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Abstract

With time cariologists have changed their understanding of the effects of fluoride on the caries
process. These findings have been discovered predominantly through work carried out in laboratories.
Whereas cariologists carry out laboratory studies to explain the mechanisms of action of fluoride and
material scientists to test the properties and biocompatibility of materials, as orthodontists we are
more interested in determining how useful a product is in clinical practice. In this article I will outline
the advantages and disadvantages of laboratory methods designed to determine whether a fluoride-
containing material is effective in reducing demineralization during orthodontic treatment. I will argue
that the only way to test a material is to undertake a randomized clinical trial, with a parallel group
design, over the full length of orthodontic treatment.

Introduction

The effectiveness of fluoride in reducing the incidence of dental caries has been known for many
year(1), but with time cariologists have changed their understanding of how fluoride works. There is
now general agreement that the main mechanism of action is not due to a systemic effect; by changing
the enamel structure to form less soluble crystals as was originally thought, but due to a local effect; by
changing the balance of the process toward remineralization(2). This occurs at fluoride levels as low
as 0.01ppm(3). The critical pH for hydroxyapatite (the pH at which it starts to dissolve and hence is
lost) is 5.5; however between pH 4.5 and 5.5 saliva and plaque fluids are still supersaturated with
regard to fluorapatite. This means that fluorapatite will tend to precipitate, preventing the loss of
mineral ions. Another important compound formed during topical fluoride treatment is calcium
fluoride (CaFz), which also acts as an important reservoir of fluoride and has an important cariostatic
effect (4).

These findings have been discovered predominantly through work carried out in laboratories. How
should we apply these findings to determine the effectiveness of the fluoride-containing materials that
are developed to prevent demineralization in orthodontic patients today? Should we be undertaking
laboratory-based research or clinically based research?

A handsearch of all articles published in four orthodontic journals (American Journal of Orthodontics
Dentofacial Orthopedics, the Angle Orthodontist, European Journal of Orthodontics and the Journal of



Orthodontics) over the last two years (January 2008 to November 2009) found four laboratory studies
examining the effect of fluoride-containing materials on demineralization around orthodontic brackets
and only one clinical study. Have we got this balance right or is it time to re-evaluate how we conduct
research in this area?

The relative advantages and disadvantages of investigating the effects of fluoride on the
demineralization process in the laboratory compared to investigations carried out in a patient or
volunteer have been debated by cariologists for many years (5). I will briefly outline these.

Advantages of Laboratory Studies
Reduced number of variables

One major advantage claimed for laboratory studies is that the number of variables can be strictly
controlled and reduced. This lack of confounders simplifies the statistical analysis and interpretation
of the results. It will reduce the variability of the data and ensure that a relatively small number of
specimens is required in order to detect a statistical significance.

Greater control over the variables leading to demineralization will also improve reproducibility.
Experiments can be repeated under comparable conditions and similar results obtained, which again
gives the researcher more power to detect a difference between materials.

More sensitive and accurate assessment techniques

Until recently the best assessment techniques, in terms of the ability to detect and measure enamel
demineralization and remineralization in an objective and reproducible manner, have led to the
destruction of the specimens being examined(6). These techniques have been ideally suited to
laboratory studies, where enamel specimens do not need to be reused and can be produced in a
relatively quick and reproducible manner. Because these techniques are sensitive to small changes
they are able to detect small differences between materials and again this increases the power of
studies to detect significant differences.

Ethics and Research Governance

Studies that do not involve human enamel will not generally require the scrutiny and approval of an
ethics committee. Obtaining ethical approval can sometimes be a laborious and lengthy process,
especially in developed countries such as the UK, where researchers are obliged to abide by quite
stringent regulations under the remit of a process called ‘Research Governance’.

Time and expense

Many of the laboratory techniques are well-established and relatively straightforward, therefore
results can be produced quickly. This will help reduce the burden of the study on the researcher and
reduce the costs.

Disadvantages of Laboratory Studies
Not representative of the mouth

It is very difficult to reproduce in the laboratory the conditions that are present in the mouth.
Variables will include dietary intake (including fluoride intake), temperature changes, salivary
constituents and flow, as well as the susceptibility of the person to caries. Both pellicle and plaque
present in the mouth are very difficult to manufacture in the laboratory. The microorganisms that
metabolize the fermentable carbohydrate into acids that cause demineralization reside in a very
complex structure. Over 1000 different bacterial species have been identified using modern molecular
biological techniques. This is about twice the number that can be cultured (7, 8).

Short term

Many laboratory studies are undertaken over a short period of time, usually 28 or 30 days(9, 10). This
represents only a small portion of the time that the patient is wearing orthodontic appliances. The
effects of the material for the great majority of the treatment period are therefore ignored. In addition
the release profile of fluoride from most fluoride-containing materials is of a rapid release in the first
few hours and days, followed by a slow, but steady release over a period of time (Figure 1). If materials
are only studied when they are first attached to the tooth, including the period of the initial burst of



fluoride released, this may give a false impression as to the effectiveness of the material in preventing
demineralization in the long term.

It has been recognized for some time that fluoride-containing materials not only release fluoride, but
also absorb fluoride when it is abundant in the mouth, such as after brushing with the fluoridated
toothpaste and then release it later (11) (Figure 2). This re-release of fluoride has been shown to occur
in the laboratory for up to 30 months(12); however the clinical significance is not clear, as much of the
work has been carried out on disks of material that have a much larger exposed surface area than is
possible between the bracket and tooth (for an extensive recent review of work in the area of
restorative dentistry see Wiegand et al.(13)).

Lack of standardization

There is no standardization in the methodology used in laboratory studies. Demineralization times
vary from 48 hours (14) to 96 hours (15). Others have used a pH-cycling technique (16) (see below).
Enamel for specimens is harvested from different types of teeth including canines and premolars (17),
molars (10), third molars (14) and bovine teeth (16), despite there being evidence of differences in the
enamel response to a demineralizing challenge both between the different types of human teeth (18)
and between animal species (19).

Interpretation of outcomes

As outlined above the assessment of demineralization has usually involved microscopic techniques
that have measured the loss of mineral or depth of demineralization in the outer layer of enamel.
Earlier methods, for example polarized light microscopy or microhardness testing assessed
demineralization indirectly by comparing measured outcomes with standard measurements collected
from specimens with a known mineral content. Newer methods, such as transverse microradiography,
use computers to directly calculate the mineral loss of a carious lesion by comparing it to a
surrounding area of sound enamel. The most recent techniques, for example quantitative light-induced
fluorescence (QLF) and newer microtomography techniques (10, 20) allow measurement without
destruction of specimens. This enables the longitudinal determination of enamel mineral content and
any subsequent changes occurring with time.

These techniques are powerful, validated methods of determining mineral content that are sensitive to
small changes; however the interpretation can sometimes be problematic to the clinician. QLF might
detect a difference in mineral content that is statistically significant before the change is visible to the
clinician or patient. We also understand that demineralization and remineralization are occurring
simultaneously and a small change in diet and/or oral hygiene practices may reverse any detectable
change. Is a small change in mineral content therefore clinically significant?

Clinicians (and sometimes patients) are usually more interested in straightforward outcomes such as
whether demineralization is present or not. Therefore I would question if very sensitive techniques for
measuring mineral loss are an appropriate outcome measure for determining the effectiveness of
fluoride-containing materials developed for orthodontic practice? Perhaps taking clinical photographs
as a permanent record and assessing them using a dichotomous outcome might be more appropriate?
(see Appendix A).

Ways of making laboratory studies more clinically applicable
Ph Cycling techniques

The demineralizing challenge in the mouth is not continuous for 48 or 96 hours at a time, but
fluctuates throughout the day. The technique of pH-cycling was therefore described by ten Cate and
Duijsters (21) as a way of making laboratory studies more representative of conditions in the mouth.
This involves subjecting specimens to a demineralizing solution (pH 4.6 - 4.8) for 30 to 60 minutes six
times a day(22). In-between cycles the specimens are stored in an artificial saliva or remineralizing
solution(10) to promote repair.



Artificial Mouth Models

Researchers have developed bacterial models designed to simulate oral conditions (23-25). A
diagrammatic representation of one model is shown in Figure 3. Other models use a parallel plate flow
chamber to simulate a steady flow of saliva over specimens; however this has mainly been used to
study plaque biofilms rather than demineralization(26, 27).

Toothbrush wear simulator

A recent study has described a machine that can apply 15,000 brush strokes to a tooth specimen,
which represents 20 strokes per day over 2 years. It uses a constant force and provides a continuous
recirculating supply of non-fluoridated toothpaste combined with water (15).

Randomized-Controlled Clinical Trials
Advantages of RCTs

Properly conducted clinical trials involving orthodontic patients that are randomly allocated to either
receive a fluoride-containing material or a non-fluoridated control material are able to overcome most
of the limitations of laboratory studies. The materials are tested in a patient’s mouth, which is where
they were designed to be used. The experiment is carried out over the full course of orthodontic
treatment, not just the first few days or weeks. The effectiveness of the material in preventing
demineralization can be assessed by choosing a principal or primary outcome that is relevant to both
clinicians and patients, namely did the patient develop any new visible demineralized lesions? This
will usually be determined from before and after clinical photographs. A simple statistic that describes
the odds of a patient developing a demineralized lesion with the fluoridated material compared with
the non-fluoridated control can then be calculated (See calculation of Relative Risk - Appendix A).

The use of this simple dichotomous (yes the patient developed at least one new demineralized
lesion/No the patient developed no new demineralized lesions) to determine the incidence of
demineralized lesions with one material compared with a control does not exclude the possibility of
looking at other secondary outcomes. For example a fluoride-containing material might not reduce the
number of new demineralized lesions (incidence) compared with the control material, but may reduce
the severity of lesions when they occur. Severity can be measured by examining the area of the lesion,
mineral loss or lesion depth. Another important finding for a fluoride-containing bonding material
might be to determine if there are more bond or band failures compared with the control. Again this
might be assessed using a simple dichotomous outcome (yes the patient had at least one bond or band
failure/No the patient had no bond or band failures).

Disadvantages of RCTs

RCTs are time consuming and expensive, both in design and execution. In many developed countries
the investigator has to go though long and complicated procedures to obtain approval to carry out the
trial. Clinical trials require careful organization and coordination. Patients must be recruited and
followed-up through the full course of treatment, with outcomes assessed at key stages.

One important aspect of the design of the study is to recruit sufficient patients in order to detect a
significant difference between materials if one truly exists. The size of the sample will depend upon the
incidence of the outcome of interest and there are difficulties obtaining relevant and accurate data
upon which to base a sample size calculation. The incidence of opacities in patients following
orthodontic treatment can be estimated from the literature as between 9 (28) and 26 percent (29).
These figures are based on the difference between the prevalence of opacities from clinical
examinations of two cross-sectional samples of orthodontic and non-orthodontic individuals. The
incidence should ideally be determined by longitudinal examination of individuals before and after
orthodontic treatment using a validated technique, such as QLF to distinguish true new demineralized
lesions. A recent study using QLF to determine the presence or absence of demineralization in 250
individuals who had recently completed orthodontic treatment found a prevalence of 72 percent.
Unfortunately again this was a cross-sectional study therefore it was not clear what proportion of
these individuals had actually developed demineralization during orthodontic treatment (30). In fact
data for the true incidence of demineralization occurring during orthodontic treatment is lacking,
which makes calculation of an accurate sample size for a preventive study difficult. If the incidence is



as low as 9 percent then to detect a meaningful reduction with a fluoride-containing material will
require a very large sample size.

One temptation for investigators undertaking a clinical trial in this area is to do a split mouth study
(31). This involves using the experimental material for half the teeth in a patients mouth (usually
either an upper arch or a lower arch) and the control material for the other teeth. The proposed
advantage of this method is that this reduces the number of cofounders such as diet, temperature,
salivary constituents and flow, as well as biological susceptibility. If the number of cofounders is
reduced then the variability in the data will be reduced and the number of patients that need to be
involved in the trial can be smaller. The problem with this approach is that the proposed advantage
may work to the disadvantage of an experimental product. The fluoride from the fluoride-containing
material may cross the mouth and reduce demineralization on the teeth where the control material
was used (32).

Another limitation of some clinical trials is that when they have analyzed their results they have used
data based on the demineralization of individual teeth within individual patients. This analysis
assumes that one tooth within a person’s mouth is independent of the tooth next to it; whereas as we
have outlined above this is clearly not the case. Although there are differences in the dynamics of
salivary and fluoride flow between different areas of the mouth (32, 33), these are not sufficient to
assume statistical independence. Studies that have used tooth surfaces rather than individual patients
as the unit of statistical analysis have usually based their sample size on the number of teeth in their
study, whereas the effective sample size is the number of patients (or quadrants in the case of split
mouth studies), which is actually much lower. These studies are usually under-powered.

Other intra-oral techniques

Due to the cost of randomized controlled trials alternative methodologies to evaluate preventive
measures have been suggested (34). This includes the banding or bonding of teeth that are due to be
extracted as part of the orthodontic treatment plan (31). Although this seems like a neat solution to
the dilemma of clinical studies they still suffer from the shortcomings of limiting the length of time
over which the material can be tested, as any delay to extracting the tooth will prolong the orthodontic
treatment. Researchers also succumb to the temptation to carry out a split mouth study, which may be
to the disadvantage of the fluoride-containing material and also carry out an inappropriate analysis
assuming statistical independence of single teeth within a mouth.

Another solution is an in situ method whereby a specimen of enamel is attached to the appliance(35)
(Figure 4). This can be removed and analyzed at different stages. Treatment is not delayed, but this
methodology is quite demanding with respect to laboratory work for the preparation and analysis of
the enamel specimens.

Summary

The majority of fluoride-containing materials that have been investigated for their effectiveness in
preventing enamel demineralization during orthodontic treatment are bonding agents. Composite
resins were developed in the 1960s when Bowen developed the high molecular weight monomer BIS-
GMA(36). There have been attempts to add fluoride to composite (37) and early clinical studies
showed that these might hold some promise for the prevention of demineralization during
orthodontics (38, 39). Later investigations failed to detect significant reductions in the prevalence of
demineralization between fluoridated and non-fluoridated composites (40-42). There has been recent
interest in fluoridating composites using new methods (43).

Other less commonly used bonding materials are glass ionomer cement, which was developed in the
1970s(44) and polyacid-modified composites or compomers, which became commercially available in
1993. Conventional glass ionomer cement was found to be too weak for orthodontic material, but the
strength has been significantly improved by the introduction of resin modified glass ionomer cement
(45).

These bonding agents have been commercially available for many years. I would argue that unless
there is the discovery of a uniquely new material then orthodontists undertaking research in this field
should concentrate their resources on clinical rather than laboratory studies. Cariologists carry out
laboratory studies to explaining the mechanisms of action of fluoride. In vitro testing is also required



to assess the safety of materials before use in the mouth. As orthodontists we are interested in
determining the effectiveness of a product in the prevention of demineralized lesions in our patients.
The only way we can determine if a particular fluoride-containing material does reduce
demineralization in the orthodontic patient, without any adverse side effects such as bond failures, is
to study the material in the environment within which it will be used and for the length of time that it
will be used for. This will inevitably mean a randomized controlled trial.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dean HT, Arnold FA, Jr., Jay P, et al. Studies on mass control of dental caries through fluoridation of
the public water supply. Public Health Rep 1950;65:1403-1408.

Hellwig E, Lennon AM. Systemic versus topical fluoride. Caries Res 2004;38:258-262.

ten Cate JM. Review on fluoride, with special emphasis on calcium fluoride mechanisms in caries
prevention. Eur ] Oral Sci 1997;105:461-465.

Ogaard B. CaF(2) formation: cariostatic properties and factors of enhancing the effect. Caries Res
2001;35 Suppl 1:40-44.

White DJ. The application of in vitro models to research on demineralization and remineralization
of the teeth. Adv Dent Res 1995;9:175-193.

Benson PE. Evaluation of White Spot Lesions on Teeth with Orthodontic Brackets. Semin Orthod
2008;14:200-208.

Marsh PD. Dental plaque: biological significance of a biofilm and community life-style. ] Clin
Periodontol 2005;32 Suppl 6:7-15.

ten Cate JM. Biofilms, a new approach to the microbiology of dental plaque. Odontology 2006;94:1-
9.

Schmit JL, Staley RN, Wefel ]S, et al. Effect of fluoride varnish on demineralization adjacent to
brackets bonded with RMGI cement. Am ] Orthod Dentofacial Orthop 2002;122:125-134.

Paschos E, Kleinschrodt T, Clementino-Luedemann T, et al. Effect of different bonding agents on
prevention of enamel demineralization around orthodontic brackets. Am ] Orthod Dentofacial
Orthop 2009;135:603-612.

Lin YC, Lai YL, Chen WT, et al. Kinetics of fluoride release from and reuptake by orthodontic
cements. Am ] Orthod Dentofacial Orthop 2008;133:427-434.

Cohen W], Wiltshire WA, Dawes C, et al. Long-term in vitro fluoride release and rerelease from
orthodontic bonding materials containing fluoride. Am ] Orthod Dentofacial Orthop 2003;124:571-
576.

Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing restorative materials--fluoride
release and uptake characteristics, antibacterial activity and influence on caries formation. Dent
Mater 2007;23:343-362.

Tanna N, Kao E, Gladwin M, et al. Effects of sealant and self-etching primer on enamel
decalcification. Part I: an in-vitro study. Am ] Orthod Dentofacial Orthop 2009;135:199-205.

Buren ]L, Staley RN, Wefel ], et al. Inhibition of enamel demineralization by an enamel sealant, Pro
Seal: an in-vitro study. Am ] Orthod Dentofacial Orthop 2008;133:588-94.

Chin MYH, Sandham A, Rumachik EN, et al. Fluoride release and cariostatic potential of orthodontic
adhesives with and without daily fluoride rinsing. Am ] Orthod Dentofacial Orthop 2009;136:547-
553.

Todd MA, Staley RN, Kanellis M], et al. Effect of a fluoride varnish on demineralization adjacent to
orthodontic brackets. Am ] Orthod Dentofacial Orthop 1999;116:159-167.

Boyle EL, Higham SM, Edgar WM. The production of subsurface artificial caries lesions on third
molar teeth. Caries Res 1998;32:154-158.

Edmunds DH, Whittaker DK, Green RM. Suitability of human, bovine, equine, and ovine tooth
enamel for studies of artificial bacterial carious lesions. Caries Res 1988;22:327-336.



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Delbem AC, Sassaki KT, Vieira AE, et al. Comparison of methods for evaluating mineral loss:
hardness versus synchrotron microcomputed tomography. Caries Res 2009;43:359-365.

ten Cate JM, Duijsters PP. Alternating demineralization and remineralization of artificial enamel
lesions. Caries Res 1982:16:201-210.

ten Cate JM, Exterkate RA, Buijs M]. The relative efficacy of fluoride toothpastes assessed with pH
cycling. Caries Res 2006;40:136-141.

Deng DM, ten Cate JM. Demineralization of dentin by Streptococcus mutans biofilms grown in the
constant depth film fermentor. Caries Res 2004;38:54-61.

Hodgson R], Lynch RJ, Watson GK, et al. A continuous culture biofilm model of cariogenic
responses. ] Appl Microbiol 2001;90:440-448.

Seemann R, Bizhang M, Kluck I, et al. A novel in vitro microbial-based model for studying caries
formation--development and initial testing. Caries Res 2005;39:185-190.

Chin MY, Busscher HJ, Evans R, et al. Early biofilm formation and the effects of antimicrobial agents
on orthodontic bonding materials in a parallel plate flow chamber. Eur ] Orthod 2006;28:1-7.

Busscher HJ, White D], Atema-Smit ], et al. Surfactive and antibacterial activity of cetylpyridinium
chloride formulations in vitro and in vivo. ] Clin Periodontol 2008;35:547-554.

Ogaard B. Prevalence of white spot lesions in 19-year-olds: a study on untreated and
orthodontically treated persons 5 years after treatment. Am ] Orthod Dentofacial Orthop
1989;96:423-427.

Gorelick L, Geiger AM, Gwinnett A]. Incidence of white spot formation after bonding and banding.
Am ] Orthod 1982;81:93-98.

Al Maaitah EF, Adymoi AA, Pender SM, et al. Predictors for demineralisation: A post-hoc analysis

of RCT recruits (Abstract). ] Orthod 2008;35:223.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Farhadian N, Miresmaeili A, Eslami B, et al. Effect of fluoride varnish on enamel demineralization
around brackets: an in-vivo study. Am ] Orthod Dentofacial Orthop 2008;133:595-98.

Bottenberg P, Bultmann C, Graber HG. Distribution of fluoride in the oral cavity after application of
a bioadhesive fluoride-releasing tablet. ] Dent Res 1998;77:68-72.

Dawes C, MacPherson LM. The distribution of saliva and sucrose around the mouth during the use
of chewing gum and the implications for the site-specificity of caries and calculus deposition. ]
Dent Res 1993;72:852-857.

Chesters RK, Ellwood RP, Biesbrock AR, et al. Potential modern alternative designs for caries
clinical trials (CCTs) and how these can be validated against the conventional model. ] Dent Res
2004;83 Spec No C:C122-124.

Benson PE, Pender N, Higham SM. An in situ caries model to study demineralisation during fixed
orthodontics. Clin Orthod Res 1999;2:143-153.

Bowen RL. Properties of a silica-reinforced polymer for dental restorations. ] Am Dent Assoc
1963;66:57-64.

Jones ML, Staniford H, Chan C. Comparison of superelastic NiTi and multistranded stainless steel
wires in initial alignment. ] Clin Orthod 1990;24:611-613.

Sonis AL, Snell W. An evaluation of a fluoride-releasing, visible light-activated bonding system for
orthodontic bracket placement. Am ] Orthod Dentofacial Orthop 1989;95:306-311.

Underwood ML, Rawls HR, Zimmerman BF. Clinical evaluation of a fluoride-exchanging resin as an
orthodontic adhesive. Am ] Orthod Dentofacial Orthop 1989;96:93-99.

Mitchell L. An investigation into the effect of a fluoride releasing adhesive on the prevalence of
enamel surface changes associated with directly bonded orthodontic attachments. Br ] Orthod
1992;19:207-214.

Turner PJ]. The clinical evaluation of a fluoride-containing orthodontic bonding material. Br ]
Orthod 1993;20:307-313.



42.

43.

44,

45.
46.

Trimpeneers LM, Dermaut LR. A clinical evaluation of the effectiveness of a fluoride-releasing
visible light-activated bonding system to reduce demineralization around orthodontic brackets.
Am ] Orthod Dentofacial Orthop 1996;110:218-222.

Ling L, Xu X, Choi GY, et al. Novel F-releasing composite with improved mechanical properties. ]
Dent Res 2009;88:83-88.

Wilson AD, Kent BE. A new translucent cement for dentistry. The glass ionomer cement. Br Dent ]
1972;132:133-135.

Wilson AD. Developments in glass-ionomer cements. Int ] Prosthodont 1989;2:438-446.

Doherty UB, Benson PE, Higham SM. Fluoride-releasing elastomeric ligatures assessed with the in
situ caries model. Eur ] Orthod 2002;24:371-378.



Figure 1

Mean fluoride release curve for each experimental group: A, control groups (without fluoride mouthrinse); B,
test groups (with fluoride mouth rinse). From (16)
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Figure 2

Daily fluoride release of each test material before and after refluoridation. All materials showed an initial burst of
fluoride on the first day of water immersion and refluoridation but returned to the baseline 3 or 4 days later
(from (11).
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Figure 3

A schematic diagram of the multicell continuous culture bio®Im system reproduced from (24).
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Figure 4

a. Diagram if in situ model adapted to the orthodontic environment
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b. Clinical picture of fixed appliance with in situ enamel specimen within a specially adapted holder placed on the
archwire (from (46)).




Appendix A

To assess whether the fluoride-containing experimental material or the non-fluoride containing
control material is more likely to have a new demineralized lesion the Relative Risk can be calculated.

A 2 x 2 contingency table is constructed.

Experimental

Control material ) Total
material
New Yes a b a+b
demineralized
lesion No c d c+d
Total a+c b+d n

Where:

a = the number of patients with control material who had at least one new demineralized lesion

b = the number of patients with experimental material who had at least one new demineralized lesion
¢ = the number of patients with control material who had no new demineralized lesions

d = the number of patients with experimental material who had no new demineralized lesions

a+ b+ c+ d=the number of patients in the trial.

a/(a+c)
b/(b+d)

Risk Ratio =

Under the null hypothesis the expected value of RR is 1

Split mouth studies will require a different format. The data should be arranged per quadrants (not
individual teeth) as outlined in the table below.

Fluoride Intervention

White Spot Lesions

Control Yes No
White Spot Lesions Yes a b
No c d

a+b+c+d=n

Where:

a = the number of patients who had at least one new demineralized lesion present in both the
experimental and the control arches (or quadrants).



b = the number of patients who had at least one new demineralized lesion present in the control arch,
but not in the experimental arch.

¢ = the number of patients who had at least one new demineralized lesion present in the experimental
arch, but not in the control arch.

d = the number of patients who had no demineralized lesions present in either the experimental or the
control arches.

If there are two experimental and two control quadrants per individual then ideally the two
experiment quadrants and the two control quadrants should be combined. If this is the case then:

a + b+ c + d = the number of patients in the trial.

If the data for combined quadrants is not available then it should be possible to use the data for upper
and lower quadrants, in which case:

a+ b+ c+d=twice the number of patients in the trial.

Ideally the data should be for the number of new lesions, which were assessed immediately after
debond.



