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Background 
   The practice of oral hygiene for persons with 

special care requirements is very important but 
difficult to carry out. Mechanical tooth brushing is 
the most important and indispensable method in 
maintaining oral health. 
 
  For persons with poor oral hygiene, various 

chemical plaque controls have been attempted. 
However, using only a chemical approach without 
mechanical tooth brushing, it is not possible to 
maintain good oral hygiene.  



Background 
  Photocatalytic technology of titanium dioxide 

(TiO2) used as a semiconductor is widely applied in 
medical environments. 
   
  In dentistry, titanium dioxide is also used in 

toothbrush manufacture, and its efficacy is 
reported clinically.  
 Other medical uses include teeth whitening; 

denture bases; cleaning aids for dentures; and use 
within toothpaste (powdered TiO2) etc. 



Objectives  
   The aim of this study is to examine the plaque 

removal efficacy of a toothbrush equipped with a 
TiO2 rod and enhanced by the use of a solar cell.  
 
   Relating to special care needs patients who are 

not able to practice effective oral hygiene, a solar 
powered brush equipped with a TiO2 rod may 
possibly assist them in achieving better results in 
oral care. 
 
 
    



Materials and Methods 
Subjects 
    20 healthy periodontal subjects were recruited for 
this study. All subjects were dental technician 
students at the faculty of dentistry, Osaka university, 
Japan.  
   All subjects were informed of safety regulations 
and  participated in this clinical study of their own 
free will.  



Materials and Methods 
Toothbrush 
   The toothbrush model used in this study was 
“Soladey-3”, produced by Shiken co. Ltd., Japan.  
A test (production) toothbrush was provided,  
and a “dummy” toothbrush (without TiO2 and solar 
battery) was used as the placebo. 
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 1) When light strikes the solar panel,  
     electrons are generated. 
     These electrons move along the lead wire   
     from the negative pole toward the semiconductor.  
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Water (Saliva) 

2) When light strikes the wet semiconductor, 
   electrons are generated (photocatalytic action). 
   Together with the electrons generated 
   at the solar panel and the semiconductor,  
   these electrons move to the inside  
   of the mouth through saliva (wet source). 
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Water (Saliva) 

3) These double electrons remove the hydrogen ion  
    within dental plaque, allowing the dental plaque to    
    break down. 
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4)  As a result, dental plaque is easier to remove 
    and brushing is more effective, thus promoting   
    healthier teeth and gums.  
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Fig 1. Experimental protocol using cross-over design 
   This study used cross-over design for a 4 week test period  
                                                                               and a wash-out period 
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SO:TiO2 toothbrush (Soladey-3) 
PL: Placebo toothbrush 
●：Clinical examination 

20 subjects were divided into 2 groups by pre-clinical evaluation  
                                                                                        using plaque score 
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Materials and Methods 
Clinical examination 
6 teeth were examined: 

Clinical examinations consisted of 
1) Probing depth measured 6 sites 
2) Plaque index measured 6 sites 
3) Caries activity test using CAT21 test 
4) Electrical current measurement 
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Fig2. Comparison of plaque removal efficacy 
*p<0.01, t test 
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Fig3. Comparison of plaque index of maxillary  teeth 



Fig4. Comparison of plaque index of mandibular teeth 
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Fig5. Comparison of plaque index of surface 
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Fig6. Comparison of plaque index of  
                                               buccal and lingual surfaces 
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Fig7.   Comparison of plaque index by difference  
                                        in average electric current 
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Fig7.  Comparison of  pH value of caries activity test                
                                             after incubation of 48hr　　　 
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Discussion 
   In this study, a toothbrush with a titanium dioxide 
photocatalyzer and solar panel showed a good 
plaque removal ability (with a reduction of about 
40%). 
   The previous toothbrush – version with a titanium 
dioxide rod but without solar cells (Soladey-2) - 
showed a good plaque removal effect on buccal 
surfaces but on lingual surfaces did not show such 
favourable results. Lack of light (low lux level) was the 
reason why results were poor on lingual sites. 
   The new toothbrush with solar cells showed  good 
results for lingual plaque. 



Discussion 

   It is considered that this toothbrush will react 
favourably under low light conditions, and thus 
adequate illumination is not such an important issue. 
 
The differences in subject’s individual measured 
electrical current was not noted in this study (5 micro 
amperes was sufficient).  



Discussion 

   We feel that the lack of significant results in probing 
depth and ph value analyses may have been due to  

 
1)  insufficient timeframe to allow measurable changes 

in subjects, and, 
  
2) as the condition of the subjects already indicated 

healthy periodontal / gingival conditions, then no 
remarkable change would be observed. 



Summary 

   A toothbrush with a titanium dioxide 
photocatalyser and solar panel showed a good 
plaque removal ability. 
 
   Our wish is that this toothbrush may assist 
patients with special care needs in achieving 
better results in oral care. 


