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Abstract 
 
According to WHO, the addition of fluoride to milk could be considered as an 
alternative to water fluoridation for community-based caries prevention in 
childhood. School-based schemes in developing as well as industrial countries 
have demonstrated substantial benefits on oral health, but there are limited data 
available on the local events in the oral cavity after consumption of fluoridated 
milk. The general aim of the present investigations was to investigate the 
concentration of fluoride obtained in saliva and dental plaque after ingestion of F-
milk and to explore the possible effects on the oral ecology. A series of controlled 
studies were performed in vivo in which samples of saliva and dental plaque were 
collected and analysed with respect to fluoride content, microbial composition 
and acidogenicity. An in vitro study evaluated the effect on enamel lesion 
formation. In paper I, significantly increased concentrations of fluoride (p<0.05) 
were disclosed in saliva 15 minutes after drinking the fluoride-containing water 
or milk. In the plaque samples however, the F-increase remained significantly 
elevated still after 2 hours. The availability of fluoride from milk was generally 
somewhat lower than from water but the differences were not statistically 
significant in either plaque or saliva. In paper II, the fluoride concentration in 
plaque was further explored after a single intake or habitual consumption of 
fluoridated milk together with a regular meal. The results showed that caries-
inhibiting levels of fluoride persisted up to 4 hours after intake. There were no 
significant differences between the single intakes when compared with repeated 
intakes. In paper III, the influence of fluoridated milk on the salivary 
microorganisms associated with dental caries was evaluated. No significant 
alterations of the microflora were found compared with baseline. There was a 
slight reduction in the proportion of mutans streptococci after 2 and 4 weeks 
during consumption with fluoridated milk but the difference failed to reach 
statistical significance. In paper IV it was demonstrated that fluoridated milk 
significantly (p<0.05) could counteract the lactic acid formation in dental plaque 
as initiated with sucrose. In paper V, laser fluorescence technique was used to 
monitor the effect of fluoridated milk on enamel lesion formation in an 
experimental caries model. The results reinforced previous research and showed a 
hampering effect of fluoridated milk. No side effects were reported in any of the 
investigations.  
 
The findings of this thesis substantiate that milk is a suitable vehicle for fluoride 
administration and contribute to the understanding and possible explanations for 
the anti-caries properties of fluoridated milk. The main conclusions were: a) 
intake of fluoridated milk resulted in significantly elevated fluoride levels in 
saliva within the first 15 minutes and up to 4 hours in dental plaque when 
fluoridate milk was consumed together with meal, b) no significant alteration of 
the salivary microflora was disclosed after habitual intake of fluoridated milk but 
a delayed carbohydrate-mediated lactic acid formation in suspensions of dental 
plaque could be demonstrated, c) the fluoride concentrations in plaque were not 
negatively influence by the food intake, and d) the in vitro findings advocated 
that fluoride added to milk reduced enamel lesion formation as assessed by laser 
fluorescence technique in an experimental caries model. 
 
Key words: children, enamel demineralisation, fluoride, lactic acid, laser 
fluorescence, milk, plaque, saliva, salivary bacteria 
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Populärvetenskaplig sammanfattning 
 
Enligt WHO kan fluoriderad mjölk vara en alternativ metod att 
förebygga karies hos barn och ungdomar i länder där det är svårt 
att exponera barnen för fluor på andra sätt. Man har därför 
genomfört fältstudier där små och stora barn har serverats mjölk 
med fluor i skolan med växlande framgång. Syftet med detta 
avhandlingsarbete var att mer i detalj studera vad som händer i 
munnen när man dricker mjölk med fluor. Det första arbetet visade 
att man får förhöjda koncentrationer av fluor i saliven under 15 
minuter upp till 2-4 timmar i tändernas bakteriebeläggningar 
(plack) när man dricker mjölk med fluor. Tillgängligheten av fluor 
var något lägre från mjölk i jämförelse med vatten. I det andra 
arbetet undersöktes om fluorkoncentrationerna i munnen 
påverkades av att man åt mat samtidigt som man drack mjölk med 
fluor och det visade sig inte vara fallet. Det tredje arbetet hade som 
syfte att undersöka om ett dagligt intag av fluoriderad mjölk kunde 
förändra sammansättningen av kariesbakterier i saliven. Inga 
statistiskt säkerställda skillnader kunde påvisas men det fanns en 
tendens till minskning av mutans streptokocker vilka anses vara 
nyckelbakterier för kariesutveckling. I det fjärde arbetet 
undersöktes om bakteriernas ämnesomsättning kunde påverkas av 
fluoriderad mjölk. Det visade sig att bildandet av mjölksyra 
hämmades till viss del vid intag av fluoriderad mjölk i jämförelse 
med vanlig mjölk. Det femte arbetet var en experimentell 
kariesstudie där det med hjälp av en laserteknik kunde visas att 
fluoriderad mjölk kan motverka emaljens urkalkning. 
 
Resultaten av studierna har visat att den orala miljön kan påverkas 
gynnsamt ur kariessynpunkt när mjölk används för att administrera 
fluor. De viktigaste slutsatserna var: 
 

• konsumtion av fluoriderad mjölk gav förhöjda fluorvärden under 
15 minuter i saliven och upp till 4 timmar i placket 

• tillgängligheten av fluor från mjölk var något lägre än fluor från 
vatten 

• fluorkoncentrationen påverkades inte av ett samtidigt födointag 
• konsumtion av fluoriderad mjölk påverkade inte sammansättning 

av kariesbakterier i saliven men deras ämnesomsättning minskade i 
placket 

• en laserteknik kunde användas för att indirekt mäta den 
fluoriderade mjölkens hämmande inverkan på emaljens urkalkning 
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Preface 
 

This thesis is based on the following papers which will be referred to by their 

roman numerals. 

 

I. Petersson LG, Arvidsson I, Lynch E, Engström K, Twetman S. Fluoride 

concentrations in saliva and dental plaque in young children after intake of 

fluoridated milk. Caries Res 2002;36:40-43. 

 

II. Engström K, Petersson LG, Twetman S. Fluoride concentration in 

supragingival dental plaque after a single intake or habitual consumption of 

fluoridated milk. Acta Odontol Scand 2002;60:311-314. 

 

III. Engström K, Petersson LG, Sjöström I, Twetman S. Composition of the 

salivary microflora during habitual consumption of fluoridated milk. Acta 

Odontol Scand 2004;62:143-146. 

 

IV. Engström K, Sjöström I, Petersson LG, Twetman S. Lactic acid formation 

in supragingival dental plaque after schoolchildren’s intake of fluoridated milk. 

Oral Health Prev Dent 2004;2:13-17. 

 

V. Engström K, Petersson LG, Twetman S. Inhibition of enamel lesion 

formation by fluoridated milk assessed by laser fluorescence – an in vitro study. 

Clin Oral Invest 2006;10:249-252. 

 

The original papers are reprinted with permission from the publishers 
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Abbreviations 

ANOVA analysis of variance 

BAO blood agar plates 

CaF2  calcium fluoride 

CFU colony forming units 

CPP-ACP    casein phosphoprotein-amorphous calcium phosphate 

DMFT decayed, missed, filled teeth 

F-milk fluoride containing milk 

LA lactic acid 

MFP sodium monofluorophosphate 

MOPS 3-[N-morpholino] propanesulfonic acid 

MS mutans streptococci 

NaF sodium fluoride 

ppm parts per million 

TF index Thylstrup - Fejerskov fluorosis index 

TVC total viable counts 

UHT ultra heat treated  
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Introduction 

Dental caries forms through complex interactions over time between 
acid-producing, aciduric bacteria and fermentable carbohydrates (for a 
review, see Selwitz et al., 2007). The etiology of dental caries has 
passed two paradigm shifts over the decades, one through the “non-
specific plaque hypothesis” suggesting the dental plaque being the main 
causal factor to cause caries. From the 1980s, a second paradigm was 
launched, the “specific plaque hypothesis” suggesting that only a few 
bacterial species were involved in the caries process, among them 
Streptococcus mutans (Fejerskov, 2004). Recently a new hypothesis, 
“the ecological plaque hypothesis”, means that caries develops as a 
result of a shift in the balance of the oral microflora to species with 
certain characteristics. Thus, access to frequent and rich fermentable 
carbohydrates creates constant low pH levels in the biofilm/plaque 
matrix on the teeth, a milieu which favors certain aciduric bacteria 
resulting in overgrowth and an “ecological catastrophe” (Marsh, 2003). 

It is evident that the caries prevalence has declined 
significantly during the recent decades in most industrialised countries. 
One of the reasons is the widespread use of fluoride that works locally 
in the oral cavity by decreasing enamel demineralisation and enhancing 
enamel remineralisation (ten Cate, 2004). The most common and 
important source of fluoride is without doubt toothpaste. Despite this, 
the level of the disease continues to remain high in many parts of the 
world and even in industrialised countries there are “pockets” of socio-
economically deprived or underprivileged areas with high caries 
prevalence in childhood. In many of these communities, preventive 
interventions may not be feasible for professional, political and/or 
economic reasons. Under such circumstances, milk can provide an 
alternative vehicle for the delivery of fluoride which has been 
demonstrated in a number of community-based schemes (Pakhomov et 
al., 1995; Bian et al., 2003). The idea to combine the nourishing milk 
with the caries-preventing fluoride is an appealing approach supported 
by the WHO (2003) and Petersen and Lennon (2004) recently stated 
that fluoridation of milk could be an alternative to water fluoridation for 
prevention of dental caries. On top of the beneficial effects of fluoride 
itself, some previous studies have shown that milk per se may have 
cariostatic properties (for a review, see Merritt et al., 2006), which will 
be addressed below. 
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Milk and dental caries 
 
Milk is an important part of the human diet. For infants, it is the only 
source of essential nutrients. Its importance declines after weaning but 
milk continues to be a basic nourishment for growing people. In most 
countries, cow’s (or bovine) milk is the most common milk consumed 
and in Sweden the average consumption is about 178g of milk per day. 
The principle constituents and the basic composition is shown in Table 
I. 
 
 
Table I. The principle constituents of cow’s milk. 
 
 

 minerals (calcium 33mg/100g; phosphate 15mg/100g) 
 casein and other proteins (3%) 
 lactose (4.8%)  
 lipid (0.1-3%)  
 vitamins 
 enzymes  

__________________________________________________________ 
 
 
With the exception of lactose, the various components of milk have 
been considered to be protective against dental caries. In fact, milk and 
unsweetened milk products have been described as safe and most likely 
beneficial for teeth (Levine, 2001). Furthermore, a number of 
epidemiological studies have found a lower caries prevalence among 
children with regular milk consumption (Petridou et al,. 1996; Petti et 
al., 1997; Levy et al., 2003). This could be explained by the fact that 
lactose is the least cariogenic of the common dietary sugars (Rugg-
Gunn, 1993). In addition, the high concentration of calcium and 
phosphorus in milk are likely to help to prevent dissolution of enamel. 
Besides calcium and phosphorus, milk contains other powerful 
protective factors against demineralisation, which has been identified as 
proteose-peptone fractions 3 and 5 (Grenby et al., 2001). However, 
perhaps the most important anti-caries component of milk is the high 
content of casein. Casein is a phosphoprotein and represents about 87% 
of all proteins present in milk. The caries preventive effect of casein has 
been studied by Vacca-Smith et al. (1994) and Vacca-Smith and Bowen 
(1995; 2000). Casein appears to prevent adherence of salivary 
components and bacteria to enamel and pellicle, and to reduce the 
activity of glucosyltransferase, thus reducing the glucan formation and 
plaque adherence to enamel. Notably, a casein-based derivate (casein 
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phosphoprotein-amorphous calcium phosphate) has been developed for 
remineralisation of incipient caries lesions and is currently marketed as 
a commercial agent (Reynolds, 1998; Reynolds et al., 2003). 
 
 
Fluoride in milk 
 
Pharmacokinetics 
 
Plasma fluoride profile - It is generally believed that there is a direct 
relation between the intake and excretion of fluoride. The total 
bioavailability of fluoride ingested with milk has been studied and 
calculated from combined plasma and urine data showing a decreased 
bioavailability, in the range of 50-79 % from diary products (Ekstrand 
and Ehrnebo, 1979). Direct comparisons of the plasma fluoride profiles 
in fasting human subjects following ingestion of fluoride in either water 
or milk have shown that absorption from milk is initially much slower 
than from water, but the increase in plasma fluoride is more prolonged 
from milk with the result that the cumulative uptake is approximately 
70-75% compared with water. The reduction in bioavailability by milk 
is believed to be the result of physical entrapment of fluoride by 
coagulated milk proteins (Beddows, 1982; Spak et al., 1982; Trautner 
and Siebert, 1986). 
 
Urinary fluoride excretion – A number of clinical studies have shown 
that, in fasting human subjects, the urinary excretion of fluoride 
following the consumption of fluoridated milk was delayed, and the 
overall excretion was about 80% of that from water, consistent with the 
conclusions from plasma fluoride profiles (Ekstrand and Ehrnebo, 
1979; Trautner and Siebert, 1986; Shulman and Vallejo, 1990). It has 
therefore been proposed that systemic fluoride supplementation 
schemes should use urinary fluoride excretion measurements to adjust 
the fluoride dose to achieve urinary outputs equivalent to that found in 
comparable subjects from water fluoridation areas. The urinary fluoride 
excretion in 4-6 year old children living in optimally fluoridated areas is 
around 0.4 mg fluoride per day (Rugg-Gunn et al., 1993; Baez et al., 
2000). For children of similar age receiving fluoridated milk (1 mg of 
fluoride per day), urinary fluoride excretion is close to 0.4 mg per day 
(Villa et al., 1989). 
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Safety and side effects of fluoridated milk 
 
The body of data clearly suggest that the addition of fluoride to milk in 
concentrations up to 5 ppm are safe for use even for preschool children 
with a minimal risk of overdoses and side effects (Lennon et al., 1996). 
Ingestion of fluoride during the first years of life may cause enamel 
fluorosis which is a disturbance in enamel formation seen as more or 
less severe discolouring white or yellow-brown opacities on the teeth. 
The risk for esthetical problems on the front teeth is however highest 
during the first three years of life. Fluorosis levels assessed clinically 
using the TF index in the County of Halland, Sweden were recently 
reported as low as 4% at the level of aesthetic concern  and up to about 
10% in areas with optimal fluoride concentration in the piped water 
supply (Conway et al., 2005). 

In a community trial in Chile, 7.9% of the 6 to 9-year-old 
schoolchildren that had been exposed to a fluoride milk program 
exhibited a very mild fluorosis which was significantly higher 
compared to the 1.3% that was found before the implementation of the 
program (Marino et al., 2004). The authors conclude that in spite of the 
increase, the level is still beyond a public health concern. It was 
however suggested that if the average daily fluoride ingestion could be 
adjusted to more appropriate doses at the time of mineralisation of 
anterior permanent teeth, this would minimise the increase in the 
prevalence of enamel fluorosis without loosing the dental caries 
preventive effect.  
 
Fluoride in saliva and plaque 
 
The pharmacokinetic and safety studies were conducted with the 
systemic action of fluoride in mind and more limited data are available 
on the local oral event when fluoride is ingested with milk. Twetman et 
al. (1998) measured fluoride levels in whole saliva, parotid and 
submandibular saliva from school children before and after 7 days 
consumption of fluoridated milk (1 mg F daily). The salivary fluoride 
levels were significantly elevated in whole saliva at 1 and 3 hours, and 
in duct saliva up to 6 hours, after milk ingestion, compared with 
baseline. A study of unstimulated saliva found that more fluoride could 
be found in unstimulated saliva collected for 4 minutes after rinsing 
with fluoride milk compared with water, but that with both vehicles, the 
fluoride concentration fell in the second 4-minute samples to near 
baseline values, with no difference between milk and water (Rugg-
Gunn and Boteva, 2000). Likewise, Boros et al., (2001) showed 
increased salivary and urinary fluoride concentrations when 200 ml of 
fluoridated milk (5 ppm) was ingested. The labial gland saliva 
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contained about 10 times the fluoride level of unstimulated whole saliva 
but was unaffected by fluoridated milk ingestion. 
 
 
Animal caries studies. 
 
König (1960) and Poulsen et al. (1976) showed that both fluoridated 
milk and fluoridated water reduced caries in rats when administered at 
the same time as a cariogenic diet. However, no effect was seen when 
the fluoride milk was administered pre-eruptively. Bánóczy et al. 
(1990) found that fluoridated milk was more effective in reducing rat 
caries than fluoride in water. The caries-reducing effect of milk was 
also observed by Stösser et al. (1995) who demonstrated caries 
reductions with milk supplemented with sodium fluoride, sodium 
monofluorophosphate and sodium hexafluorosilicate compared with 
milk alone or water controls. Thus, the animal caries results suggest that 
fluoridated milk at least is as effective in reducing caries as similar 
concentrations in water. 
 
Human caries studies 
 
The efficacy of fluoridated milk in preventing dental caries has been 
evaluated in several clinical trials but only two have a randomised 
controlled design (Stephen et al., 1984; Zahlaka et al., 1987). The study 
of Stephen and co-workers (1984) was a 5-year school-based double-
blind trial which resulted in a statistically significant 31% DMFT 
reduction in the incidence of tooth decay in the permanent dentition of 
the test group. The 4-5 year old children consumed 200 ml of milk 
containing 1.5 mg of fluoride (7.5 ppm) on school days, whilst those in 
the control group received the same volume of non-fluoridated milk. 
The best effects were seen on the mesial surfaces of the first permanent 
molars. No differences between the groups were however disclosed in 
the primary dentition. The drop-out rate was unfortunately relatively 
high in both groups. In the second study, a 10 ppm fluoride milk was 
given to 4-7 year old children during a 3 year period (Zahlaka et al., 
1987). The caries reduction compared to the non-placebo control group 
was 67% for primary teeth and 64% for the permanent teeth. However, 
the paper does not describe the blinding or the randomisation 
procedures.  

Similar findings are available from studies in which cohorts 
of children are examined after the implementation of fluoridated milk 
programs and compared with non-intervention control groups, e.g. 
Bánóczy et al. (1985) and Gyurkovics et al. (1992). The findings so far 
have been summarized in a systematic review from the Swedish 
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Council on Technology assessment in Health Care (SBU, 2002); 
although all studies with fluoridated milk are indicating a beneficial 
effect, the level of evidence for a caries-preventive effect in children is 
still insufficient due to the limitations of the published research. Similar 
conclusions were drawn by the Cochrane Collaboration (Yeung et al., 
2005) and Twetman (2005). There are insufficient studies with good 
quality evidence examining the effects of fluoridated milk in preventing 
dental caries. However, the included studies suggested that fluoridated 
milk was beneficial to schoolchildren, especially for their permanent 
dentition. The data need to be supplemented by further RCTs to provide 
the highest level of evidence for clinical practice. 
 
Community based milk fluoridation schemes 
 
Based on the clinical studies, a number of community-based projects 
have been implemented in a number of countries world-wide. The first 
milk fluoridation scheme was introduced in Bulgaria 1988. The 
implementation of this scheme provided valuable experience and 
encouraged others to pursue similar initiatives in other countries. Some 
data on current projects are compiled in Table II. In general, the 
outcome of the programs is successful although programs implemented 
in China 1994 and Peru 1999 has been discontinued due to 
administrative problems. 
 
Table II. Community based milk fluoridation schemes.  
 

 

Country established F-source  age approximate number 

     of participants 

________________________________________________________________________ 

Bulgariaa 1988 milk/yoghurt, NaF 3-7 yr       31,000 

Chileb 1994 powdered milk, MFP 0-14 yr       180,000 

Russiac 1994 fresh milk, NaF 3-7 yr       50,000 

Thailandd 2000 UHT milk, NaF school age     >400,000 

UKe 1993 milk, NaF  3-11 yr       42,000 

_______________________________________________________________________ 

 
a Pakhomov et al., 1995; b Marino et al., 2001; 2006; Weitz et al., 2007;  
c Pakhomov et al., 2005; d data not yet reported; e Ketley et al 2003; Riley et 
al., 2005. 
Data from http://www.borrowfoundation.org 
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Research questions 
 
As presented in the paragraphs above, extensive research on fluoride 
administered with milk has been conducted but there are still open 
questions around the local events in the oral cavity and mechanisms for 
its anti-caries effect. The research questions include: 
 

• What are the fluoride levels in dental plaque and saliva after an intake 
of fluoridated milk and for how long is the fluoride concentration 
elevated? 
 

• Are the fluoride levels in plaque affected by eating? 
 

• Are the obtained fluoride levels high enough to affect the composition 
of caries-associated microorganisms? 
 

• Are the obtained fluoride levels high enough to affect the bacterial 
metabolism? 
 

• Can a novel diagnostic method be helpful in monitoring clinical 
effects of fluoridated vehicles such as milk? 
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Aims 
 
The overall aim of this project was to evaluate the effect of fluoridated 
milk on the oral environment with emphasis on saliva and plaque 
concentrations and the possible impact on the oral ecology. The specific 
aim of the present studies was to: 
 

I. determine fluoride concentrations in whole saliva and dental 
plaque after intake of fluoridated milk in comparison with non-
fluoridated milk, fluoridated and non-fluoridated tap-water 
 
II. compare the fluoride concentrations in dental plaque after a single 
intake of fluoride milk with habitual consumption together with a 
regular meals 
 
 
III. evaluate the effect of a daily intake of fluoridated milk on the 
composition of the salivary microflora 
 
IV. investigate the lactic acid formation in dental plaque after daily 
intake of fluoridated milk 
 
 
V. evaluate the use of a caries detection device based on laser 
fluorescence to monitor the effect of fluoridated milk on enamel lesion 
formation in an experimental caries model 
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Material and methods 

The material and methods are detailed in the papers I-V and a brief 
summary is presented below. The basic set-up of each paper is 
presented in Table III. 
 

Table III. Overview of papers I-V with respect to design, study groups, duration 
and outcome measure.  

_________________________________________________________________________________________________ 

Paper #, study design n age arms duration outcome measure 

_________________________________________________________________________________________________ 

I, randomised crossover 18 6-8 yr a) F-milk 3 days [F] saliva; [F] plaque 

    b) standard milk 

c) F-water 

d) water 

 

II, prospective   22 8-41 yr F-milk single intake [F] plaque 

     4 days [F] plaque 

 

III, randomised crossover 20 7-25 yr a) F-milk 4 weeks TVC in saliva  

b) low-fat milk  oral streptococci 

mutans streptococci 

lactobacilli 

actinomyces 

 

IV, randomised crossover 15 6-15 yr a) F-milk 4 days [LA] plaque 

    b) standard milk 

 

V, in vitro demineralisation 18 premolars 11 adolescents a) F-milk 4 weeks visual inspection, 

    b) low-fat milk  LF readings  

_________________________________________________________________________________________________ 

Abbreviations: n = number of subjects; [F] = fluoride concentration; TVC = total viable counts; 

[LA] = lactic acid concentration; LF = laser fluorescence 

 

Ethical approval 
 
The protocol of the various studies was approved by the Ethics 
Committee of Lund University (paper I, paper II) and Umeå University 
(paper III, paper IV). 
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Subjects 

The study groups consisted of healthy schoolchildren, adolescents and 
adults that volunteered after verbal and written information. Informed 
consent was obtained from all participants as well as from the parents to 
children under the age of 18 years. All participants were inhabitants in 
communities with a low fluoride level in the piped water supply (<0.2 
mg F/l). All subjects had a non-compromised dental health and were 
regularly attending the Public Dental Service. They also claimed a daily 
use of fluoridated toothpaste.  
 

Interventions 

In all studies, the fluoride milk was prepared at the laboratory by adding 
a concentrated aqueous solution of sodium fluoride to fresh standard or 
low-fat milk (0.05%-3%) to a final concentration of 5 ppm F. The 
fluoride was injected through the paper container with a needle that was 
covered by masking tape. A similar sham injection was made in the 
containers with the non-fluoridated control milk to secure blinding. The 
duration of the interventions ranged from 1 day to 4 weeks. No side 
effects or adverse reactions were reported in any of the four clinical 
trials with test subjects.  
 
Sample collection 

Saliva - In paper I, unstimulated whole saliva was collected by passive 
drooling into a graduated test tube during 10 minutes. In paper III, 
paraffin-stimulated whole saliva was after 1 min spat directly into a test 
tube that was cultivated immediately. 
Plaque – In papers I, II and IV, samples of supragingival plaque were 
collected from the facial sides of the teeth with aid of a sterile curette. 
The plaque from each quadrant was pooled in a micro-tube that was 
weighted before and after collection in order to determine the wet 
weight of the sample. The samples in papers I and II were kept frozen at 
-70°C until further analysis while the samples of paper IV were 
processed immediately. 
 

F-determination in saliva and dental plaque (I, II) 
 
The fluoride concentration in saliva was determined with an ion-
specific electrode (96-09, Orion Research Inc., Cambridge, MA, USA), 
standardized in the range of 0.02-100 mg F/l according to Ekstrand 
(1977). Several standard points were used below 0.02 mg F/l in order to 
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construct the non-linear part of the standard curve. The precision of the 
method was 13.3% at a fluoride concentration of 0.40 mg F/l and 8.3% 
at 0.89 mg F/l. 

The fluoride content in the plaque samples was measured 
with the micro-diffusion method described by Taves (1968). All 
determinations were performed in duplicate and the coefficient of 
variation was 8.5%.  
 

Microbial evaluation (III) 
 
The fresh saliva samples were thoroughly mixed and serial diluted in 
10-fold steps in 0.05 M sodium phosphate buffer (pH 7.1). Thereafter, 
50 μl aliquots were placed in duplicate on the various agar plates as 
denoted in Table IV. After incubation in 37°C, the growth density was 
counted with the aid of a stereomicroscope with 10-30 x 
magnifications. The various strains were identified by morphological 
characteristics and expressed as colony forming units (CFU). 
 

Table IV. Bacterial cultivation methods as used in paper III. 
___________________________________________________________________________ 

Agar    enumeration  incubation 

___________________________________________________________________________ 

Trypticase/proteose-peptone-glucose  total viable counts aerobic, 72 h 

Mitis salivarius   total oral streptococci aerobic, 72 h 

Mitis salivarius bacitracin (Gold et al., 1973) mutans streptococci aerobic, 72 h 

Rogosa SL-agar (Rogosa et al., 1951)  oral lactobacilli aerobic, 72 h 

CNAC-20 (Ellen, Balcerzak-Raczkowski. 1975) actinomyces  aerobic, 72 h 

___________________________________________________________________________ 

 

Lactic acid formation in dental plaque (IV) 

The plaque samples were diluted in a Ringer solution (pH 6.2) and 
dispersed by sonication. Acid production was initiated by mixing equal 
volumes of the bacterial suspension with a MOPS reactive solution 
containing 2% sucrose. After a 10-minute incubation and 5-minute ice-
storage, the fermentation was stopped by centrifugation (13.000 rpm) 
and the supernatant was withdrawn. The L- and D-lactic acid 
concentration was determined enzymatically in a spectrophotometer 
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using a commercial kit (Boehringer Mannheim, Germany) and 
expressed as formation rate, μmol/g/min.  
 
 
 
Experimental caries model (V) 
 
The model was slightly modified from the method described by 
Petersson and Derand (1981). The extracted premolar teeth were cut in 
mesial-distal direction and pair-wise assigned to either test or control 
samples in an experimental caries model. The teeth were then covered 
with an acid-resistant transparent nail-varnish with the exception of a 
circular area (2 mm ∅) approximately 3 mm from the enamel-
cementum junction. The experimental period was 4 weeks. The teeth 
were exposed to a low-pH 5% cellulose gel for 4h, 5 days per week 
immediately followed by a 4h-period in either fluoridated (5 ppm, test) 
or non-fluoridated control milk. In the mean time, the specimens were 
stored in pooled human stimulated whole saliva in room temperature. 
The saliva was previously collected and pooled from 15 healthy young 
adults and stored frozen at -18°C in 2.0 ml aliquots.  
 
Laser fluorescence measurements (V) 
 
The laser fluorescence recordings were carried out at baseline and after 
2 and 4 weeks respectively with DIAGNOdent, a chair-side laser device 
from KaVo (Biberach, Germany) allowing reading values from 0-99. 
One single device and the same broad tip was used thorough the study. 
First, the instrument was calibrated using a ceramic standard provided 
by the manufacturer. The measurements were performed after 5s drying 
with compressed air and a reference value from intact enamel was 
obtained. The tip was thereafter applied on the exposed test or control 
site and moved slightly in order to obtain the peak value. All teeth were 
measured twice and the mean of two values was recorded. At the 4 
week registration, the covered enamel area was cleaned from the 
varnish by gentle scaling and measured as described above. All 
registrations were carried out by the same investigator that was blind to 
the test or control milk assignment. In order to verify the intra-examiner 
reproducibility, all samples were re-examined 7 days after termination 
of the experiment during which the teeth were stored in neutral saline. 
The Kappa value was 0.86. 
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Statistical methods 
 
All data were processed with the SPSS software (version 10.0-
12.0; Chicago Ill, USA). The following calculations were 
performed:  
 
Paper I: Post-ingestion samples were compared with baseline with 
Student’s paired t-test. 
 
Paper II: Post-ingestion samples were compared with baseline with 
ANOVA for repeated measures. 
 
Paper III: Bacterial counts were transformed into log 10 units 
before calculation. Follow-up data were compared with baseline 
with ANOVA for repeated measures. 
 
Paper IV: Post-ingestion samples were compared with baseline 
with the non-parametric Wilcoxon signed rank test. 
 
Paper V: Follow-up values were compared with baseline with the 
non-parametric Wilcoxon paired test. Weighed Cohen’s kappa 
statistics were used to analyse the intra-examiner reproducibility. 
In all papers a p-value less than 0.05 was considered statistically 
significant. 
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Results 
 

Paper I  

The study determined fluoride concentration in whole saliva and dental 
plaque after intake of fluoridated milk in comparison with non-
fluoridated milk, fluoridated and non-fluoridated tap water. A 
statistically significant increase of fluoride was disclosed in saliva 15 
minutes after drinking the fluoride-containing water and milk. After 2 
hours, the salivary fluoride concentrations were back to baseline values. 
In the plaque samples, a statistically significant increase was found 2 
hours after the intake of fluoridated milk and water (Fig 1). The levels 
of fluoride were generally somewhat lower after F-milk compared with 
F-water both in saliva and plaque but the differences were not 
statistically significant. 
 

 

 

 

 

 

 

Fig. 1. Fluoride concentration in dental plaque at baseline and after 120 min after 
intake of fluoridated milk. 
 

 

Paper II 

The aim was to determine the time curve of fluoride concentration in 
dental plaque at designated time intervals after a single intake and 
habitual consumption of fluoridated milk together with a regular meal. 
The results showed statistically significant increase of the plaque 
fluoride levels up to 4 hours after intake. After 12 and 18 hours, the 
recorded fluoride levels went gradually back to baseline values (5-10 
ng/mg). There were no significant differences between the fluoride 
concentrations in the supragingival plaque after the single intake 
compared with the repeated intake. 
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Fig. 2. Mean fluoride concentration (ngF/mg) in supragingival plaque at baseline 
and up to 18 h after a single intake and after habitual consumption of fluoridated 
milk with a regular meal. 
 

 

Paper III 

The aim was to evaluate the effect of habitual intake of fluoridated milk 
on the composition of the salivary microflora. No significant alterations 
of the microflora were found during any of the milk regimes compared 
with baseline. There was a slight reduction in the proportion of mutans 
streptococci after 2 and 4 weeks during consumption with fluoridated 
milk but the difference failed to reach statistical significance. 
 
 

Paper IV 

The aim of paper IV was to investigate the lactic acid formation in 
dental plaque after daily intake of fluoridated milk. The result showed a 
statistically significant increase of the lactic acid levels in 30 min after 
the intake of the non-fluoridated milk while no such elevation was 
evident after the fluoride containing milk (Figure 3). No differences 
were found after 60 and 180 min compared with baseline for any of the 
milks. 
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Fig. 3. Lactic acid formation rate in dental plaque suspensions at baseline and after 
intake of fluoridated and non-fluoridated milk. All values related to baseline index 
100. Differences were statistically significant difference compared to baseline 
(p<0.05) after 30 min. 
 

 

Paper V  

The aim was to investigate the effect of fluoridated milk on enamel 
lesion formation as assessed by laser fluorescence (LF). The baseline 
LF readings ranged from 3-7 with a mean value of 5.6 ±0.9 and there 
were no differences between the groups. The mean values increased 
with time in both groups but the increase was more marked in the 
control teeth compared to the test teeth subjected to fluoridated milk, 
8.7 ±2.3 vs. 12.8 ±3.3 after 4 weeks, this difference being statistically 
significant (p<0.01, Figure 4). However, the visual examination could 
not distinguish between the test or control samples after 2 and 4 weeks, 
respectively.  
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Fig. 4. Mean LF values at baseline and after intake of fluoridated or non-fluoridated 

milk. The difference between test and control was statistically different after 2 and 

4 weeks (p<0.05).  
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General discussion 

In this section, a general discussion will follow. For a more detailed 
discussion on methodology and results etc, the reader is referred to the 
separate papers. 
 

How does fluoride exert its caries inhibiting effect? 

Before discussing the findings of this thesis, it may be worthwhile to 
shortly recapitulate the current understanding on the mechanisms of 
action of fluoride. In former days it was thought that fluoride mainly 
acted in a systemic way by incorporation in the apatite crystals of the 
enamel, especially during the maturation phase, thereby making it less 
soluble for acids. During the recent decades, a shift towards a more 
local action is predominant and often illustrated as the “caries balance” 
illustrated in Figure 5. The presence of ionic fluoride in the 
biofilm/plaque-tooth environment may shift the equilibrium between 
demineralisation and remineralisation that could be looked upon as a 
´natural´ repair process (Featherstone, 2000). Oral structures such as 
biofilm/plaque, soft tissues and even filling materials can act as 
reservoirs for fluoride that can be released into the oral cavity over a 
period of time (ten Cate, 1997). These reservoirs of F are suggested to 
contain alkali-soluble calcium fluoride (CaF2) or CaF2-like deposits that 
are formed at either fairly high concentrations of fluoride and/or at a 
low pH (Rølla, 1998). The stability of CaF2 is due to the presence of 
phosphate and protein structures and fluoride can be released and made 
available during the cariogenic challenge to slow down and repair the 
caries process through remineralisation.  

Fluoride may also have an antibacterial capacity on the oral 
microorganisms but this event is discussed in literature. It seems clear 
that the fluoride effect is strongly dependent on the concentration of 
fluoride and the environmental pH (Marsh, 1995; Hamilton and 
Bowden, 1996). Hydrogen fluoride may penetrate the cell and inhibit 
bacterial enzymes including the proton-translocating ATPase in the 
membrane (Sutton et al., 1987), which may result in a hampered acid 
production. Recently Wellin-Neilands and Svensäter (2007) have 
presented data showing that fluoride also may interact with the acid 
resistant properties of mutans streptococci reducing their capacity to 
survive at low pH levels in the oral biofilm/plaque interface. 
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Fig. 5. The caries balance (redrawn after Featherstone, 2000). 

 

Are the obtained concentrations of fluoride in plaque and saliva high 
enough to prevent caries? 
 
From the paragraph above, it seems obvious that the fluoride action is 
most important on the remineralisation side of the caries balance. But 
what concentrations of fluoride are needed? Various in vitro 
experiments have demonstrated that the inhibition and promotion 
processes can occur at fairly low concentrations, around 0.5-2.0 mg F/l 
in the plaque fluid, while much higher concentrations are needed to 
affect oral bacteria (Margolis et al., 1986; ten Cate 1997; Featherstone 
1999). In saliva, the “therapeutic level” is estimated to prolonged 
periods of fluoride concentrations around 0.1 mg/l. Interesting 
information from a clinical point of view can be obtained from recent 
data complied by Ekstrand (2005, Figure 6). The graph clearly 
illustrates the well-known inverse relationship with decreasing caries 
prevalence in Danish schoolchildren with increasing fluoride levels in 
the piped water supply. However, the striking thing in the picture is that 
the decrease of caries prevalence is most dramatic between 0-0.35 ppm 
F and at fluoride concentrations above 0.35 ppm, the curve is more or 
less horizontal. This further illustrate that also limited elevations of 
fluoride levels in the oral environment may play a significant caries-
reducing role.  

The observations in paper I indicates that the concentration 
of fluoride that is obtained in dental plaque up to 2 hours after intake of 
fluoridated milk may be sufficient to explain its caries-inhibiting effect. 
The fact that somewhat lower levels were registered in plaque 
following ingestion of equal amounts of fluoride with water and milk 
was in harmony with previous findings stating that the systemic 
bioavailability of fluoride in milk is reduced by around 25% when 
compared with water under fasting conditions. The differences between 

demineralisation remineralisation 

pathological factors 

• aciduric/acidtolerant bacteria  

• reduced saliva function 
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F-milk and F-water measured in paper I were however not statistically 
significant. The positive relationship between the plaque concentrations 
of calcium and fluoride in individuals after using fluoride and non-
fluoride toothpaste in low and optimal fluoride areas should also be 
noted. These observations are further supported by data showing a 
markedly increase salivary and plaque fluoride concentrations after 
using a calcium pre-rinse before rinsing with a fluoride mouthwash 
(Vogel et al., 2006, Whitford et al., 2002, Whitford et al., 2005, Pessan 
et al., 2006). 
 

 

Fig. 6. Relationship between fluoride concentration in the piped drinking water and 

decayed surfaces in Danish 12-year-old adolescents. Data are from 2004 and based 

on communities and the thick lines indicate regression lines above and under 0.35 

ppm. Ekstrand et al. (2005). 

 

In paper II, it was demonstrated that significant elevations 
of plaque fluoride were obtained also when the fluoride milk was 
ingested together with an ordinary meal. The novel finding was that a 
prolonged time of elevation, at least 4 hours after consumption, was 
recorded as compared to paper I and one explanation could be that food 
remnants, debris and the oral mucosa could act as a fluoride reservoir 
and that fluoride can be slowly released and recharge the dental plaque 
to decrease caries progression (Jacobson et al., 1992, Watson et al., 
2005). Another important finding was that no cumulative effects were 
disclosed after several days of ingestion. This really emphasizes the fact 
that fluoridated milk must be administered and consumed at least once 
daily to secure caries-protective levels.  
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 In spite of the clear-cut findings discussed above, the 
conclusions concerning fluoride levels in plaque must be taken with 
some caution. Firstly, they might only be representative for early (2-3 
days) supragingival plaque, dominated by streptococci and actinomyces 
species, collected from buccal smooth surfaces. In “real life”, dental 
plaque in the stagnation zones where caries is likely to mostly occur 
(fissures, interdentally) is more mature and consists of a complex 
climax bacterial community with higher diversity and more Gram 
negative species (Marsh, 2000, Beighton, 2005). Secondly, pooled 
plaque samples were collected for simplicity and convenience and 
pooled data may provide a different perspective on fluoride 
concentration than site-specific samples, collected were the caries 
challenge is the greatest. It may be so that those sites are least exposed 
to the ingested fluoride. Last but not least, the test children were not 
caries-susceptible subjects and may not be carriers of such an 
aggressive and caries-pathogenic flora that are prevalent in caries-active 
subjects. 
 

Can fluoride in milk hamper bacterial colonisation? 

This question was addressed in paper III and based on the findings, the 
simple answer to that question was “no”, at least when it comes to 
bacteria commonly associated with caries. The limitations of the study 
must however be considered. The composition of the plaque was not 
measured directly in the biofilm – instead the stimulated saliva was 
evaluated for practical reasons. Chewing stimulated saliva is however 
considered to reflect the composition of the supragingival plaque in a 
satisfactory way (Tanzer et al., 2001). Another possible confounder to 
the pure fluoride effect was that the casein content of milk could 
influence the colonisation of streptococci and actinomyces 
(Guggenheim et al., 1999). No such tendencies were however noted in 
any of the groups in the present study. Again, it should be emphasized 
that study group did not consisted of caries susceptible children.  

The negative findings presented in paper III were in some 
contrast to the paper of Pratten et al. (2000) and Kertesz et al. (1992). 
The former study was performed in vitro in a biofilm model while the 
latter found that the numbers of mutans streptococci was reduced in 
dental plaque after 8 weeks consumption of milk containing 2.5 ppm 
fluoride. A similar tendency to a reduced proportion of mutans 
streptococci in saliva was seen in paper III but it failed to reach 
statistical significance. On the other hand, a third in vitro study 
displayed findings in support of paper III (Kamotsay et al., 2002). Thus, 
there are reasons to assume that the fluoride concentrations in saliva 
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after intake of fluoride milk were beyond those needed to affect 
bacterial multiplication and colonisation. However, this conclusion is 
based on findings from subjects with a fully established flora that might 
be difficult to alter in a permanent way. It would be interesting to 
further explore the possible effects in toddlers with a non-mature, still 
developing oral microflora. 
 
Can fluoride in milk hamper bacterial metabolism? 

The findings from paper IV suggested that the lactic acid production 
could be counter-acted following intake of fluoridated milk and this 
was a novel finding. The acid production assay was however performed 
outside the mouth after sucrose addition which somewhat limits the 
level of evidence. It has previously been shown that the L-isomer of 
lactic acid is the dominating acid formed after sucrose exposure and 
responsible for the rapid pH drop (Geddes, 1975; Borgström et al., 
2000). This was also verified in the present study but the individual 
variations were considerable. Although it has been questioned if the 
fluoride concentration would be high enough for bacterial enzyme 
inhibition, it obviously was the case at least in some of the individuals 
in the study group. A better approach for coming studies would of 
course be to follow the pH levels directly in dental plaque in situ 
following fluoride milk intake. That would be possible with the aid of a 
palladium micro-touch electrodes described in previous studies by 
Scheie et al. (1992) and Lif Holgerson et al. (2005).  
 
 
Can laser fluorescence be used to monitor effects of fluoridated 
milk on enamel lesion formation? 
 
Due to today’s paradigm shift towards non-invasive therapies in the 
treatment of caries, the interest of new methods for early caries 
detection has increased among practitioners. Laser fluorescence (LF) is 
today considered as a complement or “second opinion” to visual-tactile 
examination, especially for occlusal caries (Lussi et al., 2004). In 
research, an advantage is that the method may be used as an objective 
intermediate endpoint in clinical trials (Sköld-Larsson et al., 2004), 
thereby making them shorter with reduced costs. The method has 
however its strengths and weaknesses. A recent systematic review has 
stated that LF increases the sensitivity significantly on expense of a 
high number of false positive findings (Bader and Shugars, 2004; 
Ricketts, 2005). Moreover, it is becoming increasingly clear that the 
readings reflect the organic content in demineralised hard tissues rather 
than the mineral content per se (Hibst et al., 2001). A recent study has 
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demonstrated that bacterial metabolites, such as porphyrins, are 
absorbing the emitted laser light (Astvalsdottir et al., 2007). The 
findings in paper V suggested that LF could be used to assess the 
hampering effect of fluoride milk on enamel demineralisation in an 
experimental in vitro model. The storage in room-tempered natural 
whole saliva between the daily demineralisation cycles was likely a key 
factor for the successful readings. Since the duration of the study was 
only 4 weeks in total, the findings further indicate that LF rapidly could 
detect and monitor the effect of preventive regimes. It should be 
underlined that the method could detect alterations in enamel before 
they were visible for the naked eye. The fact that fluoridated milk could 
have an influence on the mineral balance was in harmony with and 
reinforced conclusions from several previous laboratory studies (Toth et 
al., 1997; Kahama et al., 1998; Levine, 2001; Arnold et al., 2003; 
Arnold et al., 2006). 
 
 
Is fluoridated milk a cost-effective preventive measure? 
 
The answer to that question is still uncertain since there are few 
comprehensive health-economic evaluations available. Although the 
direct dental benefits are relatively easy to calculate, the indirect 
possible effects on general health, growth and development during 
childhood are difficult to estimate. The key costs are the technical 
preparation of the milk, the administrative costs and the distribution of 
milk to the target groups. In this aspect, the experiences with powdered 
milk or long shelf-life UHT milk have decreased the distribution costs 
compared to the use of fresh milk. By all means, fluoride milk on 
community level is likely more expensive than water and salt-
fluoridation programs but definitively less expensive than professional 
measures used on community basis such as topical fluoride varnish 
programs. A recent health-economic analysis of a fluoride milk project 
targeted to preschool children living in non-fluoride rural areas of Chile 
could serve as an example (Marino et al., 2007). The milk was 
distributed by a National Agency and the costs using a societal 
perspective were identified and measured. Children receiving 
fluoridated milk showed improved health with lower mean levels of 
dental caries and economic benefits with significantly reduction in total 
costs. However, the authors state that their analysis has inherent 
limitations as a result of its reliance on a range of assumptions. 

The efficiency of a school-based fluoride milk program is 
also dependent on the prevalence of caries among the children. Thus, it 
would be of highly interesting to implement a fluoridated school-milk 
scheme in a low-socioeconomic or immigrant area in Sweden as a 



 32

continuation of the preventive efforts with fluoride tablets during the 
preschool age as reported by Wennhall et al., (2005).  
 
 
Prospects of future research 
 
Apart from the implications for further research mentioned in the 
discussion above, there are still several issues around fluoridated milk 
that need to be further elucidated. For example, in addition to the 
elevated fluoride concentrations in the oral cavity that is directly 
obtained after F-milk consumption, ingested fluoride may be re-secreted 
in saliva. The question is whether or not such levels would be below 
detection levels in saliva and therefore of no or limited clinical 
relevance. Of future interest would be to investigate a possible 
relationship between calcium and fluoride concentration in the oral 
biofilm/plaque interface and examine the fluoride and calcium in plaque 
and saliva after the ingestion of fluoridated milk. 

A prolonged series of frequent samplings after an intake on 
fasting conditions time curve with provide useful information on that 
issue. Furthermore, the effect of fluoridated milk in individuals at caries 
risk is not clear. Subjects with fixed orthodontic appliances have an 
increased caries risk due to plaque accumulation around the bracket 
base. This results frequently in mineral loss appearing as white spot 
lesions in the enamel, clearly visible at debonding. Thus, this could be a 
suitable target group for further clinical evaluation of the caries 
preventive efficiency of fluoridated milk. 

It would also be very interesting to further modify milk as 
an anti-caries agent. As stated above, it is fully clear that fluoride 
mainly acts on the “defence” side of the caries balance by diminishing 
demineralisation and promoting remineralisation. A tempting strategy is 
of course to add also a constituent that works on the “attack” side. A 
recent investigation shows that fluoride, although in high 
concentrations, may influence acid tolerance of caries associated 
bacteria and it would be interesting to see if even long term use of low 
fluoride concentration e.g. in milk could influence virulence regulation 
in acid producing bacteria (Wellin-Neilands and Svensäter, 2007). 

Another concept is currently evaluated in the County of 
Västerbotten, Sweden, in which preschool children are served 
fluoridated milk containing viable probiotic bacteria (Lactobacillus 
rhamnosus LB21) once daily at community Day Care Centres during a 
2-year period. The underlying thinking is that harmful caries-associated 
bacteria should be out-competed by harmless strains of probioic 
lactobacilli, thereby diminishing the bacterial load and enhancing the 
fluoride-mediated repair (for a review, see Meurman, 2005; Twetman 
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and Stecksén-Blicks, 2008). The project could, if successful, result in 
improved dental and general health for the participating children and 
both dental and medical outcome measures are under way. 

Few original studies have been able to show support for the 
economic values of different caries preventive measures (Källestål et 
al., 2003) and there is a need for future research with appropriate 
economic evaluation models. Such models should also include quality 
of life aspects as suggested by Oscarson et al., (2003) and Oscarson 
(2006). 

 
 



 34

Conclusions 
 
The present findings contribute to the understanding of the clinically 
established anti-caries properties of fluoridated milk programs for 
schoolchildren. The main conclusions were: 
 
• Intake of fluoridated milk resulted in significantly elevated fluoride 
level in saliva within the first 15 minutes and up to 4 hours in dental 
plaque when fluoridate milk was consumed together with meal. 
 
• The fluoride concentrations in plaque were not negatively influence 
by the food intake 
 
• No significant alteration of the salivary microflora was disclosed after 
habitual intake of fluoridated milk but it could counteract the 
carbohydrate-mediated lactic acid formation in suspensions of dental 
plaque 
 
• The in vitro findings indicated that fluoride added to milk hampered 
enamel lesion formation as assessed by laser fluorescence in an 
experimental caries model. 
 



 35

Acknowledgements 

I would like to express my sincere gratitude to all the people who 
helped me to complete this thesis. Without your support and help this 
would not be possible. 
 
Especially I would like to thank: 
my primary supervisor professor Svante Twetman and senior 
supervisor associate professor Lars G Petersson, for believing in me 
and for sharing their wisdom and enthusiasm and for always being there 
when needed. 
 
Inger Sjöström, technical assistant, both co-author and outstanding 
resource in the laboratory. 
 
my co-authors Inger Arvidsson and professor Edward Lynch, thanks 
for good collaboration. 
 
professor Sten Isaksson and his staff at Specialisttandvården, 
Länssjukhuset, Halmstad for excellent support. A special thanks to 
my colleagues and friends at the Paediatric Dentistry Department for 
their encouragement.  
 
everyone at the Department of Odontology, section of Paediatric 
Dentistry in Umeå for always being so helpful to me. 
 
the staff of the Orthodontic Department in Halmstad and in Umeå for 
excellent help. 
 
all the children that participated in these studies. 
 
my dear friend Birgitta Ståhl for always believing in me. 
 
my family, Anders, Vicor and Filip thanks for all support and patience 
with me during this time … I love you   
 
I am grateful to the skilled analytical work of  
Mr. Can Yurdunuseven, Karolinska Institutet, Stockholm and to 
technical assistant Annika Raihle, Specialisttandvården, 
Länssjukhuset Halmstad for introducing me to the basics of 
fluoride analyses. 
 
 
 



 36

 
The studies of the present thesis have been partly supported by 
grants from the Borrow Foundation, Cowplain, England (paper I-
V), the Swedish Patent Revenue Fund (paper III, IV) and County 
Council of Halland (paper I, II, IV). 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 37

 

References 

1. Arnold WH, Cerman M, Neuhaus K, Gaengler P. Volumetric assessment and 

quantitative element analysis of the effect of fluoridated milk on enamel 

demineralisation. Arch Oral Biol 2003;48:467-473. 

 

2. Arnold WH, Forer S, Heesen J, Yudovich K, Steinberg D, Gaengler P. The in 

vitro effect of fluoridated milk in a bacterial biofilm-enamel model. Biomed Pap 

Med Fac Univ Palacky Olomouc Czech Repub 2006;150:63-69. 

 

3. Astvalsdottir A, Tranaeus S, Holbrook WP. What does DIAGNOdent measure? 

Submitted Caries Res 2007. 

 

4. Bader JD, Shugars DA. A systematic review of the performance of a laser 

fluorescence device for detecting caries. JADA 2004;135:1413-1426. 

 

5. Beighton D. The complex oral microflora of high-risk individuals and groups and 

its role in the caries process. Community Dent Oral Epidemiol 2005;33:248-255. 

 

6. Baez RJ, Baez MX, Marthaler TM. Urinary fluoride excretion by children 4-6 

years old in a south Texas community. Pan Am J Publ Health 2000;7:242-247. 

 

7. Bánóczy J, Ritlop B, Solymosi G, Gombik A, Adatia A. Anticariogenic effect of 

fluoridated milk and water in rats. Acta Physiol Hung 1990;76:341-346. 

 



 38

8. Bánóczy J, Zimmermann P, Hadas E, Pinter A, Bruszt V. Effect of fluoridated 

milk on caries: 5-year results. J R Soc Health 1985;105:99-103.  

 

9. Beddows CG. The staus of fluoride added to bovine milk. I. Fluoride in cold milk. 

Ed Technol 1982;7:55-62. 

 

10. Bian JY, Wang WH, Wang WJ, Rong WS, Lo EC. Effect of fluoridated milk on 

caries in primary teeth: 21-month results. Commun Dent Oral Epidemiol 2003;31: 

241-245. 

 

11. Borgström MK, Edwardsson S, Svensäter G, Twetman S. Acid formation in 

sucrose-exposed dental plaque in relation to caries experience in schoolchildren. 

Clin Oral Invest 2000;4:9-12. 

 

12. Boros I, Keszler P, Bánóczy J. Fluoride concentrations of unstimulated whole and 

labial gland saliva in young adults after fluoride intake with milk. Caries Res 

2001;35:167-172. 

 

13. ten Cate JM. Review on fluoride, with special emphasis on calcium fluoride 

demineralisation by fluoride in vitro. Eur J Oral Sci 1997;105:461-465.  

 

14. ten Cate JM. Fluorides in caries prevention and control: empiricism or science. 

Caries Res 2004;38:254-257.  

 

 

 



 39

15. Conway DI, MacPherson LM, Stephen KW, Gilmour WH, Petersson LG. 

Prevalence of dental fluorosis in children from non-water-fluoridated Halmstad, 

Sweden: fluoride toothpaste use in infancy. Acta Odontol Scand. 2005 

Feb;63(1):56-63. 

 

16. Ekstrand J. A micromethod for the determination of fluoride in blood plasma and 

saliva. Calcif Tissue Res 1977;23:225-228. 

 

17. Ekstrand J, Ehrnebo M. Influence of milk products on fluoride bioavailability in 

man. Eur J Clin Pharmacol 1979;16:211-215. 

 

18. Ekstrand KR, Christiansen J, Christiansen MEC. Relation mellem 

fluorideindholdet i kommunernas drikkevand og caries eksemplifieret ved DMF-

S- vaerdier hos 12-, 15- og 18- årige i 2004. Tandlaegebladet 2005;109:790-766. 

 

19. Ellen RP, Balcerzak-Raczkowski IB. Differential medium for detecting dental 

plaque bacteria resembling Actinomyces viscosus and Actinomyces naeslundi. J 

Clin Microbiol 1975;2:305-310. 

 

20. Featherstone JDB. Prevention and reversal of dental caries: role of low level of 

fluoride. Community Dent Oral Epidemiol 1999;27:31-40. 

 

21. Featherstone JDB. The science and practice of caries prevention. JADA 

2000;131:887-899. 

 



 40

22. Featherstone JDB. Delivery challenges for fluoride, chlorhexidine and xylitol. 

BMC Oral Health 2006;6(suppl1):S8. 

 

23. Fejerskov O. Changing paradigms in the conception dental caries: consequences 

for oral health care. Caries Res 2004;38:182-191. 

 

24. Geddes DAM. Acid produced by human dental plaque in situ. Caries Res 

1975;9:98-109. 

 

25. Gold OG, Jordan HV, van Houte J. A selective medium for Streptococcus mutans. 

Arch Oral Biol 1973;18:1357-1364. 

 

26. Grenby TH, Andrews AT, Mistry M, Williams RJH. Dental caries-protective 

agents in milk and milk products: investigations in vitro. J Dent 2001;29:83-92. 

 

27. Guggenheim B, Schmid R, Aeschlimann JM, Berrocal R, Nesser JR. Powdered 

milk micellar casein prevents oral colonisation by Streptococcus sobrinus and 

dental caries in rats. A basis for the caries protective effect of diary products. 

Caries Res 1999;33:446-454. 

 

28. Gyurkovics C, Zimmermann P, Hadas E, Banoczy J. Effect of fluoridated milk on 

caries: 10 year results. J Clin Dent 1992;3:121-124. 

 

29. Hamilton IR, Bowden GWH. Fluoride effects on oral bacteria. In: Fejerskov O, 

Ekstrand J, Burt B, editors. Fluoride in dentistry, 2nd edition, Copenhagen, 

Munksgaard; 1996. p230-251. 



 41

 

30. Hibst R, Paulus R, Lussi A. Detection of occlusal caries by laser fluorescence: 

Basic and clinical investigations. Med Laser Appl 2001;16:205-213. 

 

31. Jacobson AP, Stephen KW, Strang R. Fluoride uptake and clearance from the 

buccal mucosa following mouthrinsing. Caries Res 1992;26:56-58. 

 

32. Kahama RW, Damen JJ, ten Cate JM. The effect of intrisic cows’s milk on in 

vitro enamel demineralisation. Caries Res 1998;32:200-203. 

 

33. Kamotsay K, Hercegh A, Rozgoniy F, Nasz I Ginter Z, Banoczy J. Effect of 

fluoride on cariogenic oral microorganisms (an in vitro study). Acta Microbiol 

Immunol Hung 2002;49:47-58. 

 

34. Kertesz P, Gombik A Banoczy J. The influence of fluoridated milk consumption 

on human dental plaque. J Dent Res 1992;71:644. 

 

35. Ketley CE, West JL, Lennon MA. The use of school milk as a vehicle for fluoride 

in Knowsley, UK; an evaluation of effectiveness. Community Dent Health. 

2003;20:83-88. 

 

36. Källestål C, Norlund A, Söder B, Nordenram G, Dahlgren H, Petersson LG, 

Lagerlöf F, Axelsson S, Lingström P, Mejàre I, Holm AK, Twetman S. Economic 

evaluation of dental caries prevention: a systematic review. Acta Odontol Scand 

2003;61:341-346. 



 42

37. König KG. Pre- and posteruptive inhibition of experimental rat caries by fluorine 

administered in water, milk and food. Helv Odont Acta 1960;4:66-71. 

 

38. Levy SM, Warren JJ, Broffitt B, Hillis SL, Kanellis MJ. Fluoride, beverages and 

dental caries in the primary dentition. Caries Res 2003;37:157-165. 

 

39. Lennon MA, Bian JY, Kolesnik AG, Kuzmina EM, Pakhomov GN, Phillips PC, 

et al. Legislation and community based aspects on the implementation of a milk 

fluoridation programme. WHO, Geneva; 1996. pp72-96. 

 

40. Levine RS. Milk, flavoured milk products and caries. Br Dent J 2001;191:20. 

 

41. Lussi A, Hibst R, Paulus R. DIAGNOdent: an optical method for caries detection. 

J Dent Res 2004;83:C80-83. 

 

42. Lif Holgerson P, Stecksén-Blicks C, Sjöström I, Twetman S. Effect of xylitol-

containing chewing gums on interdental plaque-pH in habitual plaque consumers. 

Acta Odontol Scand 2005;63:233-238. 

 

43. Margolis HC, Moreno EC, Murphy BJ. Effect of low levels of fluoride in solution 

on enamel demineralisation in vitro. J Dent Res 1986;65:23-29. 

 

44. Marino R, Villa A, Guerrero S. A community trial of fluoridated powdered milk 

in Chile. Community Dent Oral Epidemiol. 2001 Dec;29(6):435-42. 

 
 
 



 43

45. Marino R, Villa A, Weitz A, Guerrero S. Prevalence of fluorosis in children aged 

6-9 years-old who participated in a milk fluoridation programme in Codegua, 

Chile. Community Dent Health 2004;21:143-148. 

 

46. Marino R, Villa A, Weitz A. Dental caries prevention using milk as the vehicle for 

fluorides: The Chilean Experience. Community Dental Health Monograph Series 

No.12. University of Melbourne, Melbourne, Australia 2006.  

 

47. Marino R, Morgan M, Weitz A, Villa A. The cost-effectiveness of adding 

fluorides to milk-products distributed by the National Food Supplement 

Programme (PNAC) in rural areas of Chile. Community Dent Health 2007;24:75-

81. 

 

48. Marsh PD. Effect of fluoride on bacterial metabolism. In Bowen WH, editor. 

Relative efficacy of sodium fluoride and sodium monofluorophosphate as anti-

caries agents in dentifrice. Royal Society of Medicine Press Limited, London, 

1995. 

 

49. Marsh PD. Oral ecology and its impact on oral microbial diversity. Oral bacterial 

ecology: The molecular basis: p 11-65; Ed: Kuramitsu & Ellen: Horizon Scientific 

Press. 2000. 

 

50. Marsh PD. Are dental diseases examples of ecological catastrophes? 

Microbiology 2003;149:279-294. 

 



 44

51. Marsh PD. Dental plaque as a biofilm and a microbial community – implications 

for health and disease. BMC Oral Health 2006;6 Suppl 1:S14. 

 

52. Merritt J, Qi F, Shi W. Milk helps build strong teeth and promotes oral health. J 

Calif Dent Assoc 2006;34:361-366. 

 

53. Meurman JH. Probiotics: do they have a role in oral medicine and dentistry? Eur J 

Oral Sci 2005;113:188-196. 

 

54. Oscarson N, Källestål C, Fjeldahl A, Lindholm L. Cost-effectiveness of different 

caries preventive measures in a high-risk population of Swedish adolescents. 

Community Dent Oral Epidemiol 2003;31:169-178. 

 

55. Oscarson N. Health economic evaluation methods for decision-making in 

preventive dentistry. Umeå University Medical Dissertations, No.1004, 2006. 

 

56. Pakhomov GN, Ivanova K, Moller IJ, Vrabcheva M. Dental caries-reducing 

effects of a milk fluoridation project in Bulgaria. Public Health Dent 1995;55:234-

237. 

 

57. Pakhomov GN, Kolesnik AG, Shamsheva AA, Kuz'min EM, Stepanova IA. Milk 

fluoridization efficacy in a controlled study and dental caries experience dynamics 

in conditions of wide availability of local F-containing means. Stomatologiia 

2005;84:37-42. 

 



 45

58. Pessan JP, Sicca CM, de Souza TS, da Silva SM, Whitford GM, Buzalaf MA. 

Fluoride concentrations in dental plaque and saliva after the use of fluoride 

dentifrice preceded by a calcium lactate rinse. Eur J Oral Sci 2006;114:489-493. 

 

59. Petersen PE, Lennon MA. Effective use of fluorides for the prevention of dental 

caries in the 21st century: the WHO approach. Community Dent Oral Epidemiol 

2004;32:319-321. 

 

60. Petersson LG, Derand T. Development of artificial carious lesions in enamel after 

F-varnish (Duraphat) and F-Fe-Al-solution treatment. Swed Dent J 1981;5:219-

233. 

 

61. Petridou E, Athanassouli T, Panagopoulos H, Revinthi K. Sociodemographic and 

dietary factors in relation to dental health among Greek adolescents. Community 

Dent Oral Epidemiol 1996;24:307-311. 

 

62. Petti S, Simonetti R, Simonetti D’Arca A. The effect of milk and sucrose 

consumption on caries in 6-11 year old Italian schoolchildren. Eur J Epidemiol 

1997;13:659-664. 

 

63. Pratten J, Bedi R, Wilson M. An in vitro study on the effect of fluoridated milk on 

oral bacterial biofilms. Appl Environ Microbiol 2000;32:200-203. 

 

64. Poulsen S, Larsen MJ, Larson RH. Effect of milk and water on enamel fluoride 

content and dental caries in the rat. Caries Res 1976;10:227-233. 

 



 46

65. Reynolds EC. Anticariogenic complexes of amorphous calcium phosphate 

stabilized by casein phosphopeptides: a review. Spec Care Dentist 1998;18:8-16. 

 

66. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque and 

remineralization of enamel lesions by various forms of calcium in a mouthrinse or 

sugar-free chewing gum. J Dent Res 2003;82:206-211. 

 

67. Ricketts D. The eyes have it. How good is DIAGNOdent at detecting caries? Evid 

Based Dent 2005;6:64-65. 

 

68. Riley JC, Klause BK, Manning CJ, Davies GM, Graham J, Worthington HV. Milk 

fluoridation: a comparison of dental health in two school communities in England. 

Community Dent Health. 2005;22:141-145. 

 

69. Rogosa M, Mitchell JA, Wiseman RF. A selective medium for the isolation and 

enumeration of oral lactobacilli. J Dent Res 1951;30:682-689.  

 

70. Rølla G. On the role of calcium fluoride in the cariostatic mechanism fluoride. 

Acta Odontol Scand 1988;46:341-345. 

 

71. Rugg-Gunn A J. Nutrition and Dental Health. Oxford University Press, Oxford. 

1993. 

 

72. Rugg-Gunn AJ, Nunn J, Ekanayake L, Saparamadu KDG, Wright WG. Urinary 

fluoride excretion in 4 year old children in Sri Lanka and England. Caries Res 

1993;27:478-483. 



 47

 

73. Rugg-Gunn AJ, Boteva ES. Fluoride and calcium retention in the mouth after 

rinsing with fluoridated milk or fluoridated water. Stoma 2000;28:223-226. 

 

74. SBU. Att förebygga karies. En systematisk litteraturöversikt. Rapport nr 161. 

Elanders. Göteborg, 2002. 

 

75. Scheie AA, Fejerskov O, Lingström P, Birkhed D, Manji F. Use of palladium 

microelectrodes under field conditions for in vivo assessment of dental plaque in 

children. Caries Res 1992;26:44-52. 

 

76. Selwitz RH, Ismail A, Pitts NB. Dental caries. Lancet 2007;369:51-59. 

 

77. Shulman ER, Vallejo M. Effect of gastric contents on the bioavailability of 

fluoride in humans. Paediatr Dent 1990;12:237-240. 

 

78. Sköld-Larsson K, Fornell AC, Lussi A, Twetman S. Effect of topical applications 

of a chlorhexidine/thymol-containing varnish on fissure caries assessed by laser 

fluorescence. Acta Odontol Scand 2004;62:339-342. 

 

79. Spak CJ, Ekstrand J, Zylberstein D. Bioavailability of fluoride added to baby 

formula and milk. Caries Res 1982;16:249-256. 

 

80. Stephen KW, Boyle IT, Campbell D, McNee S, Boyle P. Five-year double blind 

fluoridated milk study in Scotland. Community Dent Oral Epidemiol 

1984;12:223-229.  



 48

 

81. Stösser L, Kneist S, Grosser W. The effects of non-fluoridated and fluoridated 

milk on experimental caries in rats. Adv Dent Res 1995;9:122-124. 

 

82. Sutton SVW, Bender GR, Marquis RE. Fluoride inhibition of proton-translocating 

ATPase of oral bacteria. Infect Immun 1987;55:2597-2603. 

 

83. Tanzer JM, Livingston J, Thompson AM. The microbiology of primary dental 

caries in humans. J Dent Educ 2001;65:1028-1037. 

 

84. Taves DR. Separation of fluoride by rapid diffusion using hexamethyldisiloxsane. 

Talanta 1968;15:969-974. 

 

85. Toth Z, Ginter Z, Banoczy J, Phillips PC. The effect of fluoridated milk on human 

dental enamel in an in vitro demineralisation model. Caries Res 1997;31:212-215. 

 

86. Trautner K, Siebert G. An experimental study of bioavailability of fluoride from 

dietary sources in man. Arch Oral Biol 1986;31:223-228. 

 

87. Twetman S. Fluoridated milk may be beneficial to schoolchildren by helping 

prevent caries. Evid Based Dent 2005;6:88. 

 

88. Twetman S, Nederfors T, Petersson LG. Fluoride concentration in whole saliva 

and separate gland secretions in schoolchildren after intake of fluoridated milk. 

Caries Res 1998;32:412-416. 

 



 49

89. Twetman S, Stecksén-Blicks C. Probioics and oral health effects in children. Int J 

Paediatr Dent 2008;18:3-10. 

 

90. Vacca-Smith AM, Bowen WH. The effect of milk and kappa-casein on 

streptococcal glucosyltransferase. Caries Res 1995;29:498-506.  

 

91. Vacca-Smith AM, Bowen WH. The effects of milk and kappa-casein on salivary 

pellicle formed on hydroxyapatite discs in situ. Caries Res 2000;34:88-93. 

 

92. Vacca-Smith AM, Van Wuyckhuyse BC, Tabak LA, Bowen WH. The effect of 

milk and casein proteins on the adherence of Streptococcus mutans to saliva-

coated hydroxyapatite. Arch Oral Biol 1994;39:1063-1069. 

 

93. Watson PS, Pontefract HA, Devine DA, Shore RC, Nattress BR, Kirkham J, 

Robinson C. Penetration of fluoride into natural plaque biofilms. J Dent Res 

2005;84:451-455. 

 

94. Weitz A, Marinanco MI, Villa A. Reduction of caries in rural school-children 

exposed to fluoride through a milk-fluoridaton programme in Araucania, Chile. 

Community Dent Health 2007;24:186-191. 

 

95. Wellin-Neilands J, Svensäter G. Acid tolerance of biofilm cells of Streptococcus 

mutans. Appl Environ Microbiol 2007;73:5633-5638. 

 

 

 



 50

96. Wennhall I, Mårtensson E-M, Sjunnesson I, Matsson L, Schröder U, Twetman S. 

Caries-preventive effect of an oral health program for preschool children in a low 

socioeconomic, multicultural area in Sweden: Results after 1 year. Acta Odontol 

Scand 2005;63:163-167. 

 

97. Whitford GM, Wasdin JL, Schafer TE, Adir SM. Plaque fluoride concentrations 

are dependant on plaque calcium concentrations. Caries Res 2002;36:256-265. 

 

98. Whitford GM, Buzalaf MAR, Bijella MFB, Waller JL. Plaque fluoride 

concentrations in a community without water fluoridation: Effects of calcium and 

the use of a fluoride or placebo dentifrice. Caries Res 2005;39:100-107. 

 

99. Villa A, Guerrero S, Cisternas P, Monkeberg F. Fluoride bioavailability from 

disodium monofluorophosphate fluoridated milk in children and rats. Caries Res 

1989;23:179-183. 

 

100. Vogel GL, Chow LC, Carey CM, Schumacher GE, Takagi S. Effect of a 

calcium prerinse on salivary fluoride after a 228-ppm fluoride rinse. Caries 

research 2006;40:178-180.                                                                                                                        

 

101. World Health Organization. Milk fluoridation for the prevention of dental 

caries. Eds. Stephen KW, Banoczy J & Pakhomov GN. Geneva: World Health 

Organization, 1996.  

 

102. World Health Organisation. Diet, Nutrition and the Prevention of Chronic 

Diseases. WHO Technical Report Series 916. WHO, Geneva 2003. 



 51

 

103. Yeung CA, Hitchings JL, Macfarlane TV, Threlfall AG, Tickle M, Glenny 

AM. Fluoridated milk for preventing dental caries. Cochrane Database of 

Systematic Reviews 2005, Issue 3. Art. No.: CD003876. DOI: 10.1002/14651858. 

CD003876.pub2 

 

104. Zahlaka M, Mitri O, Munder H, Mann J, Kaldavi A, Galon H, Gedalia I. 

The effect of fluoridated milk on caries in Arab children. Results after 3 years. 

Clin Prev Dent 1987;9:23-25. 

 

 

 

 


	artikel V.S5_pdf.pdf
	Inhibition of enamel lesion formation by fluoridated milk assessed by laser fluorescence—an in vitro study
	Abstract
	Introduction
	Materials and methods
	Study group
	Experimental caries model
	Laser fluorescence readings
	Statistical methods

	Results
	Discussions
	References





 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
            
       D:20061004135333
       907.0866
       SRA3
       Blank
       1275.5906
          

     1
     Wide
     366
     319
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base





