Gorelick et al.,
(1982)

Artun and Brobakken
(1986)

Banks and Richmond
(1994)

NoWSL

NoWSL

No decalcification

Slight WSL
formation (thin
rim)

WSL <1/3 of enamel
surface

Clinically visible
decalcification affecting <
50% of surface

WSL > 1/3 of enamel
Excessive WSL
Opacity
Whitish
surface
formation
covering 1/3 demineralisation
2/3 of surface
with slight
area
cavitation
WSL > 2/3 of enamel
WSLwith
Opacity
Caviation can not
surface
cavitation
2/3
>
covering
with
be removed
of surface
catious grinding
Table 6. Indices used for the assessment of demineralisat ion.

Moderate to severe
decalcification affecting >
50% of surface
Decalcification covering
whole area or enamel
breakdown-caries
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1.2.4.5 In vitro assessment techniques
A wide variety of in vitro techniques exist. These include chemical analysis,
micro-hardness testing, micro-radiography and microscopy. These techniques
are usually destructive and cannot be used in the mouth.

Chemical analysis allows the researcher to obtain a measurement for mineral
loss and the rate of demineralisation by monitoring changes in phosphorous and
or calcium levels. Samples of enamel are dissolved in acid for this kind of
analysis. This technique has been employed previously by Benson and
coworkers (1999) to assess demineralisation during fixed orthodontic treatment
in an in situ caries model.

Microhardness testing involves creating indentations in enamel using a diamond
point. A measurement of the indentation can then be used to indirectly calculate
the changes in mineral content of the enamel after the hardness changes are
determined (Arends and Ten Bosch, 1992).
Micro-radiography techniques include: Transverse Micro-radiography (TMR),
Longitudinal Micro-radiography (LMR) and Wavelength Independent Microradiography (WIM). These techniques differ in the planes they choose to section
lesions and the type of X-rays they use. Teeth are sectioned prior to assessment
and the mineral content is determined by measuring the optical density (Arends
and Ten Bosch, 1992).
Polarized light microscopy is also used to quantify the porosity of enamel
(Arends and Ten Bosch, 1992). Other microscopy techniques include scanning
electron microscopy (SEM), variable pressure scanning electron microscopy
(VP-SEM), confocal laser scanning microscopy (CLSM) and micro CT
scanning. These are used as in vitro visual assessment techniques to detect
demineralisation within dental enamel or dentine (Duschner et al., 1997).
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1.2.5 CARIES RISK ASSESSME NT
Recently several chairside tests have been developed to aid the clinician in the
assessment of caries risk. Caries risk assessment is used to identify patients with
an increased risk of developing caries within a specified time period (Twetman,
2009). Risk is defined as the probability that a detrimental or unwanted event
will occur. An accurate prediction of caries risk is difficult owing to the
dynamic nature of the disease as it can both progress (demineralisation) and
regress (remineralisation) over time. No single test has proved to have good
sensitivity and specificity, but various studies have indicated they are useful
adjunctive tools. Two examples of such tests are the CRT (Caries Risk Test)
bacteria test (Ivoclar Vivadent, Liechtenstein) and the plaque check +pH test
(GC, Europe). These are specific to the analysis of either bacteria or acid
production respectively. There are various widely recognised etiological factors
for caries risk such as microbiological factors, diet, oral hygiene practices
socioeconomic factors, and fluoride use (Lingstrom et al., 2003; Moynihan,
2007; Levine et al., 2007). There is a vast amount of literature available on
these risk factors, most of which are beyond the scope of this literature review.

1.2.5.1 Orthodontic impact on Plaque and Bacterial
Adhesion
The placement of fixed orthodontic appliances results in new sites for bacteria
to adhere to in the oral cavity (Foumier et al., 1998; Ahn et al., 2005;
Papaioannou et al., 2007; Ahn et al., 2007). Many of the previous studies have
used saliva to quantify bacterial numbers (Bloom et al., 1964; Lundstrom and
Krasse, 1987a; Lundstrom and Krasse, 1987b; Rosenbloom and Tinanoff, 1991;
Chang et al., 1999; Basaran et al., 2006b). Bloom and coworkers (1964) found
that the extent of microbial increase was positively associated with the number
of orthodontic bands placed in the mouth. Dental plaque studies have equally
demonstrated increases in specific oral microflora in orthodontic patients
(Balenseifen and Madonia, 1970; Scheie et al., 1984; Huser et al., 1990;
Madlena et al., 2000).
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A number of studies have shown that the introduction of fixed appliances leads
to an increase in MS and LB numbers (Scheie et al., 1984; Lundstrom and
Krasse, 1987; Rosenbloom and Tinanoff, 1991; Chang et al., 1999). This, turn
results in the production of organic acids and demineralisation of enamel (Wisth
and Nord 1977). MS and LB have both been implicated in the initiation and
then progression of dental caries. MS has been significantly associated with the
prevalence and incidence of dental caries, whilst LB is more important in
disease progression (Newbrun 1989). MS can cause changes in the oral cavity
such as a decrease in pH and promotion of further MS colonisation (Mitchell,
1992). More recently, however, it has been recognised that MS is no longer
regarded as the dominant or sole pathogen responsible for dental caries (Walsh
and Tsang, 2008).
The presence of LB in large numbers has been linked to favourable conditions
for caries development (Van Houte, 1980). LB favour mechanical adhesion to
natural or iatrogenic niches such as pits and fissures, cavities and also
orthodontic brackets (Van Houte et al., 1972). Various authors have found LB
counts demonstrate substantial increases after the placement of fixed
orthodontic appliances (Owen, 1949; Bloom et al., 1964; Lundstrom and
Krasse, 1987). Bloom and coworkers (1964) found LB colonies increased
substantially compared with other species such as staphylococci, yeasts,
streptococci and veillonella. They found LB counts increased by 3500%, which
is equivalent to a statistically significant increase of over 90,000 LB per
millilitre of saliva. The other groups displayed more modest increases, which
were not statistically significant. Lundstrom and Krasse (1987) found that prior
to orthodontic treatment, 24% of patients (number =138) had non-detectable
levels of LB. These LB numbers increased after fixed appliances were bonded
onto teeth and were resistant to chlorhexidine treatment, unlike MS, which
decreased in number. While Boersma and coworkers (2005) were investigating
caries prevalence after orthodontic treatment, they found MS scores were not
correlated to the number of decalcifications but LB scores, prior to debonding,
were modestly correlated.
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There have been numerous studies looking at the types of bacteria present on
orthodontic brackets, their adhesion patterns and what surfaces they adhere to
(Hagg et al., 2004; Ahn et al., 2005; Anhoury et al., 2006; Basaran et al.,
2006a; Basaran et al., 2006b; Naranjo et al., 2006; Papaioannou et al., 2007,
Ahn et al., 2007). Lee et al (2009) found that MS adheres more to orthodontic
cements than to bracket materials. This is supported by Mitchell's research
(1992), which established that the surface characteristics of bonding materials
are the main determinant of bacteria adhesion. Surface roughness and surface
free energy attract more bacterial adhesion. A salivary coating on brackets had
no effect on S mutans adhesion (Ahn et al., 2005; Ahn et al., 2010). Plastic
bracket materials were found to have the highest bacterial adhesion rates and
monocrystalline sapphire had the lowest. Previous research, however, has
shown that glass ionomer cements containing fluoride have bacteriocidal and
bacteriostatic effects (Hallgren et al., 1992; Palenik et al., 1992).
Much of the previous research on bacteria in relation to orthodontics has been
performed in the laboratory using methods that include: scanning electron
microscopy (Gwinett and Ceen, 1979; Sukontapatipark et al., 2001), DNA
checkerboard hybridization (Paster et al., 1998; Kim et al., 2010) and dark field
microscopy (Huser et al., 1990). Simpler chair side tests have also been used.
These include the Dentocult® SM Strip mutans test and the CRT® bacteria test.
These tests cultivate bacteria from saliva samples using selective growth media.
These simple tests are useful for the clinician as a means to analyse bacterial
numbers in the clinical setting.

1.2.5.2 The CRT Bacteria test
CRT (Caries risk test) Bacteria® (lvoclar Vivadent, Liechtenstein) is designed
as a caries risk assessment test for the dental clinician. It allows simultaneous
determination of mutans streptococci and LB counts in saliva or plaque by using
selective agars. There are two different culture mediums in each test. The blue
mitis-salivaris-agar with bacitracin is used to detect mutans streptococci. On the
other side of this is a light culture medium, Rogosa agar, which is used to
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evaluate LB (Ivoclar Vivadent, 2008). This test will allow comparative analysis
between different treatment modalities as well as monitor changes within a
specific treatment. This commercially simplified test has been compared to
conventional laboratory tests in a cross sectional study of 696 elderly subjects
(Sanchez-Garcia et al., 2008). Specificity and sensitivity for both MS and LB
were high; LB (0.86, 0.97 respectively) and MS (0.95, 0.92 respectively). From
these results, they concluded that CRT bacteria showed similar results to
laboratory testing in subjects 60 years of age and over.
There are numerous studies that have used the CRT Bacteria® test in patients
undergoing fixed orthodontic treatment (Antoszewska et al., 2006; Boersma et
al., 2005; WeiB et al., 2005; Kaufman et al., 2006; Kupietzky et al., 2005;
Basaran et al., 2006a; Basaran et al., 2006b; Cheng et al., 2007; Masek et al.,
2008; Cildir et al., 2009). One study (Basaran et al., 2006b) compared the
bacterial numbers with fixed appliances and removable appliances and found no
statistically significant difference between the two in relation to MS and LB
bacterial counts. Kupietzky and coworkers (2005) on the other hand, found that
after two months of fixed appliance therapy there were higher numbers of LB
counts but no significant changes in MS counts. Some of these studies took a
cross-sectional sample of either saliva or plaque in their assessment of MS and
LB levels in orthodontic patients (Kaufman et al., 2006; Antoszewska et al.,
2006; Basaran et al., 2006a). Others looked at the changes in bacterial counts
over a few visits (Boersma et al., 2005; WeiB et al., 2005; Basaran et al.,
2006b; Masek et al., 2008; Cildir et al., 2009). Several studies have investigated
bacterial levels in cleft lip and palate patients (WeiB et al., 2005; Antoszewska
et al., 2006; Cheng et al., 2007). Cheng and coworkers (2007) found LB counts
were higher in the cleft group undergoing orthodontic treatment compared with
those not having orthodontic treatment (control group). LB counts were also
higher in non-cleft patients undergoing orthodontic treatment compared with the
non-cleft control group. This pattern was not demonstrated in the MS counts in
the cleft groups. However, in the non-cleft groups MS counts were increased in
the orthodontic treatment group.
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The antibacterial effects of chlorhexidine have been studied using CRT Bacteria
®

(Wei~

et al., 2005; Masek et al., 2008). These studies found chlorhexidine

used 3 monthly exhibits limited effects on bacterial numbers and bi-monthly
reapplication is necessary to keep numbers low. In contrast to this, Basaran and
coworkers (2006a) found the use of either a chlorhexidine or benzidamin HCl
mouth varnish for one week reduced salivary levels of MS.

Wei~

and

coworkers (2005) looked at the combined effects of chlorhexidine varnish and
sodium fluoride varnish on bacterial levels in cleft lip and palate patients
undergoing fixed appliances. They found that the bactericidal effects of both
chlorhexidine alone and chlorhexidine and fluoride were limited and weaker
than previously described in the literature. The antimicrobial effect of probiotic
bacteria in yogurt has also been investigated (Cildir et al., 2009). This was a
double blind randomised crossover study, which measured the effects of daily
probiotic yogurt consumption on salivary MS and LB levels in 24 orthodontic
patients. They found a significant reduction in salivary MS levels compared
with the control group but no significant alterations to LB counts were
observed. El-Housseiny and Farsi (2005) compared the effects of 10%
providone iodine solution with 1.23% acidulated phosphate fluoride gel (APF)
to APF gel alone. This was applied every three months for a year and bacterial
counts measured using CRT bacteria tests. They found the iodine group resulted
in a reduction in number of both MS and LB compared with the numbers at
baseline.

1.2.5.3 Plaque pH and caries risk
The critical pH at which enamel dissolution occurs is approximately 5. 7 and
below (Ekstrand et al., 2007). Bacteria found in dental plaque produce acids
that facilitate enamel dissolution. Organic acids that are produced by bacteria
include lactic, formic and pyruvic acids. These acids are produced when plaque
is exposed to sucrose and other fermentable carbohydrates (Stephan, 1940 and
1944). Once the acids are produced there is a rapid drop in pH and then a
subsequent slow recovery towards the resting pH. This drop in pH can also
affect the composition of the microflora within dental plaque. Bacteria that are
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more resisitant to acid will flourish. Some examples are: Streptococcus mutans,
Streptococcus sobrinus, lactobacillus species, Actinomyces odontolyticus and
Enterococcus faecalis (Harper and Loesche, 1984; Svensater et al., 2003).
Associated with this increase in microbiota

IS

an increase in plaque acid

production. Therefore, the sampling of plaque for pH testing can provide a
surrogate measure of the cariogenicity of bacteria in the oral cavity (Walsh,
2006). Measuring plaque acid production is a valuable tool in caries risk
assessment. Clinical research has demonstrated that high caries risk patients
have increased numbers of cariogenic acid-producing bacteria in their plaque
(Van Houte et al., 1991; Gao et al., 2001; Lingstrom et al., 2000). Vratsanos
and Mandell (1982) showed that caries resistant patients produce less lactic acid
and more acetic acid. Acetic acid is produced in low cariogenic environments
and has less ability to demineralise enamel. It is considered a weak acid, which
can buffer plaque pH changes. Lactate on the other hand, is a highly cariogenic
acid that has the ability to cause enamel demineralisation. Although caries
resistant patients produce more acid than caries susceptible patients, the type of
acid produced is also significant. Dong and coworkers (1999) suggested that the
frequency of acidogenic exposures could be more important than the degree of
acidogenicity of any one exposure during the caries process. That is why the
assessment of plaque pH alone is insufficient to identify a high-risk patient.
Other assessments, such as diet, bacteria and oral hygiene practices, are also
required.

1.2.5.4 GC Plaque check + pH
The GC Plaque-check + pH kit is a colourmetric test that can be used chairside
to assess the pH-lowering potential of plaque. When plaque samples are
exposed to sucrose, there is a drop in pH. The drop in pH is at its lowest at five
minutes after food consumption, as shown in Figure 17. After the initial five
minutes, the pH will slowly increase again (Ahlden and Frostell, 1975). A low
pH reading indicates that the plaque sample has the ability to create an acidic
environment on the tooth surface. pH indicator dyes are used to illustrate the pH
of plaque to determine the plaque activity and as a patient education tool. Red
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indicates that the plaque sample has the ability to lower the plaque pH to 5.75 or
less, indicating the possibility of enamel dissolution (Trinos, 2007). Yellow =
pH of 6.75 to 6.25, Green= pH of 6.75 and above and Orange= pH of 6.25 to
5.75 (see Figure 17).

Figure 17. Image showing changes in pH over time as fermentation occurs on
plaque sample (located at the end of the plastic instrument). A pH scale is
shown on the top right corner of the figure (Walsh, 2006).
Within the oral cavity, variations in plaque pH measurements can be found at
different sites. For example, a lower micro-electrode plaque pH reading was
recorded for the upper front teeth compared with the lower front teeth, in five
orthodontic patients (Arneberg et al., 1997). The ability of saliva to clear
substrates and buffer acids can determine the pH levels at different sites within
the mouth. For example, the anterior region of the maxilla has reduced salivary
clearance and a resultant lower pH measurement. The pH is reduced by 0.5-1 .0
pH units compared to the anterior mandible (Van Houte et al., 1991). These
sites become more susceptible to demineralisation because of the reduced
salivary clearance rate, prolonged exposure to carbohydrates and the resultant
reduction in pH (Van houte, 1994).
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1.2.5.5 Effect of Fluorides and Casein Phosphopepti des on
pH.
A recent study looked at the in vitro effects of differing pHs (7.0, 6.5, 6.0, 5.5,
5.0 and 4.5) on enamel subsurface lesion remineralisation in extracted third
molars when CPP-ACFP was applied. They found that the maximum
remineralisation of subsurface lesions with CPP-ACFP occurred at a pH level of
5.5. However, CPP-ACFP has been shown to be able to stabilise calcium,
phosphate and fluoride between pH 7.0 - 4.5 (Cochrane et al., 2008). This
indicates that a low pH at the enamel surface can aid in the remineralisation
process. One could hypothesize that this occurs in a similar way to acidulated
fluorophosphates gels. These gels have a pH of 2.3 and when applied to teeth,
begin to dissolve and allow fluoride to be incorporated into the apatite structure
(Dawes, 2003). Instead of the incorporation of fluoride, calcium and phosphate
are incorporated into the demineralised enamel.
The effect of Tooth Mousse (CPP-ACP) on salivary and plaque pH was
investigated in 25 patients with fixed orthodontic appliances (Marchisio et al.,
2009). Results showed an increase in oral hygiene level and an increase of the
salivary pH in 76% of the patients. 48% of the patients showed a bacterial
plaque pH increase. They concluded the evidence for the protective properties
of Recaldent® molecule were inconclusive. Similar rises in plaque pH have
been reported in in vivo research with stannous fluoride mouthrinse (Svatun and
Attramdal, 1978; Geddes and McNee, 1982). Svatun and Attramdal (1978)
postulated that fluoride reduces bacterial acid production. This is because
fluoride disrupts the bacterial membrane transport system, which subsequently
inhibits enzyme systems that are essential in the fermentation of sugars.

1.2.5.6 Diet
Dietary factors can contribute to the process of dental canes. Chang and
coworkers (1997) suggested that diet had a significant influence on
demineralisation during orthodontic treatment, in particular the frequency of
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carbohydrate consumption. Factors that influence the cariogenicity of foods
include: the frequency of consumption (Gustafsson et al., 1954; Weiss and
Trithart, 1960); carbohydrate content (Edgar et al.,

1975); adherence

(Gustafsson et al., 1954); clearance time of foods (Caldwell, 1970); and acidity
of foods (Van eygen et al., 2005). A reduction in cariogenicity can be
influenced by factors such as: the sequence food is eaten in (Newbrun 1982);
the type of food consumed (Drummond et al., 2002); salivary simulation (Edgar
et al., 1994) and presence of calcium (Harper et al., 1987), fluoride, phosphate
and casein phosphopeptides in foods (Reynolds and Johnson, 1981; Reynolds
and Black, 1987a; Reynolds and Black, 1987b; Reynolds and Black, 1989).
Diets high in fermentable carbohydrates and acids like carbonated drinks, fruit
juices and energy drinks can affect dental plaque ecology. It has been
established that foods containing fermentable carbohydrates will result in acid
production by dental plaque and ultimately lead to enamel demineralisation
(Edgar et al., 1975). They found that some foods such as biscuits, cakes, pies
and candies gave rise to large drops in pH and advised that these should be
avoided between meals. Previous research has investigated the effect of
confectioneries such as chocolate bars, raisins, chocolate biscuits and cupcakes
on the plaque pH (Dodds and Edgar, 1988; Itthagarun et al., 2005; Jensen,
1986). Dodds and Edgar (1988) ranked seven types of food on the amount of
acid (lactate and acetate) they produced over a 27-minute period (see Figure
18). In this study, chocolate and apple drink were found to produce the most
acid after 8 minutes. However, other study methods have found conflicting
results. It has also been demonstrated that a diet high in sugar leads to a greater
reduction in pH than a diet low in sugar, when identical foods or liquids are
consumed (Dodds and Edgar, 1988; Sgan-cohen et al., 1988). A more recent
systematic review (Lingstrom et al., 2003) found that there was insufficient
evidence to suggest that reducing sugar intake is an effective caries preventive
activity. This review also suggested that testing the caries inhibiting effect of
chewing gum is difficult. This is because the act of chewing gum (sugared,
sugar-free or CPP-ACP) stimulates salivary flow, subsequently buffering acids
and promoting remineralisation. In fact, Jensen (1986) found chewing sorbitol
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gum increased interproximal plaque pH to a level safe for teeth after 10
minutes.
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Figure 18. Mean plaque pH/time response to seven food types in 12
participants. Key: SM: skimmed milk; Coo: cookie; Ca: caramel; A: apple
drink; SK: snack cracker; WF: wheat flake and Ch: chocolate (Dodds and
Edgar, 1988).
Dietary cariogenicity scores have been used as predictors of dental caries in
populations of children aged 19 months to 36 months (Milgrom, 2000). These
scores were obtained by taking a diet history. Questions relating to the amount
of snacks consumed daily included: the three most common snack foods;
whether snack foods were used as rewards. These were then scored on a scale
from 0 (never or rarely) to 28 (four times or more per day). Foods were also
scored according to cariogenic potential from 0 (non-cariogenic: eggs, butter
and vegetables) to a score of 12 (highly cariogenic: candy). The cariogenicity
score of each food was then multiplied by the frequency of consumption and the
total score was calculated. An overall high cariogenic score increased the odds
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of developing white spot lesions and cavitations by 7.8 times in a sample pool
of 199 children.
The types of foods and frequency of consumption in relation to canogemc
activity were investigated in young children by Weiss and Trithart (1960). They
found a direct and consistent relationship between the number of decayed,
extracted and filled teeth (def) and the frequency of eating high sugar foods or
foods with a high degree of adhesiveness between meals.
In the past, dietary consumption of sugar has been shown to increase caries
activity (Gustafsson et al., 1954). In this large cohort of institutionalised
patients in Vipeholm, they found that the adhesiveness and frequency of sugar
consumption between meals increased the risk of caries. When these sugar-rich
foods were removed from the patients' diets, caries incidence returned to the
low level it was before the study began. However, individual variation between
participants was evident. More recently, Burt and Pai (2001) conducted a
systematic review of sugar consumption and caries risk and found that only two
of the 134 papers reviewed indicated a strong relationship between sugar
consumption and dental caries. Other papers found weaker associations. They
concluded that in the modem age, with the increase in fluoride exposure, sugar
consumption and its association with dental caries might be reduced. Dietary
control of sugar is still advisable but it is not the sole contributor to the
development of caries. Farhadian et al (2008) advocated modifying dietary
factors in conjunction with oral hygiene instructions and topical fluoride use to
reduce or prevent demineralisation during fixed orthodontic therapy.

1.2.5.7 Water fluoridation and toothpaste
In the past five decades research has indicated that a very significant factor in
the reduction of dental caries in developed countries is access to fluoride via
drinking water and toothpastes (Ekstrand and Oliveby 1999, Featherstone 1999
and 2000; Yeung, 2008). However, the effect of water fluoridation is limited to
those communities with optimal fluoride in the drinking water. Previous
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research has acknowledged water fluoridation as a possible confounder in the
treatment of demineralisation (O'Reilly and Featherstone, 1987; Geiger et al.,
1988; Boyd, 1993).

Fluoride toothpaste is the next most widely used method of fluoride delivery,
after water fluoridation (Mellberg and Ripa, 1983b). Regular delivery of
fluoride via use of toothpastes has been shown to reduce the risk of dental caries
(Choo, 2001). The impact offluoride in toothpaste depends on the concentration
and the regularity of use. O'Reilly and Featherstone (1987) found dentifrice
(llOOppm fluoride) alone was insufficient to prevent demineralisation around
orthodontic brackets.

However, D' Agostino and coworkers (1988) found that

toothpaste with 1500ppm fluoride was more effective than toothpaste with
1OOOpprn at caries prevention.

1.2.5.8 Oral hygiene
Oral hygiene measures involve the mechanical disruption and removal of dental
plaque. This can be achieved by regular toothbrushing and flossing. Brushing
twice daily and daily flossing has been recommended. This mechanical plaque
interference should be performed at least every 48 hours to minimise the
pathogenicity of gram-negative bacteria in dental plaque (Lang et al., 1973).
Koch (1970) found supervised toothbrushing with a fluoridated toothpaste, over
three years in 133 schoolchildren resulted in a 48% reduction in new carious
surfaces in the third year compared with a non-fluoridated control. A review of
the literature (Bellini et al., 1981) found only modest differences in total caries
prevalence between frequent, regular and irregular brushing in seven studies.
Effective plaque removal was related to a reduction in caries development
especially in relation to the anterior teeth (Bellini et al., 1981 ). It is likely that
the most important aspect of oral hygiene is the use of fluoride toothpaste and
the impact of the toothbrush as a vehicle for this.
Bibby (1966) found there was equal evidence for and against toothbrushing in
reducing dental caries. He noted that previous studies demonstrated that an
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increased frequency of brushing was not correlated with a reduction in caries.
However, timing of brushing after the consumption of cariogenic foods was
correlated with a reduction in caries (Fosdick, 1950). Fosdick demonstrated 5060% less caries developed in a group of university students who brushed 10
minutes after eating when compared with a control group who brushed morning
and night.
A review of 77 studies (Harris et al., 2004) found the risk factors for caries
included oral hygiene habits and dietary factors. A close interaction between
mechanical plaque removal via toothbrushing and dietary factors was suggested.
For example if oral hygiene habits are 'good' this may negate some of the 'bad'
dietary habits a patient may have. This highlights an important limitation in
previous research. It is difficult to determine a direct cause and effect
relationship between oral hygiene and caries as other confounders such as diet
and fluoride also play a significant role in the occurrence of dental caries.
Eliminating the effects of these confounders is difficult and potentially unethical
in a clinical study.

1.2.5.9 Socioeconomi c status
Socioeconomic status (SES) is often measured by factors such as level of
education, income, place of residence and occupation. SES can also be linked to
dietary factors and obesity (Marshall et al., 2007). In a longstanding cohort of
789 individuals from the Dunedin Multidisciplinary Study who have been
followed since birth, it has been reported that if they belonged to a low SES at
the age of 5 years they had greater DFS and DS scores by 26 years of age, after
controlling for childhood oral health (Thompson et al., 2004).

A systematic

review that looked at 272 papers was in agreement with Thomson's findings. It
found that SES was strongly linked to the prevalence of dental caries in children
less than 12 years of age. This was an inverse relationship and with an increase
in age the link weakened (Reisine and Psoter 2001 ).
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1.3 Aims
The aims of this study were to investigate:

•

The effects of casein phosphopeptides (CPP-ACP) Tooth Mousse®
(TM) and daily 0.05% acidulated sodium fluoride mouthrinse (F) on
WSLs in patients cunently undergoing orthodontic treatment and those
that had recently been debonded.

•

The use of TM applied in a novel intra-oral releasing device (NIRD)
that can be attached onto archwires, compared with F rinse.

•

The effectiveness of the NIRD at delivering TM to cervical WSLs.

•

The use of DD in monitoring WSL changes.

•

The use of colour digital photography in monitoring WSL changes.

•

The changes in LB counts and plaque acid production between the two
treatment regimes.

•

The

possible

confounders

of demineralisation

associated

with

orthodontic treatment: diet (sugar and acid), plaque acid production,
LB, tactile measurements, appliances, oral hygiene, water fluoridation,
frequency of product use, socio-economic status and DMFT.
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1.4 Hypotheses Tested
1. There is no difference in the rate or amount of remineralisation between
TM and F when used in participants with WSLs who are undergoing
fixed orthodontic treatment.

2. There is no difference in the rate or amount of remineralisation between
debonded patients and those patients currently undergoing orthodontic
treatment with WSLs .

3. There is no difference in the accuracy of DD or clinical evaluation of
photographs in the diagnosis and quantification ofWSLs.

4. There is no difference between colour digital photography analysis and
clinical evaluation of photographs in diagnosing and quantifying WSLs.
5. There are no differences in LB counts and plaque acid production
between TM and F groups.
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1.5 Research Questions
1.

How does Tooth Mousse® and daily 0.05% acidulated sodium fluoride
mouth rinse compare when used to remineralise WSLs:
1.
11.
111.

In patients with fixed appliances;
In debonded patients; and
Between patients with fixed appliances and those who have
been debonded?

2.

What are the differences in effect of TM delivered in NIRD versus
thermoplastic trays?

3.

Which are the most accurate methods to assess WSL changes:
1.

n.

Digital photographic analysis - size;

111.

Digital photographic analysis- roundness;

IV.

DD;

v.
VI.

4.

Digital photographic analysis - colour;

Clinical evaluation of photographs; or
Tactile sense?

Can digital photography consistently and accurately be used to analyse
WSLs?

5.

Do the counts of LB change with the use of TM or F?

6.

Does the plaque acid production change with the use of TM or F?

7.

How practical and user-friendly are the NIRDs?
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Chapter 2
2.1 Materials and Methods
2.1.1 Ethical approval
Ethical approval was originally obtained in November 2004 from the Lower
South Regional Ethics Committee, Ministry of Health by Andrew Quick (Chief
supervisor). This was updated in October 2008, number: OTA/04/08/064.

2.1.2 Participants
Thirty-six participants were selected from a pool of patients attending the
Orthodontic Clinic at the University of Otago, School of Dentistry. All
participants who had visible white spot lesions (WSLs) were asked to
participate in the study and were examined for suitability.

Inclusion criteria included:
•

They were already undergoing orthodontic treatment (fixed orthodontic
appliances) or had recently had their appliances removed (debonded).

•

They had WSLs on at least two of their four maxillary incisors.

•

WSLs were present in the cervical area around the bracket.

•

WSLs were rough to probe during tactile probing by running a blunt probe
gently across the surface.

•

In the active treatment group, participants had a 0.016 x 0.022 inch
archwire for attachment of experimental Novel Intra-oral Releasing
Devices (NIRDs).

•

In the debonded group, participants had to be able to wear a thermoplastic
trays at night.

•

They consented to participate in the study. Written participant (and parental
consent for participants under 16 years of age) was obtained prior to
commencement of the study for each participant (appendix 4.4.1 and 4.4.2).
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Exclusion criteria were:
•

Those who had obvious opacities not related to demineralisation.

•

Those who were allergic to milk proteins.

•

Those who were unable to provide consent for participation.

•

Those who were unable to meet the review appointment schedule.

2.1.3 Randomisation
36 participants were randomly selected to enter the treatment or positive control
groups by block randomisation (blocks of ten participants were used), which
ensured a close balance of numbers in each of the groups at any time. 16
participants were selected in 2008 (part one) and 20 participants were selected
in 2009 (part two).

•

Eighteen were allocated to the Tooth Mousse® group and

•

Eighteen allocated to 0.05% daily acidulated sodium fluoride mouthrinse
group.

The groups were:
•

Positive control: Fluoride mouthrinse (Colgate®, FluoroCare 200, 0.05%
acidulated phosphate fluoride, equal to 200 ppm fluoride ion, cool mint
flavour, USA); or

•

Treatment group:
phosphopeptide

GC

Tooth Mousse®

amorphous

calcium

containing
phosphate

1 % casem
(Recaldent™,

manufactured by GC corporation, Tokyo Japan).

Randomisation was performed separately for those who were currently
undergoing fixed appliance therapy and those that had recently had their
appliances removed, based on the type of delivery of the TM product. The
subjects who were assigned to the treatment group, and were undergoing active
treatment, had the mousse delivered by NIRDs. This ensured the product
remained in contact with the tooth surface for as long as possible. Those in the
treatment group that already had their appliances removed had the mousse
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product delivered in thermoplastic trays, again ensuring long-lasting contact
with the tooth surface. The fluoride rinse instructions for both active treatment
and debonded groups were the same. Refer to Figure 19. CONSORT diagram.
The decision to use low dose daily fluoride mouthrinse has been supported by
previous research (Zachrisson, 1975; Benson et al., 2004; O'Reilly and
Featherstone, 1987).
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____

Assessed for eligibility (n = 40)

..__

Excluded= (n = 4)
Not meeting inclusion criteria (n = 3)
Declined to participate (n = 1)

.._________

---------~--_J

I
Allocated to 1% CPP-ACP Tooth Mousse (n = 18)
Received allocated intervention (n = 18)
Did not receive allocated intervention (n = 0)

Randomised (n = 36)
2008 (n = 16)
2009 (n = 20)
I

____

Thermoplastic trays (no braces)
(n =8)

NIRDs (braces)
(n =10)

.....

Allocated to 0.05% (200ppm) acidulated sodium fluoride mouthrinse (n = 18)
Received allocated intervention (n = 18)
Did not receive allocated intervention (n = 0)
'---~--

No braces
(n =8)

--

braces
(n =10)

Figure 19. Flow diagram of the progress through the phases of this randomised trial for Tooth Mousse and fluoride mouthrinse group.
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2.1.4 Clinical procedures
2.1.4.1 Part I: Preliminary study (2008)
Part one of this study was conducted in 2008. Sixteen participants were
randomly assigned to either F or TM groups. There were five TM participants
with appliances on and three participants who had been debonded. The F group
had five participants with appliances and three debonded participants. These
participants followed the standard protocol with some changes. Both protocols
are outlined below.
The protocol for this initial cohort of participants (2008) was re-evaluated after
an assessment by two internal examiners at the end of 2008. Subsequently,
changes to the methodology were made. An extension in the treatment duration
of the current study was implemented owing to new evidence presented which
highlighted the duration of treatment required in order to detect an improvement
in WSLs. Initially, an abstract was published in 2008 by Morgan and his team
from the university of Melbourne (2008b ), and subsequently this research was
later published as a full article by the same team but authoured by Bailey and
coworkers (2009). This paper reported that, after 8 weeks of TM treatment, they
did not detect any statistically significant changes but they did after 12 weeks.
The second change was the elimination of pumice as the professional
prophylactic agent. This change was based on findings by Honorio and
coworkers (2006) that suggested that pumice was twice as abrasive as a
bicarbonate jet in both sound and demineralised enamel. Honorio and
coworkers (2006) used 60 bovine enamel fragments and induced artificial
WSLs on 30 of these. These were then divided into a prophy group and
bicarbonate jet group. The prophy group received pumice combined with water
(slurry), which was applied with a slow speed hand piece using a brush
attachment. The mean wear was 0.915

~-tm

on sound enamel and

1.620~-tm

on

demineralised enamel; both approximately double that of the jet measurements.
SEM studies have also suggested that demineralised enamel was more prone to
mechanical wear than sound enamel (Holmen et al., 1987b; Artun and
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Thylstrup, 1989). Christensen and Bangerter (1987) found using a rubber cup
and pumice at 2500rpm on sound enamel would remove on average 0.24

~-tm

from the surfaces of mandibular incisors. They also suggested that a 3 - 4

~-tm

fluoride rich surface layer was also disturbed during this polishing process.
The following changes were made to the protocol in part two:

1.

Participants in Part I followed a total of 8 weeks of treatment and
follow-up. The participants in Part II followed 12 weeks of treatment
and follow-up.

2.

Removing dental plaque: the use of pumice and a prophy cup was
replaced with the soft bristled toothbrush in part two. A mini-study
investigated the most effective means of removing plaque without
damaging the surface of the white spot lesions (Section 2.1.4.4 Plaque
removal).

3.

DD readings previously recorded the same mesial, middle, and distal
area on each of the cervical regions of the four incisor teeth, but this did
not always correlate with the white spot lesion. A modification was
made to DD readings to include the whitest part of the WSL (x).
Diagrams to illustrate where this area was were made, so that each area
could be identified at subsequent appointments. Often there were
multiple WSLs on an individual tooth. In this study, it was difficult to
distinguish the boundaries for each of these. The WSLs tended to blend
into one another and were difficult to demarcate. Therefore, for each
cervical region, we defined the whitest part of the WSL (x), to be the
whitest area in the cervical region.

4.

Two additional tests to assess plaque were added in Part II to improve
the validity. These were the Plaque check+ pH™ and CRT Bacteria®,
which measure plaque acid production and LB counts.
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5.

Part II recorded additional information about participants such as: socioeconomic status (SES) by using the NZDep06 scale; fluoridation in their
area of residence; fluoride in their toothpaste; diet analysis; and previous
canes expenence.

6.

Part II used a self-reported recording sheet. Participants were instructed
to record with a tick the days they used their allocated product. For the
NIRD group, participants were asked to tick the day the clips fell off or
were removed by the participant. This was given to participants to fill
out so that compliance could be recorded (appendix 4.4.6).

2.1.4.2 Part 11: Continuation Study (2009).
Orthodontic postgraduate students within the department referred participants
for possible inclusion in the study. An assessment was made at their routine
treatment appointments. The study was explained and verbal consent obtained
for the referral. An appointment was made with the investigator to explain the
study in further depth and obtain written consent (appendix 4.4.1 and 4.4.2).
Twenty participants were recruited. They had appointments once a week for
four weeks and then once a month for a further two months. Overall, there were
six visits over twelve weeks (Table 7).

Using the block randomisation

technique described previously, participants were randomly assigned to a group
using either 0.05% daily-acidulated sodium fluoride mouthrinse (F) or Tooth
Mousse® (TM) in either thermoplastic trays or NIRDs.
Before commencing any treatment, a plaque score (Heintze, 1999, adapted from
Silness and Loe, 1963) was recorded for the maxillary incisors by clinical
inspection and gentle probing at visits 2, 3, 4, and 5. At the first and last visits,
nine recordings were taken for the whole mouth (teeth: 12, 11, 21, 22, 16, 24,
36, 32 and 44). Three separate plaque samples were also taken from the
maxillary incisor teeth (combined sample) at the beginning of each visit from
the surface of the WSLs. These were collected for:
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1. Plaque check + pH TM test. This is a fe1mentation test that assesses plaque
acid production.
2. CRT Bacteria® caries test kit was used to culture Lactobaccilli on Rogosa
agar.
3. Detailed microbiological analysis- samples were frozen at -20° Celsius to
undergo analysis at a future date.

After the samples were taken, plaque was gently removed using a soft bristled
toothbrush (Colgate professional soft toothbrush CELLO, Thailand) by the
principal researcher. The teeth were then dried for five seconds with an air
syringe and a tactile examination of the teeth was performed. A recording of
either rough or smooth was made from the cervical WSL area. The next step
involved recording light-induced laser fluorescence readings (Diagnodent®
Model 2095, Kavo America, Lake Zurich, Ill) on the maxillary incisor teeth at
selected sites of the WSL, shown on the recording sheet diagram (appendix
4.4.4). Following this, five digital photographs were taken using a Nikon D70
camera (Nikon® Corporation, Tokyo, Japan) with a 105mm/2.8 AF micro
Nikkor lens and Nikon SB29s Macro ring flash. Finally, instructions for either
the mouthrinse or Tooth-Mousse and self-reported sheets were given to
participants.
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Visit
Number
Screening

1

2

3-5
6

Procedure performed (Part II n = 20)
Screening
Verbal consent for referral
Booking subsequent appointments
Explanation of research
Consent
Randomisation
3 questions on current oral hygiene measures, type of
toothpaste and other forms of fluoride uptake at home
• Plaque scores - 9 teeth
• Plaque acid production
• CRT plaque sample for LB counts
• Plaque sample to be frozen
• Tactile enamel score
• Manual brushing was performed to remove any
remaining plaque
• Chart recordings of WSLs (Figure 20)
• Light induced laser fluorescence -DD readings
• Photographs of anterior maxillary teeth
• Instructions for either TM or F mouthrinse
• Product g1ven to patients to take home for
thermoplastic trays or applied chairside in the NIRD
group and replenished at subsequent visits
• Self reporting sheet given and NIRD questionnaire if
applicable
• Diet frequency recorded
• Plaque scores - 4 anterior maxillary teeth
• Plaque acid production
• CRT plaque sample- LB
• Plaque sample to be frozen
• Tactile enamel score
• Manual brushing to remove plaque
• DD readings
• Photographs of anterior maxillary teeth
• Collection ofNIRD questionnaire
• Recording of compliance - self reporting sheet

•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

Repeat of visit 2
Plaque scores - 9 teeth
Plaque acid production
CRT plaque sample- LB
Plaque sample to be frozen
Tactile enamel score
Manual brushing to remove plaque
DD readings
Photographs of anterior maxillary teeth
Collection of self reporting sheet
Oral hygiene and diet advice

Table 7. Procedures performed at each appointment.
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At the fourth and fifth visit, participants were given instructions to continue
using their assigned F or TM for another month. The final two visits were one
month apart; as opposed to the initial four visits were one week apart. At the
final visit participants underwent the same procedures as at visits 3-5. The only
difference was that diet advice was given after analysing their diet frequency
sheet and in-depth oral hygiene instructions and demonstration were performed.
This was done at the final visit do that it did not alter dietary habits during the
12 weeks of the study.

2.1.4.3 Plaque Samples
Three supragingival plaque samples were taken from the cervical region of the
labial surfaces of the maxillary incisor teeth (combined sample).

1.

The first plaque sample was taken for detailed microbiological analysis.
These were collected using a microbrush, placed in a buffer solution
(0.25 M NaOH I 0.5x TE) and frozen for further analysis in the future.
Gloves and tweezers were used when handling microbrush tips to avoid
contamination. After the sample was taken the tip of the microbrush was
cut using a pin and ligature cutter at the groove indicated on the brush
and dropped directly into a 1.5 ml micro-centrifuge tube of buffer
solution. These were promptly transported to the laboratory where they
were frozen at -20° Celsius for further detailed microbiological analysis
by future clinical docttrate students.

2.

The second plaque sample was analysed using the Plaque-Check+ pH™
Kit (GC Dental Co Ltd, Suzhou, China), which records the pH produced
on challenge with sucrose. A sample of plaque from the anterior surface
of the maxillary incisor teeth was taken using an acrylic spatula that was
supplied in the test kit. The sample was then dipped into solution A (a
sucrose solution combined with a pH indicator dye) for 1 second.
Bacteria metabolised the sucrose and produced acids. The resulting pH
was detected by a pH indicator dye. This allowed assessment of acid
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production at particular sites. The colour change ranged from green
(neutral), yellow (mildly acidic), orange (acidic) and red (highly acidic).
The colour change was recorded after 5 minutes of bacterial
fermentation.

3.

The third plaque sample was used for the CRT bacteria® (Ivoclar
Vivadent, Schaan, Liechtenstein) caries test. A microbrush was used to
obtain a plaque sample that was then applied to the light culture
medium, Rogosa agar, on the CRT® bacteria test. A LB count was
recorded 48 hours after incubation at 38° Celsius in a bacterial culture
oven. LB counts were recorded as one of three groups. These were zero
(0 count), low (<10,000 count) and high (>10,000 count). Counts were
recorded at each visit using the photographic scale supplied by the
manufacturer (See appendix 4.4.10). LB was chosen as the bacteria to
monitor as it has been shown to be the more significant in previous
studies (Owen, 1949; Bloom et al., 1964; Lundstrom and Krasse,
1987a).

2.1.4.4 Plaque removal
A pilot study was performed to determine the most effective removal of plaque
without potentially damaging the enamel. A mini study on one participant (who
was not part of the 36 participants) with WSLs on her anterior teeth was
performed to investigate the most effective plaque removal device. The plaque
was removed using four different methods. These were:
1. Cotton roll wipe (right lateral incisor tooth).

2. Mechanical prophylaxis using a slow hand piece and Prophy cup with
water (right central incisor tooth).
3. Brushing using a soft bristled toothbrush (left central incisor tooth).
4. Gauze wipe (left lateral incisor tooth).
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The principal researcher assessed the various cleaning methods by visually
examining each tooth. The soft bristled toothbrush (Colgate CELLO
professional soft toothbrush, Thailand) was found to be the most efficient
plaque-removing instrument. It also had the added advantage of not visibly
removing any enamel more than would be expected with regular manual
brushing and its use was not dissimilar to the participant's oral hygiene
procedures at home. This method was then employed for all participants in this
current study. The toothbrush was washed in tap water after use and stored in a
resealable bag labelled with the participant's name and re-used at each of the six
visits

2.1.4.5 Tactile WSL examination
A dental probe (Hu-Friedy EXD 5 XS, USA) was used at an angle between 20°
and 40

o

and gently moved across the surface of the enamel to assess the surface

structure of the WSLs. This angle was chosen to prevent the sharp edge of the
probe damaging the fragile demineralised surface of the lesions. A very light
force was also used to avoid any damage to the enamel surface. The most severe
part of the lesion was used for examination. The tactile vibration created by
running the probe over and around demineralised enamel was compared and a
recording of either "rough" or "smooth" was made (Nyvad et al., 1999).

2.1.4.6 Light induced laser fluoresence DIAGNOdent®
DIAGNOdent® (Model 2095, Kavo America, Lake Zurich, Ill) was used to
quantify demineralised lesions on the maxillary incisor teeth. It has been shown
to measure the protein content (Farah et al., 2008). A conical tip attachment
with a flat surface for the DD®, as recommended for flat surface caries was
used. The device was calibrated against the ceramic standard each day, as
instructed by the manufacturer. Each incisor tooth was measured using the DD
in an area of sound enamel for each tooth (the same area was repeated at each
visit: usually on the right, towards the incisal). A mesial, middle, and distal
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recording in the cervical portion of the tooth and then the most severe area of
demineralisation on each white spot lesion was recorded (x). The recordings (x)
on the white spot lesions were recorded on the diagram of the DD sheet (Figure
20). These diagrams aided with repetition of the sites for DD recordings at
subsequent visits.

Figure 20. Diagram from the DD recording sheet (appendix 4.4.4). The most
severe area of demineralisation (X), mesial (ME), middle (MI) and distal (DI)
recordings were taken for each WSL.

Firstly, teeth were cleaned with the toothbrush, then lightly dried with a triplex
syringe for approximately 5 seconds. Then DD air calibration was performed
and four recordings taken on each incisor. Recordings were repeated after
calibration against an area of sound enamel where no visible white spot lesions
could be detected. These recordings were taken at every visit (appendix 4.4.4).

2.1.4.7 Digital Photographs
After plaque removal and DD recordings, digital photographs were taken. Five
photographs were taken at each visit using preset programmed settings
(appendix 4.4.5). Plastic cheek retractors were used and the teeth were dried
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lightly before photographs were taken. A single porcelain shade tab with the
shades A3 and A3.5 (Wieland shade guide, Germany) was used in every
photograph as a standard colour guide, and placed at the incisal edge of the two
teeth for taking the photograph (Figure 21 ). The shade tab also incorporated a
metal strip of known width, which acted as a calibration scale.
Photograph 1. Contained the right maxillary canine and right maxillary

•

lateral incisor teeth.
Photograph 2. Contained the right maxillary lateral incisor and right

•

maxillary central incisor teeth.
•

Photograph 3. Contained both maxillary central incisor teeth.

•

Photograph 4. Contained the maxillary left central incisor and
maxillary left lateral incisor teeth.

•

Photograph 5. Contained the maxillary left lateral mc1sor and the
maxillary left canine teeth.

Figure 21. An example of photograph 1 taken at each visit including the control
shade tab and the right maxillary canine and right maxillary lateral incisor teeth.
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2.1.4.8 Participant Instructions
Fluoride Mouthrinse for those with appliances and debonded
Participants were instructed to rinse for 60 seconds at night every day after
tooth brushing, using a clock or wristwatch as a timer. Plastic measuring cups
were given to the participants and they were asked to use 15ml F mouthrinse.
They were to spit out the mouthrinse after the 60 sec and to try not to rinse with
water afterwards. F mouthrinse instructions for both debonded and fixed
appliance participants were identical.

Tooth Mousse@ for debonded participants
A hard thermoplastic acrylic tray was made with 0.7mm thick material
(Biolon®

Dreve

Dentamid,

Unna,

Germany).

Alginate

impressions

(Kromopan® ISO 1563 Class A Type I, Florentino Firenze, Italy) were taken as
part of the standard debonding procedure. These were then sent to the
laboratory where thermoplastic trays were made. As part of standard
departmental procedure, all participants who were debonded had two sets of
impressions taken when their appliances were removed: one for a study model,
and the other for the retainer. No additional alginate impressions were taken.
This ensured that all participants were exposed to the same fluoride in alginate.
Participants were instructed to wear these appliances loaded with TM overnight.
They were to ensure complete coverage of labial surfaces of maxillary teeth
where the WSL were present. If there was not adequate coverage, they were
instructed to remove the trays and apply additional TM.

Tooth Mousse@ for fixed appliance participants
This group had a novel intra-oral releasing device (NIRD) clipped on to the
existing archwires 0.016 x 0.022 inch (Orthoforce® S304VM Staninless steel,
Neodontics International Inc, Hanover, Germany 2006). This NIRD was
designed by Andrew Quick, and manufactured by ADEPT Ltd, Auckland. The
device consisted of two ceramic clips holding a piece of semi-circular shaped
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wire with a suction cup attached. The volume of the suction cup was 2.5 ml
(Figure 22a and 22b). The suction cup was positioned over the cervical third of
the maxillary incisors - one of the most common sites of white spot lesions.
Suction cups were only placed where they were able to cover active WSLs and
averaged two cups per participant. The suction cup was pressed against the
surface of the affected teeth to obtain a seal (activation seen on figure 22b).
After activation of the suction cup to obtain close contact with the tooth surface,
the semi-circular arm remained in position and could not be moved with light
forces such as those achieved during toothbrushing or chewing.
TM was placed into the suction cup before the NIRD was attached to the
archwire.

Each NIRD was examined to ensure that the suction cups were

correctly filled, in the correct position, and firmly in place before participants
left. At each visit (week 1, 2, 3, 4 and 8) new NIRDs were placed and fresh TM
applied. A questionnaire was given to each of the participants undergoing NIRD
treatment to assess factors such as (appendix 4.4.3):
1. Comfort
2. Longevity
3. Irritation
4. Aesthetics
5. Effect on normal function
6. Effect of the NIRD on eating and speaking

Participants in all groups were given a self-reporting sheet to record participant
compliance (appendix 4.4.6).
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Figure 22a. Novel Intra-oral Releasing Device.

Figure 22b. A photograph of a patient with NIRDs in place.
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2.1.5 Image Analysis of Photographs
Photographs were imported into iPhoto 08' version 7.1.2 (Apple Inc, USA) as
NEF files: these are uncompressed images taking up 5.1 MB per photo. Each
image had a width of 3,024 pixels and a height of 1,998 pixels. They were then
exported as uncompressed TIFF files, into Adobe Photoshop C3 extended
version 10.0.1 (1990-2007 Adobe systems incorporated, USA).

Within the Photoshop program each image was magnified by 66.7%. Each of
the five photographs was assessed and the photograph with the clearest
undistorted photo of each maxillary central and lateral incisor tooth was
selected for analysis. The following were recorded for each of the four anterior
maxillary teeth:
1.

A rectangular area of homogenous colour on the lighter shade tab was
selected, avoiding regions of reflected light. The luminosity, red, green,
and blue values were recorded from a histogram produced by the
software. The histogram measures the number of pixels present at the
specified wavelength for each of the colours measured. The values
obtained from this histogram function were then entered into a Microsoft
Office Excel spreadsheet.

2.

An area of sound, unaffected enamel was then selected using the freehand
pre-selection tool. Again, the luminosity, red, green, and blue values were
noted from the histogram and entered into the spreadsheet.

3.

The area of each WSL marked with an (x) on the DD recording sheet
(Figure 20) was selected. This was usually the whitest and most
demineralised part of the lesion. The histogram values were recorded.

4.

Lastly the entire area of each WSL was selected using the same freehand
tool and the histogram values recorded.

Image J version 1.36b (JAVA, Maryland, USA) was used to analyze the size of
these lesions and calculate this as a percentage of the total area of the facial
aspect of the tooth.
1.

This was performed by first importing the photo into Image J.

2.

The image was then enlarged to 33.3% magnification.
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3.

The line tool was used to calculate the width of the silver strip on the
standard tab. This was to provide an enlargement (magnification) factor so
that the measurements could be converted to actual size.

4.

The freehand selection tool was used to draw a line around the entire
facial aspect of the tooth and then the WSL (total of all the WSLs on one
tooth). Teeth that were selected were those that had visible WSL.

5.

The "calculate area" and "perimeter" functions were able to formulate the
number of pixels contained within the freehand selection of the facial
aspect of the tooth. This enabled both a measurement of the perimeter and
the area of the whole labial surface of the tooth and the WSL. This was
recorded in a Microsoft Office Excel spreadsheet and the process then
repeated for each tooth.

6.

The percentage of each WSL covering the selected facial surface of the
tooth was calculated and recorded. The roundness was also determined
2
using the following formula: Perimeter /(4rc x Area). This roundness

measurement was found to be useful in diagnosing developmental white
opacities from WSLs (Kanthathas et al., 2005). The roundness was also
used to determine whether treatment affected the roundness of WSL.

2.1.6 Grading of Lesion Severity
A panel of nineteen dentists graded thirty-five randomly selected clinical
photographs depicting WSLs. An analogue scale was used, where 1 represented
very minor white spot lesions and 4 represented severe white spot lesions
(Geiger et al., 1988). Five participants' photographs were used in total. They
each had six photographs from six visits, as only one tooth (worst lesions) from
their four maxillary incisors was selected. The photographs were cropped to
show the same tooth for each participant. Six photographs from each participant
were randomly ordered on a Powerpoint (Microsoft office 2008 for Mac,
version 12.0) presentation. One photograph from each patient was selected and
duplicated in the slideshow to determine the intra-examiner reliability. There
were 35 slides in total, placed in a random order. The same tooth was used for
each participant in this analysis. The panel consisted of twelve postgraduate
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orthodontic and paediatric dentistry students and seven dental specialist staff
members. They were asked to grade the severity of WSL for each participant
using the severity scale (Gorelick et al., 1982) (appendix 4.4.8). Each slide was
shown for a period of 7 seconds.

2.1.7 Blinding
Each participant was given a unique code before image analysis was carried out
to ensure that the principal investigator was unaware of which group the
participants were from. It was not possible, however, to "blind" the operator or
other recordings when the NIRDs were in place. However, once the readings
were recorded they were analysed without knowledge of the study group.

2.1.8 Additional information collected
The following infmmation was collected from each participant:
•

Fluoridation of their water supply (non-fluoridated or low fluoride).
Fluoride concentration from their toothpaste was also recorded, as were any
other forms of fluoride used at home.

•

Previous caries history was recorded at the initial visit as DMFT.

•

Current oral hygiene practice: flossing and brushing frequency.

•

Diet evaluation was recorded at the initial visit in the form of a food
frequency sheet (appendix 4.4.9). This recorded the frequency of intake of
specific food types. These sheets were later analysed and divided into high,
medium and low risk groups (appendix 4.4.9).

•

Socioeconomic status. SES- NZDep06 records are able to provide an
ordinal scale of 1-10 of the participant's level of deprivation according to
their area of residence. Scale 1 represents the wealthiest area and 10
represents the area of most deprivation. NZDep2006 is an index of
socioeconomic deprivation. NZDep2006 combines nine variables from the
2006 census, which reflect eight dimensions of deprivation. These variables
are:
1. Income: People aged 18-64 receiving a means tested benefit;
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2. Owned home: number of people not living in own home;
3. support: number of people younger than 25 living in a single parent
family;
4. employment: number of people unemployed;
5. qualifications: number of people without any qualifications;
6. living space: number of people living in a household per bedroom;
7. communication: access to a telephone; and
8. transport: access to a car.
NZDep2006 provides a deprivation score for each meshblock in New Zealand.
Meshblocks are geographical units defined by Statistics New Zealand
(University ofOtago, Wellington division 2006).

2.1.9 Inter and intra-examiner agreement
Three participants were randomly selected from the 2009 (part II) pool. Colour
and size analysis were repeated for the three participants by the prinicipal
examiner and another examiner (dentist). DD measurements were repeated at
each review appointment. The first set of measurements were performed with
air calibration; these were then repeated using sound enamel calibration.

2.1.10 Data analysis.
Data were recorded in a Microsoft Office Excel spreadsheet (Microsoft Office
2004). They were then statistically analysed using Stata v11 statistical software.
The following were analysed:
1. Changes in the white spot lesions over the study period between 0.05%
fluoride group and the two Tooth Mousse groups were calculated by
analysing:
a. Colour histogram analysis of digital photographs:
•

Ratios were calculated for each colour channel on the histogram
(blue, red, green and luminosity channels) to eliminate
differences in lighting conditions, wetness of tooth, and any
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variables that could change on a day-to-day basis for digital
photographs. The ratios were as follows:
1. Whole lesion/tab
2. Whitest area/normal enamel
3. Normal enamel/tab
4. Whole lesion- normal/tab

where whole lesion represents the entire white spot lesion area,
tab is the standardised porcelain shade guide (shade 3), normal
enamel is a site of unaffected sound enamel.

•

These ratios reduce the varied conditions under which the
photographs were taken by standardising three of the
measurements against a constant standard (porcelain tab). The
ratios also account for the fact that different colours undergo
different hue changes as the brightness (ambient) changes.

•

The ratio values were calculated for each participant and
entered into a mixed effect restricted maximum likelihood
(REML) regression model for statistical analysis to calculate
statistical significance and 95% confidence intervals for the
estimates. As well as treatment, we used the baseline value as a
covariate so that in effect the model examined the changes from
baseline.

b.

Area and roundness measurements from digital photograph:
•

These were standardised into a ratio of whole WSL!whole
labial surface of the tooth being analysed.

•

Area ratios were calculated for each participant and then used in
a mixed effect restricted maximum likelihood (REML)
regression model for statistical analysis to calculate statistical
significance and 95% confidence intervals for the data. As well
as treatment, we used the baseline value as a covariate so that in
effect the model examined the changes from baseline.
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•

2
The roundness [Perimeter /(4n x Area)] was calculated and the

same

regressiOn analysis was performed as previously

described.

c.

DIAGNOdent readings:
•

Means, standard deviations and frequencies were calculated for
the distal, middle, mesial and worst part of the lesion (x).

•

The values were also used in a mixed effect restricted maximum
likelihood (REML) regression model for statistical analysis to
calculate statistical significance and 95% confidence intervals for
the data. As well as treatment, we used the baseline value as a
covariate so that in effect the model examined the changes from
baseline.

2.

All the previous analyses were first used for all 36 participants combined
over visits one and five (8 weeks) and then repeated again for visits one
and six for the 20 participants from 2009 (12 weeks).

3.

Clinical assessment of photographs by paediatric and orthodontic
postgraduate students and staff was performed using crosstab analysis and
a Pearson's chi-square analysis.

4.

Reproducibility in DIAGNOdent readings and size and colour of digital
photograph readings were analysed by using Bland Altman plots (Bland
and Altman, 1986).

5.

LB levels, Plaque pH and tactility scores were examined using logistic
regression analysis to determine if treatment with either TM or F had an
effect.

6.

Confounding factors that were added to the regression models and
adjusted for were: presence of braces, socioeconomic status, fluoridation
of water, additional fluoride supplements, diet, DMFT prior to fixed
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appliances, and current oral hygiene regime. These were added to a mixed
effect restricted maximum likelihood (REML) regression model for
statistical analysis for size and DD measurements.

2.1.11 Sample size and statistical power
Percentage remineralisation and standard deviation were derived from seven
studies in table 8 (Reynolds, 1997; 1998; Ogaard et al., 1988a and 1988b; Chow
et al., 2000; Willmot, 2004; Nasab et al., 2007). A sample size of n = 17 would

be required in each group to be able to see a 20% difference in remineralisation
between groups - this is calculated with an 80% power with a standard
deviation =20 and a significance level of a= 0.05.
Intra-examiner reliability for photographic image analysis was calculated by
repeating measurements for 20 randomly selected photographs.
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Author

Year study
was
conducted

Number of participants or
samp les in study

What were they
measuring?

Measurement prior to
treatment ( l)

Measurement after
treatment (2)

2

I

Willmot

26 (21 after drop out)
They calculated
n = 11 for a 30% difference
between treatment and
control.

Effect of fluoride
mouthrinse and
toothpaste on lesion size
using colour digital
photographs with Image
Pro- Plus software

8.1% (Upper 95% Cl=
9.80, Lower 95% Cl=
5.45%)

After 12 weeks of
treatment the mean
percentage had reduced
to 4.6% (Upper 95% Cl
= 5.74, Lower 95% Cl =
3.36) This was a
significant reduction
(p=0.03)

2000
in vivo

I

Chow et al.,

7 participants
randomised crossover
design wearing removable
plate (14 days)

250ppm Fin Na frinse
28.7 ± 2.7 (mean value
of mineral loss and
SD)(n=7)

31.8±5.8

1997
in vitro

I

Reynolds

70 specimens from
extracted third molars, 10
per concentration of CPPACP solution (10 Days)

Effect of different types
of fluoride on mineral
density in WSLs
measured using
quantitative
microradiography
Effect of different
concentrations of CPPACP on extracted
demineralised lesions
measured with mineral
content with
microdensitometry

1998
in vivo

I

Reynolds

12 participants (1 0 days)
removable appliance with 2
bovine enamel slabs

2004
in vivo

Change between
measurements l and

With 1.0% CPP-ACP =

At 12 weeks the
average difference in
percentage reduction
for participants who
had blindly been
subjected to a test
remineralising
mouthrinse/toothpast
e was 50% (n=l2)
Upper 95% Cl= 49.3
Lower 95% Cl=30.8
Paired difference =
3.1 ± 2.7 (p <0.05)

63.9% ± 20.1%
mineral replaced

51 ± 19 % reduction
in mineral loss
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Year study
was
conducted
2007
in vitro

I

Author

Number of participants or
samples in study

What were they
measuring?

Nasab et al.,

24 paired right and left
premolars (n=48)- one
application of CPP

Measmed
demineralisation depth
using polarized light
microscopy of teeth
treated with CPP and
those that have not then
placed in acid solution

Measurement prior to
treatment (I)

Measurement after
treatment (2)

Change between
measurements I and
2
Close to the bracket:
CPP group
mean=5.17 SD=3.77
Control group
mean=l1.25 SD=3.10
Middle of the
demineralised area:
CPP mean=2.79
SD=l.82
Near occlusal margin:
CPP mean=1.58
SD= l.21
Control=6.92
SD=3.68
All (p=O.OOO)

1988a and
1988b
in vivo

Ogaard et
al.,

5 participants with 10
premolars in total to be
extracted (n= 10) in each of
the two groups (4 weeks)

Daily 0.2% Na fluoride
mouthrinse versus
control
Measming lesion depth
and mineral loss with
microradiography

Mean lesion depth in
(~-tm) F=39±16
C=101±26
Mineral loss (volume
% x [-till) F=607±302
C=l525±460
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Year study
was
conducted

2008
in vitro

I

Author

Number of participants or
samples in study

What were they
measuring?

Measurement prior to
treatment (l)

Measurement after
treatment (2)

Change between
measurements land
2

Kumar et
al. ,

50 samples,
5 treatment groups
1. control- ftoothpaste (TP)
2. non-fTP
3. CPP as TP
4. CPP as topical coat
5. CPP+ FTP

Lesion depth (~-tm)
Using polarized light
microscopy and
microradiography

Lesion depth (~-tm) ±
SD
1. 168.2 ± 16.7
2. 168.9 ± 19.6
3. 167 ± 24.5
4. 167.2 ± 14.2
5. 168.5 ± 23.6

1. 156.2 ± 17.7
2. 207.2 ± 20
3.150±27.1
4. 150.3 ± 21
5. 145.8±21.4

1.
2.
3.
4.
5.

-7 ± 4.9
23 .2 ± 9.8
-10.1 ± 8.6
-10.1 ± 9.8
- 13 .1 ± 8.2

Table 8. Previous studies to assist with sample size and power calculations.
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Chapter 3.
3.1

Results

3.1.1 Outline of results section
Section A
I) Descriptive results for all participants (n = 36) visits 1 and 5.
Consort diagram
Number of participants
NZDep06 scores
Water fluoridation
NIRD survey

II) Results for diet acidity, diet sugar and frequency of product use. Part
II participants (n= 20).
Ill) Results for NIRD survey from 10 participants from Parts I and II

Section B
I) Treatment effects: colour, size and DD analysis for all participants (n
= 36) on Visits 1 and 5
II) Treatment effects: colour, size and DD analysis for participants Part
II (n = 20) on Visits 1 and 6
Ill) Plaque acid production, enamel tactility, LB counts for Part II
participants (n = 20).
IV) DIAGNOdent analysis for participants in Parts I and II
V) Clinical grading of lesion severity of slides from a random selection of
five participants from Part II (n = 20).
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3.1.2 Descriptive results
The total number of participants in Parts I and II of this study was 36. This was
made up of 16 participants from 2008 and 20 participants from 2009 (Figure
23). These participants were randomly allocated to either TM or F treatment
groups. Within the TM or F groups, they were further separated into those that
were currently undergoing fixed appliance treatment and those that had recently
had their appliances removed (debonded) (See Table 9). The average treatment
duration for fixed appliance treatment prior to entering this study was 19
months (minimum of 4 months treatment and maximum of 35 months). The
average age at the start of treatment was 14 years and 6 months (Range: 10
years and 8months - 18 years and 10 months). There were 17 males and 19
females (see Table 10). Twenty participants from 2009 were asked about the
type of toothpaste they used at home. The results indicated that they all used
1000-1100 ppm fluoridated toothpaste (various brands). Fluoridation of
toothpaste was not recorded for the 16 participants from 2008. Figure 23
illustrates the allocation and follow-up of participants through the study. There
were only two participants that missed one or more appointments. One of these
participants missed their final appointment. Unfortunately, the participant who
missed their final appointment could not be analysed. Tables 20 and 22 have
excluded this participant from the analysis.
The average time in fixed appliance (braces) treatment was 19.3 months (SD
7.7) for all36 participants. The treatment duration was slightly longer in the TM
group (22 months, SD 8) than the F group (16.6 months, SD 6.3). The average
DMFT prior to orthodontic treatment was 1.67 (1.9 SD) for the 36 participants.
Tables 12 and 13 indicate that the majority of the participants fell into the
highly acidic and high sucrose dietary groups. An incidental finding of erosion
was identified in some of the clinical photographs (Figure 24a and 24b ). The
Basic Erosive Wear Examination (BEWE) criteria were applied to the clinical
photographs (Bartlett et al., 2008) (Appendix 4.4.11 ). Most of these lesions
scored a 1, with initial loss of surface texture.
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Tables 14 and 15 show how difficult it is to obtain consistency in the frequency
of product use and the level of fluoride in the drinking water.
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I

I

Assessed for eligibility (n = 40)
Type Title Here

Excluded (n = 4)
Not meeting inclusion criteria (n = 3)
Declined to participate (n = 1)

Randomised (n = 36)
2008 (n = 16)
2009 (n = 20)

Nl~tedto o.OS% (200pPm) """''led ""''"m floorido m'"lhri"'' (o •

Allocated to 1% CPP-ACP Tooth Mousse (n = 18)
Received allocated intervention (n = 18)
Did not receive allocated intervention (n = 0)

r

Thermoplastic trays (no braces)
(n = 8)

I
Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

I[

NI~ (braces)
(n = 10)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

I
Received allocated intervention (n = 18)
Missed appointment one or more appointments ( n= 2)
Did not receive allocated intervention (n = 0)
I

I

1I

No braces
(n = 8)

I

Lost to follow-up /missed last appointment (n = 1)
M~ s_:d one appointment mid treateatment (n = 1)

I[

18)

I
1

=
""~'

(n

10)

Lost to follow-up ( n = 0)
Discontinued from intervention ' n =0)

Analysed (n = 10)
Excluded from analysis ( n= 0)

Figure 23 . CONSORT diagram.
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Figure 24a. An example of erosion visible on a debonded participant.

Figure 24b. An example of erosiOn visible on a participant with fixed
appliances.
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Fluoride Mouthrinse
Tooth Mousse
Number of Participants (36)
10
10 (NIRDs)
Appliances
8
(Trays)
8
Debonded
18
18
Total
Table 9. Number of participants and the treatment allocation.

Debonded
Total

4

6

Appliances

4
4
8
10
Table 10. Gender distribution.

NZ Dep06 (n = 36)

4

6

3
7

11

5

Tooth Mousse

Fluoride

Total

( ~)

(~ )

(~o)

0
0
0
1
6
6
0
2
29
17
12
3
5
0
5
4
33
17
16
5
17
5
12
6
12
29
17
7
28
51
23
8
10
5
5
9
0
0
0
10
200~
100~
100~
Total
Table 11. Percentage of participants according to NZDep06 allocation.

Diet acid
(n = 20)
High

Tooth Mousse

Fluoride

9
10
1
0
Low
Table 12. Diet acid scores from food frequency questionnaire.

Fluoride
Tooth Mousse
Diet sugars
(n = 20)
9
8
High
1
2
Moderate
Table 13. Diet sugars scores from food frequency questionnaire.
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Frequency of product use (n = 20)

Tooth Mousse

Fluoride

Total

3
3
0
1 x per week
1
1
0
2 x per week
1
0
1
3 x per week
1
1
0
4 x per week
8
3
5
5 x per week
4
2
2
6 x per week
2
2
0
7 x per week
20
10
10
Total
Table 14. Average frequency of product use in the Tooth Mousse and Fluoride
groups.

Fluoride
Tooth Mousse
Water Fluoridation
(n = 36)
67% (12 participants)
73% ( 13 participants)
High
33% (6 participants)
27% (5 participants)
No fluoridation
00% ( 18 participants)
1
participants)
(18
100%
Total
Table 15. Water fluoridation status of36 participants.
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3.1.3 NIRD survey
10 participants from Part I and Part II completed a questionnaire regarding the
NIRD devices used to deliver TM to their lesions (Appendix 4.4.3). In Table 16
below is a summary of the answers from this questionnaire. The attachment
longevity of the NIRDs was also recorded (Table 17). The average time NIRDs
stayed in place was 2.2 days in these 10 participants. Table 17 suggests the
NIRD retention time varied but was generally of a short duration. Consequently
this may have affected the therapeutic effect, as the manufacturers instructions
are to leave the TM on the tooth surface for as long as possible. Although more
research is required on application time before any conclusions can be made.
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Table of a summary of answers from NIRD questionnaire
1. How did the clips feel?

•
•

•
2. When did you get used to
them being there and how
long before you didn't
notice them?
3. Did they irritate you
while you ate, talked,
yawned or laughed?

•
•
•

•
•
•
•

4. Did they move when you
ate, talked, laughed or
yawned?

•
•
•
•

5. Did you touch them with
your tongue or fingers? If
so how often?

•

6. Did you show your
friends or family? If so how
often?

•
•

•

•

Normal, Not too bad
Bulky, annoying, sticking out and
uncomfortable
Weird and made lip feel big and felt like
could not close mouth
From a few hours to a couple of days
20% could not get used to them (both female)
30% noticed them for the entire time they
were on (all female)
50% did not notice any irritation at all
20% complained that it was harder to brush
40% complained they irritated when either
eating or talking or both.
Yawning and Laughing was not a problem for
any of the participants
50% answered no
50% complained of the suction cup part of
the NIRDs moving when they ate or talked
1 complained they lost the NIRDs when they
ate
Foods that seemed to be a problem were toast
and apples
1110 participants did not touch them with
either tongue or fingers
Everyone else touched them a few times
especially in the beginning with their tongue.
40% did not show anyone
60% showed mainly their family, only one of
these showed their friends
20% mentioned that their friends were able to
notice the NIRDs
60% could get their parents to check for paste
40% did not check or get their parents to
check

•
7. Was it possible to check
if there was still paste in
•
them each night? Either by
yourself or your parents?
Table 16. Summary ofNIRD questionnaire answers from 10 participants.

Attachment Longevity of NIRDs with Tooth Mousse (days)
6 participants
1 day
1 participants
3 days
2 participants
4 days
1 Participants
5 days
Average = 2.2 days 10 participants in total
Table 17. Average longevity ofNIRDs for the whole study period in 10 participants.
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3.1.4 Plaque acid production
The effects of treatment on plaque acid production measurements were
examined using ordinal logistic regression. There were no statistically
significant differences between TM and F groups for plaque acid production
scores for the 20 Part II participants (Table 19). Spearman's rank correlation
was performed on the frequency of use of products (TM or F) against plaque
acid production. The Spearman' s rank correlation coefficient was -0.17,
indicating little correlation between plaque acid production and frequency of
use of products. Table 18 shows that although there are no statistically
significant differences between the two groups, there are 4 of the 6 participants
that were initially in the red (pH 5.5 - 6.0) plaque acid production group have
reduced in acid score.

..

..

After 12 weeks of treatment
Before treatment
Plaque
acid
production
(n = 20)
0
1
0
0
Green
2
1
1
4
Yellow
5
3
3
2
Orange
2
5
6
4
Red
9
10
10
10
Total
Table 18. Plaque acid production before and after 12 weeks of treatments.

••

Plaque
acid
production
(n = 20)
Visit 6

•

Odds
Ratio

••

P> (z)

Standard
EtTor

•

95 % confidence
Interval

'
'• •
Treatment
•
•
' analysis for plaque acid production.
Table 19. Logistic regression
I '

I '

I

I
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3.1.5 Enamel tactile measurements
The effects of treatment on enamel tactile measurements were examined using
ordinal logistic regression. There were no statistically significant differences for
enamel tactile measurements between the TM and F groups for the 20
participants (Table 21) at visits one and six. (Table 21 ).

..

..

After 12 weeks of treatment
Before treatment
Enamel
tactile
Mousse
measurement
Mousse
(n = 20)
8
7
10
10
Rough
1
3
0
0
Smooth
9
10
10
10
Total
Table 20. Enamel tactile measurements before treatment and after 12 weeks of
treatments.

••

••

95%
z P> (z)
Standard
Odds
Enamel
confidence
En·or
Ratio
Tactile
Interval
measurement
(n = 20)
Visit 6
Omitted: tactile is an almost perfect predictor of visit
Visit 1
6 (does not change at all)
0.0-3.5
0.33
-1.0
0.4
0.3
Treatment
measurements.
tactility
enamel
Table 21 . Logistic regression analysis for
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3.1.6 Lactobacilli counts
LB groups were divided into zero (0 count), low (<10,000 count) and high
(> 10,000 count). Counts were recorded at each visit using the photographic
scale supplied by the manufacturer (See appendix 4.4.1 0). The effects of
treatment on LB counts were examined using ordinal logistic regression. This
analysis was adjusted for the visits and the presence of appliances. There were
no statistically significant differences for LB counts between the TM and F
groups for the 20 Part II participants (Table 23). As illustrated by Figure 25,
there was a trend for LB counts to reduce over the six visits, with more
participants in the low and zero groups at visit 6 when compared with visit 1.
There was a highly statistically significant (p = 0.001) relationship between LB
count and appliances. Participants with appliances tended to have high LB
counts (Tables 24 - 27). Tables 22, 24, 25- 27 do not show the total of 20
participants at every visit, this is due to two participants missing one or more
appointments.

Zero
Low
High
Total

1
1
7
3
2
6
10
10
Table 22. LB counts before and 12 weeks

4
1
5
10
after treatments.

2
5
2
9

95 %
P> (z)
Z
Standard
Odds
LB Count
confidence
EtTor
Ratio
(n=20)
Interval
Visit 6
- 32.6
1.0
0.05*
2.0
5.1
5.8
Visit 1
0.2 - 11.8
0.59
0.5
1.7
1.7
Treatment
Table 23. Logistic regression analysis for LB counts.
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Figure 25. Numbers of participants in high(> 10,000), low (<1 0,000) and
zero LB groups.

5
0
5
0
4
1
4
0
4
5
0
5
5
0
6
Table 24. LB count frequencies for participants with appliances and Tooth
Mousse treatment.

Appliances

1
2
3

0
0
0
0
0
0

3
1
1
4
2
0
4
0
3
2
3
4
2
3
5
1
4
6
Table 25. LB count frequencies for de bonded participants
group.

Debonded

1

0
0
0
0
0
in the TM
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Table 26. LB count frequencies for participants with appliances and F
mouthrinse treatment.

Debonded

1
2
1
2
2
1
3
2
3
4
1
4
5
2
2
6
Table 27. LB count frequencies for debonded participants
mouthrinse group .

High
1
1
1
0
0
0
in the F

95%
confidence
Interval
0.0 - 1.7
0.15
-1.5
0.2
0.2
Treatment
0.0 - 0.3
0.0
0.0
-3.4 0.001 **
Appliances
Table 28. Logistic regression analysis for the effect of appliances
on LB counts.

LB Count
(n=20)

Odds
Ratio

Standard
En·or

Z

P> (z)
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3.1.7 Plaque scores
Plaque scores were recorded for each participant at each visit (appendix 4.4.4),
9 recordings for visits one and six and 4 recordings for the remainder of the
visits. The plaque scores are shown on table 29 and 30. The effects of treatment
on plaque scores were examined using ordinal logistic regression. This analysis
was adjusted for visits and individual teeth. There were no statistically
significant differences between TM or F treatments on plaque scores (P =
0.581 ). There was a statistically significant difference in plaque scores at visits
4 (P = 0.03), 5 (P = 0.039) and 6 (P = 0.005). The odds ratio values for these
visits are all less than 1, indicating a reduction in plaque scores at visits 4, 5 and
6 compared with visit 1 (Table 31 ). The difference between the treatments was
the same at each visit. Teeth 12 and 22 had significantly higher plaque scores
than 11, (approximately 2.7 times). Teeth 16 and 24 had 1.9 times the plaque
score of tooth 11 with tooth 21 similar to 11. When the data were adjusted for
the presence of appliances, there was an 83% reduction in plaque scores in those
participants without appliances. Plaque scores were consistently higher for the
participants in the TM group with appliances prior to treatment and throughout
treatment (Table 29).

26
15
4
0
1
8
9
3
0
2
11
8
1
0
3
5
9
2
0
4
7
8
4
0
5
7
29
9
0
6
0
12
23
10
1
Debonded
0
3
9
4
2
0
0
6
10
3
0
3
0
17
4
0
0
2
18
5
0
15
5
25
6
Table 29. Plaque score frequency distribution for participants with and
without appliances in the TM group.

Appliances
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19
17
5
1
6
6
6
2
2
11
3
3
2
14
4
4
8
4
0
5
10
27
7
6
24
18
0
1
Debonded
2
6
4
2
0
12
0
3
0
13
3
4
0
2
18
5
6
22
8
6
Table 30. Plaque score frequency distribution for participants with
without appliances in the F group.

Appliances

Plaque
scores
(n=20)

Odds
Ratio

Standard
En·or

Z

P> (z)

4
2
4
0
7
1
3
4
4
4
0
0
and

95%
confidence
Interval

0.2-2.4
0.581
-0.5
0.4
0.7
Treatment
0.4- 1.6
0.466
-0.7
0.3
0.8
Visit 2
0.2-2.4
0.530
-0.6
0.4
0.7
Visit 3
0.0-0.9
0.030*
-2.2
0.1
0.2
Visit 4
0.1-0.9
0.039*
-2.1
0.2
0.2
Visit 5
0.2 - 0.8
0.005*
-2.8
0.1
0.4
Visit 6
1.8-4.1
0.000**
5.0
0.5
2.7
Tooth 12
1.1-3.5
0.033*
2.13
0.6
1.9
Tooth 16
1.0- 1.3
*
0.018
2.4
0.1
1.2
Tooth 21
1.8-4.3
0.000**
4.6
0.6
2.8
Tooth 22
1.0-3.6
0.045*
2.0
0.6
1.9
Tooth 24
0.7-2.0
0.429
0.8
0.3
1.2
Tooth 32
1.7
0.60.965
0.0
0.3
1.0
Tooth 36
1.0- 3.3
0.052
1.9
0.6
1.8
Tooth 44
.7
20.2-538
0.000**
-6.2
0.0
0.0
A(!(!liances
Table 31. Logistic regression analysis for the effect of treatment,
individual visits and specific teeth on plaque scores.
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3.1.8 Colour analysis
A mixed effect restricted maximum likelihood (REML) regression model was
used to calculate statistical significance and 95% confidence intervals for the
colour data. As well as treatment, the baseline value was used as a covariate, so
that in effect the model examined the changes from baseline. There were no
statistically significant differences found between TM and F treatment groups
when looking at visit one against visit six for the 20 Part II participants. There
were also no statistically significant differences between TM and F treatment
groups when looking at visit one against visit five for all 36 participants in both
parts of the study. Overall neither treatment was shown to have any effect on
the colour analysed (all P values >0.05) (See appendix 4.4.13). The means and
standard deviations for the colour ratios are presented in Tables 32- 39. Figures
25-28 illustrate the trends for the whole lesion/tab, whitest lesion/normal and
whole lesion - normal/tab ratios to remain relatively stable over the treatment
period (five or six visits). Table 38 shows a small decrease in green and
luminosity means for whole lesion- normal/tab for both TM and F groups from
visits one to six. There was also a small drop in mean values for whitest
lesion/normal for all histogram channels (luminosity, red, green and blue) for F
treatment for visits one and visits six (Table 39). This drop was also seen in the
TM group for the whitest lesion/normal for three of the histogram channels
(luminosity, blue and green) visits one and six (Table 39). Figure 26. illustrates
small fluctuations for normal/tab ratio; overall the trend illustrates little change
over the six visits as expected for normal enamel. There were no statistically
significant effects of the presence of appliances or no appliances on treatment in
any of the total participants (visit 1 and 5) or in the 20 Part II participants (visit
1 and 6). See appendix 4.4.12 for two patient's photographs at visit 1 and 6 for

clinical improvement in lesions.
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Whole lesion/tab (All 36 participants: visit 1 and 5)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

1.2 (0.2)

1.1 (0.1)

1.1(0.1)

1.1(0.1)

Tooth Mouse VS

1.2 (0.2)

1.1 (0.1)

1.1 (0.1)

1.1(0.1)

Fluoride Vl

1.2(0.1)

1.1 (0.1)

1.1(0.1)

1.1(0.1)

Fluoride VS

1.2(0.1)

1.1(0.1)

1.1 (0.1)

1.1(0.1)

Whole lesion/tab
Treatment (n = 36)

Table 32. Means and standard deviations for whole lesion /tab, visits one and
five for TM and F groups.

Normal/tab (All 36 participants: visit 1 and 5)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

0.9 (0.2)

0.9(0.1)

0.9 (0.1)

1.0(0.1)

Tooth Mouse VS

1.0 (0.2)

1.0(0.1)

1.0 (0.1)

1.0(0.1)

Fluoride Vl

0.9 (0.2)

0.9 (0.2)

0.9 (0.2)

0.9(0.1)

Fluoride VS

0.9 (0.2)

0.9 (0.2)

0.9 (0.2)

0.9(0.1)

Normal/tab
Treatment (n

=

36)

Table 33 . Means and standard deviations for normal /tab, visit one and five for
TM and F groups.

Whole lesion - normal/tab (All 36 participants: visits 1 and 5)

Tooth Mousse Vl

0.2 (0.2)

0.2(0.1)

0.2(0.1)

0.1 (0.1)

Tooth Mouse VS

0.2 (0.1)

0.1 (0.1)

0.1 (0.1)

0.1 (0.1)

Fluoride Vl

0.3 (0.2)

0.2(0.1)

0.2(0.1)

0.1 (0.1)

Fluoride VS

0.2(0.1)

0.2 (0.1)

0.2(0.1)

0.1 (0.1)

Table 34. Means and standard deviations for whole lesion - normal/tab, visit one
and five for TM and F groups.

143

Whitest lesion/normal (All 36 participants: visits 1 and 5)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

1.4 (0.2)

1.3 (0.2)

1.3 (0.2)

1.2(0.1)

Tooth Mouse VS

1.4 (0.2)

1.3 (0.2)

1.2(0.1)

1.2(0.1)

Fluoride Vl

1.5 (0.3)

1.3 (0.2)

1.3 (0.2)

1.2 (0.2)

Fluoride VS

1.5 (0.2)

1.3 (0.2)

1.3 (0.2)

1.2 (0.1)

Whitest lesion/normal
Treatment (n = 36)

Table 35 . Means and standard deviations for whitest lesion/normal, visits one
and five for TM and F groups.

Whole lesion/tab (20 participants: visits 1 and 6)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

1.2 (0.2)

1.1 (0.1)

1.1 (0.1)

1.1(0.1)

Tooth Mouse V6

1.1 (0.2)

1.1 (0.1)

1.1 (0.1)

1.1 (0.1)

Fluoride Vl

1.1(0.1)

1.0(0.1)

1.1 (0.1)

1.1 (0.1)

Fluoride V6

1.1(0.1)

1.0 (0.1)

1.1 (0.1)

1.1(0.1)

Whole lesion/tab
Treatment (n

=

20)

Table 36. Means and standard deviations for whole lesion /tab, visit one and six
for TM and F groups.

Normal/tab (20 participants: visit 1 and visit 6)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

1.0 (0.2)

0.9(0.1)

0.9(0.1)

1.0(0.1)

Tooth Mouse V6

1.0 (0.2)

1.0 (0.2)

1.0 (0.1)

1.0(0.1)

Fluoride Vl

0.9 (0.2)

0.9 (0.2)

0.9 (0.2)

0.9 (0.2)

Fluoride V6

0.9 (0.2)

0.9 (0.2)

0.9 (0.1)

1.0(0.1)

Normal/tab
Treatment (n = 20)

Table 37. Means and standard deviations for normal/tab, visit one and six for
TM and F groups.

144

Whole lesion - normal/tab (20 Part 11 participants: visit 1 and
visit 6)

Tooth Mouse V6

0.2 (0.2)

Fluoride Vl

0.2(0.2)

Fluoride V6

0.2(0.1)

0.1 (0.1)

0.1(0.1)

0.2(0.1)

0.2 (0.1)

0.1 (0.1)

0.1(0.1)

0.1 (0.1)

0.1(0.1)

Table 38. Means and standard deviations for whole lesion- normal /tab, visit
one and six for TM and F groups.

3.1.8.8 Whitest lesion/normal (20 Part 11 participants: visits 1
and visit 6)
Blue

Green

Luminosity

Red

Tooth Mousse Vl

1.4 (0.2)

1.3 (0.2)

1.3 (0.1)

1.2(0.1)

Tooth Mouse V6

1.3 (0.3)

1.2 (0.2)

1.2 (0.2)

1.2(0.1)

Fluoride Vl

1.5 (0.3)

1.4 (0.3)

1.3 (0.3)

1.3 (0.2)

Fluoride V6

1.4 (0.2)

1.3 (0.2)

1.2 (0.2)

1.2(0.1)

Whitest lesion/normal
Treatment (n = 20)

Table 39. Means and standard deviations for whole lesion /tab, visit one and six
for TM and F groups.
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Figure 26. Box plots illustrating the trends of treatment for whole lesion/tab for the 20 Part II participants visits one- six.
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Figure 27. Box plots illustrating the trends of treatment for normal enamel/tab for the 20 participants (2009) visits one- six.
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Figure 28. Box plots illustrating the trends of treatment for whole lesion- normal enamel/tab for the 20 participants (2009) visits one- six.
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Figure 29. Box plots illustrating the trends of treatment for whitest lesion/normal for the 20 participants (2009) visits one- six.
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3.1.9 Size analysis
A mixed effect restricted maximum likelihood (REML) regression model was
used to calculate statistical significance and 95% confidence intervals for the
size data. As well as treatment, the baseline value was used as a covariate so
that in effect the model examined the changes from baseline. There were no
statistically significant changes in sizes of lesions using a ratio of the area of the
WSL over the total area of the labial surface of the tooth (awsl/als) (proportion
white) between visits one and five for all 36 participants (tables 40 and 41).
There were also no statistically significant differences in size in the TM or F
treatment groups when comparing visit one and visit five (tables 42 and 43).
There were also no statistically significant effects of treatment between visit one
and visit six, which involved an additional month of treatment (Figure 30).
Figure 31 demonstrated there were more outliers in the TM groups compared
with the fluoride groups.

A mixed effect restricted maximum likelihood (REML) regression model was
used to calculate statistical significance and 95% confidence intervals for
roundness. There were no statistically significant changes in roundness of
lesions over visits one to five (tables 44 - 46).

However, there was a

statistically significant difference between TM and F effects (p = 0.04) between
visit 1 and 6 (Table 47). Fluoride treatment had the greatest effect on roundness;
an increase in irregularity from 3.6 to 6.0. Adjustments for confounders (plaque
acid production, LB, tactile measurements, appliances, oral hygiene, water
fluoridation, frequency of product use, SES and DMFT) did not change the
significance of the treatment effects. It also appears that the changes to the
initial protocol and the lack ofknowledge of toothpaste fluoridation in the initial
16 participants has not resulted in any significant differences between the
combined group of 8 visits (n = 36) and 12 week group (n = 20).
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white spot
lesion
(awsl)

whole
labial
surface
(als)

(proprotion
white)

(pwsl)

52966.8

316547.8

0.2

1551.1

white spot
lesion
(awsl)

whole
labial
surface
(als)

(proportion
white)

44661.1

321578.4

0.1

1478.2

295.0

1526.3
0.1
333483.6
42677.6
299.0
1590.9
0.2
50468.6
323922.8
Visit 5
Table 40. Size analysis for all participants (visit one- visit five), means and ratios for size variables measured for TM and F.

301.4

Visit 1

299.0

95% confidence Interval
P> (z)
Z
Standard Error
Coeff.
awsl/als
(proportion white)
(n = 36)
Visit 5
0.7-0.9
0.00**
16.2
0.1
0.8
Visit 1
0.0-0.0
0.90
0.1
0.0
0.0
Treatment
the whole labial surface (proportion
of
area
lesion/
spot
ofwhite
Table 41. Mixed effects restricted maximum likelihood regression for area
white) measurements for all participants (visit 1- visit 5).
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awsl/als
(proportion
white)

(pwsl)

white spot
lesion
(awsl)

whole
labial
surface
(als)

Visit 1

49005.7

301214.6

0.2

1440.6

Visit 6

47619.2

315307. 8

0.2

1446.2

white spot
lesion
(awsl)

whole
labial
surface
(als)

(proportion
white)

296.1

28501.9

268104.3

0. 1

1236.7

288.8

299.2

30543.7

293079.3

0.1

1476.1

305.6

Table 42. Size analysis for 2009 participants (visit one - visit six), means and ratios for variables measured for TM and F groups.

95% confidence Interval
P> (z)
Z
Standard Error
Odds Ratio
awsVals
(proportion white)
(n = 20)
Visit 6
0.7-0.9
0.00**
12.8
0.1
0.8
Visit 1
0.0-0.0
-0.5
0.59
0.0
0.0
Treatment
Table 43 . Mixed effects restricted maximum likelihood regression for awsl/als (proportion white) measurements for 2009 participants (visit 1 visit 6).
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Roundness
Roundness
Treatment
Visit 5
Visit 1
(n = 36)
5.1 (SD = 3.9)
4.6 (SD = 3.5)
Tooth Mousse
5.1 (SD = 2.5)
4.7 (SD = 2.4)
Fluoride
one and five for TM and F groups.
visit
Table 44. Means and standard deviations for roundness,

I

95% confidence Interval
P> (z)
Z
Standard Error
Odds Ratio
Roundness
(n = 36)
Visit 5
0.6-0.9
0.00**
9.5
0.1
0.7
Visit 1
-1.2-1.0
0.91
-0.1
0.6
-0.1
Treatment
restricted maximum likelihood regression for roundness measurements for all participants (visit 1 - visit 5).
effects
Mixed
Table 45.

Roundness
Roundness
Treatment
Visit 6
Visit 1
(n = 20)
4.2 (SD = 2.2)
3.9 (SD = 2.0)
Tooth Mousse
6.0 (SD = 3.7)
4.6 (SD = 2.5)
Fluoride
Table 46. Means and standard deviations for roundness, visit one and six for TM and F.

I

95% confidence Interval
P> (z)
Z
Standard Error
Odds Ratio
Roundness
(n = 20)
Visit 6
0.6- 1.1
0.00**
6.5
0.1
0.9
Visit 1
0.0-2.5
0.04
2.0
0.6
1.3
Treatment
Table 47. Mixed effects restricted maximum likelihood regression for roundness measurements for Part 11 participants (visit 1 - visit 6).
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3.1.10 DIAGNOdent Measurements
There were no statistically significant differences in DD measurements between
TM and F groups for the whitest part of the lesion (x) in all 36 participants
(Refer to appendix 4.4.13). The whitest part of the lesion had the highest DD
readings (Table 48). Statistically significant differences in the DD readings
were found between TM and F groups for visit one and visit six (p = 0.03) in
the 20 Part II participants (Table 50). The 95% confidence interval for this was
0.4- 7.9. This difference was found in the F group, with a 20% increase in DD
readings. This suggests further demineralisation of the lesions. After the
adjustments were made to account for the confounders, there were no
statistically significant effects of treatment. Adjustments were made for the
following confounders: plaque acid production, LB, tactile measurements,
appliances, oral hygiene, water fluoridation, frequency of product use, SES and
DMFT.
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N=36

Distal

Middle

Mesial

Sound

Whitest (X)

Distal

Middle

Mesial

Sound

Whitest
(X)

Mean SD Mean SD Mean SD Mean SD

Mean

SD

Mean SD

Mean SD Mean

SD Mean

SD Mean

SD

Visit 1

5.1

5.7

6.0

5.8

5.5

8.8

2.3

0.8

11.2

13.5

5.9

8.6

4.6

4.8

5.2

6.1

2.1

0.9

6.4

4.5

Visit 5

4.7

9.1

4.5

4.2

4.3

5.9

2.4

0.9

8.7

8.6

6.3

8.2

5.2

7.2

5.6

7.5

2.2

0.7

6.2

5. 8

Table 48. Mean and standard deviations of the air calibrated DD measurements for TM and F for all participants (visit one- visit five).
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N=20

Distal

Middle

Mesial

Mean SD Mean SD Mean

SD

Sound

Whitest (X)

Mean SD Mean

SD

Distal

Middle

Sound

Mesial

Whitest (X)

Mean SD Mean SD Mean SD Mean SD Mean SD

Visit 1

5.8

7.5

6.2

6.4

5.8

11.4

2.4

0.9

11.2

13 .5

4.2

2.9

3.4

3.4

4.4

5.9

2.2

1.1

6.4

4.5

Visit 6

4.6

4.5

4.7

3.9

5.5

15.2

2.5

0.8

10.7

17.7

5.1

7.0

3.9

4.4

4.9

8.9

2.4

1.1

8.4

12.1

Table 49. Mean and standard deviations of the air calibrated DD measurements for TM and F for Part II (visit one - visit six).
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Distal Vl

0.3

0.1

2.8

0.01 **

0.1

0.6

Treatment effect

1.0

1.3

0.8

0.50

-1.6

3.6

Middle Vl

0.5

0.1

6.3

0.00**

0.3

0.7

Treatment effect

0.5

0.8

0.6

0.52

-1.1

2.1

Mesial Vl

1.2

0.1

13 .8

0.00**

1.0

1.3

Treatment effect

0.7

1.5

0.5

0.62

-2.2

3.7

Sound Vl

0.1

0.1

1.2

0.25

-0.1

0.4

Treatment effect

-0.1

0.2

-0.4

0.72

-0.5

0.4

Whitest (x) Vl

1.4

0.1

15.0

0.00**

1.2

1.5

4.1

1.9

2.2

0.03*

0.4

7.9

Treatment effect

I

Table 50. Mixed effects restricted maximum likelihood regression for air calibrated DD measurements for 2009 participants (visit 1 -visit 6).
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3.1.11 Clinical grading of lesions severity
Thirty-five photographs were randomly selected from the mam pool and
assessed using a 4-point scale. Four orthodontic staff members, three paediatric
staff members, six paediatric postgraduate students and six orthodontic
postgraduate students took part in this evaluation; a total of 19 clinicians.
Clinical grading of lesion severity revealed that there were no observable
differences in the lesions by the panel between visits 1, 2, 3, 4, and 6. These
results are consistent with the rest of the results, indicating no significant
changes in the 12 weeks of the study. One statistically significant result was
identified at visit 5 where the means of the scores as recorded by all clinicians
were slightly higher than at any of the other visits. There were no statistically
significant differences in the scoring between paediatric dentistry postgraduate
students or staff and the orthodontic postgraduate students or staff.
Pediatric dentistry
Orthodontic
3.1 (SD=0.7)
3.1 (SD = 0.8)
3.1 (SD = 0.5)
3.2 (SD = 0.7)
3.2 (SD = 0.6)
3.2 (SD = 0.6)
3.1 (SD=0.7)
3.1 (SD = 0.7)
4
3.3 (SD = 0.6)
3.5 (SD = 0.6)
5
3.2 (SD = 0.6)
3.2 (SD = 0.7)
6
Table 51 . Means and standard deviations for clinical grading of lesion severity
at visits 1- 6.
Visit number
1
2
3

clinician
-0.4-0.4
-0.1
0.90
0.2
-0.0
Visit 2
-0.2-0.6
0.9
0.40
0.2
0.2
Visit 3
-0.5 - 0.3
-0.6
0.57
0.2
-0.1
Visit 4
0.4- 1.2
0.00**
0.2
3.6
0.8
Visit 5
-0.2- 0.5
0.32
0.2
1.0
0.2
Visit 6
Table 52. Mixed effects restricted maximum likelihood regression for clinical
grading of lesion severity results.
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3.1.12 Inter and intra-examiner agreement
Bland Altman plots were used to investigate inter and intra-examiner agreement
(Bland and Altman,

1986). These plot the difference between two

measurements against the mean. These plots also highlight any bias in the data.
Each dot on these plots represents the mean difference between the two
measurements. The closer these are to zero indicate greater reliability between
the measurements.
The colour histogram values for the ceramic tab are very reliable within an
examiner but slightly less reliable between examiners. The mean difference
between the readings was closer to zero for the intra-examiner measurements
compared with the inter-examiner for colour analysis. The error in the tab
measurements accounted for approximately 2% of the variability measured
within an examiner and approximately 8% between examiners. Intra-examiner
reliability for whole lesion was approximately 4%, and was 11% for interexaminer measurements. The error measurements for normal enamel were
approximately 8% within examiners and 20% between examiners. There does
not appear to be any bias in any of the variables measured.
Intra-examiner reliability was higher for size measurements of the reference
scale (3%), area of the labial surface (7%) and area of WSL (4%). The intraexaminer perimeter measurements were highly variable (38%). Inter-examiner
reliability was high in the measurements for reference scale and area of the
labial surface of the tooth, but again low in the perimeter measurement (38%).
The inter-examiner reliability for the area of the WSL was poor (125%). There
again does not appear to be any bias in any of the variables measured.

DD measurements were assessed for intra-examiner reliability by comparing the
differences between air and sound calibration measurements. Although DD
measurements did not appear to have any bias in any of the variables measured,
DD measurements were highly variable.
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Clinical 4-point scoring by the 19 clinicians resulted in a slight tendency for the
second measurement to be less than the first, although the difference was not
large. There do not appear to be any differences in the repeatability of
observations for paediatric clinicians and orthodontic clinicians (Pearson chi
square (2) = 1.1024, probability= 0.576) (Table 53). In the table below, a score
of 1 is given when the second measurement is 1 or less than the first, 0 is given
when both are equal and -1 is given when the first is 1 less than the second.

Score difference

Orthodontic clinicians

Paediatric clinicians

-1

7

4

0

33

34

1

10

7

Table 53. Crosstab illustrating the reliability of the clinical measurements for
orthodontic clinicians and paediatric clinicians.
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Bland-Aitman plot for the Tab
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Figure 32. Bland-Altman plot to illustrating the limits of agreement for inter-examiner measurements of the tab.
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Bland-Aitman plot for normal tooth
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Figure 33 . Bland-Altman plot illustrating the limits of agreement for inter-examiner measurements of normal tooth (normal enamel).
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Bland-Aitman plot for the whole lesion
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Figure 34. Bland-Altman plot illustrating the limits of agreement for inter-examiner measurements of the whole lesion.

165

Bland-Aitman plot for white spot
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Figure 35. Bland-Altman plot illustrating the limits of agreement for inter-examiner measurements of the white spot (whitest part of the lesion).
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Bland-Aitman plot for the Tab
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Figure 36. Bland-Altman plot illustrating the limits of agreement for intra-examiner measurements of the tab .
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Bland-Aitman plot for the whole lesion
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Figure 37. Bland-Altman plot illustrating the limits of agreement for intra-examiner measurements of the whole lesion
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Bland-Aitman plot for white spot
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Figure 38. Bland-Altman plot illustrating the limits of agreement for intra-examiner measurements of the white spot (whitest part of the lesion).
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Bland-Aitman plots for size
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Figure 39. Bland-Altman plot illustrating the limits of agreement for inter-examiner measurements of the reference scale, area of the labial
surface, area of the WSL and the perimeter of the WSL.
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Bland-Aitman plots for size
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Figure 40. Bland-Altman plot illustrating the limits of agreement for intra-examiner measurement of the reference scale, area of the labial
surface, area of the WSL and the perimeter of the WSL.
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3.1.13 Summary of Results
Description of the experiments and statistical analysis
This study found no differences between the treatment effects of TM and F on
WSL. There were some minor effects found in Part II with the extension of the
treatment duration from 8 to 12 weeks. There was an inclination for the whitest
part of the lesion to improve at 12 weeks. This was not a statistically significant
finding.
Patients with fixed appliances either had F mouthrinse or TM that was applied
in NIRDs. There were no differences in the effectiveness of either of these
treatments in improving WSLs in patients with bonded appliances or in those
that had recently had their appliances removed. The results showed that at 12
weeks, there were no statistically significant differences in the outcomes of the
treatment or the way in which the treatments were delivered. There were mixed
responses to the acceptance of wearing the NIRDs.
The diagnosis and quantification of WSL assessed usmg colour histogram
analysis and size analysis, DD and clinical examination of photographic slides
indicated that there are no statistically significant differences between
treatments with either TM or F during the time periods used in this study. The
additional month of treatment did not yield any further statistical significance
but there were positive trends that suggested that improvements in the lesions
were beginning to occur at 12 weeks. One of the trends was for LB counts to
drop in both the TM and F groups. Participants with appliances had higher LB
counts. Plaque acid production remained relatively unchanged during the study
period. There were significantly higher plaque scores recorded in participants
with appliances. Lateral incisor teeth had 2.7 times more plaque than the right
central incisor tooth. Plaque scores were reduced at visits 4, 5, and 6.
There did not appear to be any bias in any of the variables measured. Intraexaminer agreement for colour analysis overall was acceptable. The interexaminer agreement for colour analysis was slightly higher than intra-examiner
measurements. There was poor inter-examiner agreement for the area of the
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WSL. Inter- and intra-examiner agreement for size analysis was good for all
variables except perimeter. Intra-examiner agreement for DD was highly
variable. Repeatability in clinical grading of lesion severity for photographs by
the 19 clinicians was good, with a slight tendency for the second measurement
to be less than the first.

Confounders that affect dental demineralisation were also investigated in
relation to size and DD measurements. These included: diet acid and diet
sugars, oral hygiene, DMFT, SES, frequency of product use and time in fixed
appliance treatment. When these confounders were incorporated into the
analysis, there were no significant differences demonstrated with either of the
treatments.
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Chapter 4
4. 1 Discussio n
4.1.1 Study design
This study was divided into two parts, the main difference between the two
being treatment duration. In the second part, additional data were also collected.
Part I of this research was carried out over 8 weeks (n = 16 participants), and
part II participants (n = 20) underwent 12 weeks of treatment; both groups using
either TM or F. The changes were made following the publication of a report
during Part I of the study that clearly indicated that no clinically measureable
results were seen after 8 weeks using CPP-ACP, but after 12 weeks,
improvements in WSLs were detected (Bailey et al., 2009). They reported that
at 4 and 8 weeks of treatment the participants (n=45) demonstrated no
statistically significant differences between the CPP-ACP (Tooth Mousse)
group and the control (Placebo cream). However, at 12 weeks the WSLs in the
CPP-ACP group were 2.5 times more likely to have regressed than in the
control. This supported an earlier study in participants after fixed appliances
removal that reported WSL lesion regression after 12 weeks using a low
fluoride (50 ppm F) mouthrinse (Willmot, 2004). Mean WSL size at 12 weeks
was reported to be approximately half the size after the fluoride treatment. In
the current study, even with the addition of an extra four weeks of treatment, no
significant differences were detected. This could be for a number of reasons;
one being insufficient sample size in this current study to show statistically
significant results; another that the treatment time was possibly short. A further
possible explanation could be the differences in treatment protocols between the
current study and previous studies.

The second difference in methodology between Parts I and II was the change in
plaque removal. No pumice was used in the prophylaxis in Part II because
previous research has shown that pumice may remove more demineralised
enamel than is desired (Honorio et al., 2006). Christensen and Bangerter (1987)
found in their SEM study on average 0.24

~-tm

of sound enamel was removed
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from the surfaces of the mandibular incisors using a rubber cup and pumice at
2500rpm. They did also suggest that a 3 - 4

~-tm

fluoride rich surface layer was

disturbed but not removed during this polishing process. This damage was
resolved after 21-39 days. Other researchers have used pumice in the past and
have reported significant improvements with the treatments investigated
(Ogaard et al., 1983; Ogaard et al., 1988a; Ogaard et al., 1988b; Adriaens et al.,
1990; Gillgrass et al., 2001; Stecksen-Blicks et al., 2007; Andersson et al.,
2007). This suggests that enamel may tolerate disturbances of the outer surface
layer to allow more effective remineralisation to occur. However it is important
where possible to avoid deliberate enamel removal, particularly because the
outer surface of enamel is most mineralized and contains the higher levels of
fluoride. Scanning electron microscope studies have shown that tooth brushing
demineralised enamel after removal of orthodontic bands can also result in
attrition (Holmen et al., 1987a; Artun et al., 1989), a not unexpected finding if
WSLs are present with porous rough surfaces. There is no accepted standard
procedure for removal of plaque in an in vivo study. However, tooth brushing
was chosen in this current study as clinical experience suggested it was the least
destructive to potentially fragile enamel. Participants also performed tooth
brushing regularly at home; therefore, the additional tooth brushing performed
at treatment visits was believed to be minimally invasive.
There are fundamental differences between previous in situ studies and this
current study, one of which is study design. This study adopted a randomised
clinical trial (RCT) design with 18 participants in the treatment group (TM) and
18 participants in the control group (F mouthrinse). Several previous studies
investigating CPP-ACP in the past have used a crossover design where
participants applied either CPP-ACP paste, gum or rinse in the first part with a
washout period ranging from 5 days to 4 weeks before switching to the next
treatment. Even with a washout period between the two different treatment
modalities, there may have been the possibility of one treatment affecting the
other in some situations. This would have reduced the differences between the
two types of materials tested (Benson et al., 2005a). It is also difficult to
compare previous studies as the washout periods have varied between studies.
With crossover studies, the sample size has rarely exceeded 15 (Cai et al., 2003;
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Iijima et al., 2004; Itthagarun et al., 2005; Walker et al., 2006; Cai et al., 2007,
Schirrmeister et al., 2006). In fact, only two of the crossover studies mentioned
in Azarpazhooh and Limeback's 2008 review had more than 15 participants
(Reynolds et al., 2003 and Shen et al., 2001). This is most likely because of the
intensive analysis involved with the enamel slabs used. With small numbers of
samples, a bias can be introduced, as it is difficult to have a representative
population sample when such small numbers of participants are studied.
Therefore, the findings of these papers cannot be automatically applied to the
general population. Active control groups using fluorides were not included in
many previous studies. Only two studies had active control groups and did not
use the same participants as controls, as most were crossover design studies.
Hay and Thomson (2002) had an active control group of 61 participants who
self-administered topical 0.05% sodium fluoride mouthrinse three times a day.
Participants in previous in situ trials were mostly adults over the age of 20
years. Many of these were postgraduate students or colleagues who were easily
assessable or accessible. It was not always clear if their oral conditions were
appropriate for a remineralisation study. Only one study observed adolescents
(Andersson et al., 2007).
Participants of this study were instructed to use their F mouthrinse once per day.
This is consistent with many other studies that used once-a-day F mouthrinse
(Boyd, 1993; O'Reilly and Featherstone, 1987; Geiger et al., 1988; Andersson
et al., 2007).

In this study, TM was used once a day in those participants who were debonded.
They placed the product in a tray and wore these overnight. This meant that TM
was used for extended periods as opposed to the once per day use of F
mouthrinse. The principal investigator performed prophylaxis with a manual
toothbrush at the recall appointments, at weeks 1, 2, 3, 4, 8 and 12. At the end
of the study, all participants had their current oral hygiene reviewed and oral
hygiene instructions were given along with dietary advice. Although these
instructions and advice were given at the end of the study, the decrease in
plaque scores at visits 4, 5 and 6 indicate that participation in the study resulted
in improved oral hygiene even without specific instruction. All orthodontic
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participants are required to have excellent oral hygiene prior to starting fixed
appliance treatment. If these standards are not met, patients will have oral
hygiene instructions by the orthodontic postgraduate student of a bachelor of
oral health student prior to starting treatment. Oral hygiene must improve and
meet these standards prior to treament.

Bailey and coworkers (2009) asked their participants to apply Tooth Mousse
containing 10% w/v CPP-ACP twice a day. They also had 4, 8 and 12 weekly
reviews where they supervised 900ppm NaF mouthrinse, prophylaxis (rotary or
manual instrumentation was unspecified) and oral hygiene instructions were
reinforced. Andersson and coworkers (2007) used Topical™ (CPP - ACP)
twice daily for three months followed by three months of fluoridated toothpaste
use. They found a significant improvement in the clinical WSL scores over time
in both groups. 63% of CPP-ACP treated sites totally disappeared after 12
months as compared with 25% of the fluoridated toothpaste group. This
difference was statistically significant.
In a recent review, (2009) Zero highlighted the fact that the manufacturers of
Recaldent ™ Tooth Mousse claimed their product was chemically different
from the formulation ofPhoscal®. Therefore, when interpreting past research, it
is important to note that not all formulations of CPP-ACP are the same.
Therefore exact parallels should not be drawn when interpreting the results.

The current study provided a recording sheet to try to determine how reliably
participants were following instructions. 70% of the Part II participants used
their products five or more times a week. The compliance-independent NIRD
group retained their NIRDs for 2.2 days on average. Patient compliance can be
a problem with all research but it is not always recorded or reported. Bailey and
coworkers (2009) and Andersson and coworkers (2007) did not mention how
compliance was measured in their study, nor did they report if this affected their
results. Morgan and coworkers (2008a) asked teachers at 29 schools to monitor
chewing of CPP-ACP gum once a day. At all other times, chewing of gum was
unsupervised.

178

The length of treatment time has not been consistent in previous clinical studies
involving post-orthodontic WSLs. The active treatment time is significant when
considering a study's clinical applicability. The two randomised control trials
(RCT) (Andersson et al., 2007; Bailey et al., 2009) had treatment periods of 6
and 3 months, respectively. Andersson and coworkers (2007) had an active
treatment time of 3 months for their Topical™ (CPP - ACP) group and 6
months for their F mouthrinse group. They monitored lesions at 1, 3, 6, and 12
months. They found a statistically significant decrease in DIAGNOdent scores
at 6 months compared with baseline suggesting that this may be an appropriate
treatment time for orthodontic patients after removal of appliances. However,
this would need to be confirmed through more investigations.

The quantification of demineralisation can be achieved with histological
analysis, micro-hardness testing and transverse microradiography. The studies
using these methodologies tend to have shorter treatment duration as
participants' study teeth are extracted during fixed appliance treatment.
Delaying extractions for the sake of the study would in some cases delay
orthodontic treatment (Benson et al., 2008b ). With the vast variety of study
designs in the current literature, it is difficult to extract relevant information for
application in clinical practice.
The current study had 100% participant retention, as all 36 recruited participants
continued to the end of the 12-week treatment period. Two participants did fail
to attend all their scheduled appointments. In larger studies, it is difficult to
retain 100% of participants especially in longitudinal studies. M organ and
coworkers (2008a) experienced a 36% drop out rate over the two-year period of
their study.
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4.1.2 Results
Current understanding of the effects of CPP-ACP on WSLs is still limited.
There is even less literature on the effects of CPP-ACP on teeth health in
patients undergoing orthodontic treatment. To date, there have been only three
randomised clinical trials of the effect of CPP-ACP on dental caries. Two of
these were based on cohorts of post orthodontic patients (Andersson et al.,
2007; Bailey et al., 2009). One looked at prevention of dental caries with CPPACP chewing gum (Morgan et al., 2008a). These studies have quantified
demineralisation with radiographs, DD and clinical assessment (Andersson et

al., 2007; Morgan et al., 2008a; Bailey et al., 2009). However, no studies have
used colour histogram analysis of photographs in a clinical situation to quantify
WSL regression or progression. Dental caries is a multifactorial disease and it is
evident that other factors related to lesion progression have been overlooked in
some of the previous studies. These include factors such as plaque acid
production, LB and plaque scores.

As stated previously, the purpose of this study was four- fold. The first objective
was to investigate any possible differences between TM and F treatment in
orthodontic patients with WSL. Secondly, the objective was to trial the NIRD in
patients currently undergoing active orthodontic treatment. The next aim was to
identify a reasonable method to quantify these lesions in a clinical setting. The
final aim was to look at other risk factors that may play a role in the disease
process and the effect these factors may have on treatment.

Overall, there were no statistically significant effects of treatment in either the
TM or F groups. The NIRD was used to apply TM to demineralised lesions
during fixed appliance treatment. Colour histogram analysis and size analysis of
digital photographs appear to provide a reliable and specific method in WSL
quantification. With treatment, there was a trend for the Lactobacilli count and
the plaque scores to decrease.
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4.1.2.1 Colour analysis
There were no statistically significant effects of 8 or 12 weeks of treatment
when comparing TM against F using colour analysis of WSL. The means
suggest that there is a trend for a small decrease in most histogram values of the
whitest lesion/normal for both F and TM groups at visit six compared with visit
one, suggesting improvement in the mineralisation in this area. There is also a
drop in mean histogram values for the green and luminosity channels when
comparing visits one and six for whole lesion - normal/tab. These results are,
however, in agreement with Morgan and coworkers' (2008a) chewing gum
study in which they found 94.2% of surfaces treated with CPP-ACP
experienced no change and only 0.4% of lesions regressed. In the same study,
93.3% of surfaces treated with F mouthrinse remained unchanged and 0.3%
regressed. Morgan and coworkers did find a difference between CPP-ACP and
F after two years of treatment. The fact that these lesions resisted significant
progression after two years is an important treatment finding - the resistance of
WSLs to progression with the use of CPP-ACP or F also appears to apply to
remineralisation (Ogaard, 1989). In a longitudinal study of 51 orthodontically
treated individuals, WSL were still present 5 years after orthodontic treatment
had ceased. A possible explanation for this is that WSL that occur in a
fluoridated environment may be sealed with a layer of more highly mineralised
enamel containing higher levels of fluoride. Another reason for the extremely
slow remineralisation is the sheer size of these lesions as demonstrated by
microradiography, scanning electron micrography, dye penetration and
microhardness (Arends et al., 1980). They found artificial lesions could often
measure over one hundred micrometres in depth after only 4 days in vitro. The
minimal regression of these lesions in a short period of time in the presence of
fluoride has been demonstrated in this current study and two others (Ogaard,
1989; Morgan et al., 2008a). In contrast to this, Bailey and coworkers' (2009)
study found that after 12 weeks 33% more WSLs had regressed in the CPPACP group than in the placebo group, which used a cream containing no active
ingredients. They did not, however, compare CPP-ACP to fluoride mouthrinse.
It is difficult to compare any of the results of the current study with other
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studies, as the current study has a unique design that does not match that of any
of the reviewed previous studies. A variety of different tools has previously
been used to measure WSL progression and regression, i.e. radiographs, DD
and clinical examination. Past photographic studies have focused on lesion
intensity by measuring luminosity in colour photographs that were converted
into grey scales (Willmot et al., 2000; Benson et al., 2000; Benson et al., 2003a;
Benson et al., 2003b; Benson et al., 2005b; Benson et al., 2008a; Livas et al.,
2008) or measuring changes in lesion size to quantify remineralisation (Linton
et al., 1996; Willmot et al., 2000; Benson et al., 1998; Benson et al., 1999;
Benson et al., 2003a; Benson et al., 2003b; Benson et al., 2005b; Benson et al.,
2008a; Livas et al., 2008). The current study appears to be the first study to
report the use of colour histogram analysis to measure lesion changes in the
clinical setting.
In the statistical analysis, adjustments were made for the presence or absence of
appliances. These adjustments did not result in any significant treatment effects
with either TM or F. Because of this, the study yielded no positive outcomes,
and it is difficult to determine whether treatment was hindered by the presence
of appliances or not. Previous studies have suggested that an improvement in
WSLs will occur after appliances are removed even without intervention
(Willmot 2004; Andersson et al., 2007). This is because debonded teeth no
longer have brackets, which are known to increase surface area for plaque
adherence and also reduce salivary clearance of food. Willmot (2004) found that
low dose fluoride mouthrinse (50ppm) had the same effect as no additional
fluoride on post orthodontic lesions after 26 weeks. In Willmot's study, the
participants were given fluoride free toothpaste to use in conjuction with this
low-level fluoride mouthrinse. Most post-orthodontic lesions would regress
over time, after the removal of the fixed appliances. Their study protocol was
different from the current study's in that CPP-ACP was not used.
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4.1.2.2 Size analysis
There were no statistically significant changes measured in the size of WSL
with treatment at either 8 or 12 weeks. However, the trends showing reduction
in size suggest that improved outcomes might be achievable over a longer
period of time such as the 26 weeks used in Willmot's (2004) study. He found
that WSL reduced by approximately half of their original size 26 weeks after
fixed appliances were removed, even without the help of low dose fluoride
treatments. Photographic size analysis research in the past has been performed
on extracted teeth under laboratory conditions (Linton et al., 1996; Willmot et
al., 2000; Benson et al., 1998; Benson et al., 1999; Benson et al., 2003a and
2003b; Benson et al., 2005b; Benson et al., 2008a; Livas et al., 2008).
Therefore, it is difficult to make comparisons with these studies because the
current photographs were taken in a clinical setting.
Lesion roundness has not been investigated in the past in relation to WSL
regression with treatment. Kanthanthas and coworkers (2005) looked at
roundness of enamel opacities in relation to WSL. The closer to 1 an object
measures, the more circular it is and the further it deviates from 1, the less it
resembles a circle (Kanthathas et al., 2005). They found that developmental
enamel opacities were on average 2.3 and post-orthodontic WSLs averaged 6.6.
This study found that there was a significant increase in the roundness
measurements (p = 0.04) with a 95% confidence interval of 0.0 to 2.5 from visit
one to visit six. In the F group the roundness increased from a mean of 4.6 to
6.0. In the TM group this increase was slightly smaller, from a mean of 3.9 to
4.2. Visually, WSL appeared to get more irregular with treatment, which is
consistent with this finding. It could be postulated that this measures an
improvement or change in lesions that colour, size and DD measurements have
not been able to detect. Therefore, further research into the roundness of lesions
with treatment may prove valuable.
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4.1.2.3 DIAGNOdent
The results from WSL monitoring with DD indicated that there were no
statistically significant differences in readings between treatment with TM or F,
when comparing visits one and five (p

=

0.32). This is in agreement with

Anderson and coworkers (2007) who recorded DD measurements of 26
debonded participants treated with either Topical™ (CPP- ACP) or F over 12
months, where active treatment was used in the first 6 months in the fluoride
group and 3 months in the CPP-ACP group.

They found no statistically

significant differences between the treatment (CPP-ACP) and control group (F
mouthrinse) using DD.

There were statistically significant differences between visit one and six for the
worst part of the lesion (x) (P = 0.00) and between TM and F (P = 0.03). The
DD means for TM and F suggested a 20% deterioration in WSL with F
treatment. However, after adjustments were made for the confounders (the
statistically significant results previously found were no longer significant).
This indicates the importance of not relying on single assessments alone to
determine changes in mineralisation of enamel.

4.1.2.4 CRT Bacteria
There were significantly higher LB counts in participants who were currently
undergoing fixed appliance treatment than in those that had been debonded.
This is consistent with previous studies that report that fixed appliances result in
a rise in LB counts (Owen, 1949; Bloom et al., 1964; Lundstrom and Krasse,
1987; Kupietzky et al., 2005). Neither TM nor F treatments at 8 or 12 weeks
significantly affected LB counts. However, there was a trend that showed a
reduction of participants in the high (> 10,000 count) LB count group and a
resultant increase in the number of participants in the low (<10,000 count) or
zero groups. This trend is consistent with the work by El-Housseiny and Farsi
(2005) who found quarterly applications of 10% providone iodine solution with
1.23% acidulated phosphate fluoride gel (APF) over 12 months resulted in a
reduction in MS and LB counts.

While the treatments used in both these
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previous studies are not identical to those of the current study, it does suggest
there is the possibility of reducing bacterial counts in plaque using antimicrobial
products. However, it is still not clear what are the most effective ways to
achieve this.
At present there are no studies in the literature that have looked at the effects of
treatment with TM on LB counts, to make comparisons against. Future research
could further investigate the effect of TM on LB counts and potentially use
DNA analysis of bacteria to evaluate the changes associated with TM and/or F
treatment.

4.1.2.5 Plaque acid production
There were no statistically significant changes in plaque acid production scores
in either treatment group (TM and F) over time. Marchisio and Genovisi (2009)
found that salivary pH increased in 76% of the 25 participants treated with
Recaldent® TM (CPP-ACP) but only 48% showed a plaque acid production
decrease. No statistical analysis was carried out.
Table 18 demonstrates that only one participant out of the 20 recorded a pH of
7.0 (green), which indicated little or no acid production when the plaque was
challenged with sucrose. Most of the participants were in the pH range of 5.56.5 suggesting they did have moderately active acid-producing bacteria in their
plaque biofilms. It has been suggested in past research that maximum
remineralisation using CPP-ACP occurs at a pH of 5.5 (Cochrane et al., 2008).
Further research is required to determine if these laboratory-based findings are
applicable to clinical conditions.

4.1.2.6 Plaque scores
Analysis of the effects of treatment on plaque scores indicated there were no
statistically significant differences between TM or F treatment on plaque scores
(P

=

0.581). The original differences between the groups (TM and F) remained
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the same at each visit. There was a statistically significant reduction in plaque
scores for both groups at visit 4 (P

=

0.03), 5 (P

=

0.039) and 6 (P

=

0.005)

compared with visit 1. As oral hygiene instructions and diet advice were not
given until the last visit, the improvement in plaque scores at visits 4, 5 and 6
was more than likely a result of participation in the study. This is a very
interesting finding as it demonstrates that simply using these measurement tools
(DD, photographs, CRT bacteria kit and plaque acid production) and having
patients attend appointments as part of this research may make them more
dentally aware and their oral hygiene improves.
Teeth 12 and 22 (right and left lateral incisors) had significantly higher plaque
scores than tooth 11 (right central incisor). The scores were approximately 2.7
higher. A strong relationship has previously been established between levels of
oral hygiene and occurrence of dental caries in orthodontic patients (Zachrisson
and Zachrisson, 1971; Lundstrom and Hamp 1980). Therefore, the higher
plaque scores on the lateral incisors is consistent with the higher incidence of
WSL on these teeth (Gorelick et al., 1982; Mizrahi, 1982; Artun and
Brobakken, 1986 and Gieger et al., 1988).
When the data were adjusted for the presence of appliances, plaque scores were
83% lower in participants without appliances. Bloom and coworkers (1964)
demonstrated that the number of orthodontic bands was positively correlated
with microbial numbers in the mouth. Prior to the study, it was postulated that
the NIRDs might attract greater amounts of plaque similar to the plaque with
fixed appliances. This could have interfered with the treatment effects on WSL.
However, the longevity of the NIRDs (average 2.2 days for each visit) meant
plaque accumulation was limited, unlike with brackets which are fixed for
significantly longer periods. Further research is required to determine if longer
retention of NIRDs has any detrimental effect on WSL through increased
plaque retention.
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4.1.2.7 Tactile enamel measurements
Enamel tactile scores did not result in any statistically significant changes with
treatment in this study. The majority of these lesions remained rough after 12
weeks of treatment with either TM or F. Nyvad and coworkers (1999) suggested
that active caries was rough to probe in their clinical caries diagnostic criteria.
Enamel tactile measurement has been criticised in the past for subjectivity
(Zero, 2009). A consideration that was not made in this study was that some of
the lesions might have had a significant erosive component. Given the lack of
change in tactility, the spread of the lesions and the high use of acidic foods and
drinks by the participants, this cannot be excluded. Future studies should
consider this in their protocols.

4.1.2.8 Clinical grading of lesion severity
Clinical grading of lesion severity revealed that there were no differences
detectable between visits 1, 2, 3, 4 and 6. A statistically significant change in
scoring was identified at visit 5 where the means measured by all clinicians
were slightly higher than those of the other visits. This appeared to indicate a
slight worsening of lesions on their appearance. A possible explanation as to
why this effect was identified at visit 5 and not visit 6 could be that the 4-point
analogue scale was not discriminatory enough to pick up small changes between
these two visits. Therefore, these results should be interpreted with caution, as
the analogue scale used to determine this change has its limitations.

4.1.2.9 Intra and inter-examiner agreement
It has been suggested, that error measurements are not always appropriate or
necessary (Herbison, 2007). If there is no bias in how the data are collected, as
for most parts of this study, measurement error is almost irrelevant. An unbiased
measurement is composed of two parts: the true measurement and the
measurement error:
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Recorded measurement = true measurement + measurement error

This is because the sum of all the errors will cancel out: negative error results
will cancel out the positive ones. Measurement error will thus equate to zero.
Accordingly, the recorded measurement will equal the true measurement.
Although there did not appear to be any bias in any of the variables measured in
this study, measurement errors were evaluated, as many other orthodontic
papers have included this analysis.
Intra-examiner agreement for colour analysis overall was acceptable, but there
was slightly less inter-examiner agreement. The mean difference between the
readings was closer to zero for the intra-examiner measurements compared to
the inter-examiner for colour analysis. There have been no previous reports of
colour histogram assessment of WSL in the literature. Previous studies have
measured size and grey scale levels of WSLs, which are similar to the
luminosity measurements of this study. The limits of agreement in this study are
not dissimilar to those of Benson and coworkers (2003) and Willmot's study
(2004). Inter and intra-examiner agreement for size analysis was good for all
variables except perimeter. The results of this study are consistent with Benson
and coworkers' (2000; 2003) studies, both of which showed small limits of
agreement for their area measurements. Kanthathas and coworkers (2005) on
the other hand calculated intra-class correlation coefficients (ICC) to
demonstrate repeatability. These ICCs were much lower (0.59- 0.76) than that
found in Benson and coworkers' study (2000). Not surprisingly, the roundness
measure had the lowest ICC (0.59, 0.65) as this measure is obtained from a
formula in which the measurement for perimeter is used.

It is difficult to compare previous reproducibility measurements as intra-class

correlation coefficients were calculated in other studies and not in this current
study (Benson et al., 2000). The intra-class correlation coefficients for Benson's
study were very high (0.99 or 0.98). Intra-class correlation coefficients have
been criticised for their inappropriate use by Bland and Altman, 1986, who
suggested that high correlation measurements do not always mean that the two
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measurements agree. They argued that, firstly, the correlation coefficient
measures the strength of the relationship between two variables, not the
agreement between them. This means that as long as all the measurements lie on
a straight line, they will have perfect correlation. Secondly, if the subsequent
measurement is twice the first, they will still lie on the straight line and be
considered perfectly correlated. Thirdly, if the range of the sample is wide, the
correlation will be higher than if it were a narrow range. The significance
measurement of the two measurements will almost always be significant if the
two sets of measurements were designed to measure the same thing. Finally,
data that have poor agreement can still produce high correlations. Benson and
coworkers (2000) also used limits of agreement plots similar to the Bland
Altman plots. These demonstrated that measurements taken from a photograph
angled towards the gingival were more repeatable than photographs angled
towards the incisal/cusps. In a later in vitro study, Benson and coworkers (2003)
compared QLF measurement to photographic image analysis and they reported
2
much smaller mean differences (-1.7 ± 4.57) (-0.04 ± 0.43mm ) respectively.

This suggests that photographic analysis was as accurate as QLF. The authors
concluded that enamel demineralisation around orthodontic brackets can be
measured reproducibly using both QLF and image analysis.

Comparing the differences in DD measurements between air and sound enamel
calibration assessed the intra-examiner reliability using Bland Altman plots,
which measure the limits of agreement. Intra-examiner agreement for DD was
highly variable. This plot indicates that a majority of the measurements fall
within a -10 to +10 range but the mean is also approximately 10. This suggests
that the measurement error contributes to a large proportion of the variability
within an examiner. This seriously questions the use of DD as a measurement
tool for very accurate WSL quantification. This confim1s previous literature
describing the limits of the reproducibility and sensitivity of DD measurements
(Pinelli, 2002; Staudt et al., 2004; Farrah et al., 2008; Bader and Shugars 2004;
Andersson et al., 2007). The lack of reproducibility with DD measurements
could also be due to variations in the drying of the lesions, difficulty in
relocating the exact area of each lesion and subtle demineralisation and
remineralisation variations in the lesions themselves from visit to visit.
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Benson and coworkers (1998) found analysis of photographs of lesions was
more reproducible than direct observation of teeth with the naked eye.
Repeatability in clinical scores for photographs by the 19 clinicians was good.
A large proportion of the repeat measurements were identical to the first
measurement. There was a slight tendency for the second measurement to be
less than the first, but the differences were not significant. Neither colour
histogram analysis nor clinical scoring of photographs resulted in detecting
significant improvements of WSLs during the period of the study.

4.1.2.10 Difficulties encountered
The most significant difficulty encountered during this research was participant
recruitment to gain a sufficient sample size. There were 36 participants in total,
which is comparable with two recent similar RCTs (Andersson et al., 2007;
Bailey et al., 2009). This current study had two treatment groups and two active
control groups, which meant that there were 10 or fewer participants in each
group. Because participants for the current study needed to have at least one
WSL on their maxillary incisors, exclusion bias may have occurred as some
candidates may have had numerous lesions but in other regions of the mouth.
According to the power calculations at the beginning of the trial, a 20%
difference required 17 participants in each group. In a dental school
environment it is difficult to recruit large numbers of participants as there are
numerous clinicians providing treatment and it may be difficult to remember to
look for participants. There is the possibility of selection bias in our cohort
because all our participants were from a dental school clinic. However, this type
of convenience sampling is common in such studies (Andersson et al., 2007)
and it is, therefore, important to note that results must be interpreted with care.

Bailey and coworkers (2009) recruited their 45 participants from nine private
orthodontic practices in Melbourne, Australia. This type of cohort can also
potentially be biased because they may not be a random selection from the
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general population of those having orthodontic care. Initially we did try and
recruit participants from three private practices, but this resulted in no referrals,
either because the patients in the practices actually had no WSLs or the
commitment to the study was considered too time-consuming.

A fmiher

susceptibility bias can be introduced with different socio-economic profiles of a
catchment population. For example, it could be postulated that a population
from a dental school that has a lower fee structure may result in a study
population that over represents greater deprivation compared with those from
private practice settings.
Morgan and coworkers (2008a), in their study of the effect of CPP-ACP in
chewing gum, had a large cohort of participants (n = 2720) from 29 schools in
the Melboume metropolitan area. Because of the selection of the schools to
represent the population and the size of their sample, that study would be less
likely to be affected by selection bias. Their results are of limited relevance to
our present study, as participants with fixed orthodontic appliances were
excluded from their study and they focused on new lesions, lack of lesion
progression, and lesion regression in their analysis.

In the present study it can

be noted that there were no cases oflesion progression during the study.
Duration of treatment was a limitation in the current study. Bailey and
coworkers (2009) also had a 12-week treatment period, but Andersson and
coworkers' (2007) and Morgan and coworkers' (2008a) studies were over 12
and 24 months respectively. In the current study, the time was limited owing to
factors such as the frequency of reviews; the commitments to 12 weeks for each
participant and funding limitations. The trends detected suggest that increasing
both the sample size and treatment duration may result in significant outcomes
in improving WSLs in future studies.
In the current study it was not possible to conduct a double-blinded clinical trial.
The use of blinding in a clinical trial can reduce the amount of detection bias
that is introduced. Blinding has been used in two previous randomised clinical
trials on CPP-ACP treatment (Morgan et al., 2008a; Bailey et al., 2009).
Unfortunately, blinding of the clinician investigator in this current study was
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impossible during treatment visits. This was because the principal researcher
placed the NIRDs and supplied the F mouthrinse and Tooth Mousse. Thus all
data collected at the time of each clinical visit was un-blinded. These included
DD scores, plaque acid production, enamel tactility and plaque scores. Blinding
was achieved during image analysis as code numbers only identified data. The
type of fixed appliances used, colour modules and tooth shapes meant the
clinician could feasibly distinguish between participants but owing to the
number of photographs and changes in colour modules at treatment visits, it was
impossible for the examiner not to identify participants and their allocated
treatment groups routinely. All statistical analyses were carried out on coded
data thus reducing bias towards any of the groups. Although, this study was not
double blinded, the forementioned factors would minimise bias and should not
have affected the results of this current study.
The NIRD device that was used as a patient-independent approach to
application of TM, had its limitations. This is an innovative device that has
significant potential for the delivery of materials to the mouth during
orthodontic treatment. It is evident that modifications are still required to insure
the devices can be retained in the mouth for longer periods of time. Because the
ceramic clips had a tendency to fracture, a different approach will have to be
investigated. The suction cup maintained a good seal over at least part of the
lesion so it is clear this does offer possibilities for delivering materials to
targeted risk areas on teeth. These might include slow release materials such as
the fluoride releasing glass, which could be clipped into the suction cup to
release fluoride for extended periods of time up to two years. (Toumba et al.,
2009; Al-Ibrahim et al., 201 0). Currently there have been no other reports in the
literature reporting similar devices to aid in the treatment of WSLs during
orthodontic care.
There were many technical difficulties while taking photographs for colour and
size analyses. Kathanthas and coworkers (2005) highlighted the difficulty of
inclusions from reflections created by the camera flash. This might cause an
over estimation of the area of WSL during size analysis. Suggestions have been
made in the past to tilt the camera or use light filters to reduce these reflections
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(Benson et al., 2000; Willmot et al., 2000; Benson et al., 2008a). Reflections
were also a problem in this current study, and often photographs were repeated
until minimal reflections were evident. If these reflections had been included in
the colour analysis the results may have been affected and, therefore, they were
avoided.
It was difficult to standardise the drying time at each visit and between visits.

Fejerskov and coworkers (2009) suggested standardisation is also affected by
humidity and saliva flow. This may differ between sites in the oral cavity and
also between patients. An alternative would have been to examine the lesions
under wet conditions. In this study, it was felt that examining lesions dry would
show their severity better. Standardisation of external conditions was also
problematic. This is consistent with Benson's (2000) study, which alluded to the
fact that the camera may not record what is visible to the naked eye owing to
reflections, lighting conditions and standardisation of intraoral conditions (for
example, wetness of the tooth). In the current study, ambient lighting played a
significant role in the consistency of colour hues. Less external light on a grey
overcast day would give different results when compared to a sunny day.
During the formulation of the protocol, taking photographs in a studio-style
setting was considered. The current protocol of using a clinical setting replaced
this idea. This was due to the fact that either method would still result in
inconsistencies, and for convemence, the clinical setting was chosen.
Inconsisitencies that can affect colour analysis include degree of cheek
retraction, battery charge of the flash and the amount of chair lighting directed
into the mouth. Calculating ratios of the lesion over a ceramic shade tab
standardises these external lighting influences.
During colour analysis, some WSLs had small, more yellow areas within the
lesion, which may have altered the analysis. These yellow areas were avoided
during colour analysis in this study. However, the inclusion or exclusion of
these yellow areas has not been mentioned in photographic analysis in the past
(Benson et al., 2000; Benson et al., 2003; Kathanthas et al., 2005). These
yellow lesions may not have been a problem for Benson and coworkers as their
work involved extracted teeth with artificially induced WSL. It is highly likely
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that laboratory-induced lesions are more uniform and less irregular than those
that occur in vivo and will probably not demonstrate yellow areas due to other
factors such as food stains at all.
Accurate size estimation/measurement was difficult owing to the variation in
the angulations in which the photographs were taken. Although this was
adjusted for by calculating the WSL as a percentage of the overall visible labial
surface, this may still have affected the accuracy of the measurements. The
variation in angulation sometimes resulted in the bracket occasionally
obstructing part of the WSL. It was difficult to avoid creating reflections on
teeth from the flash, viewing the whole lesion and at the same time maintaining
the same camera angulation each time. An improvement for future research
would be the development of a frame to simulate the jig as demonstrated in a
previous in vitro study (Benson et al., 2000; Benson et al., 2003a).
Other obstacles interfering with accurate size analysis were the presence of
hyperplastic gingival tissue, gingival crevicular fluid and blood. These were
difficult to control in patients with poor oral hygiene. Any variation in these
between visits would have obstructed the view of the WSL and might have
potentially affected the results of photographic analysis. Other environmental
distractions were hooks on archwires, saliva and even the brackets, all of which
could sometimes obstruct the view of the WSLs.
Measuring the area and perimeter of lesions was subjective as the margins faded
away and were often difficult to define. A further difficulty encountered was
when the intensity of the whiteness of lesions faded in intensity over the recall
visits, making it difficult to decide where the actual outline was (decrease in
whiteness suggested remineralisation). Analysis bias can result from not
analysing all the data at the same time. During photographic analysis, attempts
were made to analyse all photographs for all six visits for each colour channel in
one sitting. For DD, this was minimised by using chairside diagrams (appendix
4.4.4) outlining the worst part of the lesion (x). This allowed the operator to
identify the same area of each lesion at each visit. There may also have been
proficiency bias during the study, as the learning curve of photograph-taking
and analysis may have improved over the course of the study.
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A possible shortfall in DD measurements was the plan to record at mesial,
middle and distal fixed sites on the tooth, which did not always coincide with
the shape of the lesion. Owing to the variation in size of the lesions and
accessibility of the tooth surface to the DD tip, the worst part of the lesion (x)
was also always recorded.
Several other studies have found DD has been unsuccessful in accurately
detecting the amount of mineral loss in demineralised lesions (Shi et al., 2001a;
Aljehani et al., 2004; Kronenberg et al., 2009). This could be because early
demineralisation lesions are only very mildly integrated by bacterial
metabolites. Hibst and Paulus (1999) showed that fluorescence was enhanced
during caries by integration of bacterial metabolites rather than crystalline
disintegration.
There were many limitations with the colour slide analysis of WSLs by
clinicians. Without a clinical examination that allowed detection of the
roughness of the surface of lesions, clinicians found it difficult to distinguish
between WSL and hypo/mineralisation/hypoplasia. Clinicians did suggest
including at least two views of each (from the incisal edge looking up towards
the patient's nose) may have helped with diagnosis. As participants were not
assessed prior to fixed appliance placement, it was also difficult for the
principal

investigator

to

accurately

differentiate

between WSLs

and

hypomineralisation. Future research should be conducted in a prospective
manner. All participants should be thoroughly examined and any enamel defects
prior to fixed appliance treatment should be well documented. This will enable
greater accuracy in WSL diagnosis during treatment and subsequent
intervention.
The 4-point ordinal scale (Gorelick et al., 1982) used for the colour slide
analysis has been criticis
ed for being too simple, making it difficult to grade minor changes. The scale
does not account for changes in the intensity of the lesion. Banks et al., 2000,
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did find this scale useful in detecting the presence or absence of WSL, but
limited in classifying lesion severity and the size of lesions.

4.1.2.11 Confounders
The addition of confounders into the statistical analysis of the DD and size
analyses did not alter the statistical significance of the results. This is consistent
with previous research that considered the length of fixed appliance treatment as
a possible confounder. Gorelick and coworkers (1982) found that the length of
treatment time was not related to the incidence of WSL in their photographic
study.
Practically, it is not possible to include all confounders in a study, and studies
vary in what they have included. For example, Bailey et a/2009, did not include
socioeconomic status, plaque scores, bacterial counts, diet or length of
treatment.
It has been suggested that a clinical trial, if randomised, will result in two
groups of participants that are equal in all respects, including their confounding
factors. This usually necessitates very large numbers of participants and
therefore it is very important to consider influences that are beyond the control
of a clinical trial to endeavor to produce quality research outcomes.
The current study did not include any aspects of saliva as a confounder. Future
research should include this confounder as it plays an important role in
demineralisation and remineralisation. For example, in chewing gum studies,
the hypothesis is that gum releases CPP-ACP into saliva and, therefore,
increases the calcium and phosphate levels in the oral cavity, which aid in
remineralisation. Chewing gum also increases saliva, aiding in food removal
and buffering.

4.1.3 Future research
Future research using photographic colour analysis should involve a greater
number of participants, examiners, and increased treatment time. Longer
duration of treatment and larger cohorts of participants may yield more
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significant outcomes using the treatment materials investigated in the current
study. Modifications of the NIRD may improve its retention and delivery of a
range of agents to decrease demineralisation and increase remineralisation.
Future research could also focus on the amount of colour change that is required
in enamel before the human eye can detect a change in the degree of mineral
loss or gain. This would be helpful in future colour analysis. Roundness of
lesions, including how to detect the outside borders of lesions, is also an area of
potential exploration.
Future research in lesion quantification has already been suggested to involve
the use of Quantitative Light Induced Fluorescence (QLF). Aljehani et al.,
(2004) found that when measuring mineral loss, lesion depth and inter-observer
agreement, QLF had improved reliability compared with the measurements
using DD. They concluded QLF might be a more suitable method for
quantifying incipient carious lesions adjacent to fixed appliances. However, at
this stage the cost precludes its use routinely.
Prevention of WSL formation and enhancement of remineralisation by
identifying and altering risk factors is not a new phenomenon (Zimmer, 1999).
Remineralisation has proven to be difficult to detect, measure and quantify in
this current study and this has also been confirmed in previous studies. (Ogaard
et al., 1989; Morgan et al., 2008a). This clearly indicates that as well as
focusing on the treatment of WSL, future research needs to identify specific risk
factors that contribute to demineralisation during orthodontic treatment.
Research

needs

to

also

identify

methods

of detecting

very

early

demineralisation during treatment. This would then allow investigation of the
ways to decrease the risk and decrease the impact of the factors on
demineralisation of enamel. Furthermore, appropriate preventive agents can be
investigated and used during orthodontic care (O'Reilly and Featherstone,
1987).
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4.2

Conclusi ons
1. White spot lesions that occur during orthodontic treatment are a major
concern for the orthodontic profession. The effects of TM paste and F
mouthrinse on WSLs in participants during and after orthodontic
treatment have been investigated in this study. Results have shown that
there are no statistically significant differences in remineralisation
between treatment with TM or F over an 8 or 12-week period. There was
a tendency for slight improvement after 12 weeks. However, it is
important to note that there was no progression of the lesions.

2. Currently, clinicians find treatment of demineralisation difficult as it
relies heavily on patient compliance. The NIRD appliance may provide
a patient compliance-independent way to deliver agents to decrease
demineralisation and enhance remineralisation of cervical white spot
lesions.

3. LB counts were strongly associated with the presence of fixed
appliances. There was a tendency for both TM and F to result in reduced
LB counts over 12 weeks, although plaque acid production remained
relatively unchanged during treatment. This should be investigated
further to understand the implications of this in the improvement of
WSLs.

4. Plaque scores remained unchanged in visits 1 through to 3. There was a
decrease in plaque scores at visit 4, 5 and 6, which was statistically
significant.

This demonstrates the improvement that has been shown

previously in oral hygiene that occurs when participants are recruited
into clinical trial involving oral hygiene.
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5. Confounders that may affect dental demineralisation include diet, oral
hygiene, DMFT, SES, frequency of TM or F use and time in fixed
appliance treatment. When they were incorporated into the analyses, no
changes to the significance of the outcomes were detected.

6. This current research has added to the information on management of
WSLs in orthodontic patients. It has shown that it is not possible to
detect lesion changes with the use of either low-level fluoride or TM
over a 12-week period using the above methods.

Another way of

considering this is that there is no clinically rapid way to reverse these
lesions.

7. The NIRD shows promise as a potential patient-independent delivery
device for materials to enhance the protection of enamel during
orthodontic treatment. The study indicates its development should
continue.

8. Remineralisation of WSL is difficult and future research needs to extend
treatment time past 12 weeks and, look at identifying risk factors in
more detail as well as methods to prevent WSL formation.
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Appendices
4.4.1 Information sheet
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Approval Number: OTA/04/08/064.

INFORMATION SHEET FOR PARTICIPANTS AND
PARENTS

STUDY TITLE
Remineralisation of demineralised tooth enamel consequent to orthodontic
treatment.
ABOUT THE STUDY
You are being invited to take part in a research study. Before you decide, it is
important for you to understand why the research is being carried out and what
it will involve. Please take time to read the following information carefully.
Please ask us if there is anything that is not clear or if you would like more
information. Thank you for taking the time to read this information sheet and
consider taking part.
WHAT IS THE PURPOSE OF THE STUDY?
The study intends to compare different ways for re-hardening tooth enamel that
has lost some of its hardness due to plaque (bacterial) activity. These are often
noticed by the white spot formation that occurs on the tooth enamel, often
around the braces on the teeth. These are very common.
WHY HAVE I BEEN CHOSEN?
You have been identified because white spots have been noted on your teeth
during the course of your orthodontic treatment.
DO I HAVE TO TAKE PART?
It is up to you to decide whether or not to take part. If you do decide to take part
you will be given this information sheet to keep and you and/or your parent or
guardian will be asked to sign a consent form.
It is important for you to realise that whether you take part or not will not affect
the care you receive in any way.
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WHAT WILL I HAVE TO DO BY TAKING PART?
If you decide to take part, you will be randomly allocated to one of two
treatment groups. The study will require five (possibly six) visits to the
Orthodontic clinic, School of Dentistry, initially at weekly intervals for four
visits, then monthly for a further two visits. At the first visit, the consent
process will be discussed with you fully, after you are happy to proceed, you
will then be allocated to a particular study group. The details of the treatment
for this particular study group will then be explained to you in detail. The teeth
will be then be photographed, and the hardness of the white spot measured with
a laser which diagnoses the health of the dental enamel. A sample of your
plaque will be taken to measure the acidity and number of bacteria present.
Depending on the group you are allocated to, you will either be asked to apply
Tooth Mousse (a calcium product) in a clear mouthguard which you will wear
on a regular basis, or rinse with fluoride mouthwash, or you will have a small
spring cup filled with Tooth Mousse added onto your existing braces to cover
the white spot. There is evidence in the literature that both Tooth Mousse and
fluoride mouthwash can help harden white spot lesions. These materials will be
supplied to you free of charge. The pastes or rinses being used in this study are
commercially available products.
WILL MY DENTAL RECORDS BE EXAMINED AS PART OF THE
STUDY?
Your dental records will be examined. We will record details such as your name
and contact details, age, gender, allergies, any cardiac problems, tooth-brushing
habits, diet, previous dental history and duration of orthodontic treatment will
be collected as part of the study.
WHAT ARE THE BENEFITS OF TAKING PART?
The treatment for white spots provided to participants in each of the groups are
all current accepted techniques supported by evidence from previous studies.
The aim of this study is to compare the different techniques to determine which
gives the best result. All treatments are expected to improve the white spots,
and none are anticipated to worsen the problem. The white spots are expected
to improve, although there are no guarantees of this happening or to what
extent.
ARE THERE ANY RISKS TO PARTICIPATING IN THE STUDY?
The only risks associated with the study are those associated with routine dental
and orthodontic care. There is always a low possibility, as in any orthodontic
treatment, of a breakage of the special spring placed in the mouth to deliver the
remineralising paste. Should a breakage occur, this can be rectified by
contacting the clinic on the numbers below as soon as possible.
One of the products contains milk protein. If you have any known allergy to
milk protein, please discuss this with Emily Lam.

WOULD TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL?
All information that is collected about you during the course of the research will
be kept strictly confidential. Any information about you which leaves the
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School of Dentistry would have your name and address removed so that you
cannot be identified from it. This may be required in order to have the data
analysed by a statistician. All data will be kept for 10 years after you turn 16
years of age.

CAN I CHANGE MY MIND DURING THE STUDY AND WITHDRAW?
If during the process of the study you feel unable to continue taking part in the
research, you are free to withdraw from the study with no effect to your future
care m any way.
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH
STUDY?
The outcome of this study may be published in a dental journal to enable other
doctors/dentists to consider our findings. However, you will NOT be identified
in any report/publication/thesis.

WHO WILL BE DOING THE WORK?
Emily Lam will be conducting all aspects of the study.
If you would like to personally receive a copy of the results of this study, please
indicate this on the consent form.
If you require an interpreter, please inform the principal researcher (Emily Lam)
and one can be arranged.
If you have any queries or concerns about your rights as a participant in this
study, you may wish to contact a Health and Disability Services Consumer
Advocate, telephone (03) 479 0265 or 0800 37 77 66. If there is a specific
Maori issue/ concern, please contact Linda Grenell at 0800 37 77 66
This study has been approved by the Lower South Island Regional Ethics
Committee, Ministry of Health.
If you wish to find out more or discuss any further aspect of this study, please
do not hesitate to contact me on the number below.
Emily Lam
Department of Orthodontics
Telephone: (03) 479 7093 during office hours
email: emilylam168@yahoo.com.au
Supervisors:
Mr Andrew Quick B.Ch.D, B.Sc (Hons), M.Ch.D, MOrthoRCSEd.
Professor Bernadette Drummond BSc, PhD
Professor Jules Kieser. BSc, BDS, PhD, DSc, FLS, FDSRCSEd, FFS Soc.
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4.4.2 Consent Form

CONSEN T FORM
Title of Project:
Remineralizat ion of demineralized tooth enamel consequent to orthodontic
treatment.

Name of Researcher: Ms Emily Lam
Contact telephone Number: (03) 479 7093
1. I confirm that I have read and understood the information sheet for the above
study and have had the opportunity to ask questions.

2. I understand that my participation is voluntary and that I am free to withdraw at
any time without adverse effect on future health care

3. I agree to take part in the above study.

4. I have no known allergies to milk or milk products

Name of Patient ................. ................. ................. ................. . .
Parent or Guardian ................. ................. ................. ............. .
Date ................. ................. ................. ................. ................ .
Signature of Parent ................. ................. ................. ............. .
Signature of Patient ................. ................. ................. .............. .
Researcher ................. ................. ................. ................. ........ .
Date ................. ................. ................. ................. ................. .
Signature ................. ................. ................. ................. .......... .

I would like a copy of the results of this study sent to me on completion
(Please circle your choice)

Yes

No
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4.4.3 Clip Ques tionn aire
1. How do they feel?

2. When did you get use to them being there?

3. How long before you didn't notice them?

4. Do they irritate while eating, talking, yawning or laughing?

5. Do they move while you talk, eat, laugh, yawn?

6. Do you touch them with your tongue or finger? How often?

7. How often do you show your friends or other people the clips?

8. Can parent check to see if paste still in them each night?
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4.4.4 Plaque and DIAGNOden t readings
Patient: ...................... ................... .
DOB: ...................... ................. Date: ...................... .. .
Time: ...................... . .
Questions:
1. What type of toothpaste do you use?
2. Are you using any additional Fluoride at home, eg mouthrinse?
3. What OH procedures to you perform at home?

Plaque index scores
Date

11

12

16

22

21

24

32

36

44

1.
2.
3.
4.
5.
6.

Plaque- check and pH test results
Results@ 5
minutes
Green: pH>
or= 7.0
Yellow: pH=
6.5
Orange: pH=
6.0
pH<
Red:
or= 5.5

5

6

4

5

6

Visit 4

Visit 5

4

3

2

Visit 1

CRT bacteria test results: after 2 days
Numbers of:
Mutans
streptococci

2

Visit 1

3

Lactobaccili

Probe Tactile Measurement (worst lesion)
Visit 1

Visit 2

Visit 3

Visit 6

Rough
Smooth
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Diagram to illustrate where white spot lesions are on each teeth and where
DIAGONOdent readings are taken at each visit.

Appointment 1 (These tables are repeated for all 5 visits)
Air calibration
Tooth
no

Sound

Distal

Middle

Mesial

Lesion
(x)

Distal

Middle

Mesial

Lesion
(x)

12
11
21
22

Tooth Calibration
Tooth
no

Sound

12
11

21
22
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4.4.5 Camera Settings
Lens
Zoom
Lens
F -Stop/Shutter speed
Aperture
Long exposure NR
Image quality
Image size
White balance
ISO- film speed
Auto Focus Assist
ISO Auto
Beep
Image review
No CFcard
Grid Display
Ev step
Exposure Compensation
Centre wtd
BKTorder
Command dial
AELock
Focus Area
AE- L/AF- L
AF area ilium
Flash mode
Flash Sign
Shutter speed
Monitor off
Metter off
Self timer
Remote

Manual
0.24m
Full
1132 s
32
Off
Raw
M
Flash
200
On
Off
On
On
Release lock
Off
0-0-0
Off
8
N

Off
Off
Off
Lock
Auto
manual
Off
1160
20s
6s
10

lm
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4.4.6 Self reported recording sheet
Name: ........ ...... .. ......... .............. .. Date: .............. .. .. ..... ... . .

I

r Monday

!Week2 I

I
I

I
3
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I Week 1 - , -
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f\Veek s
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r
I
I
I
I
I - r- r
-~
-,
-r -- I - I -~-~
I
r r
-~
I
r -I
I-~
I - I
- I
I
,I r r
-~
I

I Tuesday

r

r -

rr

r

I

,_

r

r -

I

242

4.4.7 Clinical grading of lesion severity answer sheet

DEM I ERAL ISAT IO
CLI ICAL
AS ES ME T
PLEASE PRINT SPECIALA LITY
•••••••••••••••••••• •••••••••••••••••••• •••

DATE
•••••••••••••••••••• ••••••••••••••••

Clinical Assessment Answer Sheet
Picture 1
Lesion severity
Grade

D

D

D

D

1

2

3

4

Picture 2
Lesion severity
Grade

D

D

D

D

1

2

3

4

Picture 3
Lesion severity
Grade

D

D

D

D

1

2

3

4

Picture 4
Lesion severity
Grade

D

D
2

D

D

3

4

1
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Picture 5
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 6
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 7
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 8
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 9
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 10
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 11
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 12
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 13
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 14
Lesion severity
Grade

0

0

0

0

1

2

3

4
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Picture 15
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 16
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 17
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 18
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 19
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 20
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 21
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 22
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 23
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 24
Lesion severity
Grade

0

0

0

0

1

2

3

4
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Picture 25
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 26
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 27
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 28
Lesion severity
Grade

0

0

0

0

1

2

3

4

Picture 29
Lesion severity
Grade

0

0

0
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Picture 31
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Picture 32
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Picture 33
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Picture 34
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Picture 35
Lesion severity
Grade
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4.4.8 Scale for clinical slide assessment (Gorelick et al., 1982)

Clinical assessment
Severity Scale
1. None

2. Slight

3. Severe

4.
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~.4.9

Food frequency Sheet and groups

Food Frequency Record

File No

Name

Date _ _ _ _ _ __

Instructions
This record notes how often different foods are eaten
Note anything special about the food.
Tick the box or boxes that best fit for each food.

§

Cheese
daily
several times per week
weekly - monthly
rarely or never

lcecream
daily
several times per week
weekly - monthly
rarely or never

§

~~~hurt
several times per week
weekly - monthly
rarely or never

§
§

Cakes, muffins, biscuits
daily
several times per week
weekly - monthly
rarely or never

Bread, unsweetened biscuits
daily
several times per week
weekly- monthly
rarely or never

What do you put on biscuits and bread?

§
§
§
§

daily
several times per week
weekly - monthly
rarely or never

When do you eat ?
usually with meals
usually between meals

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note_ _ _ _ _ _ _ _ _ _ __

(marmiteNegemne, peanut butter, honey. jam, other)

§

Water

usually with meals
usually between meals

Note._ _ _ _ _ _ _ _ _ _ __

§

Fruit Juice

When do you eat ?

Note._ _ _ _ _ _ _ _ _ _ __

§
§

daily
several times per week
weekly - monthly
rarely or never

usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

Fizzy Drink/Sports Drink

daily
several times per weel(
weekly - monthly
rarely or never

When do you eat ?

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ __

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ __
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§
§

Cordials
daily
several times per week
weekly - monthly
rarely or never

Low calorie/sugar free drinks
daily
several times per week
weekly - monthly
rarely or never

Tea or Coffee
daily
several times per week
weekly- monthly
rarely or never

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ __

Do you have sugar with your tea or coffee - - - - - - - - - - - - - Do you have milk with your tea or c o f f e e ? - - - - - - - - - - - - -

§

Milo, Bournvita, milkshakes
daily
several times per week
weekly - monthly
rarely or never

§
§

Milk

daily
several times per week
weekly - monthly
rarely or never

Chocolate
daily
several times per week
weekly - monthly
rarely or never

Dried Fruits- raisins,dates etc

§
§

daily
several times per week
weekly - monthly
rarely or never

Museli Bars or other health bars
daily
several times per week
weekly - monthly
rarely or never

§

Potato Chips/Corn chips
daily
several times per week
weekly - monthly
rarely or never

Citrus Fruits - oranges etc
daily
several times per week
weekly- monthly
rarely or never

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ _ __
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Fresh Fruit
daily
several times per week
weekly - monthly
rarely or never

Cooked fruit or canned fruit
daily
several times per week
weekly • monthly
rarely or never

§
§
§

Fresh vegetables/salad
daily
several times per week
weekly - monthly
rarely or never

Cooked vegetables
daily
several times per week
weekly - monthly
rarely or never

Meat/fish
daily
several times per week
weekly - monthly
rarely or never

R
R ~=~~ral

times per week
weekly· monthly
~ rarely or never

~=~~:1

times per week
weekly • monthly
rarely or never

§
§

Supplements
daily
several times per week
weekly - monthly
rarely or never

§

When do you eat ?
usually with meals
usually between meals
Note,_ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note._ _ _ _ _ _ _ _ _ _ __

LJ
R
L__j

When do you eat ?
usually with meals
usually between meals
Note_ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Note_ _ _ _ _ _ _ _ _ _ __

§

When do you eat ?
usually with meals
usually between meals
Notec.__ _ _ _ _ _ _ _ _ __

What supplements do you take? - - - - - - - - - - - - - - - - - Medication
daily
several times per week
weekly - monthly
rarely or never

§

When do you eat ?
usually with meals
usually between meals
Note_ _ _ _ _ _ _ _ _ _ _ __

What Medications do you take? - - - - - - - - - - - - - - - - - - - Do you have any specific questions or comments?
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Food Frequency groups
High Sugar
" Daily/Weekly: between meals
o Cakes, muffins and biscuits
o Fizzy drinks
o Fruit Juices
o Cordials
o Sugar with tea or coffee
o Chocolate
o Dried fruits
o Muesli Bars or health bars
Medium Sugar
" Daily/Weekly: with meals
o Cakes, muffins and biscuits
o Fizzy drinks
o Fruit Juices
o Cordials
o Sugar with tea or coffee
o Chocolate
o Dried fruits
o Muesli Bars or health bars
Low sugar
" rarely or never of the above list.
High Acid
• Daily/Weekly: between meals
o Fizzy drinks/sports drinks
o Fruit juice
o Cordials
o Citrus fruits
o Sugar free drinks
o Fruit
Medium Acid
• Daily/Weekly: with meals
o Fizzy drinks/sports drinks
o Fruit juice
o Cordials
o Citrus fruits
o Sugar free drinks
o Fruit
Low acid
• rarely or never of the above list.
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4.4.10 CRT bacteria count reference guide

252

4.4.11 Erosion Index: Basic Erosive wear Examination (Bartlett et
al., 2008)

able I Criteria for grading erosive wear
Score
o erosive tooth wear
Initial loss of surface texture
Distinct defect, hard tissue loss <50% of the surface area
Hard tissue loss ~50% of the swface area

0
2*
3*

*in scores 2 and 3 dentine often is invol ed

Table 2 Risk levels as a guide to clinical management
Risk
level

Cumulative score of all
sextants

Management

None

Less than or equal to 2"

Low

Beiwecn 3 and

Medium

Between 9 and 13"

High

14 and ovct

Routine maintenance and observation
Repeat at 3 -year intervals
Oml hygiene and dietary assessment, and advice, routine maintenance and observation
Repeat at 2-year intervals
Oml hygiene and dietary assessment, and advice, identify the main aetiological factor(s) for tissue loss
and develop stmtcgies to eliminate respective impacts
Consider fluoridation measures or other suategies to increase the resistance of tooth surfuees
Ideally, avoid the placement of restomtions and monitor erosive wear with study casts, photogmphs. or
silicone impressions
Repeat at 6-12-month intervals
Oml hygiene and dietary assessment, and advice, identify the main aetiological factor(s) for tissue loss
and develop stmtcgies to etiminate respective impacts
Consider fluoridation measures or other suategies to increase the resistance of tooth surfuces
Ideally, avoid restorations and monitor tooth wear with study casts, photogmphs, or silicone impressions
Especially in cases of severe progression consider special can: that may involve restomtions

s•

Repeat at 6-12-month intervals
"The

cut~ff

values an: based on experience and studies of one of the authors (A. L.) and have to be reconsidered.

253

4.4.12 Examples of patient photographs (visit 1 and visit 6)

improvement in appearance
Figure 4. Patient 12, visit 6 Not
lateral incisor.

4.4.13 Tables of results
Whole lesion/tab (All 36 participants: visit 1 and 5)
Whole
lesion/ tab

Cocff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.7
0.0

0.1
0.0

8.8
-0.4

0.00**
0.66

0.5 - 0.8
-0.1 - 0.0

(n = 36)

Luminosity
Visit 5
Visit 1
Treatment

Table 1. Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants (visit 1- visit 5) whole
lesion/tab.
Whole
lesion/ tab
(n = 36)

Coeff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.7
0.0

0.1
0.0

8.2
-0.2

0.00**
0.82

0.5 - 0.8
0.0 - 0.0

Red

Visit 5
Visit 1
Treatment

Table 2. Mixed effects restricted maximum likelihood regression
for red histogram measurements for all participants (visit 1 -visit 5)
whole lesion/tab.
Whole
lesion/ tab

Coeff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.7
0.0

0.1
0.0

9.1
-0.5

0.00* *
0.62

0.6-0.9
-0.1-0.0

(n = 36)

Green
Visit 5

Table 3. Mixed effects restricted maximum likelihood regression
for green histogram measurements for all participants (visit 1 -visit 5)
whole lesion/tab.
Whole
lesion/ tab

Coeff.

Standard
Error

Z

P> (z)

95 % confidence
Interval

0.6
0.0

0.1
0.0

7.5
-0.7

0.00**
0.46

0.4 - 0.8
-0.1 - 0.0

(n = 36)

Blue
Visit 5
Visit 1
Treatment

Table 4. Mixed effects restricted maximum likelihood regression
for blue histogram measurements for all participants (visit 1 - visit 5)
whole lesion/tab.

Normal/tab (All36 participants: visit 1 and 5)
Normal/ tab
(n = 36)
Luminosity
Visit 5
Visit 1
Treatment

Coeff.

Standard
Enor

0.5

0.1
0.0

0.0

Z

P> (z)

95 % confidence
Interval

8.2

0.00**
0.32

0.4- 0.7
-0.1 - 0.0

-1.0

Table 5. Mixed effects restricted maximum likelihood regression
for luminosity measurements for all participants (visit 1- visit 5) normal/tab.
Normal/
tab
(n = 36)
Red
Visit 5
Visit 1
Treatment

Coeff.

Standard
Error

Z

P> (z)

95 % confidence
Interval

0.6
0.0

0.1

9.1
-0.9

0.00**
0.37

0.5- 0.7
-0.1-0.0

0.0

Table 6. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1 -visit 5) normal/tab.
Normal/
tab
(n = 36)
Green
Visit 5
Visit 1
Treatment

Cocff.

Standard
En·or

Z

P> (z)

95 % confidence
Interval

0.5
0.0

0.1
0.0

8.2
-1.1

0.00**
0.29

0.4-0.7
-0.1 - 0.0

Table 7. Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1 -visit 5) normal/tab .
Normal/ tab
(n = 36)
Blue
Visit 5
Visit 1
Treatment

Coeff.

Standard
Error

Z

P> (z)

95 % confidence
Interval

0.5
0.0

0.1
0.0

7.1
-1.1

0.00**
0.29

0.4 - 0.6
-0.1 - 0.0

Table 8. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1 -visit 5) normal/tab.

Whole lesion - normal/tab (All 36 participants: visits 1 and 5)
Whole
lesionnormal/ tab
(n = 36)
Luminosity
Visit 5

Treatment

Coeff.

Standard
Error

I I

I I

P> (z)

Ill
I

•

95 % confidence
Interval

I '
I I

I •

Table 9. Mixed effects restricted maximum likelihood regression for luminosity
measurements for all participants (visit 1 -visit 5) whole lesion- normal/tab.

'F\7

Whole
lesionnormal/
tab
(n = 36)
Red
Visit 5
Treatment

Coeff.

I
I I

P> (z)

Standard
Error

.

Ill
I •

I I

95 % confidence
Interval

I '
I I

I '

Table 10. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1- visit 5) whole lesionnormal/tab.
Whole lesion
- normal/ tab
(n = 36)
Green
Visit 5
Visit 1
Treatment

Coeff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.5
0.0

0.1
0.0

7.1

0.00**
0.28

0.4 - 0.6
0.0 - 0.1

1.1

Table 11 . Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1 - visit 5) whole lesionnormal/tab.
Whole
lesionnormal/
tab
(n = 36)
Blue
Visit 5

Coeff.

Standard
Error

I I

I I

P> (z)

Ill
I. I

t :

I '

95% confidence
Interval

I '
I I

Table 12. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1 - visit 5) whole lesionnormal/tab.

Whitest lesion/normal (All 36 participants: visits 1 and 5)

Whitest
area/
normal
(n = 36)
Luminosity
Visit 5
Treatment

Coeff.

I '
I I

Standard
Error

z

P> (z)

95% confidence
Interval

Ill
I I

I I

Table 13. Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants whitest area/normal.

Whitest
area/
normal
(n = 36)
Red
Visit 5

Coeff.

Treatment

I '
I I

P> (z)

Standard
Enor

95 % confidence
Interval

Ill

' I

I I

I I

Table 14. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1- visit 5) whitest
area/normal.
Whitest area/
normal
(n = 36)
Green
Visit 5

Coeff.

Standard
Error

Z

0.1
0.0

5.5
1.4

0.4
0.1

Visit 1
Treatment

P> (z)

95 % confidence
Interval

0.00**
0.18

0.2 - 0.5
0.0 - 0.1

Table 15. Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1 -visit 5) whitest
area/normal.
Whitest
area/
normal
(n = 36)
Blue
Visit 5

Coeff.

P> (z)

Standard
En·or

Interval

.

Ill
I •

I '
I I

Treatment

95% confidence

I I

Table 16. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1 - visit 5) whitest
area/normal.

Whole lesion/tab (20 participants: visits 1 and 6)
Whole
lesion/ tab
(n = 20)
Luminosity
Visit 6

Coeff.

Visitl
Treatment

0.6
0.0

Standard
Error

Z

0.1
0.0

5.9
-0.4

P> (z)

95 % confidence
Interval

0.00* *
0.7 1

0.4-0.7
-0.1-0.0

Table 17. Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants (visit 1- visit 6) whole lesion/tab.

')~Q

Whole lesion/
tab
(n = 20)
Red
Visit 6
Visit 1

Coeff.

Standard
Error

Z

P> (z)

95 % confidence
Interval

0.5
0.0

0.1
0.0

5.3
-0.2

0.00**
0.83

0.3-0.7
-0.1 - 0.0

Treatment

Table 18. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1 -visit 6) whole lesion/tab.
Whole lesion/
tab
(n = 20)
Green
Visit 6
Visit 1

Treatment

Coeff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.6
0.0

0.1
0.0

6.2
-0.5

0.00**
0.62

0.4-0.8
-0.1-0.0

Table 19. Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1 -visit 6) whole lesion/tab.
Whole
lesion/ tab
(n = 20)
Blue
Visit 6
Visit 1

Treatment

Coeff.

Standard
En·or

Z

P> (z)

95 % confidence
Interval

0.6
0.0

0.1
0.0

5.7
0.1

0.00**
0.92

0.4-0.8
-0.1-0.1

Table 20. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1 -visit 6) whole lesion/tab.

Normal/tab (20 participants: visit 1 and visit 6
Normal! tab
(n = 20)
Luminosity
Visit 6
Visit 1

Treatment

Cocff.

Standard Error

Z

P> (z)

95% confidence Interval

0.6
0.0

0.1
0.0

5.6
0.0

0.00**
0.99

0.4-0.8
-0.1-0.1

Table 21. Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants (visit 1 -visit 6) normal/tab.
Normal/ tab
(n = 20)
Red
Visit 6

Cocff.

Standard
Error

Z

P> (z)

95% confidence
Interval

0.3-0.8
0.00**
5.1
0.1
0.6
-0.1-0.1
0.77
0.3
0.0
0.0
Table 22. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1 -visit 6) normal/tab.

Visit 1
Treatment

Normal/
tab
(n = 20)
Green
Visit 6
Visit 1
Treatment

Coeff.

Standard
Error

Z

P> (z)

95 % confidence
Interval

0.6
0.0

0.1
0.0

5.6
-0.1

0.00* *
0.89

0.4-0.8
-0.1 - 0.1

Table 23 . Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1- visit 6) normal/tab.
Normal/ tab
(n = 20)
Blue
Visit 6
Visit 1
Treatment

Coeff.

Standard
EITor

Z

P> (z)

95% confidence
Interval

0.7
0.0

0.1
0.0

6.4
-0.1

0.00**
0.89

0.5 - 0.9
-0.1 - 0.1

Table 24. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1- visit 6) normal/tab.

Whole lesion - normal/tab (20 Part 11 participants: visit 1 and visit 6)
Whole
lesionnormal/ tab
(n = 20)
Luminosity
Visit 6
Treatment

Coeff.

I
I I

P> (z)

Standard
Error

95 % confidence
Interval

Ill
I I

I '

I ••

Table 25 . Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants (visit 1 - visit 6) whole lesionnormal/tab.
Whole
lesionnormal/
tab
(n = 20)
Red
Visit 6

Coeff.

Standard
EITor

z

P> (z)

Treatment

I I

I I

I •

I I
I '

95 % confidence
Interval

I I

Table 26. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1- visit 6) whole lesionnormal/tab.

')h 1

Whole
lesionnormal/
tab
(n = 20)
Green
Visit 6

Coeff.

Standard
En or

Treatment

I I

I I

P> (z)

I '

Ill
I

95 % confidence
Interval

I
I

Table 27. Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1- visit 6) whole lesionnormal/tab.
Whole
lesionnormal/
tab
(n = 20)
Blue
Visit 6

Coeff.

Standard
Enor

Treatment

I I

I I

P> (z)

95 % confidence
Interval

Ill
1:1

Table 28. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1 - visit 6) whole lesionnormal/tab.

Whitest lesion/normal (20 Part 11 participants: visits 1 and visit 6)

Whitest
lesion/
normal
(n = 20)
Luminosity
Visit 6

Cocff.

P> (z)

Standard
Error

95 % confidence
Interval

I '

Treatment

I I

I I

I ''

Table 29. Mixed effects restricted maximum likelihood regression for
luminosity measurements for all participants (visit 1 -visit 6) whitest
area/normal.
Whitest
lesion/
normal
(n = 20)
Red
Visit 6

Cocff.

Standard
Error

Treatment

I I

I I

P> (z)

I '

95 % confidence
Interval

Table 30. Mixed effects restricted maximum likelihood regression for red
histogram measurements for all participants (visit 1- visit 6) whitest
area/normal.

0.2

Treatment

0.0

0.1
0.1

1.7

0.10

0.0

0.99

0.0 - 0.4
-0.1-0.1

Table 31. Mixed effects restricted maximum likelihood regression for green
histogram measurements for all participants (visit 1- visit 6) whitest
area/normal.
Whitest
lesion/
normal
(n = 20)
Blue
Visit 6

Treatment

Coeff.

''

I I

P> (z)

Standard
En·or

I I

Ill
I"

95% confidence
Interval

I '

Table 32. Mixed effects restricted maximum likelihood regression for blue
histogram measurements for all participants (visit 1- visit 6) whitest
area/normal.

Appendix 4.4.14 DIAGNOdent Measurements

Distal Vl
Treatment effect
Middle Vl
Treatment effect
Mesial Vl
Treatment effect
Sound Vl
Treatment effect
Whitest (x) Vl
Treatment effect

1.0

0.1

16.1

0.00**

0.9

0.8

0.9

1.0

0.32

-0.8

2.5

0.7

0.1

8.5

0.00**

0.5

0.8

1.7

0.8

2.1

0.04

0.1

3.2

0.6

0.1

12

0.00**

0.5

0.7

1.5

0.8

1.9

0.06

0.0

3.1

0.1

0.1

1.6

0.12

0.0

0.3

-0.1

0.1

-1.1

0.28

-0.4

0.1

0.6

0.1

8.2

0.00**

0.4

0.7

-0.2

1.4

-0.2

0.88

-3.0

2.5

Table 33 . Mixed effects restricted maximum likelihood regression for air calibrated DD measurements for 2009 participants (visit 1 -visit 5).
This table looks at the effects of treatment between visit one and five and the effects of treatment with TM and F. in written results
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Mean SD Mean SD Mean

SD

Mean SD Mean

SD

Mean SD Mean SD Mean SD Mean SD Mean SD

Visit 1

3.5

8.5

3.5

4.7

3.3

7.9

0.0

0.5

9.4

14.6

3.7

7.2

2.3

4.9

2.7

4.9

0.1

0.6

4.2

3.6

Visit 5

2.0

8.1

2.6

5.4

2.6

11.7

-0.1

0.4

6.6

11 .2

4.5

9.7

3.0

7.2

3.5

7.2

0.1

0.4

3.9

4.8

Table 34. Mean and standard deviations of the sound enamel calibrated DD measurements for TM and F for all participants (visits one- visit
five) .
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Distal Vl
Treatment effect

l

Middle Vl
Treatment effect
Mesial Vl
Treatment effect
Sound Vl
Treatment effect
Whitest (x) Vl
Treatment effect

I

0.7

0.1

10.2

0.00**

0.6

0.9

2.2

1.1

2.0

0.05*

0.0

4.4

0.8

0.1

9.4

0.00**

0.7

1.0

1.4

0.8

1.7

0.09

-0.2

3.0

1.2

0.1

17.7

0.00**

1.1

1.4

1.7

0.9

1.8

0.07

-0.1

3.5

0.0

0.1

0.3

0.75

-0. 1

0. 1

0.2

0.1

2.4

0.02*

0.0

0.3

0.7

0.1

12.1

0.00* *

0.6

0.8

0.5

1.3

0.4

0.70

-2.0

3.0

participants (visit 1Table 35. Mixed effects restricted maximum likelihood regression for sound enamel calibrated DD measurements for 2009
visit 5). This table looks at the effects of treatment between visit one and five and the effects of treatment with TM and F.
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N=20

Distal

Middle

Mesial

Mean SD Mean

SD

Sound

Whitest (X)

Mean SD Mean

SD

Distal

Middle

Mesial

Sound

Whitest (X)

Mean SD Mean SD Mean SD Mean SD Mean SD

Mean

SD

Visit 1

4.8

11.2

3.5

5.1

3.3

10.2

0.0

0.7

9.6

14.8

2.1

2.8

0.7

1.5

1.7

3.8

0.2

0.8

4.2

3.6

Visit 6

2.8

6.7

3.3

7.3

0.8

2.2

0.0

0.8

9.1

18.4

3.5

8.8

2.7

7.4

2.8

7.8

0.1

0.4

7.0

11.7

Table 36. Mean and standard deviations of the sound enamel calibrated DD measurements for TM and F for Part II participants (visit one- visit
six).
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Treatment effect

1.5

1.8

0.9

0.39

-2.0

5.0

Middle V6

1.0

0.2

4.9

0.00**

0.6

1.4

Treatment effect

2.1

1.6

1.3

0.18

-1.0

5.2

Mesial V6

0.3

0.1

3.8

0.00**

0.1

0.4

Treatment effect

2.5

1.2

2.1

0.04*

0.1

4.8

Sound V6

0.1

0.1

1.4

0.15

-0.1

0.3

Treatment effect

0.0

0.1

0.2

0.82

-0.2

0.3

Whitest (x) V6

0.9

0.2

5.9

0.00**

0.6

1.2

2.8

3.5

0.8

0.44

-4.2

9.7

Treatment effect

I

II participants.
Table 37. Mixed effects restricted maximum likelihood regression for sound enamel calibrated DD measurements for Part
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