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Introduction
About	 95%	 of	 tooth	 loss	 in	 humans	 are	
caused	 by	 dental	 caries	 and	 periodontal	
disease.[1]	 Several	 microorganisms	 have	
been	 implicated	 in	 the	 pathogenesis	
and	 perpetuation	 of	 these	 important	
oral	 diseases.[2‑4]	 Intraoral	 transmission	
(translocation)	 of	 microorganisms	 can	
occur,	 and	 therefore,	 infect	 sites	 that	 were	
previously	 treated	 by	 scaling	 and	 root	
planning.[1]	 Moreover,	 several	 studies	 have	
found	 that	 cariogenic	 and	 periodontopathic	
bacteria	 can	 be	 transmitted	 by	 means	
of	 dental	 instruments,	 dental	 floss,	
and	 toothbrush.[5‑7]	 The	 concept	 that	
toothbrushes	 are	 contaminated,	 after	 use,	
was	 proposed	 as	 early	 as	 1920	 by	 Cobb,	
who	 implicated	 that	 the	 contaminated	
toothbrush	as	a	cause	of	repeated	infections	
of	 the	 mouth.[8]	 Microorganisms	 can	 gain	
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Abstract
Background:	 Charcoal	 toothbrushes	 have	 been	 marketed	 widely	 claiming	 lesser	 bacterial	
contamination	 owing	 to	 the	 presence	 of	 activated	 charcoal.	Aim	 and	Objective:	 The	 aim	 of	 this	
study	 was	 to	 evaluate	 the	 bacterial	 contamination	 and	 antimicrobial	 efficacy	 of	 charcoal	 bristles	
compared	 to	 noncharcoal	 bristles	 in	 used	 toothbrushes.	 Materials and Methods:	 A	 total	 of	
50	 patients	met	 inclusion	 criteria	 which	were	 given	 standard	 brushing	 instructions	 on	 the	 use	 of	 a	
charcoal	toothbrush	and	were	asked	to	return	the	used	brushes	after	1	week	of	usage.	After	a	washout	
period	of	1‑week,	the	participants	were	then	provided	with	noncharcoal	toothbrush	and	given	similar	
brushing	 instructions	 to	 both	 groups	 and	were	 instructed	 to	 return	 the	 brush	 after	 another	week	 of	
usage.	Bristles	 of	 the	 used	 toothbrushes	were	 sectioned	 and	 placed	 in	 a	 5	ml	 of	 saline,	 and	 0.1	ml	
was	inoculated	on	blood	agar	plates,	which	were	then	placed	in	a	gas	pack	jar	for	anaerobic	culture.	
Colony	 forming	 units	 (CFU)	were	measured	 after	 48	 h	 of	 incubation.	To	 evaluate	 the	 antibacterial	
efficacy	 of	 charcoal	 bristles,	 the	 zone	 of	 inhibition	 was	 evaluated	 for	 charcoal	 versus	 noncharcoal	
after	 24	 h	 of	 incubation.	 Data	 collected	 were	 analyzed	 using	 a	 paired	 sample	 t‑test.	Results:	 The	
mean	CFU	count	for	noncharcoal	bristles	was	almost	double	 that	of	charcoal	bristles.	About	10	mm	
of	 the	 zone	of	 inhibition	was	 found	 around	 charcoal	 bristles	 as	 compared	 to	3	mm	 for	noncharcoal	
bristles.	 Conclusion:	 This	 study	 shows	 the	 statistically	 significant	 difference	 in	 bacterial	 counts	
between	 bristle	 types	 and	 lower	 CFUs	 in	 the	 charcoal	 bristles	 compared	with	 noncharcoal	 bristles,	
after	1	week	of	use.	The	zone	of	 inhibition	 that	was	 found	around	charcoal	 tooth	bristles	 supported	
the	antimicrobial	properties	of	the	charcoal	toothbrush.
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entry	 into	 a	 toothbrush	 from	 the	 oral	
cavity	 or	 from	 the	 external	 environment,	
such	 as	 contaminated	 fingers,	 aerosols	
from	 toilet	 flushing,	 and	 bacteria	 present	
in	 moist	 and	 humid	 conditions	 found	
in	 the	 bathroom.	 The	 toothbrush	 can	
harbor	 a	 variety	 of	 microorganisms	
including	 bacteria,	 fungi,	 and	 viruses,	
facilitating	 translocation	 and	 transmission	
of	 these	 organisms.[1]	 Previously,	 it	 was	
demonstrated	that	a	actinomycetemcomitans	
and	 herpes	 simplex	 virus	 Type	 I,	 survived	
at	 least	 for	 3	 days	 on	 toothbrushes,	 and	
Enterobacter	 cloacae	 could	 survive	 for	
16	days.[9]	A	more	recent	study	demonstrated	
that	 periodontopathic	 organisms	
and	 super‑infecting	 Enterobacteriaceae	
and	 Pseudomonadaceae	 species	 were	
cultured	 from	 toothbrushes	 in	 patients	with	
destructive	 periodontitis	 and	 by	 this	 way	
might	 facilitate	 bacterial	 transmission	 and	
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translocation.[10]	 In	 recent	 years,	 the	 issue	 of	 toothbrush	
disinfection	has	gained	importance.	Toothbrush	disinfection	
should	 be	 recommended	 as	 a	 routine	 practice	 to	 the	
patients.	 The	 use	 of	 chlorhexidine	 (CHX),[11]	 Listerine,	
and	 several	 dentifrices[12‑14]	 have	 shown	varying	degrees	 of	
efficacy,	none	are	widely	used	as	a	home‑based	application.	
A	 possible	 reason	 for	 the	 noncompliance	 with	 these	
methods	 is	 that	 they	are	 time‑consuming	and	may	result	 in	
unwanted	product	 residues.	Recently,	 few	studies	 indicated	
that	 the	use	of	microwave[15]	and	ultraviolet	 (UV)	 light[16,17]	
are	 the	 most	 effective	 household	 method	 to	 sanitize	 the	
toothbrushes	 after	 contamination.	 Furthermore,	 due	 to	 the	
ease	 of	 use,	 these	 techniques	 may	 increase	 compliance	 in	
toothbrush	 bacterial	 decontamination.	 However,	 the	 extent	
of	 bacterial	 decontamination	 using	 the	microwave	 and	UV	
light	has	not	been	determined	in	a	clinical	setting.

A	 new	 variant	 of	 toothbrushes,	 charcoal	 toothbrushes,	
has	 been	 introduced	 into	 the	 market;	 these	 toothbrushes	
are	 popular	 in	 South‑East	 Asian	 countries	 such	 as	
Malaysia,	 Singapore,	 and	 Indonesia.[18]	 Bristles	 of	
charcoal	 toothbrushes	 are	 black	 in	 color	 and	 are	 prepared	
by	 blending	 binchotan	 charcoal	 into	 nylon	 bristles.[18]	
Manufacturers	 of	 these	 toothbrushes	 claim	 that	 they	 have	
antimicrobial	 properties	 in	 them,	 resulting	 in	 less	 bacterial	
contamination.	 Activated	 carbon	 has	 proven	 to	 remove	
bacteria	 such	 as	 Pseudomonas	 aeruginosa	 and	Escherichia	
coli	 from	 fresh	 and	 potable	 water	 systems	 (Percival	 and	
Walker,	1999;	Quinlivan	et	al.,	2005).	Despite	electrostatic	
repulsion	 between	 negatively	 charged	 microorganisms	
and	 carbon	 surfaces,	 microorganisms	 attach	 to	 activated	
carbon	 particles	 through	 strong	 Lifshitz	 van	 der	 Waals	
forces	 (Jucker	 et	 al.,	 1996).	 Potable	 water	 systems	
are	 considered	 low	 in	 ionic	 strength,	 so	 electrostatic	
interactions	 can	 offer	 the	 possibility	 of	 enhancing	 the	
efficacy	 of	 activated	 carbon	 to	 remove	 microorganisms	
from	 water	 by	 positive	 charge	 modification	 of	 the	 carbon	
surfaces.

Since	 it	 has	 been	 suggested	 that	 charcoal	 may	 have	
bacterial	 resistant	 properties,	 toothbrushes	 have	 been	
created	 with	 charcoal	 infused	 into	 the	 bristles.	 To	 best	 of	
our	 knowledge,	 this	 is	 the	 first	 study	 in	 which	 anaerobic	
bacterial	 contamination	along	with	 antibacterial	 efficacy	of	
charcoal	bristles	was	evaluated.

Materials and Methods
The	 study	was	 conducted	 in	MGV’s	KBH	Dental	 College	
and	 Hospital,	 Nashik.	 Those	 ages	 were	 18–35	 years	 and	
with	 the	 tooth	 brushing	 frequency	 of	 two	 times	 daily	
were	eligible	 for	 inclusion	 in	 the	 study.	Patients	with	open	
carious	 lesions,	 poor	 plaque	 scores	 (plaque	 index	 scores	
of	 >2),[19]	 severe	 gingivitis	 (gingival	 index	 score	 >2),[19]	
throat	 infections,	 irregular	 brushing	 frequency,	 as	 well	 as	
those	 unwilling	 to	 use	 a	 charcoal	 toothbrush,	 those	 using	
mouthwash	 and/or	 antibacterial	 toothpastes,	 smokers,	 or	
those	 medically	 compromised	 were	 excluded	 from	 the	

study.	A	total	of	50	patients	were	randomly	chosen	[Table	1]	
for	 the	 study	 from	 the	 Department	 of	 Periodontology	 and	
Implantology.	 These	 50	 participants	 were	 manual	 brush	
users	 and	 were	 informed	 about	 the	 study	 and	 signed	 the	
consent	form	before	participation.

All	 participants	 were	 given	 standard	 instructions	 on	
tooth	 brushing	 and	 toothbrush	 storage.	 Standard	 brushing	
instructions	 included	 brushing	 twice	 daily	 (once	 each	
in	 the	 morning	 and	 night)	 for	 2	 min.	 Students	 were	
instructed	 to	 place	 the	 brush	 at	 a	 45°	 angle	 to	 the	 gums	
and	gently	move	 the	brush	back	and	 forth	 in	short	 strokes.	
Participants	 were	 instructed	 to	 brush	 the	 outer	 surfaces,	
the	 inner	 surfaces,	 and	 the	 chewing	 surfaces	 of	 all	 teeth.	
They	were	also	instructed	to	clean	the	inside	surface	of	the	
front	 teeth,	 tilting	 the	 brush	 vertically,	 and	making	 several	
up‑and‑down	 strokes.	 They	 were	 also	 advised	 not	 to	 use	
any	 type	 of	 mouthwash,	 to	 wash	 the	 toothbrush	 bristles	
under	running	water	without	using	their	fingers	to	clean	the	
bristles,	not	to	cover	the	toothbrush	bristles	with	a	cap,	and	
to	 place	 the	 toothbrush	 upright	 after	 use	 with	 the	 bristles	
on	top	at	least	2	feet	away	from	the	toilet.

Each	participant	was	 then	given	 a	 charcoal	 toothbrush	 and	
asked	 to	 return	 the	 toothbrush	 after	 1	 week	 of	 use.	After	
a	 washout	 period	 of	 1	 week,	 noncharcoal	 toothbrushes	
were	 given	 to	 the	 participants,	 and	 again,	 they	 were	
asked	 to	 use	 the	 brushes	 for	 1	 week	 and	 to	 return	 the	
noncharcoal	 toothbrushes	 after	 the	 week.	 Both	 the	
charcoal	 and	 noncharcoal	 brushes	 were	 similar	 in	 design	
with	 a	 compact	 head,	 soft	 bristles,	 and	 a	 bristle	 tip	 that	
was	 <0.01	 mm	 ([Figure	 1a	 and	 b];	 Colgate®	 Slim	 Soft	

Table 1: Consort 2010 flow diagram

CONSORT 2010 Flow Diagram

Analysis

Enrollment Assessed for eligibility
 (n=52  )

Excluded  (n=2)
Declined to participate (n= 2 )

Randomized (n= 50)

Noncharcoal toothbrush (n=50)
Same 50 patient were given noncharcoal

 toothbrush for 7 days after washout
 period of 1 week

Charcoal toothbrush (n=50)
Patient where given charcoal toothbrush

 for 7 days

Follow-Up

Allocation

Lost to follow-up (give reasons) (n= 0)Lost to follow-up (give reasons) (n=0)

Analysed  (n=50) Analysed  (n= 50)

♦
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Charcoal	Toothbrush).	The	 participants	 received	 individual	
sterile	 pouches	 into	 which	 to	 place	 each	 used	 toothbrush	
for	 return.	 On	 return	 of	 the	 toothbrushes,	 one‑third	 of	 the	
bristles	 were	 cut	 and	 collected	 on	 separate	 sterile	 Petri	
dishes	 [Figure	2].	Using	 sterile	 forceps,	 toothbrush	bristles	
were	 placed	 in	 separate	 test	 tubes	 containing	 a	 5	 mL	 of	
saline	swirled.	A	sterile	pipette	was	used	 to	extract	0.1	mL	
of	 saline,	 which	 was	 poured	 onto	 a	 blood	 agar	 plate.	
A	sterile	cotton	bud	was	used	 to	 smear	 the	 solution	on	 the	
agar	 plate	 [Figure	 3].	 These	 agar	 plates	 were	 then	 placed	
in	gas	pack	 jar	 for	 anaerobic	 culture	 [Figure	4a].	The	 agar	
plates	with	 gas	 pack	 jar	were	 then	 placed	 in	 the	 incubator	
for	 48	 h	 [Figure	 4b],	 after	 which	 the	 colony	 forming	
units	(CFU)	present	on	each	agar	plate	of	microbial	growth	
were	 noted	 [Figure	 5a	 and	 b].	 To	 evaluate	 antibacterial	
efficacy	 of	 charcoal	 bristles,	 the	 zone	 of	 inhibition	 was	
evaluated	 for	 charcoal	 versus	 noncharcoal	 after	 24	 h	 of	
incubation	[Figure	6A	and	B].

Results
A	 total	 of	 100	 toothbrushes	 –	 50	 charcoal	 and	 50	
noncharcoal	 –	 were	 collected	 from	 participants.	 Out	 of	
100	 agar	 plates	 (50	 charcoal	 and	 50	 noncharcoal),	 all	
plates	 (50	charcoal	and	50	noncharcoal)	were	seen	 to	have	
microbial	 colonies	 and	 included	 in	 the	 analysis.	 There	
were	 no	 growths	 seen	 in	 blood	 agar	 plates	 after	 24	 h	 of	
incubation;	 however,	 the	 colonies	 were	 then	 seen	 after	
48	 h	 of	 incubation.	 Higher	 counts	 of	 CFUs	 were	 seen	 on	
the	 agar	 plates	 from	 used	 noncharcoal	 brushes	 compared	
with	those	from	used	charcoal	brushes.	Table	2	presents	the	
results	 of	 the	 paired	 sample	 t‑test	 comparing	 the	 number	

of	 CFUs	 between	 the	 two	 types	 of	 bristles.	 The	 mean	
CFUs	for	noncharcoal	bristles	were	almost	double	(151.36)	
those	 of	 the	 charcoal	 bristles. P value	 was	 set	 at	 0.03;	
the	 value	 which	 was	 obtained	 was	 <0.001	 which	 is	
significant;	hence,	 there	was	 significant	difference	between	
the	 two	 products	 (The	 results	 for	 testing	 the	 antibacterial	
efficacy	 of	 charcoal	 toothbrush	 found	 the	 10	 mm	 of	 the	
zone	 of	 inhibition	 for	 charcoal	 tooth	 bristles	 compared	 to	
noncharcoal	toothbrush,	which	was	found	to	be	3	mm.

Discussion
In	this	study,	the	charcoal	and	noncharcoal	toothbrush	were	
compared	 for	 bacterial	 contamination	 after	 7	 days	 of	 use.	
Study	participants	were	 instructed	 to	keep	 the	 toothbrushes	
at	 least	 2	 feet	 away	 from	 the	 toilet,	 researchers	 from	 the	
University	 of	 Alabama	 found	 that	 brushes	 stored	 in	 the	
bathroom	 are	 very	 likely	 to	 have	 fecal	 matter	 lingering	
in	 the	 bristles.[20]	 Toilet	 flushing	 was	 shown	 to	 produce	
an	 aerosol	 spray	 of	 bacterium‑tainted	 water,	 which	 can	
contaminate	 the	 bristles.[20]	 Results	 revealed	 substantially	
lower	CFU	counts	 in	 agar	 plates	 for	 used	 charcoal	 bristles	
compared	with	used	noncharcoal	bristles,	and	the	difference	

Figure 2: Bristles were cut and collected on separate sterile Petri dishes

Figure 3: A sterile cotton swab was used to smear the solution on the 
agar plate

Figure 1: (a) Charcoal toothbrush. (b) noncharcoal toothbrush
ba

Figure 4: (a) Agar plates were then placed in gas pack jar for anaerobic 
culture. (b) Gas pack jar were then placed in the incubator for 48 h

ba

Table 2: The results of the paired sample t‑test 
comparing the number of colonies forming units between 

the two types of bristles
Used charcoal 
brushes (n=50)

Used noncharcoal 
brushes (n=50)

CFU	mean	(SD) 37.960 151.36
Standard	error	of	the	
mean	

1.948 2.648

Mean	difference	(SD) 115.40 115.40
Two‑tailed	probability P<0.001 P<0.001
CFU:	Colony	forming	units;	SD:	Standard	deviation
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was	statistically	significant.	This	result	can	be	supported	by	
the	fact	 that	10	mm	of	 the	zone	of	 inhibition	was	found	 in	
the	present	study	around	charcoal	bristles	which	support	the	
theory	of	antibacterial	efficacy	of	charcoal	tooth	bristles.

Charcoal	 in	 itself	 has	 the	 property	 of	 being	 absorbent,	
neutralizing	 toxins,	poisons,	and	noxious	gases.	Additions	
of	 antiplaque	 and	 antimicrobial	 substances	 to	 toothbrush	
bristles	 in	 attempts	 to	 reduce	 contamination	 of	 used	
toothbrushes	 are	 not	 a	 new	 phenomenon.	 Turner	 et	 al.	
conducted	 a	 study	 to	 determine	 the	 effectiveness	 of	
CHX‑coated	 toothbrush	 laments	 in	 reducing	 quantities	
of	 bacteria.	 The	 study	 concluded	 that	 there	 was	 no	
statistically	 significant	 difference	 in	 the	 quantity	 of	
bacteria	 surviving	 on	 CHX‑coated	 laments	 compared	
with	 the	 control	 group	 after	 30	 days	 of	 use.[21]	 The	
manufacturer	 of	 the	 CHX‑coated	 toothbrush,	 however,	
suggested	 that	 CHX‑coated	 laments	 were	 only	 effective	
for	 a	 30‑day	 period,	 after	 which	 time	 the	 toothbrush	
should	 be	 replaced.	 Al–Ahmad	 et	 al.[22]	 studied	 the	
antimicrobial	 effect	 of	 silver‑coated	 toothbrush	 heads	
in‑vitro.	 The	 organisms	 investigated	 were	 Streptococcus 
oralis,	 Streptococcus mutans,	 Streptococcus sanguis,	
Actinomyces viscosus,	 Lactobacillus casei,	 and	
Candida albicans.	 The	 study	 concluded	 that	 there	 was	
no	 significant	 reduction	 in	 the	 CFUs	 by	 silver‑coated	
toothbrushes	 for	 the	 above‑mentioned	 tested	 organisms.	
On	the	contrary,	the	CFU	counts	for	S. sanguis	(P	=	0.02)	
and	 C. albicans	 (P	 =	 0.01)	 were	 significantly	 higher	 on	
silver‑coated	toothbrushes	compared	with	the	controls.[22]

In	 2014,	Tomar	 et	 al.	 evaluated	 the	 sanitization	 potential	
of	 UV‑rays	 and	 0.2%	 (CHX)	 solution	 for	 disinfection	 of	
used	 toothbrushes.[23]	 Toothbrushes	 were	 collected	 after	
7	 days	 of	 use	 and	 placed	 into	 three	 groups:	 Group	 I	
brushes	 were	 soaked	 in	 0.2%	 CHX	 mouthwash.	 The	
results	 in	 this	 study	 are	 according	 to	 study	 conducted	 by	
Lee	 et al.	 in	 which	 they	 evaluated	 the	 aerobic	 bacterial	
contamination	 of	 charcoal	 toothbrush	 and	 they	 found	

that	 the	 microbial	 counts	 in	 noncharcoal	 toothbrush	 was	
double	than	that	of	charcoal	bristles.[24]

In	 this	 study,	 anaerobic	 microbial	 study	 was	 investigated	
since	 most	 of	 the	 causative	 periodontopathogenic	
are	 facultative	 anaerobes,	 and	 this	 study	 showed	 the	
significantly	 more	 counts	 in	 noncharcoal	 toothbrush.	 This	
is	 the	 first	 study	 in	 which	 the	 antibacterial	 efficacy	 along	
with	 the	 anaerobic	 microbial	 contamination	 for	 charcoal	
bristles	was	evaluated.

Conclusion
This	 study	 showed	 the	 number	 of	 CFUs	 in	 charcoal	
toothbrushes	 was	 substantially	 less	 when	 compared	 with	
noncharcoal	 toothbrushes	 after	 1	 week	 of	 usage.	 The	
zone	 of	 inhibition	 that	 was	 found	 around	 charcoal	 tooth	
bristles	 supported	 the	 antimicrobial	 properties	 of	 charcoal	
toothbrush.	 Thus,	 the	 charcoal‑infused	 tooth	 bristles	
can	 be	 considered	 a	 new	 product	 to	 prevent	 bacterial	
contamination.

Financial support and sponsorship

Nil.

Conflicts of interest

There	are	no	conflicts	of	interest.

References
1.	 Contreras	A,	Arce	R,	Boter	JE,	Jaramillo	A,	Betancourt	M.	Tooth	

brush	 contamination	 in	 family	 member.	 Rev	 Clin	 Periodoncia	
Implantol	Rehábil	Oral	2010;3:24‑6.

2.	 Asikainen	 S,	 Alaluusua	 S,	 Saxén	 L.	 Recovery	 of	
A. actinomycetemcomitans	 from	 teeth,	 tongue,	 and	 saliva.	
J	Periodontol	1991;62:203‑6.

3.	 Asikainen	 S,	 Chen	 C,	 Slots	 J.	 Likelihood	 of	 transmitting	
Actinobacillus actinomycetemcomitans	 and	 Porphyromonas 
gingivalis	in	families	with	periodontitis.	Oral	Microbiol	Immunol	
1996;11:387‑94.

4.	 Papaioannou	 W,	 Bollen	 CM,	 Quirynen	 M.	 One‑stage	

Figure 6: (A) Zone of inhibition of 10 mm found associated with charcoal 
bristles; (B) Zone of inhibition of 3 mm found associated with noncharcoal 
bristles

Figure 5: (a) Colony forming unit of charcoal bristles after 48 h of anaerobic 
incubation. (b) Colony forming unit of noncharcoal bristles after 48 h of 
anaerobic incubation

b

a

Contemporary Clinical Dentistry | Volume 9 | Issue 3 | July-September  2018 466



Thamke, et al.: Bacterial contamination and antibacterial efficacy in bristles of charcoal toothbrushes

full‑mouth	 disinfection	 to	 overcome	 intra‑oral	 transmission	 of	
periodontopathogens.	Anaerobe	1997;3:163‑8.

5.	 Glass	 RT,	 Lare	 MM.	 Toothbrush	 contamination:	 A	 potential	
health	risk?	Quintessence	Int	1986;17:39‑42.

6.	 Glass	 RT.	 The	 infected	 toothbrush,	 the	 infected	 denture,	 and	
transmission	 of	 disease:	 A	 review.	 Compendium	 1992;13:592,	
594,	596‑8.

7.	 Glass	 RT,	 Shapiro	 S.	 Oral	 in	 Àammatory	 disease	 and	 the	
toothbrush.	J	Ala	Dent	Assoc	1993;77:12‑6.

8.	 Cobb	CM.	Toothbrushes	as	a	cause	of	 repeated	 infections	of	 the	
mouth.	Boston	Med	Surg	J	1920;183:263‑4.

9.	 Gaviría	 P,	 Rosales	 H,	 Contreras	 A.	 Contaminación in vitro de	
cepillos	dentales.	Rev	Estomatol	2001;9:14‑20.

10.	 Contreras	 A,	 Astudillo	 M,	 Daza	 L,	 Gracia	 L,	 Gaviria	 P,	
Parra	B,	et al.	Contaminación	microbiana	de	los	cepillos	dentales	
en	 pacientes	 con	 enfermedad	 periodontal.	 Rev	 Estomatol	
2002;10:4‑14.

11.	 Sato	 S,	 Pedrazzi	 V,	 Guimarães	 Lara	 EH,	 Panzeri	 H,	
Ferreira	 de	Albuquerque	R	 Jr.	 Ito	 IY,	 et al.	Antimicrobial	 spray	
for	 toothbrush	 disinfection:	An in vivo evaluation.	Quintessence	
Int	2005;36:812‑6.

12.	 Nelson‑Filho	 P,	 Isper	 AR,	 Assed	 S,	 Faria	 G,	 Ito	 IY.	 Effect	 of	
triclosan	 dentifrice	 on	 toothbrush	 contamination.	 Pediatr	 Dent	
2004;26:11‑6.

13.	 Quirynen	M,	de	Soete	M,	Pauwels	M,	Goossens	K,	Teughels	W,	
van	 Eldere	 J,	 et al.	 Bacterial	 survival	 rate	 on	 tooth‑	 and	
interdental	 brushes	 in	 relation	 to	 the	 use	 of	 toothpaste.	 J	 Clin	
Periodontol	2001;28:1106‑14.

14.	 Warren	DP,	Goldschmidt	MC,	Thompson	MB,	Adler‑Storthz	K,	
Keene	 HJ.	 The	 effects	 of	 toothpastes	 on	 the	 residual	
microbial	 contamination	 of	 toothbrushes.	 J	 Am	 Dent	 Assoc	

2001;132:1241‑5.
15.	 Chibebe	 J	 Jr.,	 Pallos	 D.	 Evaluation	 of	 sterilization	 of	

toothbrushes	 in	 a	 microwave	 oven	 (in vitro	 study).	 Rev	 Bio	
Ciênc	2001;7:39‑42.

16.	 Glass	 RT,	 Jensen	 HG.	 The	 effectiveness	 of	 a	 u‑v	 toothbrush	
sanitizing	 device	 in	 reducing	 the	 number	 of	 bacteria,	 yeasts	 and	
viruses	on	toothbrushes.	J	Okla	Dent	Assoc	1994;84:24‑8.

17.	 Boylan	 R,	 Li	 Y,	 Simeonova	 L,	 Sherwin	 G,	 Kreismann	 J,	
Craig	 RG,	 et al.	 Reduction	 in	 bacterial	 contamination	 of	
toothbrushes	 using	 the	 Violight	 ultraviolet	 light	 activated	
toothbrush	sanitizer.	Am	J	Dent	2008;21:313‑7.

18.	 Ramachandra	 SS,	 Dicksit	 DD,	 Gundavarapu	 KC.	 Oral	 health:	
Charcoal	brushes.	Br	Dent	J	2014;217:3.

19.	 Löe	 H.	 The	 gingival	 index,	 the	 plaque	 index	 and	 the	 retention	
index	systems.	J	Periodontol	1967;38	Suppl:	610‑6.

20.	 Protection	 from	 toothbrush	 contamination	 in	 a	 snap	 second.	 Br	
Dent	J	2016;221:44.	

21.	 Turner	 LA,	 McCombs	 GB,	 Hynes	 WL,	 Tolle	 SL.	 A	 novel	
approach	 to	 controlling	bacterial	 contamination	on	 toothbrushes:	
Chlorhexidine	coating.	Int	J	Dent	Hyg	2009;7:241‑5.

22.	 Al‑Ahmad	 A,	 Wiedmann‑Al‑Ahmad	 M,	 Deimling	 D,	 Jaser	 C,	
Pelz	 K,	 Wittmer	 A,	 et al.	 An	 antimicrobial	 effect	 from	
silver‑coated	toothbrush	heads.	Am	J	Dent	2010;23:251‑4.

23.	 Tomar	 P,	Hongal	 S,	 Saxena	V,	 Jain	M,	Rana	K,	Ganavadiya	R,	
et al.	 Evaluating	 sanitization	 of	 toothbrushes	 using	 ultra	 violet	
rays	 and	 0.2%	 chlorhexidine	 solution:	 A	 comparative	 clinical	
study.	J	Basic	Clin	Pharm	2014;6:12‑8.

24.	 Lee	J,	Palaniappan	K,	Hwai	TT,	Kit	CW,	Dicksit	DD,	Kalyan	CG,	
et al.	 Comparision	 of	 bacterial	 contamination	 in	 bristles	 of	
charcoal	 toothbrushes	 versus	 non	 charcoal	 toothbrushea.	 Can	 J	
Dent	Hyg	2017;51:69‑74.

467 Contemporary Clinical Dentistry | Volume 9 | Issue 3 | July-September  2018


