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Introduction 

Dental caries remains the major public health problem in most 

communities even though the prevalence of disease has decreased 

since the introduction of fluorides (Reynolds, 2008). It is a bacterial 

disease where acid is produced by bacterial action on dietary 

fermentable carbohydrates, diffuses into the tooth and dissolves the 

hydroxyapatite crystals of enamel in a process called 

demineralization. Pathological factors including acidogenic 

bacteria (mutans streptococci and lactobacilli), salivary 

dysfunction, and dietary carbohydrates are related to caries 

progression ( Featherstone, 2000).  

Minimum intervention dentistry (MID) is a key word in today’s 

dental practice which focuses on the least invasive treatment 

options possible to minimize tissue loss and patient discomfort. It 

can be achieved by prevention and early intervention of caries 

process. Its principles are very simple: identifying, preventing, 

remineralizing and restoring (Leman, 2009). One of the basic 

principles of MID’s is the remineralization of early carious lesions, 

advocating  biological or therapeutic approaches rather than the 

traditional surgical approach for early surface lesions (Walsh & 

Brostek, 2013).  

Miles Markley, one of several great leaders in preventive dentistry, 

summarized the dentist’s role in the treatment of dental caries, by 

his statement “the loss of even a part of a human tooth should be 

considered a serious injury and that dentistry’s goal should be to 
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preserve healthy, natural tooth structure (Murdoch-Kinch & 

McLEAN, 2003). 

 Nowadays it is documented that caries is reversible in early stages 

but irreversible after cavitation. Its dynamic nature of reversible 

and irreversible process makes its management time very critical 

(Murdoch-Kinch & McLEAN, 2003). 

In the last three decades, several community, professional and 

individual level strategies for caries prevention were introduced. 

Fluoridated water supplies and habitual influences, such as diet, 

certainly have an effect on caries management (Pollard et al., 

1995). Dentifrices have been around for more than 200 years but 

only since Muhler’s development of fluoride toothpastes in 1954, 

a dramatic effect have been found in caries prevention (Muhler et 

al., 1954).  

Fluoride dentifrices remain the most widely used method for 

delivering topical fluoride. However, most currently marketed 

dentifrice products have not been clinically tested and have met 

only the minimal requirements of the FDA  (food and drug 

administration)  monograph using mainly laboratory testing and 

animal caries testing (Zero, 2006).  

 However, the use of fluoride toothpaste particularly during early 

childhood presents health risks, so FDA requires a patient warning 

on every tube of fluoride toothpaste now sold in the United States. 

Risks from ingesting fluoride toothpaste include permanent tooth 

discoloration (dental fluorosis), acute toxicity, skin rashes (perioral 

dermatitis) and impairment in glucose metabolism. although many 
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reports by The American Dental Association claimed that fluoride 

is effective and safe to be used by children in low concentrations 

and under caregiver supervision, recent fluoride free toothpastes 

have been released in the market and studies concluded that they 

have promising results in caries prevention with no health risks if 

ingested by children (Wright et al., 2014). 

The present study focuses primarily on toothpastes as the most 

effective daily caries defense mechanism. The daily use of fluoride 

toothpastes is still accepted as the best and simplest method of 

caries prevention and tooth remineralization for large populations. 
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Review of literature 

Properties of enamel 

Enamel is a highly mineralized tissue composed mainly of calcium 

phosphate (hydroxyapatite) as well as other elements which are 

present in trace amounts. Although dental enamel may seem very 

solid, at high magnification it is relatively porous. The mineral 

phase is about 85% by volume. The remaining 15% by volume 

composed of 11% water and 4% protein and lipids which are 

present in approximately equal amounts, constitute diffusion 

channels between crystals and prisms allowing acids, minerals, and 

fluoride to pass in or out of the enamel during demineralization or 

remineralization (Weatherell, 1975). 

 The hardness of enamel reflects its degree of mineralization. In 

sound human enamel, it was reported that the hardness values, the 

mineral content, and the density gradually decrease from the outer 

surface to the dentino-enamel junction (DEJ) where it drops 

considerably.  It is also higher at   the   incisal   edge   or cusp tip, 

and decreases towards the cervical margin (Gutiérrez-Salazar & 

Reyes-Gasga, 2003). 

 Measurement of hardness in tooth is not easy. however, because 

the structure of enamel prisms running from the surface to the EDJ 

it is easy to imagine that their hardness values are different, even 

from one site to the other inside the enamel itself.
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Hardness testing, together with intra-oral models, have great 

importance in de- and re-mineralization experiments (Wei & 

Koulourides, 1972). 

 The hardness of human tooth has been measured by variety of 

methods, including abrasion, scratch, and indentation. Knoop 

(KHN) and Vickers (VHN) hardness testing have reported 

approximately the same value (Chuenarrom et al., 2009). The 

average hardness value for enamel of permanent teeth is reported 

to be in the range from 250 to 460 VHN. However, the standard 

deviation (SD) values show broad and significant variations in 

different researches. for example, Craig and Peyton in 1958 

reported enamel hardness values in the range of 344 ± 49 to 418 ± 

60 (VHN), Collys et al. in 1992 reported values ranging from 369 

± 25 to 431 ± 35 (VHN), Wilson and Love in 1995 reported the 

values to be from 263 ± 26 to 327 ± 40 (VHN). In primary teeth 

enamel showed microhardness of 308.6 ± 28.0 (VHN)  (El 

Motayam & El Motayam, 1985) and 489.4 ± 35.69 (VHN) as 

reported by E. Mahoney et, al. (Mahoney et al., 2000). 

These variations can be produced by factors such as histology 

features, chemical composition, specimen preparation, as well as 

load and reading errors in indentation length. More specific, 

Kodaka et al. in 1992 found a moderate correlation between the 

Vickers hardness and Phosphorus concentration in enamel, but a 

low correlation with Calcium. Other studies reported that the outer 

enamel surface is harder than the inner surface, and that hardness 
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continuously decreases from the outer edge to EDJ (Kodaka et al., 

1992). 

Gustafson and Kling in 1948 proposed that the differences of 

hardness in enamel can be produced by variations in the direction 

of indentations in a single tooth section. However, some other 

studies have found no difference at all, and thus no definite 

statement can be made (Gutiérrez-Salazar et al.,2003) 

The surface enamel has received great attention, because of its 

significant resistance to the initiation of dental caries, and for 

adhesion of polymeric restorative materials (Palamara et al., 

1980). 

Surface enamel differs markedly from subsurface enamel in 

physical and chemical properties. Surface enamel is harder, less 

porous, less soluble and more radiopaque than subsurface enamel. 

It is richer in trace elements especially fluoride, zinc, lead, 

chlorides as well as low carbonate content, low water content and 

higher degree of mineralization. These properties may contribute 

to the ability to resist acid dissolution and caries initiation as well 

as to the appearance of the early enamel lesions (Anderson & 

Elliott, 1992). 

The physicochemical integrity of dental enamel in the oral 

environment is entirely dependent on the composition and 

chemical behavior of the surrounding fluids as saliva and plaque 

fluids. The main factors governing the stability of enamel apatite 

are pH and the free active concentrations of calcium, phosphate and 

fluoride in solution (Altenburger et al., 2008). 
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The major disadvantage of currently available anti-caries products 

is the fact that their ability to remineralize enamel is limited by the 

low concentrations of calcium and phosphate ions in saliva 

(Winston & Bhaskar 1998). 

 

Demineralization Process 

The development of dental caries is a dynamic process, especially 

for early lesions that have repeated demineralization and 

remineralization cycles before being clinically detected (Wua et 

al., 2010). Dental caries is a multi-factorial disease that includes 

interaction between diet, dental plaque containing bacteria, and 

host factors, such as tooth surface, saliva, and the acquired pellicle 

(Zero, 1999). Carious lesion starts with demineralization of enamel 

minerals by organic acids produced from plaque bacteria, 

following exposure to fermentable carbohydrates. When a critical 

pH of 5.5 is reached, the organic acids diffuse into the enamel 

surface through the acquired pellicle, initiating demineralization. 

(Touger & Van, 2003). 

During demineralization, less soluble phases of dicalcium 

phosphate dihydrate (CaHPO4.2H2O) and fluoridated 

hydroxyapatite (Ca5(PO4)3(OH)F) are precipitated in outermost 

layer of enamel (Margolis & Moreno, 1990) which results in a 

lesion composed of an intact, relatively unaffected surface zone 

with a subsurface region of considerable demineralization, the 

body of a white spot lesion (Flaitz, 1994). This process continues 

until equilibrium is achieved between the enamel and the oral 

environment. Demineralization can continue as long as the oral pH 


