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Objective: To compare the effectiveness of a motionless ultrasonic toothbrush to manual 
toothbrush in reducing dental plaque, gingival inflammation and mutans streptococci in fixed 
orthodontic patients.  

Materials and methods:Twenty-five orthodontic patients were recruited to this crossover 
study.  The patients were randomized into 2 groups starting with a manual or motionless ultrasonic 
toothbrush for 30 days.  After a 30-day washout period, the patients switched to the other toothbrush 
type for 30 days.  Plaque index and gingival index were evaluated by a calibrated-blinded examiner 
before and after each 30-day period of brushing. At these times, saliva samples were also collected 
for the quantification of mutans streptococci.  

Results : On the bracket side, the motionless ultrasonic toothbrush showed significantly 
higher mean plaque index bracket (PIB) score after 30-day usage than baseline (P=0.049), while the 
manual toothbrush group showed no difference between before and after brushing period (P=0.10). 
The changes in PIB score were significantly more favorable in the manual toothbursh group than in 
the ultrasonic toothbrush group (P=0.04). In contrast, on the non-bracket side, the manual and 
motionless ultrasonic toothbrushes exhibited no significant difference. There was no significant 
difference in the changes of gingival index or the numbers of mutans streptococci between the 2 
toothbrush groups.  

Conclusion :  Manual toothbrushes performed better than the motionless ultrasonic 
toothbrush in plaque removal on the bracket side in orthodontic patients. However, no difference was 
observed in terms of gingival status and the numbers of mutans streptococci. 
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Chapter1 

Background 

 Dental plaque is the primary factor causing both dental caries and periodontal 

diseases that could lead to tooth loss.2 Therefore, removal of dental plaque by effective 

tooth brushing play an important role to prevent periodontal disease and dental caries.3, 4 

Orthodontic patients have greater difficulties to get rid of plaque retention due to their 

orthodontic bands, brackets and wires. Recent studies showed nearly 25 percent of the 

patients undergoing orthodontic treatment developed one or more decalcifications 

during the course of the treatment.5, 6 There was a change in pH, carbohydrate content 

and microbial populations of streptococci and lactobacilli in plaque sample of the 

patients after placement of orthodontic appliance.7 These detrimental changes could be 

the sources of oral pathology. Moreover, fixed orthodontic treatment can increase 

gingival inflammation, bleeding, gingival enlargement and probing depth.8 Because of 

the difficulties in plaque removal, powered toothbrush maybe a helpful alternative to 

manual toothbrush for orthodontic patients. 



 

 

4 

 The effectiveness of manual and powered toothbrushes had been compared in 

many studies.9-14 At present, there is conflicting evidence whether an electric or manual 

toothbrush is better, especially for orthodontic patients.12, 15, 16 Interestingly, Costa MR in 

200710 found that high frequency toothbrushes which were tested showed a significant 

decrease in plaque index when compared with manual toothbrushes in orthodontic and 

dental implant patients. This suggests that ultrasonic toothbrushes may be superior to 

manual toothbrushes.  

 Manufacturers have been improving powered toothbrushes for decades. The 

motionless ultrasonic toothbrush was recently launched in the market to overcome the 

increase in the rate of tooth wear and tissue damage caused by motor-driven 

toothbrushes.17-19 This novel motionless powered toothbrush uses an ultrasonic chip 

embedded in the toothbrush head providing 96-million air-oscillation per minute. The 

brushes transmit ultrasonic impulses with the specially-formulated Nano Bubble 

toothpaste onto the teeth and gum to remove dental plaque and stain without any 

movement of the bristles. Since the launch of the motionless toothbrushes, there has not 
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been any clinical study on their effectiveness to date. Thus, this study aimed to 

investigate the effectiveness of the novel motionless powered toothbrushes in plaque 

removal in fixed orthodontic patients. 

Review of literatures  

Plaque removal in orthodontic patients   

 Many studies have evaluated the effectiveness of most common brushing 

techniques. The scrub technique seems to be a popular method of brushing, but the 

patients are affected with gingival recession and/or tooth wear. The bass technique is 

one of the most frequently recommended in orthodontic patients due to its emphasis on 

the gingival third of the tooth surfaces as well as the gingival crevices. Orthodontic 

patients often have problems cleaning the tooth surfaces effectively around the 

brackets. It is easy to envision that flossing often becomes more difficult and time 

consuming when fixed orthodontic brackets are present, likely resulting in a less-than-

daily usage pattern.  Previous studies in orthodontic patients observed improved 

periodontal health with the use of electric toothbrushes. 20, 21   
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Powered toothbrushes 

For manual brushing, the correct angulation of brush head, bristle size and 

material, brush design, brush head diameter, and especially patients’ skills are 

important factors contributing to the effectiveness of manual tooth brushing. Because of 

the frequent failure to achieve the optimum of these parameters, powered toothbrushes 

have been developed since the 1960s. A variety of innovative powered toothbrushes 

have been studied on their effectiveness on bacterial plaque removal for many decades. 

22 In 2010, Deacon SA. and co-workers 23 published a systematic review of different 

types of powered toothbrushes for plaque control and gingival health. The result showed 

that brushes with a rotation oscillation action is significantly better on reducing plaque 

and gingivitis than those with a side-to-side action. However, the difference was small 

and its clinical importance was unclear. Moreover, because only a few trials on other 

types of powered brushes, evidence is still lacking to make a conclusion from the 

comparisons across several types of powered toothbrushes. Recently, The systematic 

review by Yaacob and co-workers16 in 2014 studied on 7 different modes of action in the 
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power toothbrushes which were (1) side to side action (2) counter oscillation (3) rotation 

oscillation (4) circular  (5) ultrasonic (6) ionic (7) unknown.  Among various types of 

powered toothbrushes, this systematic review16 demonstrated that rotation-oscillation, 

ionic, and ultrasonic brushes performed better than manual toothbrushes in plaque 

reduction, with the most evidence existed for the rotation-oscillation brushes.  However, 

not a large number of trials were performed in orthodontic patients; these studies also 

tested different types of powered toothbrushes, and observed conflicting results.10, 14, 24-27 

 The ultrasonic toothbrush provides ultrasonic waves that transmit through the 

tooth contacts and subgingival areas.  In vitro studies indicated that the dynamic fluid 

activity generated by sonic toothbrushes is capable of removing bacteria adhering to 

saliva-coated hydroxyapatite and removing or fragmenting fimbriae from the cell wall of 

Actinomyces viscosus. Ultrasonic brushes were also shown to be able to remove 

significantly greater in vitro Streptococcus mutans biofilm from the surface of 

hydroxyapatite discs even without bristle contacts, as compared to a rotation-oscillation 

toothbrush.28 Costa and others in 200710 demonstrated that plaque scores were lowered 
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on buccal surfaces of teeth with orthodontic brackets in the group using ultrasonic 

toothbrush.  In addition, Streptococcus mutans (S.mutans) counts were markedly 

decreased in the electric and ultrasonic groups, which should be related to a reduced 

risk of oral disease. On the other hand, the study in 201415 failed to show significant 

difference in plaque composition after the use of an ultrasonic toothbrush compared 

with a manual toothbrush in fixed orthodontic patients.  

 More recently, the motionless ultrasonic toothbrush (Emmi-dent®) was 

developed and introduced a new-way of motionless brushing without friction. Emmi-dent 

is an electric toothbrush with an integrated ultrasonic piezo chip in the brush head which 

can produce up to 96 million ultrasonic wave (air abrasion) per minute. The company 

claims that this toothbrush can destroy the bacteria and penetrate up to 12-mm. deep 

into the gums by generating ultrasonic waves and billions of microscopic nano-bubles 

(1,000 times smaller than the bacteria) which are created from toothpaste.  
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Nano bubble toothpaste 

It is known that ultrasonic wave requires a suitable transmission medium 

depending on the ultrasonic frequency and ultrasonic output. For the motionless 

ultrasonic toothbrush, a special type of toothpaste (Emmi-dent® nano bubble toothpaste) 

is used as a medium for dental micro-cleaning by forming millions of micro-bubbles that 

cannot be formed in conventional toothpastes. This special toothpaste contains a 

relatively high percentage of abrasive substances. However the relative dentin abrasivity 

(RDA) value of this toothpaste is nil, comparing with conventional toothpaste that RDA 

value lies at 70 – 130.29  

Oral microorganisms in orthodontic patients 

 Mutans streptococci were discovered to be a significant pathogen for human 

dental caries by Clarke30 in 1924. Currently, the level of mutans streptococci is 

considered one of the major factors used in dental caries risk assessment.31 Perinetti G 

and others in 200432 showed a statistically significant increase in suspected periodontal 

pathogens, for example spirochetes, motile rods and other gram-negative organisms on 
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orthodontically-treated teeth. Moreover, Rosenbloom R. G. in199133 found that the 

numbers of mutans streptococci were significantly elevated during orthodontic 

treatments. With regards to the mechanisms of high frequency movement toothbrush, 

Robrish and colleagues reported that S. mutans was 600 times more resistant to sonic 

energy than Fusobacterium nucleatum34. Likewise, Olsen have reported that Gram-

positive bacteria are less sensitive to acoustic energy than Gram-negative bacteria.35 

Recently, Costa and colleagues found that the counts of mutans streptococci observed 

with ultrasonic and electric brushes both decreased significantly after 1 month 

comparing to manual tooth brushing in patients with fixed orthodontic appliances that 

might be more difficult to clean with manual toothbrush.10 

A motionless ultrasonic toothbrush (Emmi-dent®) has been introduced with 

objectives to overcome tooth wear and tissue damage caused by manual and motor-

driven toothbrushes, and to reduce dental plaque in difficult-to-clean areas. However, 

no clinical evidence exists on its effectiveness, especially in orthodontics patients. 

Therefore, this study was conducted to compare the effectiveness on plaque removal, 
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reduction in gingival inflammation and numbers of mutans streptococci of the motionless 

ultrasonic toothbrushes in comparison to manual toothbrushes in patients with fixed 

orthodontic appliances. 

Research question  

  Is the motionless ultrasonic tooth brushing more effective on dental plaque 

removal, reduction of gingival inflammation and number of mutans streptococci than 

manual tooth brushing in fixed orthodontic patients?  

Research objective 

             To compare the effectiveness on plaque removal, reduction in gingival 

inflammation and numbers of mutans streptococci after using motionless ultrasonic 

toothbrush and manual toothbrush in patients with fixed orthodontic appliances.   

Hypothesis 

Null hypothesis: There was no difference in plaque index scores, gingival index scores 

and number of mutans streptococci after using motionless ultrasonic and manual 

toothbrush.  
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Alternative hypothesis: There was a difference in plaque index score gingival index 

score and number of mutans streptococci after using motionless ultrasonic and manual 

toothbrush. 

Conceptual framework 

 

Figure 1 The conceptual framework shows different devices, using to improve oral 
hygiene 

 
Keywords 

 Dental plaque removal, fixed orthodontic patients, gingival inflammation, 

powered toothbrush, motionless ultrasonic toothbrush, mutans streptococci  
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Chapter2 

Research design 

The experimental study was carried out as a randomized controlled trial, two 

examiner-blind, two-treatment crossover study.  

Research methodology 

              The participants who were eligible for the study was informed about the 

objectives and study procedures and gave consent prior to the start of the study. Filling 

(if needed), scaling and polishing were done for all participants who enrolled in this 

study. After that, baseline data was collected including microbiological evaluation, 

gingival index and plaque index.  The subjects were randomized into 2 groups.  

Group A: Manual/Ultrasonic 

 Group B: Ultrasonic/Manual 

 Group A obtained an instruction for the Bass technique using orthodontic 

toothbrush (Systema®) for 5 minutes from one dentist. Group B obtained an instruction 

for the motionless ultrasonic toothbrush (Emmi-dent®). Both groups were assigned to 
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use each technique for 30 days, during the experimental period the participants were 

not allowed to use other oral hygiene aids or mouth rinse.  The brushing period was 

followed by the washout interval of 30 days, during which they returned to their regular 

toothbrushes. After that, the participants were switched to the other device for 30 days. 

They were evaluated at the beginning and at the end of the 30 day-period of each 

intervention. All participants were regularly monitored if they used the toothbrush 

correctly by phone call once a week. 
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Diagram of study design 

Figure 2 Study design flow chart 

Ethical considerations 

The study protocol was approved by the ethics committee at Faculty of 

Dentistry, Chulalongkorn University (approval no.031/2015, study code: HREC-

DCU2015-001), and registered at the Thai Clinical Trials Registry (TCTR; 

TCTR20151123003). 
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Population and Sample 

Patients who were undergoing fixed orthodontic treatment in orthodontic 

department,  

Chulalongkorn University were contacted and asked to participate in this study.   

To be eligible for this study, participants had to be within the following criteria  

     Inclusion criteria 

1. Have been fully bonded with the fixed orthodontic appliances for more than 1 

month  

2. Without systemic diseases known to affect oral tissues. 

3. No periodontal therapy for past 3 months. 

4. Have not taken any antibiotics or antiseptic mouthwashes since last one month 

prior to study. 

5. Have at least 20 teeth 

Exclusion criteria 

1. Using chemical supplemental plaque control methods. 
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2. Have five or more carious teeth requiring immediate treatment. 

3. Smoke 

4. Have Parkinson’s disease 

5. Taking drugs that could affect state of gingival tissues including corticosteroids 

and nonsteroidal anti-inflammatory drugs. 

6. Taking psychiatric drugs.  

Sample size 
The sample size estimate was based on the primary hypothesis: There are no 

different in plaque index score and gingival index score between motionless ultrasonic 

toothbrush and manual toothbrush group in fixed orthodontic patients. The sample size 

was calculated with two-tail test (Fig3) using plaque reduction data of a previous study 

on ultrasonic toothbrush14 with an alpha of 0.05 and 0.8 power of test for a two-sided 

test. 



 

 

18 

                                      

Figure 3 Sample size formula 
Allocation Technique 

Block-of-4 randomization was used to allocate the 25 participants into two 

groups.  

Group A - used bass manual brushing for a period of 30 days, followed by an interval of 

30 days period of regular tooth brushing practice prior to the study. After that, they used 

motionless ultrasonic brushing for 30 days. 

Group B - used motionless ultrasonic brushing for 30 days, followed by an interval of 30 

days period of regular tooth brushing practice prior to the study. After that, they used 

Bass manual brushing for 30 days 

There were 6 possible ways to equally assign participants to a block.  
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1 = AABB, 2 = ABBA, 3 = BABA, 4 = ABAB, 5 = BBAA and 6 = BAAB 

Table 1 Group allocation of 25 subjects 

Subject Group Subject Group Subject 

 

 

 

 

 

Group 

1 B 9 A 17 B 

2 A 10 A 18 A 

3 A 11 B 19 A 

4 B 12 B 20 B 

5 A 13 B 21 B 

6 B 14 B 22 B 

7 B 15 A 23 A 

8 A 16 A 24 A 

    25 B 

Figure 4 Table of computer-generated random numbers 
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 A list of random numbers was randomly selected from a table or random 

numbers (figure 3), and any numbers other than 1 to 6 were skipped. For example, if the 

underlined numbers in figure 2 were selected, the result list is 6 2 1 5 6 5 5. Random 

allocation in blocks (Subjects: 25 , Block size: 4, Group: 2(A,B) 

Intervention 

 Interventions of this study are bass manual technique and motionless ultrasonic 

toothbrush.                           

 

Examiner calibration 

 Two trained examiners were calibrated for the evaluation of plaque index 

bracket and gingival indices by examining both indices on 3 patients with fixed 

Table 2 The toothbrush types use in this study 

Toothbrush type Mode of action Product name 

Manual toothbrush Bass technique 
Orthodontic toothbrush; 

Systema OD (Japan) 
Motionless ultrasonic 

tooth brush 
Brush head vibrates at 96 million 

air oscillation per minute 
Emmi-Dent® (Germany) 
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Figure 5 Schematic diagram of the tooth surface areas used for 
plaque index bracket (PIB)  

orthodontic appliances. Kappa statistic was used to evaluate the intra-examiner and 

inter-examiner reliability. For the gingival index score: the Kappa of 0.854 and 0.788 

were obtained from both examiners and the Kappa of 0.774 was obtained from inter-

examination agreement. Similar to the plaque index bracket score: the Kappa of 0.888 

and 0.833 were obtained for both examiners and a Kappa of 0.886 was obtained from 

inter-examination agreement.  

Outcome measurement 

 - Plaque index bracket36  (PIB)   

 

Buccal side of each tooth was divided into 4 zones according to the position of 

the brackets: Mesial(M), Distal(D), Gingival(G) and Incisal(I) followed the Loe and 

Silness plaque index score.37 
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The plaque index bracket scores of one tooth from 6 sextants: upper right (first 

molar), upper center (central incisor), upper left (first molar), lower right (first molar), 

lower center (central incisor) and lower left (first molar), were recorded. In cases that the 

first molar was banded or missing, the second premolar was chosen to represent the 

sextant. On the non-bracket side, Silness and Loe plaque index was used.37 

 - Gingival Index (GI) 

  The gingival inflammatory condition of each tooth was evaluated by using the 

Loe and Silness Gingival Index.37 

 

 

Table 3 Plaque index score 

Score Criteria 
 0 No plaque. 
 1 island of plaque 
 2 continuous line lesser or equal to 1 mm. long 
 3 continuous line greater than 1 mm. long 
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Table 4 Gingival index score 

Score Criteria 
 0 Absence of inflammation. 
 1 Mild inflammation- slight change in color and little change in 
texture.  
 

2 Moderate inflammation- moderate glazing, redness , edema 
and hypertrophy, bleeding on pressure. 
 

3 Severe inflammation - marked redness and hypertrophy. 
Tendency to spontaneous bleeding ulceration. 
 

  

- Microbiological evaluation 

   Samples of 5 mL stimulated saliva was collected from the patients in the 

morning before brushing at the beginning and the end of each 30-day brushing period.  

The salivary samples were cultured on Mitis salivarius-bacitracin agar (MSB). The 

number of mutans streptococcal colonies were counted after incubation on agar 

medium for 48 hours under 5% Carbon Dioxide.   

Data collection and analysis 

Data was collected and analyzed using statistical software (SPSS 16.0, SPSS, 

Chicago, IL, USA). For difference in the plaque index scores, Wilcoxon Signed Rank test 

was used, whereas for the gingival index and number of mutans streptococci, paired t-
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tests was used to test the difference after using both toothbrushes. The 95% confidence 

intervals were calculated for the mean difference between before and after used manual 

and ultrasonic toothbrush in all indices. 

Expected benefit of this study 

 The result of a randomized controlled trial with a crossover design that 

investigated if the new motionless ultrasonic toothbrush would be beneficial for 

recommendations regarding dental plaque control and gingival condition of patients 

with fixed orthodontic appliances.  

Limitation 

The result of this study can be applied only in fixed orthodontic patients.  
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Chapter3 

RESULT 

 A total of 25 subjects (8 males and 17 females) with age ranged from 13 to 43 

years (mean 23.3±SD 6.5) were enrolled in this study.  All participants completed both 

legs of the study.  During the experiment one male (from group B) had an allergic 

reaction (mild burning sensation on his lower lip and chin with redness on his chin) to 

the nano bubble toothpaste after using the ultrasonic toothbrush after the first couple of 

days. After that, he changed to regular toothpaste with the motionless ultrasonic 

toothbrush instead the 30-day period was over. In addition, one male participant (group 

B) missed his first follow-up appointment and continued to use the motionless ultrasonic 

toothbrush for a total of 2 months. Nevertheless, we included their data in our analysis 

according to the intention-to-treat concept.38 

Plaque index score 

 The presence of visible plaque was examined before (pre) and after (post) each 

experimental period. The mean PI scores (pre_PI and post_PI) of both the bracket and 
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non-bracket sides were shown in Table 5.  The plaque index bracket scores after the 

period of ultrasonic toothbrush use were significantly higher than baseline (P=0.049), 

while there was no significant difference in the manual toothbrush group (P=0.104).  The 

changes in PIB scores (Post-Pre) were significantly better in the manual toothbrush 

group than the ultrasonic toothbrush group (P=0.042).  Furthermore, when various 

positions on the tooth were analyzed separately, a significant increase in the PIB scores 

after ultrasonic toothbrush use and a significant difference in the changes of PIB scores 

between the 2 toothbrush groups were observed for all sites (Table 6). In contrast, on 

the non-bracket side, both manual and ultrasonic toothbrush groups show no significant 

difference in plaque index scores between before and after intervention and no 

difference between groups (Table 5).  An example of visible plaque detection in a 

patient before and after periods of manual and motionless ultrasonic toothbrush use was 

shown in figure 5 
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Table 5 Mean(SD) Plaque Index Score (PI) of Bracket and Non-bracket Sides Before 
and After Each Brushing Period and Their Differences. 

Side Intervention N Pre_PIa Post_PIb 
P 

valuec 
Post-Pred 

P 

valuec 

Bracket 
Manual 25 1.47(0.55) 1.36(0.44) 0.10 -0.11(0.30) 

0.04* 
Ultrasonic 25 1.46(0.48) 1.58(0.61) 0.049* 0.12(0.33) 

Non-

bracket 

Manual 25 1.99(0.59) 2.03(0.54) 0.43 0.05(0.73) 
0.96 

Ultrasonic 25 1.99(0.49) 2.06(0.37) 0.77 0.07(0.42) 

aPre_PI= mean PI before each brushing period 
bPost_PI= mean PI after each brushing period 
cWilcoxon Signed Rank test 
dPost-Pre= mean difference between PI after and before each brushing period 
*Statistically significant difference (P<0.05) 
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Table 6 Mean(SD) Plaque Index Score (PI) of Various Positions on the Tooth Surface on 
the Bracket Side Before and After Each Brushing Period and Their Differences. 

 Site Intervention N Pre_PIa Post_PIb 
P 

valuec 

Post-

Pred 

P 

valuec 

Br
ac

ke
t 

Proximale 

Manual 25 2.28 (0.39) 2.18 (0.43) 0.196 -0.09 (0.40) 

0.002* 

Ultrasonic 25 2.19 (0.35) 2.53 (0.31) <0.001* 0.35 (0.35) 

Gingival 

Manual 25 2.06 (0.49) 1.94 (0.51) 0.090 -0.12 (0.5) 

0.006* 

Ultrasonic 25 1.94 (0.52) 2.27 (0.40) 0.004* 0.32 (0.49) 

Incisal 

Manual 25 1.00 (0.51) 0.76 (0.50) 0.181 -0.23 (0.57) 

0.009* 

Ultrasonic 25 0.91 (0.43) 1.25 (0.49) 0.005* 0.33 (0.50) 

aPre_PI= mean PI before each brushing period 
bPost_PI= mean PI after each brushing period 
cWilcoxon Signed Rank test 
dPost-Pre= mean difference between PI after and before each brushing period 
eProximal is the average of mesial and distal plaque index score 
*Statistically significant difference (P<0.05)  
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Figure 6 An example of visible plaque detection in a patient before and after periods of 
manual and motionless ultrasonic toothbrush use. 
 

Gingival index score 

No difference was seen in the comparisons of gingival index (GI) scores before 

and after each intervention or the changes in GI scores between the 2 toothbrush 

groups (Table 7). 
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Table 7 Mean (SD) Gingival Index Score (GI) of Bracket and Non-bracket Sides Before 
and After Each Brushing Period and Their Differences. 

Side Intervention N Pre_GIa Post_GIb P valuec Post-Pred P valuec 

Bracket 
Manual 25 1.04(0.16) 1.08(0.14) 0.228 0.04(0.19) 

0.24 
Ultrasonic 25 1.12(0.23) 1.09(0.16) 0.586 -0.02(0.26) 

Non- 

bracket 

Manual 25 1.08(0.18) 1.13(0.12) 0.116 0.05(0.18) 
0.24 

Ultrasonic 25 1.14(0.19) 1.12(0.13) 0.647 -0.02(0.24) 

aPre_GI= mean GI before each brushing period 
bPost_GI= mean GI after each brushing period 
cPaired t-tests 
dPost-Pre= mean difference between GI after and before each brushing period 
 

Microbiological evaluation 
 After 48 hours of incubation, there were 9 out of 25 subjects whose mutans 

streptococci colonies could not be counted at least once from four collection times. 

According to intention to treat concept38, a single imputation strategy was applied by 

using data from a previous or later timepoint of the patients in place of any missing 

datapoint. However, there was one patient whose saliva samples showed no mutans 

streptococci in all four collections, hence, the whole set of data was missing from our 

analysis. Thus, the results for log10 of CFU/mL of mutans streptococci before and after 
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using the manual and ultrasonic toothbrush were recorded from 24 subjects and the 

result showed no significant difference in number of mutans streptococci between 

before and after both intervention. (Table 8) 

 

Table 8 Numbers of Mutans Streptococci Before and After Each Brushing Period 

Intervention N 

Pre_MSa 
(x105 CFU/mL) 

Post_MSb 
(x105 CFU/mL) 

P-
valuec  Mean             

(95% 
confidence 

interval) 

Geometric 
Mean (95% 
confidence 

interval) 

Mean             
(95% 

confidence 
interval) 

Geometric 
Mean  (95% 
confidence 

interval) 
Manual 24 4.6                       

(1.5, 8.5) 
0.7 

(0.3, 1.6) 
2.2 

(1.0, 3.9) 
0.8 

(0.4, 1.5) 
0.590 

Ultrasonic 24 
2.8                  

(0.9, 5.1) 
0.3 

(0.1, 0.9) 
2.6 

(0.8, 5.3) 
0.4 

(0.1, 1.0) 
0.828 

P-valuec 
  

0.241  0.059 
 

 
aPre_MS = x105 CFU/mL of MS before each brushing period 
bPost_MS = x105 CFU/mL of MS after each brushing period 
cPaired t-test (using logCFU/mL data) 
logCFU/mL= Base 10 logarithmic of colony forming units per millilitre 
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Chapter4 

DISCUSSION 

 This randomized controlled study used a crossover design with a 30-day 

washout period to test the effectiveness of a recently launched motionless ultrasonic 

toothbrush in fixed orthodontic patients. In the crossover design, the effects of the two 

types of toothbrushes can be measured in the same persons. Thus, it offers many 

advantages, including decrease number of subjects and within-subject confounding 

factors (e.g. age, gender, and hand skills).  However, there are concerns regarding the 

use of crossover design. To minimize the carryover effect, we allowed for a 30-day 

washout period when the patients went back to using their normal toothbrushes.16, 23  

Furthermore, to reduce the period effect on the sequence of experimental interventions, 

we only recruited patients who had had fixed orthodontic appliances for more than 1 

month. This was to allow time for the patients to become familiar with brushing with 

brackets and wires on their teeth, so that the outcomes in patients with different 

experimental sequences would not be affected by the time-dependent acquisition of 



 

 

33 

brushing skills.  The randomized design was used to minimize the sequence effect. The 

interventions were performed at home to mimic normal conditions. Thus, to maximize 

compliance, participants received weekly monitoring phone calls. All participants were 

instructed to charge the battery of the powered toothbrush every night to prevent battery 

run out during the experiment. 

 Our results suggested that on the bracket side, the motionless ultrasonic 

toothbrush group had increased plaque accumulation compared to the manual 

toothbrush group (Table 5). The mean PIB scores of all sites (proximal, incisal, and 

gingival areas) were increased significantly after using the motionless ultrasonic 

toothbrush, whereas no significant difference was detected in the manual group (Table 

6).  Between-group comparisons also showed significant differences at all sites. This  

The manufacturer claims that the motionless ultrasonic toothbrush with an ultrasonic 

chip embedded in the toothbrush head could provide 96-million air oscillation/minute 

that could remove dental plaque without any bristle movement. However, according to 

our results, this may not be enough to reduce plaque accumulation in the difficult-to-
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clean areas, such as around orthodontic brackets, although the motionless ultrasonic 

toothbrush group performed similarly to the manual toothbrush on the non-bracket side. 

This result is supported by a previous study indicating that placing an ultrasonic 

toothbrush 3 mm from tooth surfaces was not effective for plaque removal in vivo13, even 

though it has been shown to be effective in vitro.28  

 Theoretically, the ultrasonic waves could remove adhered bacteria and may 

induce cell surface alterations that affect plaque attachment.39 While a number of 

studies showed that ultrasonic toothbrushes could reduce more dental plaque and/or 

mutans streptococci than manual brushes10, 40, 41, no significant difference was observed 

in other reports.42, 43 Costa and co-workers found no significant difference in the 

prevalence and level of several oral bacterial species after usage of ultrasonic 

toothbrushes.15 Although an earlier study reported a significant reduction in the number 

of mutans streptococci in the ultrasonic group10, the differences in the bacterial counts 

(CFU/mL) presented were minor for microbiological data. Since the high risk for caries is 

associated with greater than 105 CFU/mL of salivary mutans streptococci and low risk 
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with less than 104 CFU/mL31, large changes in mutans streptococci number (in the level 

of orders of magnitude) would be necessary to affect caries risk. When we analyzed the 

microbiological data categorically according to caries risk, our result showed no 

statically significant difference in caries risk before and after the use of both toothbrush 

types (Appendix A.5, Wilcoxon signed rank test; Manual group p value= 0.132, 

Ultrasonic group p value = 0.157).  Furthermore, none of the subjects changed from 

high risk to low risk for dental caries and vice versa. The change in the proportion of 

high caries risk patients following both interventions was not statically significant 

(Appendix A.6, McNemar test; Manual group p value= 0.344, Ultrasonic group p value 

= 0.508). Furthermore, because of the highly skewed nature of microbial count data, we 

performed logarithmic transformation of CFU/ml so that the data have normal distribution 

for statistical analysis.44 The data reported here by geometric means and 95% 

confidence intervals (Table 8) is more suitable to represent the distribution of the 

bacterial counts. 
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 In our study, we could not observe significant reduction in the PIB and PI scores 

before and after the brushing periods. This could be due to the Hawthorne effect that 

may have started from the time when the patients were given oral prophylaxis and oral 

care instruction 1 month prior to the experimental period.  This may also, at least partly, 

explain why we observed no difference in the gingival conditions. Furthermore, although 

the increase in visible plaque on the bracket side was observed in the motionless 

ultrasonic toothbrush group, the gingival index score showed no significant difference.  

Previous studies indicated that gingivitis usually develops after 15-21 days of complete 

withdrawal of oral hygiene care45 and a change of 0.2 plaque index unit predicts a 

statistically significant difference of 0.1 unit in the gingival index score.46 The level of 

increase in plaque accumulation in the ultrasonic group in our study may not be enough 

to significantly affect the gingival index scores. Another possible reason is that our 

participants were given oral hygiene instructions before the start of orthodontic 

treatments and again before the start of each study period.  A recent trial in orthodontic 

patients also suggested that a repeated oral hygiene motivation program leads to 
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successful plaque control regardless of the types of toothbrushes used.47 In addition, 

since our sample size was calculated based on the primary outcome (plaque index 

score), so there is a possibility that the sample size may not adequate to observe the 

difference in secondary outcomes (gingival index score and level of mutans 

streptococci).  

 Previous studies of powered toothbrushes in orthodontic patients yielded 

different results, so it is not yet conclusive if they would perform better than manual 

toothbrushes.48 The majority of studies tested the effectiveness of rotation-oscillation 

toothbrushes.24-27 Our study added to the evidence that the new motionless ultrasonic 

toothbrush was not as effective as manual toothbrushes in reducing dental plaque on 

the bracket side. Nevertheless, it showed a comparable result to manual toothbrushes 

on the non-bracket side. This result implies that the motionless ultrasonic toothbrush 

may be more suitable for non-orthodontic patients. It may be beneficial for patients 

lacking manual dexterity, but this issue needs further investigation.  
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CONCLUSION 

 In this study, manual toothbrushes performed better than motionless ultrasonic 

toothbrushes in dental plaque removal on the bracket side, but there was no difference 

between the 2 groups on the non-bracket side, in fixed orthodontic patients. No 

difference was observed with regards to gingival condition and number of mutans 

streptococci. 
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APPENDICE 
Appendix A 

A.1 The individual mean Gingival Index Score (GI) of Bracket and Non-bracket Sides 
Before and After Each Brushing Period. 

Patient No. 

Bracket non-Bracket 

Manual Ultrasonic Manual Ultrasonic 

Pre Post Pre Post Pre Post Pre Post 

A1 1.67 1.17 1.46 1.75 1.50 1.17 1.17 1.50 

A2 1.17 1.13 1.13 1.46 2.50 1.33 2.17 1.83 

A3 1.58 1.29 2.13 2.29 2.17 1.00 1.67 2.17 

A4 1.83 1.25 1.58 1.92 2.17 2.67 2.50 2.50 

A5 2.58 2.42 2.46 2.63 1.00 2.83 1.83 2.00 

A6 1.96 1.88 1.96 2.75 2.83 2.17 2.67 2.33 

A7 1.75 1.38 1.71 2.17 1.50 2.00 1.83 2.00 

A8 2.08 2.04 1.92 2.13 2.50 2.50 2.00 2.00 

A9 1.63 1.83 1.92 2.21 2.50 2.83 1.67 2.33 

A10 2.63 2.08 2.00 2.54 2.67 2.67 2.33 2.67 

A11 2.33 1.33 1.63 2.00 2.50 1.33 1.33 1.83 

A12 2.21 2.21 2.13 1.88 2.33 2.33 1.67 1.50 

B1 2.21 2.33 2.04 2.38 2.00 2.17 2.50 2.00 

B2 1.83 2.21 1.75 1.96 1.83 2.17 2.67 2.33 

B3 1.88 1.92 1.58 1.92 2.50 1.83 2.17 2.33 

B4 1.38 1.33 1.79 2.42 1.17 1.33 1.50 2.00 

B5 2.33 1.96 1.38 2.46 2.67 1.67 2.33 2.83 

B6 1.50 1.96 1.83 1.92 1.67 2.50 2.67 2.17 

B7 1.79 1.21 1.38 2.38 0.67 1.50 1.50 2.17 

B8 1.79 2.29 2.13 2.29 2.17 2.17 1.67 2.33 

B9 1.79 1.71 1.75 1.96 1.33 1.83 1.17 1.33 

B10 2.04 2.08 1.71 2.13 2.33 2.00 2.33 2.00 

B11 2.21 1.83 1.88 2.04 1.50 2.33 1.50 1.67 

B12 1.92 1.75 2.33 2.33 2.33 2.83 2.67 2.33 

B13 1.71 1.71 1.79 1.88 1.33 1.83 2.33 1.50 
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A.2 The individual mean Plaque Index Score (PI) of Various Positions on the Tooth 
Surface on the Bracket Side Before and After Each Brushing Period. 

Patie
nt 

No. 

Proximal Incisal Gingival 

Manual Ultrasonic Manual Ultrasonic Manual Ultrasonic 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

A1 2.00 1.58 1.67 2.00 1.50 0.33 1.33 1.67 1.17 1.17 1.17 1.33 

A2 1.25 1.83 1.33 1.83 1.00 0.17 0.67 0.83 1.17 0.67 1.17 1.33 

A3 1.92 1.58 2.25 2.42 0.33 0.17 1.33 1.67 2.17 1.83 2.67 2.67 

A4 2.08 1.75 2.25 2.33 1.17 0.00 0.00 0.83 2.00 1.50 1.83 2.17 

A5 3.00 2.58 2.75 2.83 1.83 2.17 1.67 2.17 2.50 2.33 2.67 2.67 

A6 2.17 2.33 2.17 2.92 1.00 0.67 0.67 2.17 2.50 2.17 2.83 3.00 

A7 1.83 1.42 2.17 2.58 0.67 0.50 0.50 0.83 2.67 2.17 2.00 2.67 

A8 2.58 2.50 2.42 2.42 0.83 1.00 0.33 1.00 2.33 2.17 2.50 2.67 

A9 2.17 2.58 2.42 2.75 0.67 0.83 1.33 1.33 1.50 1.33 1.50 2.00 

A10 2.75 2.58 2.25 2.75 2.50 1.00 1.17 2.17 2.50 2.17 2.33 2.50 

A11 2.75 2.00 1.92 2.25 1.50 0.00 1.00 1.33 2.33 1.33 1.67 2.17 

A12 2.50 2.50 2.75 2.25 1.33 1.33 0.83 1.17 2.50 2.50 2.17 1.83 

B1 2.67 2.50 2.17 2.92 1.17 1.50 1.50 1.67 2.33 2.83 2.33 2.00 

B2 2.58 2.42 2.17 2.33 0.83 1.17 1.17 1.00 1.33 2.83 1.50 2.17 

B3 2.17 2.17 1.75 2.42 1.00 1.00 1.00 0.50 2.17 2.33 1.83 2.33 

B4 2.17 1.75 2.33 2.83 0.17 0.50 1.00 1.50 1.00 1.33 1.50 2.50 

B5 2.58 2.42 2.17 3.00 1.50 1.00 0.33 1.33 2.67 2.00 0.83 2.50 

B6 1.83 2.58 2.42 2.17 0.50 0.67 0.50 1.17 1.83 2.00 2.00 2.17 

B7 2.25 1.58 1.75 2.67 0.33 0.17 0.67 1.67 2.33 1.50 1.33 2.50 

B8 2.33 3.00 2.83 2.83 0.67 1.00 1.00 1.17 1.83 2.17 1.83 2.33 

B9 2.08 2.00 2.00 2.75 0.83 0.83 0.83 0.33 2.17 2.00 2.17 2.00 

B10 2.50 2.83 2.08 2.67 1.33 1.00 0.67 0.83 1.83 1.67 2.00 2.33 

B11 2.83 2.42 2.08 2.67 0.67 0.50 0.83 1.00 2.50 2.00 2.50 1.83 

B12 2.33 1.83 2.67 2.67 1.00 1.17 1.83 1.33 2.00 2.17 2.17 2.67 

B13 1.83 2.00 2.08 2.17 0.83 0.50 0.83 0.67 2.33 2.33 2.17 2.50 
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A.3 The individual Plaque Index Score (PI) of Bracket and Non-bracket Sides Before and 
After Each Brushing Period. 

Patient No. Bracket non-Bracket 

Manual Ultrasonic Manual Ultrasonic 

Pre Post Pre Post Pre Post Pre Post 

A1 1.67 1.17 1.46 1.75 1.50 1.17 1.17 1.50 

A2 1.17 1.13 1.13 1.46 2.50 1.33 2.17 1.83 

A3 1.58 1.29 2.13 2.29 2.17 1.00 1.67 2.17 

A4 1.83 1.25 1.58 1.92 2.17 2.67 2.50 2.50 

A5 2.58 2.42 2.46 2.63 1.00 2.83 1.83 2.00 

A6 1.96 1.88 1.96 2.75 2.83 2.17 2.67 2.33 

A7 1.75 1.38 1.71 2.17 1.50 2.00 1.83 2.00 

A8 2.08 2.04 1.92 2.13 2.50 2.50 2.00 2.00 

A9 1.63 1.83 1.92 2.21 2.50 2.83 1.67 2.33 

A10 2.63 2.08 2.00 2.54 2.67 2.67 2.33 2.67 

A11 2.33 1.33 1.63 2.00 2.50 1.33 1.33 1.83 

A12 2.21 2.21 2.13 1.88 2.33 2.33 1.67 1.50 

B1 2.21 2.33 2.04 2.38 2.00 2.17 2.50 2.00 

B2 1.83 2.21 1.75 1.96 1.83 2.17 2.67 2.33 

B3 1.88 1.92 1.58 1.92 2.50 1.83 2.17 2.33 

B4 1.38 1.33 1.79 2.42 1.17 1.33 1.50 2.00 

B5 2.33 1.96 1.38 2.46 2.67 1.67 2.33 2.83 

B6 1.50 1.96 1.83 1.92 1.67 2.50 2.67 2.17 

B7 1.79 1.21 1.38 2.38 0.67 1.50 1.50 2.17 

B8 1.79 2.29 2.13 2.29 2.17 2.17 1.67 2.33 

B9 1.79 1.71 1.75 1.96 1.33 1.83 1.17 1.33 

B10 2.04 2.08 1.71 2.13 2.33 2.00 2.33 2.00 

B11 2.21 1.83 1.88 2.04 1.50 2.33 1.50 1.67 

B12 1.92 1.75 2.33 2.33 2.33 2.83 2.67 2.33 

B13 1.71 1.71 1.79 1.88 1.33 1.83 2.33 1.50 
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A.4 The individual Numbers of Mutans Streptococci Before and After Each Brushing 
Period 
Patient No. CFU/ml Log 10 

Manual Ultrasonic Manual Ultrasonic 

Pre Post Pre Post Pre Post Pre Post 

A1* 0 74500 0 410 - 4.87 - 2.61 

A2 18000 32700 6050 9800 4.26 4.51 3.78 3.99 

A3* 98000 1880 250000 0 4.99 3.27 5.40 - 

A4 64000 55000 23250 5100 4.81 4.74 4.37 3.71 

A5 29000 288000 20550 102000 4.46 5.46 4.31 5.01 

A6 1680 20500 3440 740 3.23 4.31 3.54 2.87 

A7 1350 12400 15050 1162500 3.13 4.09 4.18 6.07 

A8* 88200 75850 11000 0 4.95 4.88 4.04 - 

A9 14450 167400 434000 120000 4.16 5.22 5.64 5.08 

A10 678000 83000 97800 33500 5.83 4.92 4.99 4.53 

A11 345500 147000 303000 159000 5.54 5.17 5.48 5.20 

A12 32500 43000 162000 36000 4.51 4.63 5.21 4.56 

B1 49500 256000 1565500 115500 4.69 5.41 6.19 5.06 

B2 110000 1344000 1240000 139000 5.04 6.13 6.09 5.14 

B3 2883000 70000 2015000 2573000 6.46 4.85 6.30 6.41 

B4* 0 102300 3450 3000 - 5.01 3.54 - 

B5 2604000 1503500 668000 1271000 6.42 6.18 5.82 6.10 

B6* 53500 135500 22950 0 4.73 5.13 4.36 - 

B7 460000 134500 66400 106000 5.66 5.13 4.82 5.03 

B8 40000 118000 2620 77500 4.60 5.07 3.42 4.89 

B9* 0 0 0 0 - - - - 

B10** 3224000 286000 18000 0 6.51 5.46 4.26 - 

B11 38000 406000 22400 190200 4.58 5.61 4.35 5.28 

B12*** 73500 0 1250 55000 4.87 - 3.10 4.74 

B13*** 2380 870 11300 0 3.38 2.94 4.05 - 

*After 48 hours of incubation, no mutans streptococci colony was found at least once from patient no. A1 A3, A8, B4, 
B6 and B9,  
**Unknown type of streptococci was found instead of mutans streptococci. 
 ***Streptococcus salivarious growth is so excessive that mutans streptococci could not be counted. 
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A.5 Mean (SD) of Dental Caries Risk Category Before and After Each Brushing Period 
 
 

Intervention N 

Before 

brushing 

period 

After  

brushing 

period 

P-valuea 

Manual 24 2.20(0.65) 2.08(0.77) 0.132 

Ultrasonic 24 2.41(0.65) 2.25(0.79) 0.157 

 

aWilcoxon Signed Rank test 

Value of each category were set as following 

1 = Low caries risk (mutans streptococci < 104 CFU/ml) 

2 = Moderate caries risk (mutans streptococci 104 - 105 CFU/ml) 

3 = High caries risk (mutans streptococci > 105 CFU/ml) 
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A.6 Numbers of High Caries Risk Patients Before and After Each Brushing Period 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Manual 

After  

brushing 

period 
Total Ultrasonic 

After  

brushing 

period 
Total 

High 

risk 

Not 

high 

risk 

High 

risk 

Not 

high 

risk 

Before 

brushing 

period 

High risk 5 7 12 High risk 5 6 11 

Not high 

risk 
3 9 12 

Not high 

risk 
3 10 13 

Total 
 

8 16 24  8 16 24 
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Appendix B 

เอกสารข้อมูลค าอธิบายส าหรับอาสาสมัครทีเ่ข้าร่วมในการวจัิย 
(Patient/Participant Information Sheet) 

1. โครงการเร่ือง ประสิทธิผลในการลดปริมาณแผน่คราบจุลินทรีย ์ และการอกัเสบของเหงือก ของ
แปรงสีฟันอลัตร้าโซนิกแบบไม่เคล่ือนไหว ในอาสาสมคัรจดัฟันดว้ยวธีิติดแน่น 
2.  ช่ือผูว้จิยัหลกั   ทญ .ทายกิา ศรุติชาติ 
สถาบนัท่ีสังกดั  หลกัสูตรทนัตกรรมบูรณะเพื่อความสวยงามและรากเทียม 
แหล่งทุนวจิยั    ก าลงัด าเนินการขอทุนจากจุฬาลงกรณ์มหาวทิยาลยั 
3.  วตัถุประสงคข์องโครงการ 

เพื่อเปรียบเทียบประสิทธิผลในการลดแผน่คราบจุลินทรีย ์ เหงือกอกัเสบ และจ านวนของเช้ือ 
มิวแทนส สเตร็ปโตคอคไค หลงัจากการแปรงสีฟันอลัตร้าโซนิคแบบไม่ขยบั กบัแปรงสีฟันธรรมดา 
ในอาสาสมคัรจดัฟันดว้ยเคร่ืองมือติดแน่นทั้งปาก 
4.  สถานท่ีด าเนินการวจิยั 
 คลินิกทนัตกรรมบูรณะเพื่อความสวยงามและทนัตกรรมรากเทียม คณะทนัตแพทยศาสตร์ 
จุฬาลงกรณ์มหาวทิยาลยั 
5.  วธีิการท่ีเก่ียวขอ้งกบัการวิจยั 

ผูว้จิยัจะเลือกอาสาสมคัรจากผูท่ี้อยูใ่รระหวา่งการรักษาโดยวธีิจดัฟันดว้ยเคร่ืองมือติดแน่น
ท่ีคลินิกทนัต กรรมจดัฟัน คณะทนัตแพทยศาสตร์จุฬาลงกรณ์มหาวทิยาลยั  จ  านวน 25คน 

อาสาสมคัรทั้ง 25 คนจะไดรั้บการตรวจฟันและขดูหินน ้าลายหาก อาสามคัรมีรอยโรคฟันผุ
ท่ีตอ้งไดรั้บการบูรณะ อาสาสมคัรจะตอ้งไดรั้บการบูรณะก่อนท าการวิจยั  14 วนั  โดยวนัแรกของ
การวจิยั อาสาสมคัรจะตอ้งไดรั้บการตรวจปริมาณเช้ือสเตร็ปโตคอคคสั มิวแทนส ในน ้ าลายจ านวน 
1 มิลลิลิตร เก็บขอ้มูล ดชันีเหงือกอกัเสบ และ ดชันีคราบจุลินทรีย(์คร้ังท่ี1) โดยอาสาสมคัรทั้ง 25 
รายจะถูกแบ่งออกเป็นสองกลุ่ม กลุ่มละ 12 คนและ 13คน ตามล าดบั ดว้ยวธีิการ แบบสุ่ม  ) kcol 
nortcznmodncr)  

โดยกลุ่มแรก จะไดรั้บแปรงสีฟัน และยาสีฟัน ยีห่อ้ คอลเกต และไดรั้บการสอนการแปรง
ฟันดว้ยวธีิ Bass technique ดว้ยแปรงสีฟันธรรมดา เป็นเวลา 10 นาที กลุ่มท่ีสองจะไดรั้บชุดแปรงสี
ฟันอลัตร้าโซนิคแบบไม่เคล่ือนไหว ยีห่้อ Emmi-dent และแนะน าการใชเ้ป็นเวลา 5 นาที โดยทั้ง
สองกลุ่มจะตอ้งเปล่ียนมาใชแ้ปรงสีฟัน ยาสี จากนั้นอาสาสมคัรจะไดรั้บการตรวจปริมาณเช้ือส
เตร็ปโตคอคคสั มิวแทนส ในน ้าลายจ านวน 1 มิลลิลิตร  ดชันีเหงือกอกัเสบ และ ดชันีคราบ
จุลินทรีย(์คร้ังท่ี2) 
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อาสาสมคัรจะตอ้งกลบัไปใชแ้ปรงสีฟัน ยาสีฟัน และ วธีิการแปรงฟันเดิมก่อนการเขา้ร่วม
วจิยัเป็นเวลา 14 วนั จากนั้นอาสาสมคัรกลุ่มแรกจะไดรั้บชุดแปรงอลัตร้าโซนิคแบบไม่เคล่ือนไหว
ยีห่อ้ Emmi-dent และแนะน าการใชเ้ป็นเวลา 5 นาที  ส่วนอาสาสมคัรกลุ่มท่ีสอง จะไดรั้บแปรงสี
ฟัน และยาสีฟัน ยีห่อ้ คอลเกต และการสอนการแปรงฟันดว้ยวธีิ Bass technique ดว้ยแปรงสีฟัน
ธรรมดา เป็นเวลา 10 นาที โดยจะมีการตรวจปริมาณเช้ือสเตร็ปโตคอคคสั มิวแทนส ในน ้าลาย
จ านวน 1 มิลลิลิตร ดชันีเหงือกอกัเสบ และ ดชันีคราบจุลินทรีย ์ (คร้ังท่ี3) จากนั้นอาสาสมคัรทั้ง
สองกลุ่มเปล่ียนมาใช ้ แปรงสีฟัน ยาสีฟัน และ เทคนิคในการแปรงฟันดงักล่าว เป็นเวลา 30 วนั 
จากนั้นอาสาสมคัรทั้งสองกลุ่มจะถูกตรวจปริมาณเช้ือสเตร็ปโตคอคคสั มิวแทนส ในน ้าลายจ านวน 
1 มิลลิลิตร  ดชันีเหงือกอกัเสบ และ ดชันีคราบจุลินทรีย ์(คร้ังท่ี4) เป็นอนัเสร็จส้ิน 
6. เหตุผลท่ีเชิญเขา้ร่วมเป็นอาสาสมคัรในโครงการ 

เน่ืองจากอาสาสมคัรเป็นมีคุณสมบติัผา่นเกณฑก์ารคดัเลือกเขา้ร่วมงานวจิยั 
7. ความรับผดิชอบของอาสาสมคัร และ ระยะเวลาท่ีอาสาสมคัรจะอยูใ่นโครงการ 

อาสาสมคัรจะตอ้งแปรงฟันดว้ยแปรงสีฟัน ยาสีฟัน และวธีิการแปรงฟันตามท่ีผูว้จิยั
มอบหมาย ตลอดระยะเวลาการทดลอง ซ่ึงจะใชเ้วลา ทั้งหมด 2 เดือน 14 วนั โดยอาสาสมคัรจะตอ้ง
เขา้รับการตรวจสุขภาพช่องปากก่อนการเขา้ร่วมการวจิยั และระหวา่งการวิจยัตอ้งมีเขา้ตรวจและ
เก็บขอ้มูล เป็นจ านวน 4 คร้ัง 
8. ประโยชน์ของการวิจยัท่ีอาสาสมคัรและ/หรือผูอ่ื้นท่ีอาจไดรั้บ 

ขอ้มูลการวจิยัจะเป็นขอ้มูลหน่ึงในการตดัสินใจเลือกแปรงสีฟันในกลุ่มอาสาสมคัรจดัฟัน
ติดแน่นซ่ึงมีความล าบากในการท าความสะอาดช่องปาก รวมถึงงานวจิยัจะเป็นประโยชน์ในการ
พฒันาเคร่ืองมืออุปกรณ์ในการดูแลรักษาสุขภาพช่องปากในอาสาสมคัรกลุ่มน้ีต่อไป 
9.ความเส่ียงหรือความไม่สะดวกท่ีอาจจะเกิดข้ึนแก่อาสาสมคัร และในบางกรณีแก่ทารกในครรภ ์
หรือทารกท่ีด่ืม 
นมมารดา 
แปรงสีฟันอลัตร้าโซนิคแบบไม่เคล่ือนไหว ไดรั้บการตรวจสอบคุณภาพ และไดรั้บการรับรองจาก 
องคก์ารอาหารและยาประเทศไทย) Food and Drug Administration) จึงมีความปลอดภยัในการใช้
งาน 
10.ค่าใชจ่้ายท่ีอาสาสมคัรจะตอ้งจ่ายหรืออาจจะตอ้งจ่าย 
 อาสาสมคัรเป็นผูอ้อกค่าใชจ่้ายในการเดินทางมาเขา้ร่วมวิจยั  ส่วนผูว้ิจยัจะเป็นผูอ้อกค่า
อุปกรณ์ และการส่งตรวจทางหอ้งปฏิบติัการทั้งหมด 
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11.การชดเชยใดๆ  และการรักษาท่ีจะจดัใหแ้ก่อาสาสมคัรในกรณีท่ีไดรั้บอนัตรายซ่ึงเก่ียวขอ้งกบั
การวจิยั 

หากอาสาสมคัรไดรั้บอนัตรายจากการวจิยั ทางผูว้จิยัจะด าเนินการใหท้่านไดรั้บการรักษา
โดยผูว้จิยั และผูส้นบัสนุนการวจิยัจะเป็นผูรั้บผดิชอบค่าใชจ่้ายของการรักษา 
12.การจ่ายค่าเดินทาง ค่าเสียเวลา แก่อาสาสมคัรท่ีเขา้ร่วมในการวจิยั 
 อาสาสมคัรจะไดรั้บค่าเสียเวลาเป็นชุดแปรงสีฟันอลัตร้าโซนิคแบบไม่เคล่ือนไหวมูลค่า  
6,990   บาทจ านวน 1 ชุด 
13.  เหตุการณ์ท่ีอาจจะเกิดข้ึน หรือเหตุผลซ่ึงผูว้จิยัจะตอ้งยกเลิกการเขา้ร่วมในโครงการวจิยัของ
อาสาสมคัร 
 อาสาสมคัรไม่มาท าการตรวจและเก็บขอ้มูลตามท่ีผูว้ิจยัก าหนด 
14.มีการเก็บช้ินตวัอยา่งท่ีไดม้าจากอาสาสมคัรเอาไวใ้ชใ้นโครงการวิจยัในอนาคตหรือไม่ เก็บ
จ านวนเท่าไหร่ อยา่งไร และท่ีไหน 
 ไม่มีการเก็บช้ินตวัอยา่งจากอาสาสมคัร แต่ขอ้มูลการตรวจน ้าลาย ดชันีเหงือกอกัเสบ และ 
ดชันีคราบจุลินทรีย ์จะถูกจดัเก็บไวท่ี้คลินิคทนัตกรรมบูรณะเพื่อความสวยงามและรากเทียม 
15. การก ากบัดูแลและควบคุมการด าเนินโครงการ 
 ผูก้  ากบัดูแลการวจิยั ผูต้รวจสอบ คณะกรรมการพิจารณาจริยธรรม และคณะกรรมการท่ี
เก่ียวขอ้งสามารถเขา้ไปตรวจสอบการด าเนินโครงการรวมทั้งตรวจสอบบนัทึกขอ้มูลของ
อาสาสมคัร เพื่อเป็นการยนืยนัถึงขั้นตอนในการวิจยัทางคลินิกและขอ้มูลอ่ืนๆ โดยไม่ล่วงละเมิด
เอกสิทธ์ิในการปิดบงัขอ้มูลของอาสาสมคัร ตามกรอบท่ีกฎหมายและกฎระเบียบไดอ้นุญาตไว ้
นอกจากน้ีโดยการลงนามให้ความยนิยอมอาสาสมคัรหรือ ผูแ้ทนตามกฎหมายจะมีสิทธิตรวจสอบ
และมีสิทธิท่ีจะไดรั้บขอ้มูลดว้ยเช่นกนั 
16.  จริยธรรมการวิจยั 
 ด าเนินการโครงการวจิยัน้ี ผูว้ิจยัค  านึงถึงหลกัจริยธรรมการวจิยั ดงัน้ี 
1.   หลกัความเคารพในบุคคล (Respect for person)โดยการใหข้อ้มูลจนอาสาสมคัรเขา้ใจเป็นอยา่งดี 
และตดัสินใจอยา่งอิสระในการใหค้วามยนิยอมเขา้ร่วมในการวจิยั รวมทั้งการเก็บรักษาความลบั
ของอาสาสมคัร 
2.  หลกัการใหป้ระโยชน์ไม่ก่อใหเ้กิดอนัตราย (Beneficence/Non-Maleficence) ซ่ึงไดร้ะบุในขอ้ 8 
และ 9วา่จะมีประโยชน์หรือความเส่ียงกบัอาสาสมคัรหรือไม่ 
3.   หลกัความยติุธรรม (Justice)คือมีเกณฑค์ดัเขา้และคดัออกชดัเจน มีการกระจายความเส่ียงและ 
ผลประโยชน์อยา่งเท่าเทียมกนั โดยวธีิสุ่มเขา้กลุ่มศึกษา 
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17.  ขอ้มูลท่ีอาจน าไปสู่การเปิดเผยตวัของอาสาสมคัรจะไดรั้บการปกปิด ยกเวน้วา่ไดรั้บค ายนิยอม
ไวโ้ดยกฎระเบีกและกฎหมายท่ีเก่ียวขอ้งเท่านั้น จึงจะเปิดเผยขอ้มูลแก่สาธารณชนไดใ้นกรณี
ท่ีผลการวจิยัไดรั้บการตีพิมพช่ื์อและทีอยูข่องอาสาสมคัรจะตอ้งไดรั้บการปกปิดอยูเ่สมอ และ
อาสาสมคัรหรือผูแ้ทนตามกฎหมายจะไดรั้บแจง้โดยทนัท่วงทีในกรณีท่ีมีขอ้มูลใหม่ซ่ึงอาจใช้
ประกอบการตดัสินใจของอาสาสมคัรวา่จะยงัคงเขา้ร่วมในโครงการวิจยัต่อไปไดห้รือไม่ 

18. หากท่านมีขอ้สงสัยตอ้งการสอบถามเก่ียวกบัสิทธิของท่านหรือผูว้จิยัไม่ปฏิบติัตามท่ีเขียนไวใ้น
เอกสารขอ้มูลค าอธิบายส าหรับผูเ้ขา้ร่วมในการวจิยั ท่านสามารถติดต่อหรือร้องเรียนไดท่ี้ ฝ่าย
วจิยั คณะทนัตแพทยศาสตร์จุฬาลงกรณ์มหาวทิยาลยั ตึกสมเด็จยา่ 93 ชั้น 10 หรือท่ีหมายเลข
โทรศพัท ์02-218-8816 ในเวลาท าการ 

19. หากท่านตอ้งการยกเลิกการเขา้ร่วมเป็นอาสาสมคัรในโครงการน้ี ใหท้่านกรอกและส่งเอกสาร 
ขอยกเลิกมาท่ี ทญ . ทายกิา ศรุติชาติ  339/123 วชิรธรรมสาธิต 19 ถนนสุขมุวทิ 101/1 แขวงบาง
จาก เขตพระโขนง กรุงเทพ 10260 

20. อาสาสมคัรสามารถติดต่อผูว้จิยัไดต้ลอด 24 ชัว่โมง ท่ี: 
ทญ.ทายกิา ศรุติชาติ  โทร 0883610307 
รศ.ทญ.ดร. อรนาฏ มาตงัคสมบติั ภาควชิาจุลชีววทิยา คณะทนัตแพทยศาสตร์ จุฬาฯ  

022188680 
 
   ........................................................................... 

        (น.ส .ทายกิา ศรุติชาติ) 
         ผูว้จิยัหลกั 
       วนัท่ี....... ............./...................../.........  
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Appendix C 
 

Assessment  form  

Name…………………………………………..…  examination date……………………….. 

☐ 1st examination      ☐ 2nd examination    ☐   3rd examination    ☐ 4th examination 

 

      Gingival index       

 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 

 

B 
                

B 

Pa 
                

Pa 

Li 
                

Li 

B 
                

B 

 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 

 

examiner………………………  



 

 

55 

 
- Plaque index bracket  (PIB)    

-  

 

 The plaque index score will be recorded for only the buccal side. Each tooth will be 
divided into four zones according to position of the brackets: Mesial, Distal, Gingival and 
Incisal.  

Score Criteria 

0 No plaque. 

1 island of plaque 

2 continuous line lesser or equal to 1 mm. long 

3 continuous line greater than 1 mm. long 

- Gingival Index (GI)  The gingival inflammatory condition of each tooth will be evaluated 

by using the Loe and Silness Gingival Index.  

Score Criteria 

0 Absence of inflammation. 

1 Mild inflammation- slight change in color and little change in texture.  

2 Moderate inflammation- moderate glazing, redness , edema and 
hypertrophy, bleeding on pressure. 

3 Severe inflammation - marked redness and hypertrophy. Tendency to 
spontaneous bleeding ulceration. 

I 

G 

M D 
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