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ABSTRACT  
 

 Objectives: The objectives of this study were to measure and to compare the 
remineralization in the enamel of fixed orthodontic patients before and after rinsing with 
acidulated fluoride mouthrinse and neutral fluoride mouthrinse. Research methodology: Sixteen 
patients with twenty-six pairs of premolar teeth were randomly selected from the new patient pool 
at post-graduate orthodontic clinic in the dental hospital of the Faculty of Dentistry, Prince of 
Songkla University. They were received home care oral hygiene instructions before bracketing 
and were randomly allocated into acidulated fluoride mouthrinse (n = 13) or neutral fluoride 
mouthrinse (n = 13) group. After 30 days all samples were randomly extracted the one side of 
homolog premolar(s), they received the mouthrinse and the others side was extracted in 30 days 
later. Enamel microhardness was measured before and after rinsing at the occlusal and gingival 
directions to the premolar brackets in both groups and changed them to volume percent mineral. 
The changes of enamel microhardness and volume percent mineral after rinsing in both groups 
and the different between the groups were compared statistically using paired t-test and 
independence t-test respectively. The significance level was at p < 0.05. Results: The acidulated 
fluoride mouthrinse statistically significant increased enamel microhardness and volume percent 
mineral both occlusal and gingival directions to the bracket (p < 0.001). Whereas, the neutral 
fluoride mouthrinse increased enamel microhardness and volume percent mineral both occlusal 
and gingival directions to the bracket, but only the gingival direction to the bracket that increased 
statistically significant (p < 0.05). And the acidulated fluoride mouthrinse statistically significant 
increased enamel microhardness and volume percent mineral (p < 0.05) much more than neutral 
fluoride mouthrinse both occlusal and gingival directions to the bracket. Conclusion: The 
acidulated   fluoride   mouthrinse   had  better  effect  in   remineralization   than  neutral  fluoride  
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CHAPTER 1 

 

INTRODUCTION 

 

 Background and rationale 

 At present, the number of patients treated with fixed orthodontic appliances in 

Thailand is much more than in the past
1
. Fixed orthodontic appliance patients were not likely to 

be the same as non-orthodontic patients. They were not only different in the oral equilibrium
2
 but 

fixed orthodontic patients also promoted plaque accumulation at the tooth surface and around the 

brackets. Dental plaque will always lower the pH at the tooth surface. It causes decalcification of 

minerals in the enamel and then demineralization will occur followed by incipient caries or 

enamel caries. The clinical appearance of the demineralization is a white spot lesion. The 

prevalence of the white spot lesion in the fixed orthodontic treatment group is more frequent than 

in the untreated group
3
. Most of the lesions found were one third of the buccal enamel surface 

along the gingival margin
3
. Moreover, white spot lesions may progress to be cavitated dental 

caries. 

 Dental plaque control around orthodontic brackets will prevent remineralization, 

the cause of white spot lesion, on the tooth surface. Suitable tooth brushing and flossing technique 

can effectively control dental plaque around orthodontic brackets. However, tooth brushing and 

flossing may not completely remove dental plaque around orthodontic brackets, especially in 

patients who fail to brush properly. Mouthrinse is the best choice for removing dental plaque 

around orthodontic brackets that remains after tooth brushing. Mouthrinse containing neutral 

fluoride not only inhibits demineralization but also promotes remineralization of enamel too.
4
 

However, neutral fluoride mouthrinse just retards lesion development, it cannot completely 

reduce white spot lesions.
5,23
 In contrast, a fluoride solution with low pH can completely inhibit 

the development of white spot lesions.
5,6
 Therefore, in this study we tested the fluoride uptake in 

the enamel of fixed orthodontic patients using mouthrinse containing acidulated fluoride. 
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 Review of the literature 

 Decalcification is defined as loss of calcified tooth substance and has been 

accepted as one of the hazards of orthodontic treatment.
7,8
 It occurs when the pH of the oral 

environment diffuses calcium and phosphate ions out of the enamel. This dissolution follows the 

production of acid by bacteria plaque and results in an altered appearance of the tooth surface. 

The early lesion is an opaque white spot, which in active lesions appears chalky, and if mineral 

loss continues, cavitations may result.
9
 Orthodontic fixed appliances hinder tooth cleaning and 

favour plaque and food retention, followed by an increase in the number of Streptococcus mutans 

and Lactobacilli that further develop into carious lesions and furthermore, their presence 

increases the risk of decalcification occurring.
10, 11

 Caries development during treatment with 

fixed orthodontic appliances is a significant clinical problem despite fluoride therapy,
12-15
 and 

non-cavitated lesions should receive preventive therapy aimed at arresting and remineralizing the 

lesion.
16
  

 Remineralization is the process whereby partially demineralized enamel is 

repaired through re-crystallization of tooth enamel by mineral salts
17
. A partial remineralizing 

effect may theoretically be reflected in a slowing or arrestment of the growth of caries lesions
18
. 

When oral fluids were used as the calcifying fluid, a small reduction in lesion size was found; 

however, these were limited to the surface of the lesion. The addition of fluoride ions at 

concentration of either 1 or 10 ppm produced no noticeable increase in remineralization. When 

the fluoride level was raised to 100 ppm, increases in remineralization were found and the 

superficial aspect of the body of the lesion was reduced from 8-11%
19
. Laboratory study shows 

that firstly, the high fluoride concentrations in the surface layer of the sound enamel were 

depleted during lesion formation and appeared to be redistributed into the subsurface body of the 

lesion. Secondly, the fluoride acquired from a topical application was greater in the lesion relative 

to the sound enamel, but was limited to the surface layers
19
. 

 Fluoride is important in the prevention of dental decay
20
 as discussed in the 

above paragraph. There are several methods of delivering fluoride, in addition to fluoridated 

toothpaste, to teeth in patients during orthodontic treatment. These include topical fluorides, for 

example, mouthrinse, gel, varnish and fluoride-releasing materials (e.g. adhesive and elastics
21
). 

In 2003, Marinho found a definite reduction in caries in children and adolescents who have 

regular supervised rinsing with a fluoride mouthwash. It has also been shown that fluoride may 
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reduce the number of white spots developing during brace treatment
22
. Geiger et al found a 30 

percent reduction in the incidence of teeth affected by white spots when orthodontic patients used 

a fluoride mouthrinse
 
in addition to regular brushing and flossing.

23
 

 In vitro studies have shown that the fluoride uptake from acidic phosphate 

fluoride solutions (pH < 4) was high in the surface layer of the enamel
24
. An acidulated 

mouthrinse that already contains a fixed combination of antiseptic essential oils has been shown 

to be effective in reducing supragingival plaque
25
 and plaque acidogenicity

26
, controlling plaque 

accumulation, and in helping to reduce gingivitis.
27, 28

 Acidulated fluoride mouthrinse also has an 

effect in remineralization of artificial dental caries in vitro
29
. Neutral pH acidulated mouthrinse 

shifted the equilibrium of a solid phase hydroxyapatite to an aqueous phase hydroxyapatite and 

changed it into a calcium ion, phosphate ion and water; thereafter, when the pH, calcium ion and 

phosphate ion concentration were high the equilibrium shifted back to constitute hydroxyapatite 

and with the presence of fluoride it constituted fluorapatite or fluorhydroxyapatite. The 

mechanism of action of increased fluoride uptake by acidulated fluoride mouthrinse could be due 

to an increase in hydrogen fluoride concentration, an increase of diffusion rate
30
, an increase in 

the precipitation of calcium fluoride on the surface that serves as a fluoride reservoir
31
 or a change 

of enamel surface charge. We aimed to test whether fluoride in acidulated mouthrinse can diffuse 

and has an effect in the remineralization of enamel underneath the plaque occlusal and gingival to 

the brackets. 

 Objectives of the study  

 This study aims to measure and compare the remineralization in the enamel of 

fixed orthodontic patients before and after rinsing with acidulated fluoride mouthrinse and neutral 

fluoride mouthrinse, and to look at any comparison between types of mouthrinse. 
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CHAPTER 2 

 

MATERIALS AND METHODS 

 

 This study was composed of two parts. First, clinical study patients rinsed the 

acidulated fluoride mouthrinse in a test group and regular fluoride mouthrinse in a control group, 

then premolars were extracted for orthodontic treatment purposes and stored for second study. 

Second, a laboratory study was conducted to measure the enamel surface hardness using a Knoop 

microhardness testing machine.  

 

1. A clinical study 

  Sample size 

 Sample size was calculated based on the previous study s mean of white spot 

lesions in an orthodontic full fixed edgewise appliance
32
 with power of 0.85, where alpha = 0.05. 

The result indicated that at least 10 pairs of teeth in each group were needed. All patients were 

randomly selected from the new patient pool at the post-graduate orthodontics clinic, in the dental 

hospital of the Faculty of Dentistry, Prince of Songkla University.  

The inclusion criteria for the study were as follows: 

- Treatment with conventional fixed orthodontic appliances 

- Extraction cases (pairs of upper or/and lower premolars) with similar malocclusion 

- No restoration, discoloration and cracks on extracted teeth 

- No decalcification on extracted teeth 

- No abnormality regarding amaelogenesis 

- No history of any fluoride mouthrinse sensitivity 

- No diseases of abnormal saliva 

- No systemic diseases 

 Eighteen patients scheduled to have homolog premolar extractions in upper 

and/or lower arches as part of their orthodontic treatment. They were randomly allocated into the 

test group that consisted of 15 pairs of homolog premolars and into the control group that 

consisted of 15 pairs of homolog premolars. The mean ages of all samples were 23.28 + 5.31 
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years old. All patients and/or their parent(s) were advised of the purpose of this study. After they 

decided to participate the study, the consent forms were signed. Each patient was given a 

toothbrush, non-fluoride toothpaste, non-fluoridated dental floss, an interproximal-toothbrush and 

two types of 100 ppm mouthrinse depending on the sample group. All patients received precise 

home-care oral hygiene instructions on brushing with a toothbrush (modified Charter and Scrub 

techniques) and using non-fluoride containing toothpaste, an interproximal-toothbrush and non-

fluoridated dental floss every day after their meals. The ability of the patients  oral hygiene care 

was evaluated by Visible Plaque Index (VPI) on the mesiobuccal surfaces of every bonded tooth, 

after rinsing and drying tooth surfaces (1 for visible plaque and 0 for non-visible plaque) before 

first homolog premolar(s) were extracted 

 All teeth in the mouth were polished with non-fluoridated pumice and 

bidimentional brackets (0.0189 x 0.0259 slot brackets for incisor teeth and 0.0229 x 0.0289 slot 

brackets for canines and posterior teeth) were full-mouth bonded including extracted teeth. 

Brackets were bonded using a standard etchant (Scothbond
TM

, 3M ESPE, Seefeld, Germany) and 

non-fluoridated bonding materials (Assure
R
, Reliance orthodontic products Inc., Itasca Illinois, 

USA). Special care was taken during the etching and bonding procedure to ensure that no excess 

of etchant and bonding material were excessed off the bracket placement areas, to avoid their 

influence on the enamel adjacent to the bracket. The initial main arch wires, 0.0149 Nickel-

Titanium, were applied to all patients for leveling and aligning the teeth. One side of the homolog 

premolar(s) was randomly selected for extraction as a reference for fluoride data in each group. 

Special care was taken during the extraction to ensure that the brackets on the buccal aspects of 

the premolars remained in the same position and were not displaced from their original positions. 

The patients were randomly allocated received two types of mouthrinse that consisted of the 

following: 

1) The test group patients rinsed with acidulated fluoride mouthrinse (PH 4.24 at 

25.8
o
C) containing 100 ppm sodium fluoride at a dose of 20 ml. for 30 seconds 

twice daily in the morning and before bed time at night for 30 days
33
. 

2) The control group patients rinsed with neutral sodium fluoride mouthrinse (PH 

6.53 at 25.8
o
C) containing 100 ppm fluoride at a dose of 20 ml. for 30 seconds 

twice daily in the morning and before bed time at night for 30 days. 
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To ensure the patients compliance, the patients noted the amount and duration time of rinsing on a 

checklist twice every day. The other side of the homolog premolar(s) was extracted 30 days later. 

All extracted homolog premolars were stored separately in 0.02% thymol solution at a temperature 

of 4
o
C to preserve the mineral properties of the dental enamel.

34
 All of the patients continued to 

receive orthodontic treatment until their treatment was completed.    

   

2. Laboratory study 

  Materials and methods  

 Roots of all extracted premolars were fixed in acrylic resin (Fig.1) for attaching 

in slow cutting machine (JeanWirtz CUTO I, Wirtz-Buehler GmbH, Germany) (Fig.2) at cutting 

speed 1,030 round per minute under water coolant. Teeth in acrylic resin were first vertically cut 

through the mid mesio-distal distance of the brackets resulted in mesial and distal sides of crown 

of the teeth that attached to their roots. Then the teeth were second sectioned cut at the cemento-

enamel junction line of the buccal aspect of teeth (Fig.3), so the crowns with their brackets were 

separated from their roots. The samples were embedded in acrylic resin blocks with their cut faces 

exposed to the surfaces of the acrylic resin blocks (Fig.4). The surfaces were sequentially 

polished with sand paper grade 400 and 1,000 respectively (English abrasives, A unicom 

industries company, England) and a diamond polishing machine (JeanWirtz Pheonix 4000, Wirtz-

Buehler GmbH, Germany) (Fig.5). 

 The fluoride uptake was indirectly measured by microhardness change parallel 

to the cutting surface of the enamel using a Knoop microhardness testing machine (Buehler 

Micromet II, Buehler, USA) (Fig.6). The indentations were made with the long axis of the 

indentor parallel to the outer enamel surface (Fig.7); 3 positions in the occlusal direction and 3 

positions in the gingival direction. The first indentor was 100 µm away from bracket, the second 

and third indentors were 200 µm away from the first and second indentations respectively and not 

deeper than 50 µm from the anatomical enamel surface
40
 having a loading force of 50 gram for 10 

seconds (Fig.8). Means were obtained from each tooth in the test and control groups at the 

different positions. In each tooth consisted of two sides of crown, indentations were performed in 

6 positions on both sides and the Knoop microhardness number (KHN, kilogram/millemeter
2
) was 

calculated from each indentation length, and the mean of two sides at the same position in 

occlusal  and  gingival  directions  was  recorded.  The  volume  percent  mineral (mineral content 
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Fig.1 Extracted premolar in     Fig.2 Slow cutting machine (JeanWirtz CUTO I, Wirtz-  

acrylic resin                              Buehler GmbH, Germany) 

 

 

  

 

 

 

 

Fig. 3 The machine is cutting to separate         Fig. 4 Half crown in an acrylic resin block 

           the crown from the root 

 

 

 

 

 

 

 

 

Fig. 5 Polishing machine (JeanWirtz Pheonix             Fig.6 Knoop microhardness testing    

          4000, Wirtz-Buehler GmbH, Germany)                      machine (Buehler Micromet II,   

                                                                                                Buehler, USA) 
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Fig. 7 Appearance under the Knoop microhardness tester at scale x100, bracket  

          (upper left), acrylic resin (upper right) and enamel (lower)  

Fig. 8 Acrylic resin (upper), enamel (lower) and indentations at scale x200 (arrow heads) 

 

percentage) was calculated from: Volume percent mineral = 4.3(√KHN) + 11.3.
35
 The volume 

percent mineral could be interpreted as mineral loss or gain during demineralization and 

remineralization procedures. The means of the volume percent mineral of the 6 positions in the 

occlusal and gingival directions to the brackets were calculated to represent the occlusal and 

gingival mineral content. The means and standard deviations of enamel microhardness and 

volume percent mineral before and after rinsing were separately compared in the test and control 

groups, and the change of microhardness and percent mineral after rinsing between the test and 

control groups were also compared too.    

 

 Errors 

 Random error 

 The sample size was calculated based on the previous study s mean of the white  
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spot lesion in an orthodontic full fixed edgewise appliances
32
 with a power of 0.85, where alpha = 

0.05.  

 Systematic error 

- Confounding bias 

 All samples were randomly selected from the new patient pool of the post-

graduate orthodontics clinic, at the Dental hospital of the Faculty of Dentistry, Prince of Songkla 

University. 

- Measurement bias 

 To reduce systematic error causes by measurement bias of this study, double 

blinded trials were performed by the subjects who were blind to the types of mouthrinse and 

whose the examiner was blind to the experimental groups. 

- Intra-examiner reliability 

 Indentation length was performed by one examiner. Twelve teeth were randomly 

selected after first being measured at four weeks to repeat measurement for testing the intra-

examiner reliability. The Dahlberg s formula
36
 was performed and resulted in 0.32 at the mean, 

and the standard deviation of the indentation length was 49.9 + 2.8 µm. 

3. Statistical methods 

 Means of enamel microhardness and volume percent mineral were compared by 

Paired-samples t-test, before and after rinsing in each group and Independence-samples t-test, 

between the test and control groups. The significance level was determined at 95% and 99% 

confidence interval.   
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CHAPTER 3 

 

 RESULTS  

 

 There are 4 samples that had broken brackets during rinsing, 2 in the test group 

and the other in the control group. So there are 13 samples remaining in the test group (male = 4 

patients, female = 5 patients) and 13 samples in the control group (male = 3 patients, female = 5 

patients) as shown in Table 1. Compliance, assessed by returned checklists, appeared to be very 

good, every patient was rinsing under prescription. Ability of personal oral hygiene care was 

assessed with VPI and all of patients appeared to have acceptable score. Statistical significant 

difference was compared between the test and control groups as shown in Table 2. From 

independent-sample t-test, there was no statistical significant difference between the test and 

control groups at 95% confidence intervals (p = 0.682). 

 

Table 1 Descriptive information 

Group 
Number of patients Mean ages  

(years + SD) 
Pairs of teeth 

Male (%) Female (%) Total (%) 

Test 4 (44.4) 5 (55.6) 9 (100) 24.61 + 3.93 13 

Control 3 (37.5) 5 (62.5) 8 (100) 22.98 + 6.05 13 

Total 7 (41.2) 10 (58.8) 17 (100) 23.84 + 4.95 26 

 

Table 2 Visible plaque index (VPI score + SD)  

 Test group Control group p-value 

Mean VPI score 8.22 + 3.07 7.63 + 2.77 0.682 

  

 Enamel microhardness  

 The result of the microhardness profile at each position was described as U1, U2, 

U3 and L1, L2, L3. U17s position was 100 µm from the bracket in the occlusal direction to the 

bracket. U27s position was 200 µm from the U1 in the occlusal direction to the bracket. U37s 
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position was 200 µm from the U2 in the occlusal direction to the bracket. L17s position was 100 

µm from the bracket in the gingival direction to the bracket. L27s position was 200 µm from the 

L1 in the gingival direction to the bracket. L37s position was 200 µm from the L2 in the gingival 

direction to the bracket. Enamel microhardness profiles had a minimum value at the nearest 

position to the bracket both in the occlusal and gingival directions and increased in value with 

increasing distance from the bracket. (The data of enamel microhardness in all samples were 

described in appendices)  

 

Table 3 Means (SD) of enamel microhardness (kg/mm
2
)   

  *Significantly different from before rinsing, p < .05 

**Significantly different from before rinsing, p < .001 

  †Significantly different from the control group, p < .05  

 

 Table 3 showed means and standard deviations of enamel microhardness, before 

rinsing, after rinsing and different between them in both test and control groups. The data in the 

test and control groups had a normal distribution (p = 0.200). Before rinsing, the enamel 

microhardness was no statistical significant different between the test and control both occlusal 

and gingival directions to the bracket (p = 0.832). Besides, the enamel microhardness in the 

occlusal direction to the bracket in both the test and control groups was higher than gingival 

direction to the bracket before rinsing. After rinsing the enamel microhardness increased both in 

the occlusal and gingival directions to the bracket and the occlusal direction to the bracket were 

still higher than gingival direction to the bracket in both groups. The increasing of enamel 

microhardness in the test group was much more than in the control group. In both groups, the 

Direction 

to 

bracket 

Test group (n=13) Control  group (n=13) 

Before 

rinsing 

After 

rinsing 
Different 

Before 

rinsing 

After 

rinsing 
Different 

Occlusal 
228.94 

(27.05) 

271.04 ** 

(44.28) 

42.09
 
†    

(39.49) 

231.59 

(35.33) 

245.74 

(40.66) 

14.15   

(34.62) 

Gingival 
214.69 

(31.85) 

268.22 ** 

(34.86) 

53.52 †
 
   

(31.48) 

215.78 

(33.89) 

244.31 * 

(37.87) 

28.53 

(31.83) 
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gingival direction to the bracket had higher microhardness increasing value than in the occlusal 

direction to the bracket. 

 Due to the fact that there were different of enamel microhardness between the 

occlusal and gingival directions to the bracket in the test and control groups, the enamel 

microhardness of the occlusal and gingival directions to the bracket were compared separately. 

Means of enamel microhardness at the occlusal and gingival directions to the bracket were 

compared statistically within each group by paired-samples t-test and between the test and control 

group by independent-samples t-test. The statistical comparisons between the test and control 

group at before and after rinsing and different between them of the enamel microhardness was 

shown in Table 3. In the test group, the enamel microhardness after rinsing at both the occlusal 

and gingival directions to the brackets had a statistical significant higher than before rinsing (p < 

0.001). In the control group, the enamel microhardness after rinsing only at the gingival direction 

to the brackets had a statistical significant higher than before rinsing (p < 0.05). Comparison of 

different values of the enamel microhardness demonstrated statistical significant higher in the test 

group than the control group both occlusal and gingival directions to the bracket (p < 0.05). 

 

 Volume percent mineral (mineral content percentage) 

 The enamel microhardness was transformed to volume percent mineral because 

they were easily represent the mineral loss or gain than enamel microhardness. Table 4 

demonstrated means and standard deviations of volume percent mineral, before rinsing, after 

rinsing and different between them in both test and control groups. (The data of volume percent 

mineral in all samples were described in appendices)  

 Table 4 demonstrated means and standard deviations of volume percent mineral, 

before rinsing, after rinsing and different between them in both test and control groups. The data 

in the test and control groups had a normal distribution (p = 0.200). Before rinsing, the volume 

percent mineral was no statistical significant different between the test and control both occlusal 

and gingival directions to the bracket (p = 0.978). Besides, the volume percent mineral in the 

occlusal direction to the bracket in both the test and control groups was higher than gingival 

direction to the bracket before rinsing. After rinsing the volume percent mineral increased both in 

the occlusal and gingival directions to the bracket and the occlusal direction to the bracket were 

still higher than gingival direction to the bracket in both groups. The increasing of volume percent 
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Table 4 Means (SD) of volume percent mineral (%)    

  *Significantly different from before rinsing, p < .05 

**Significantly different from before rinsing, p < .001 

  †Significantly different from the control group, p < .05 

 

mineral in the test group was much more than in the control group. In both groups, the gingival 

direction to the bracket had higher percent mineral increasing value than in the occlusal direction 

to the bracket.   

 Due to the fact that there were different of volume percent mineral between the 

occlusal and gingival directions to the bracket in the test and control groups, the volume percent 

mineral of the occlusal and gingival directions to the bracket were compared separately. Means of 

volume percent mineral at the occlusal and gingival directions to the bracket were compared 

statistically within each group by paired-samples t-test and between the test and control group by 

independent-samples t-test. The statistical comparisons between the test and control group at 

before and after rinsing and different between them of the volume percent mineral was shown in 

Table 4. In the test group, the volume percent mineral after rinsing at both the occlusal and 

gingival directions to the brackets had a statistical significant higher than before rinsing (p < 

0.001). In the control group, the volume percent mineral after rinsing only at the gingival 

direction to the brackets had a statistical significant higher than before rinsing (p < 0.05). 

Comparison of different values of the volume percent mineral demonstrated statistical significant 

higher in the test group than the control group both occlusal and gingival directions to the bracket 

(p < 0.05).  

Direction 

to 

bracket 

Test group (n=13) Control group (n=13) 

Before 

rinsing 

After 

rinsing 
Different 

Before 

rinsing 

After 

rinsing 
Different 

Occlusal 
76.37 

(4.31) 

82.63 ** 

(5.42) 

6.26 †    

(5.45) 

76.32 

(5.18) 

78.44 

(5.67) 

2.13   

(5.13) 

Gingival 
73.91 

(4.58) 

81.58 ** 

(4.56) 

7.67 †
 
   

(4.45) 

74.23 

(5.13) 

78.27 * 

(5.27) 

4.04 

(4.5) 
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CHAPTER 4 

 

DISCUSSION 

 

 In this study we controlled several factors that influenced to the enamel 

remineralization in each and between every orthodontic patient. These several factors included of 

individual oral physiology, dental plaque around orthodontic bracket and orthodontic brackets 

position. The factor that is difficult to control is individual oral physiology, for example, buffer 

capacity, saliva flow rate etc. So we designed the study to control this factor by split-mouth 

technique to investigate the effect of each type of mouthrinse to remineralization on the enamel in 

each subject. However, comparison of remineralization between types of mouthrinse may be 

affected by this factor. However, all subjects received the same home care oral hygiene 

instruction in order to control the dental plaque accumulation around the orthodontic brackets 

between the groups, which influence to the enamel remineralization. Moreover, we evaluated the 

oral hygiene care of every patient before rinsing by Visible Plaque Index (VPI). The VPI that 

represented the dental plaque accumulation showed that there was no different in dental plaque 

accumulation between the test and control groups. In case there was some different of dental 

plaque accumulation between the test and control groups before rinsing, VPI might have been the 

factor that influenced to the enamel remineralization and demineralization, the baseline value of 

enamel microhardness might be different and it could not be appropriately compared between the 

groups. As mentioned by Ogaard et al, their study showed that it had the correlation between the 

VPI and the remineralization- demineralization of enamel in fixed orthodontic patients.
37

 The 

higher score in VPI, the higher in enamel demineralization. According to the comparison of VPI 

between test and control groups, there was no statistically significant difference between the 

groups. Therefore, it can be assumed that all patients could equally control dental plaque 

accumulation around the orthodontic brackets and so the changes of enamel mineralization in this 

study were almost based entirely on the effect of mouthrinse types. All of the subjects that were 

instructed the details of this study and would like to participate, their teeth were carefully etched 

and bracketed to prevent the bonding materials excess off the brackets. The bonding procedure for 

testing demineralization and remineralization around orthodontic brackets was followed the 
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guideline described by O/Reilly and Featherstone.
38

 They proposed that orthodontic brackets were 

bonded to the buccal surfaces at a K distance of 4 millimeter from the occlusal surface using a 

standard acid-etch adhesive system and following the manufacturer/s instructions. Particular care 

was taken during the etching procedure to ensure that only the area where the bracket would be 

placed would be etched and sealed. This was done to avoid the influence of the etching procedure 

upon the enamel adjacent to the bracket.
39

 Because if there was an excess in etched and bonded 

material out of the orthodontic brackets, the enamel around orthodontic brackets would increased 

in demineralization. In this study we did not use the distance from the occlusal surface same to 

O/Reilly and Featherstone/s study because it was a different in individual occlusion at premolars 

area. In some patient, when the bite closed, the buccal cusp of the upper premolar teeth could 

contact to the bracket on the opponent premolar teeth, leading to broken brackets or teeth. 30 days 

later, the first side of teeth was randomly extracted and patients were randomly allocated into test 

and control groups. The other side of teeth was extracted 30 days later. Afterwards extracted teeth 

were stored in a 0.02% thymol solution at 4
o
 C to preserve mineral properties of the dental 

enamel.
34

 This solution could preserve the organic and inorganic mineral component in the human 

teeth after they were removed from the mouth.    

 Fluoride measurement could be performed by direct and indirect techniques. At 

first we tried to use a direct technique by using the electron microanalysis-quantitative analysis 

technique (SEM-EDS, JSM-5800 LV, JEOL, EDS: Oxford ISIS 300, Japan) to measure the 

amount of mineral in the enamel surface.
40

 Because the sensitivity of our equipment was not 

enough to detect the small amount of fluoride on the enamel of extracted teeth, we changed the 

fluoride measurement method to measure the fluoride with fluoride electrode.
33

 Unfortunately, the 

area to be sectioned was too small to cut by the slow cutting machine (JeanWirtz CUTO I, Wirtz-

Buehler GmbH, Germany), so we had to change the fluoride measurement to the indirect 

technique by measuring the demineralization-remineralization process, using a Knoop surface 

microhardness testing machine. This technique was widely used in many studied because of its 

simplicity and widely accepted to represent the mineral lost or gained.
33, 38, 40

 The samples were 

prepared for microhardness testing similarly to O/Reilly and Featherstone method.
38 

They studied 

enamel microhardness of the bonded premolar teeth in different fluoride supplement types, by 

cutting them in half and performed the Knoop microhardness 500 µm away from the bracket both 

occlusal and gingival directions to the bracket and underneath the bracket at the different depths. 
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They showed that microhardness in the occlusal direction was higher than the gingival direction 

to the bracket and was higher when the measuring position was away from the bracket. So in this 

study, the enamel microhardness was tested at both occlusal and gingival directions to the 

brackets in 3 positions (100 µm, 300 µm and 500 µm) away from the brackets. In this study we 

did not measure the mineralization deeper than 50 µm from the anatomical enamel surface like 

they had done before, because the fluoride could only penetrate no deeper than 50 -100 µm into 

the enamel surface.
41

 We changed the enamel microhardness to a mineral content percentage. 

Mineral content percentage was first described by Featherstone et al
35

, they found the linear 

relationship between mineral content percentage determined by micro-radiography and the square 

root of the Knoop hardness number assessed by microhardness testing in the mineral range of 40 

D 90 volume percent. They concluded that the enamel microhardness can represent the mineral 

gain or loss and when convert to mineral content percentage, it easier to indicate the mineral gain 

or loss in the enamel than microhardness value.
35

 

 Before rinsing, the enamel microhardness and mineral content percentage were 

not different between the test and control groups in both occlusal and gingival directions to the 

bracket. Therefore, we separately compared the enamel microhardness and mineral content 

percentage of the enamel at the occlusal and gingival directions to the bracket in both two groups.  

In the gingival direction, the mean of enamel microhardness and mineral content percentage was 

less than in the occlusal direction. Due to the gingival direction to the bracket being close to the 

marginal gingival, small amounts of food, debris and plaque can easily become struck these.
12

 

Moreover, it was difficult to clean by brushing alone or self-cleansing by salivary flow. So this 

area has higher chance to created enamel demineralization. Gorelick et al explained that the 

increase in initial demineralization was the result of higher plaque accumulation around the 

orthodontic brackets especially in the gingival direction to the orthodontic brackets.
12

 They 

suggested that the factors behind the plaque and debris retention that made the initial 

demineralization of the bonded teeth were the access to the flow of saliva, the distance, and the 

tooth surface area between the gingival and the bracket. They assumed that the initial 

demineralization would be lesser, if there was a higher in salivary flow rate, larger in the tooth 

surface area, and longer distance between the gingival and the bracket.   

 Now, it was widely accept that fluoride enhanced enamel mineral uptake during 

continuous remineralization and inhibited mineral loss during demineralization in 
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demineralization and remineralization experiments.
41

 In normal condition, enamel microhardness 

of human teeth was around 262 D 265 kg/mm
2
.
42, 43

 In this study, the enamel microhardness after 

bracketing was decreased below the normal. To measured microhardness of our sample in normal 

condition, we measured the enamel microhardness in the sample before rinsing at the site away 

from the bracket and the result showed that the enamel microhardness was 260 kg/mm
2
. This 

result demonstrated that brushing with non-fluoridated toothpaste was not enough to prevent the 

teeth from demineralization around the bracket in fixed orthodontic patients. The reasons for 

decreasing of the enamel microhardness were that the fixed orthodontic appliances changed the 

oral equilibrium and the difficult to clean the teeth at the occlusal and gingival directions to the 

orthodontic bracket.
2, 12

 The fixed orthodontic appliances shifted the oral equilibrium to the 

direction of the higher in oral bacteria and they also interfered the tooth-brushing at the occlusal 

and gingival directions to the bracket. These made the higher in plaque accumulation, enamel 

demineralization and the finally, decreased in enamel microhardness. After rinsing the value 

increased in both groups. We speculated that the increasing was the result of mineral uptake into 

the demineralized enamel. The mineral that uptake in demineralized enamel may re-

crystallization of hydroxyapatite, fluorapatite or hydroxyfluorapatite. The first process, the re-

crystallization of hydroxyapatite was the calcium and phosphate reformation into the enamel/s 

pores.
46

 The latter two processes were the uptake of fluoride into the demineralized enamel. 

Comparison among these 3 types of apatite, the fluorapatite had the highest microhardness value 

followed by the hydroxyfluorapatite and the lowest was the hydroxyapatite and its derivatives. 

The fluorides may play the important role for remineralization of the demineralized enamel. In 

this study, the patients rinsed with sodium fluoride mouthrinse with 100 ppm of fluoride 

concentration.
19

 After rinsing in the control group, the enamel microhardness (245.74+40.66 

kg/mm
2
 at the occlusal direction to the bracket and 244.31+37.87 kg/mm

2
 at the gingival direction 

to the bracket) still lower than the those of normal enamel condition, this revealed that the 

remineralization process may not be complete or the type of apatite may be hydroxyapatite which 

has lower hardness. In the test group, the enamel microhardness (271.04+44.28 kg/mm
2
 at the 

occlusal direction to the bracket and 268.22+34.86 kg/mm
2
 at the gingival direction to the 

bracket) increased much more than the enamel microhardness in the normal condition. So the 

apatite could be either the fluorapatite or the hydroxyfluorapatite that have high hardness due to 

the composition of fluoride in the apatite.  
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 After rinsing, the mean of enamel microhardness and mineral content percentage 

in the gingival direction increased much more than occlusal direction, because demineralized 

enamel has a greater capacity to absorb fluoride.
18

 Table 3, 4 showed that before rinsing, the mean 

of enamel microhardness and mineral content percentage of demineralized enamel in the gingival 

direction to the bracket had a value less than that in the occlusal direction for both groups. After 

rinsing the enamel microhardness and mineral content percentage in the gingival direction to the 

bracket, which demineralized more than in the occlusal direction, increased more than in the 

occlusal direction to the bracket for both groups. 

 The enamel microhardness and mineral content percentage in the test group 

increased much more than in the control group for both occlusal and gingival directions to the 

brackets. This could be explained by the fluoride diffusion rate in chemical reactions and the 

increase in calcium fluoride production. It had been shown in the diffusion measurements of 

Lodding et al that the acidity of the environment has a profound influence on the uptake and the 

rate of penetration of fluoride in enamel.
47

 The coefficient of diffusion from the aqueous solution 

of sodium fluoride at pH 5 was three times above that at pH 7. The effect is thought to arise partly 

from chemical transformation of the apatite, partly from the occurrence of the hydrogen fluoride 

molecule as a mobile species. For calcium fluoride production, Ten cate showed that in the low 

pH situation there is more calcium fluoride production and this supersaturated calcium fluoride 

inhibited demineralization of enamel when added to an acid solution (pH 4-5).
48

 Moreover, in 

vitro studies have shown that fluoride concentrations in 100 ppm at pH 5.0 are required for 

spontaneous precipitation of calcium fluoride.
49

 Gray and Francis
50

 suggested that acid dissolution 

may be inhibited by calcium fluoride forming a protective deposit on the enamel surface and 

acting as a diffusion barrier during acid attack.
51

 This calcium fluoride formed on the enamel 

surface may be a potent reservoir, slowly releasing fluoride ions available for use in 

remineralization or redeposition into areas of demineralization.
52

  

 This result was supported by the recent study by Tufekci et al that performed in-

vivo study to test the effectiveness of an essential oil mouthrinse in improving oral health in 

orthodontic patients. They concluded that essential oils mouthrinse with 100 ppm fluoride can 

reduce the amount of plaque index in patients undergoing orthodontic treatment.
 53

  

 The limitations of this study included the variety of dining habits of patients, 

individual oral physiology, etching before bonding procedure and fluoride measurement method. 
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In this in vivo study the variation of samples could represent the population. In this study we tried 

to control the factors that influenced the results of this study by using visible plaque index to 

evaluate the home care oral hygiene during the testing interval but the oral physiology was very 

hard to control the salivary flow rate or buffer capacity of the saliva and the salivary quality had 

to be equal in every sample. The next limitation was the etching procedure at the buccal surface 

of the teeth. We always carefully etched every tooth surface but because of etchant consistency 

itself, the etchant solution could move out from the desired area. This may have influenced the 

baseline surface microhardness before rinsing if the samples were poor in salivary quality. The 

last limitation was the mineral measurement method. As aforementioned in this chapter, the direct 

measurement of mineral had a technical limitation. We used the surface microhardness 

measurement (demineralization-remineralization measurement) instead, because it is widely used 

and accepted in this method. The surface microhardness could represent the mineral gaining and 

the mineral losing of the enamel.  

 A further study could be a study of using direct fluoride measurement equipment 

to measure the amount and area that fluoride deposited on the enamel surface in fixed orthodontic 

patients to confirm our study.                               
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CHAPTER 3 

 

 RESULTS  

 

 There are 4 samples that had broken brackets during rinsing, 2 in the test group 

and the other in the control group. So there are 13 samples remaining in the test group (male = 4 

patients, female = 5 patients) and 13 samples in the control group (male = 3 patients, female = 5 

patients) as shown in Table 1. Compliance, assessed by returned checklists, appeared to be very 

good, every patient was rinsing under prescription. Ability of personal oral hygiene care was 

assessed with VPI and all of patients appeared to have acceptable score. Statistical significant 

difference was compared between the test and control groups as shown in Table 2. From 

independent-sample t-test, there was no statistical significant difference between the test and 

control groups at 95% confidence intervals (p = 0.682). 

 

Table 1 Descriptive information 

Group 
Number of patients Mean ages  

(years + SD) 
Pairs of teeth 

Male (%) Female (%) Total (%) 

Test 4 (44.4) 5 (55.6) 9 (100) 24.61 + 3.93 13 

Control 3 (37.5) 5 (62.5) 8 (100) 22.98 + 6.05 13 

Total 7 (41.2) 10 (58.8) 17 (100) 23.84 + 4.95 26 

 

Table 2 Visible plaque index (VPI score + SD)  

 Test group Control group p-value 

Mean VPI score 8.22 + 3.07 7.63 + 2.77 0.682 

  

 Enamel microhardness  

 The result of the microhardness profile at each position was described as U1, U2, 

U3 and L1, L2, L3. U1 s position was 100 µm from the bracket in the occlusal direction to the 

bracket. U2 s position was 200 µm from the U1 in the occlusal direction to the bracket. U3 s 
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position was 200 µm from the U2 in the occlusal direction to the bracket. L1 s position was 100 

µm from the bracket in the gingival direction to the bracket. L2 s position was 200 µm from the 

L1 in the gingival direction to the bracket. L3 s position was 200 µm from the L2 in the gingival 

direction to the bracket. Enamel microhardness profiles had a minimum value at the nearest 

position to the bracket both in the occlusal and gingival directions and increased in value with 

increasing distance from the bracket. (The data of enamel microhardness in all samples were 

described in appendices)  

 

Table 3 Means (SD) of enamel microhardness (kg/mm2)   

  *Significantly different from before rinsing, p < .05 

**Significantly different from before rinsing, p < .001 

  †Significantly different from the control group, p < .05  

 

 Table 3 showed means and standard deviations of enamel microhardness, before 

rinsing, after rinsing and different between them in both test and control groups. The data in the 

test and control groups had a normal distribution (p = 0.200). Before rinsing, the enamel 

microhardness was no statistical significant different between the test and control both occlusal 

and gingival directions to the bracket (p = 0.832). Besides, the enamel microhardness in the 

occlusal direction to the bracket in both the test and control groups was higher than gingival 

direction to the bracket before rinsing. After rinsing the enamel microhardness increased both in 

the occlusal and gingival directions to the bracket and the occlusal direction to the bracket were 

still higher than gingival direction to the bracket in both groups. The increasing of enamel 

microhardness in the test group was much more than in the control group. In both groups, the 

Direction 

to 

bracket 

Test group (n=13) Control  group (n=13) 

Before 

rinsing 

After 

rinsing 
Different 

Before 

rinsing 

After 

rinsing 
Different 

Occlusal 
228.94 

(27.05) 

271.04 ** 

(44.28) 

42.09 †    

(39.49) 

231.59 

(35.33) 

245.74 

(40.66) 

14.15   

(34.62) 

Gingival 
214.69 

(31.85) 

268.22 ** 

(34.86) 

53.52 †    

(31.48) 

215.78 

(33.89) 

244.31 * 

(37.87) 

28.53 

(31.83) 
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gingival direction to the bracket had higher microhardness increasing value than in the occlusal 

direction to the bracket. 

 Due to the fact that there were different of enamel microhardness between the 

occlusal and gingival directions to the bracket in the test and control groups, the enamel 

microhardness of the occlusal and gingival directions to the bracket were compared separately. 

Means of enamel microhardness at the occlusal and gingival directions to the bracket were 

compared statistically within each group by paired-samples t-test and between the test and control 

group by independent-samples t-test. The statistical comparisons between the test and control 

group at before and after rinsing and different between them of the enamel microhardness was 

shown in Table 3. In the test group, the enamel microhardness after rinsing at both the occlusal 

and gingival directions to the brackets had a statistical significant higher than before rinsing (p < 

0.001). In the control group, the enamel microhardness after rinsing only at the gingival direction 

to the brackets had a statistical significant higher than before rinsing (p < 0.05). Comparison of 

different values of the enamel microhardness demonstrated statistical significant higher in the test 

group than the control group both occlusal and gingival directions to the bracket (p < 0.05). 

 

 Volume percent mineral (mineral content percentage) 

 The enamel microhardness was transformed to volume percent mineral because 

they were easily represent the mineral loss or gain than enamel microhardness. Table 4 

demonstrated means and standard deviations of volume percent mineral, before rinsing, after 

rinsing and different between them in both test and control groups. (The data of volume percent 

mineral in all samples were described in appendices)  

 Table 4 demonstrated means and standard deviations of volume percent mineral, 

before rinsing, after rinsing and different between them in both test and control groups. The data 

in the test and control groups had a normal distribution (p = 0.200). Before rinsing, the volume 

percent mineral was no statistical significant different between the test and control both occlusal 

and gingival directions to the bracket (p = 0.978). Besides, the volume percent mineral in the 

occlusal direction to the bracket in both the test and control groups was higher than gingival 

direction to the bracket before rinsing. After rinsing the volume percent mineral increased both in 

the occlusal and gingival directions to the bracket and the occlusal direction to the bracket were 

still higher than gingival direction to the bracket in both groups. The increasing of volume percent 
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Table 4 Means (SD) of volume percent mineral (%)    

  *Significantly different from before rinsing, p < .05 

**Significantly different from before rinsing, p < .001 

  †Significantly different from the control group, p < .05 

 

mineral in the test group was much more than in the control group. In both groups, the gingival 

direction to the bracket had higher percent mineral increasing value than in the occlusal direction 

to the bracket.   

 Due to the fact that there were different of volume percent mineral between the 

occlusal and gingival directions to the bracket in the test and control groups, the volume percent 

mineral of the occlusal and gingival directions to the bracket were compared separately. Means of 

volume percent mineral at the occlusal and gingival directions to the bracket were compared 

statistically within each group by paired-samples t-test and between the test and control group by 

independent-samples t-test. The statistical comparisons between the test and control group at 

before and after rinsing and different between them of the volume percent mineral was shown in 

Table 4. In the test group, the volume percent mineral after rinsing at both the occlusal and 

gingival directions to the brackets had a statistical significant higher than before rinsing (p < 

0.001). In the control group, the volume percent mineral after rinsing only at the gingival 

direction to the brackets had a statistical significant higher than before rinsing (p < 0.05). 

Comparison of different values of the volume percent mineral demonstrated statistical significant 

higher in the test group than the control group both occlusal and gingival directions to the bracket 

(p < 0.05).  

Direction 

to 

bracket 

Test group (n=13) Control group (n=13) 

Before 

rinsing 

After 

rinsing 
Different 

Before 

rinsing 

After 

rinsing 
Different 

Occlusal 
76.37 

(4.31) 

82.63 ** 

(5.42) 

6.26 †    

(5.45) 

76.32 

(5.18) 

78.44 

(5.67) 

2.13   

(5.13) 

Gingival 
73.91 

(4.58) 

81.58 ** 

(4.56) 

7.67 †    

(4.45) 

74.23 

(5.13) 

78.27 * 

(5.27) 

4.04 

(4.5) 
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CHAPTER 4 

 

DISCUSSION 

 

 In this study we controlled several factors that influenced to the enamel 

remineralization in each and between every orthodontic patient. These several factors included of 

individual oral physiology, dental plaque around orthodontic bracket and orthodontic brackets 

position. The factor that is difficult to control is individual oral physiology, for example, buffer 

capacity, saliva flow rate etc. So we designed the study to control this factor by split-mouth 

technique to investigate the effect of each type of mouthrinse to remineralization on the enamel in 

each subject. However, comparison of remineralization between types of mouthrinse may be 

affected by this factor. However, all subjects received the same home care oral hygiene 

instruction in order to control the dental plaque accumulation around the orthodontic brackets 

between the groups, which influence to the enamel remineralization. Moreover, we evaluated the 

oral hygiene care of every patient before rinsing by Visible Plaque Index �VPI�. The VPI that 

represented the dental plaque accumulation showed that there was no different in dental plaque 

accumulation between the test and control groups. In case there was some different of dental 

plaque accumulation between the test and control groups before rinsing, VPI might have been the 

factor that influenced to the enamel remineralization and demineralization, the baseline value of 

enamel microhardness might be different and it could not be appropriately compared between the 

groups. As mentioned by Ogaard et al, their study showed that it had the correlation between the 

VPI and the remineralization- demineralization of enamel in fixed orthodontic patients.37 The 

higher score in VPI, the higher in enamel demineralization. According to the comparison of VPI 

between test and control groups, there was no statistically significant difference between the 

groups. Therefore, it can be assumed that all patients could equally control dental plaque 

accumulation around the orthodontic brackets and so the changes of enamel mineralization in this 

study were almost based entirely on the effect of mouthrinse types. All of the subjects that were 

instructed the details of this study and would like to participate, their teeth were carefully etched 

and bracketed to prevent the bonding materials excess off the brackets. The bonding procedure for 

testing demineralization and remineralization around orthodontic brackets was followed the 
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guideline described by O Reilly and Featherstone.38 They proposed that orthodontic brackets were 

bonded to the buccal surfaces at a K distance of 4 millimeter from the occlusal surface using a 

standard acid-etch adhesive system and following the manufacturer s instructions. Particular care 

was taken during the etching procedure to ensure that only the area where the bracket would be 

placed would be etched and sealed. This was done to avoid the influence of the etching procedure 

upon the enamel adjacent to the bracket.39 Because if there was an excess in etched and bonded 

material out of the orthodontic brackets, the enamel around orthodontic brackets would increased 

in demineralization. In this study we did not use the distance from the occlusal surface same to 

O Reilly and Featherstone s study because it was a different in individual occlusion at premolars 

area. In some patient, when the bite closed, the buccal cusp of the upper premolar teeth could 

contact to the bracket on the opponent premolar teeth, leading to broken brackets or teeth. 30 days 

later, the first side of teeth was randomly extracted and patients were randomly allocated into test 

and control groups. The other side of teeth was extracted 30 days later. Afterwards extracted teeth 

were stored in a 0.02% thymol solution at 4o C to preserve mineral properties of the dental 

enamel.34 This solution could preserve the organic and inorganic mineral component in the human 

teeth after they were removed from the mouth.    

 Fluoride measurement could be performed by direct and indirect techniques. At 

first we tried to use a direct technique by using the electron microanalysis-quantitative analysis 

technique �SEM-EDS, JSM-5800 LV, JEOL, EDS: Oxford ISIS 300, Japan� to measure the 

amount of mineral in the enamel surface.40 Because the sensitivity of our equipment was not 

enough to detect the small amount of fluoride on the enamel of extracted teeth, we changed the 

fluoride measurement method to measure the fluoride with fluoride electrode.33 Unfortunately, the 

area to be sectioned was too small to cut by the slow cutting machine �JeanWirtz CUTO I, Wirtz-

Buehler GmbH, Germany�, so we had to change the fluoride measurement to the indirect 

technique by measuring the demineralization-remineralization process, using a Knoop surface 

microhardness testing machine. This technique was widely used in many studied because of its 

simplicity and widely accepted to represent the mineral lost or gained.33, 38, 40 The samples were 

prepared for microhardness testing similarly to O Reilly and Featherstone method.38 They studied 

enamel microhardness of the bonded premolar teeth in different fluoride supplement types, by 

cutting them in half and performed the Knoop microhardness 500 µm away from the bracket both 

occlusal and gingival directions to the bracket and underneath the bracket at the different depths. 
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They showed that microhardness in the occlusal direction was higher than the gingival direction 

to the bracket and was higher when the measuring position was away from the bracket. So in this 

study, the enamel microhardness was tested at both occlusal and gingival directions to the 

brackets in 3 positions �100 µm, 300 µm and 500 µm� away from the brackets. In this study we 

did not measure the mineralization deeper than 50 µm from the anatomical enamel surface like 

they had done before, because the fluoride could only penetrate no deeper than 50 -100 µm into 

the enamel surface.41 We changed the enamel microhardness to a mineral content percentage. 

Mineral content percentage was first described by Featherstone et al35, they found the linear 

relationship between mineral content percentage determined by micro-radiography and the square 

root of the Knoop hardness number assessed by microhardness testing in the mineral range of 40 

 90 volume percent. They concluded that the enamel microhardness can represent the mineral 

gain or loss and when convert to mineral content percentage, it easier to indicate the mineral gain 

or loss in the enamel than microhardness value.35 

 Before rinsing, the enamel microhardness and mineral content percentage were 

not different between the test and control groups in both occlusal and gingival directions to the 

bracket. Therefore, we separately compared the enamel microhardness and mineral content 

percentage of the enamel at the occlusal and gingival directions to the bracket in both two groups.  

In the gingival direction, the mean of enamel microhardness and mineral content percentage was 

less than in the occlusal direction. Due to the gingival direction to the bracket being close to the 

marginal gingival, small amounts of food, debris and plaque can easily become struck these.12 

Moreover, it was difficult to clean by brushing alone or self-cleansing by salivary flow. So this 

area has higher chance to created enamel demineralization. Gorelick et al explained that the 

increase in initial demineralization was the result of higher plaque accumulation around the 

orthodontic brackets especially in the gingival direction to the orthodontic brackets.12 They 

suggested that the factors behind the plaque and debris retention that made the initial 

demineralization of the bonded teeth were the access to the flow of saliva, the distance, and the 

tooth surface area between the gingival and the bracket. They assumed that the initial 

demineralization would be lesser, if there was a higher in salivary flow rate, larger in the tooth 

surface area, and longer distance between the gingival and the bracket.   

 Now, it was widely accept that fluoride enhanced enamel mineral uptake during 

continuous remineralization and inhibited mineral loss during demineralization in 
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demineralization and remineralization experiments.41 In normal condition, enamel microhardness 

of human teeth was around 262  265 kg/mm2.42, 43 In this study, the enamel microhardness after 

bracketing was decreased below the normal. To measured microhardness of our sample in normal 

condition, we measured the enamel microhardness in the sample before rinsing at the site away 

from the bracket and the result showed that the enamel microhardness was 260 kg/mm2. This 

result demonstrated that brushing with non-fluoridated toothpaste was not enough to prevent the 

teeth from demineralization around the bracket in fixed orthodontic patients. The reasons for 

decreasing of the enamel microhardness were that the fixed orthodontic appliances changed the 

oral equilibrium and the difficult to clean the teeth at the occlusal and gingival directions to the 

orthodontic bracket.2, 12 The fixed orthodontic appliances shifted the oral equilibrium to the 

direction of the higher in oral bacteria and they also interfered the tooth-brushing at the occlusal 

and gingival directions to the bracket. These made the higher in plaque accumulation, enamel 

demineralization and the finally, decreased in enamel microhardness. After rinsing the value 

increased in both groups. We speculated that the increasing was the result of mineral uptake into 

the demineralized enamel. The mineral that uptake in demineralized enamel may re-

crystallization of hydroxyapatite, fluorapatite or hydroxyfluorapatite. The first process, the re-

crystallization of hydroxyapatite was the calcium and phosphate reformation into the enamel s 

pores.46 The latter two processes were the uptake of fluoride into the demineralized enamel. 

Comparison among these 3 types of apatite, the fluorapatite had the highest microhardness value 

followed by the hydroxyfluorapatite and the lowest was the hydroxyapatite and its derivatives. 

The fluorides may play the important role for remineralization of the demineralized enamel. In 

this study, the patients rinsed with sodium fluoride mouthrinse with 100 ppm of fluoride 

concentration.19 After rinsing in the control group, the enamel microhardness �245.74+40.66 

kg/mm2 at the occlusal direction to the bracket and 244.31+37.87 kg/mm2 at the gingival direction 

to the bracket� still lower than the those of normal enamel condition, this revealed that the 

remineralization process may not be complete or the type of apatite may be hydroxyapatite which 

has lower hardness. In the test group, the enamel microhardness �271.04+44.28 kg/mm2 at the 

occlusal direction to the bracket and 268.22+34.86 kg/mm2 at the gingival direction to the 

bracket� increased much more than the enamel microhardness in the normal condition. So the 

apatite could be either the fluorapatite or the hydroxyfluorapatite that have high hardness due to 

the composition of fluoride in the apatite.  
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 After rinsing, the mean of enamel microhardness and mineral content percentage 

in the gingival direction increased much more than occlusal direction, because demineralized 

enamel has a greater capacity to absorb fluoride.18 Table 3, 4 showed that before rinsing, the mean 

of enamel microhardness and mineral content percentage of demineralized enamel in the gingival 

direction to the bracket had a value less than that in the occlusal direction for both groups. After 

rinsing the enamel microhardness and mineral content percentage in the gingival direction to the 

bracket, which demineralized more than in the occlusal direction, increased more than in the 

occlusal direction to the bracket for both groups. 

 The enamel microhardness and mineral content percentage in the test group 

increased much more than in the control group for both occlusal and gingival directions to the 

brackets. This could be explained by the fluoride diffusion rate in chemical reactions and the 

increase in calcium fluoride production. It had been shown in the diffusion measurements of 

Lodding et al that the acidity of the environment has a profound influence on the uptake and the 

rate of penetration of fluoride in enamel.47 The coefficient of diffusion from the aqueous solution 

of sodium fluoride at pH 5 was three times above that at pH 7. The effect is thought to arise partly 

from chemical transformation of the apatite, partly from the occurrence of the hydrogen fluoride 

molecule as a mobile species. For calcium fluoride production, Ten cate showed that in the low 

pH situation there is more calcium fluoride production and this supersaturated calcium fluoride 

inhibited demineralization of enamel when added to an acid solution �pH 4-5�.48 Moreover, in 

vitro studies have shown that fluoride concentrations in 100 ppm at pH 5.0 are required for 

spontaneous precipitation of calcium fluoride.49 Gray and Francis50 suggested that acid dissolution 

may be inhibited by calcium fluoride forming a protective deposit on the enamel surface and 

acting as a diffusion barrier during acid attack.51 This calcium fluoride formed on the enamel 

surface may be a potent reservoir, slowly releasing fluoride ions available for use in 

remineralization or redeposition into areas of demineralization.52  

 This result was supported by the recent study by Tufekci et al that performed in-

vivo study to test the effectiveness of an essential oil mouthrinse in improving oral health in 

orthodontic patients. They concluded that essential oils mouthrinse with 100 ppm fluoride can 

reduce the amount of plaque index in patients undergoing orthodontic treatment. 53  

 The limitations of this study included the variety of dining habits of patients, 

individual oral physiology, etching before bonding procedure and fluoride measurement method. 
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In this in vivo study the variation of samples could represent the population. In this study we tried 

to control the factors that influenced the results of this study by using visible plaque index to 

evaluate the home care oral hygiene during the testing interval but the oral physiology was very 

hard to control the salivary flow rate or buffer capacity of the saliva and the salivary quality had 

to be equal in every sample. The next limitation was the etching procedure at the buccal surface 

of the teeth. We always carefully etched every tooth surface but because of etchant consistency 

itself, the etchant solution could move out from the desired area. This may have influenced the 

baseline surface microhardness before rinsing if the samples were poor in salivary quality. The 

last limitation was the mineral measurement method. As aforementioned in this chapter, the direct 

measurement of mineral had a technical limitation. We used the surface microhardness 

measurement �demineralization-remineralization measurement� instead, because it is widely used 

and accepted in this method. The surface microhardness could represent the mineral gaining and 

the mineral losing of the enamel.  

 A further study could be a study of using direct fluoride measurement equipment 

to measure the amount and area that fluoride deposited on the enamel surface in fixed orthodontic 

patients to confirm our study.                               
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CHAPTER 5 

 

CONCLUSIONS 

 

 The acidulated fluoride mouthrinse and neutral fluoride mouthrinse increased 

enamel microhardness and remineralization. The acidulated fluoride mouthrinse increased enamel 

microhardness and remineralization much more than neutral fluoride mouthrinse in fixed 

orthodontic patients.  
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Raw data 

 

Microhardness of the test group before rinsing at occlusal to the bracket 

 

Microhardness of the test group after rinsing at occlusal to the bracket 
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Microhardness of the test group before rinsing at gingival to the bracket 

 

Microhardness of the test group after rinsing at gingival to the bracket 
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Microhardness of the control group before rinsing at occlusal to the bracket 

 

Microhardness of the control group after rinsing at occlusal to the bracket 
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Microhardness of the control group before rinsing at gingival to the bracket 

 

Microhardness of the control group after rinsing at gingival to the bracket 
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Mineral content percentage of the test group before rinsing at occlusal to the bracket 

 

Mineral content percentage of the test group after rinsing at occlusal to the bracket 
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Mineral content percentage of the test group before rinsing at gingival to the bracket 

 

Mineral content percentage of the test group after rinsing at gingival to the bracket 
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Mineral content percentage of the control group before rinsing at occlusal to the bracket 

 

Mineral content percentage of the control group after rinsing at occlusal to the bracket 
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Mineral content percentage of the control group before rinsing at gingival to the bracket 

 

Mineral content percentage of the control group after rinsing at gingival to the bracket 
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Enamel microhardness of test and control groups in occlusal and gingival directions  

 

Mineral content percentage of test and control groups in occlusal and gingival directions  
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 Visible plaque index score (VPI)  

 Test group Control group 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 

VPI 

score 
12 7 12 5 7 8 7 4 12 8 8 11 12 7 5 6 4 
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