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ABSTRACT 
Aim of the study: is to assess the influence of toothbrush wear on plaque index (PI) and gingival (GI) 
index. Materials and Methods: twenty dental students participated, before the beginning of the study, 
all the students received a prophylactic scaling and polishing by the operator, the PI and GI were re-
corded at the starting point T0, each student received an identical  toothbrush and toothpaste and were 
instructed to brush twice daily, after one month at T1, the students were randomly divided in to two 
groups, group no. 1 used the same brush provided at T1, while group no. 2 substituted the toothbrush at 
each monthly examination. Recalls were scheduled after one (T1), two (T2) and three months  (T3), the 
plaque and  (PI) gingival index (GI) of Loe and Sillness, in addition to Rawls et al index of wear for 
toothbrush were measured at each  monthly examination. Results: showed that from T0 to T3 that the 
PI and GI were increasing with statistically significant difference in between each group. In comparing 
between the two groups PI showed a significant difference at T2 and T3, and although mean values of 
GI in group not changing toothbrushes were slightly higher, significant difference was observed at T3 
only. The WI had a statistically significant difference as toothbrush bristles deteriorated, and there was 
a positive relationship between the PI and WI in the group of students that did not change their 
toothbrush because as the toothbrush bristles splayed and deteriorated, the plaque values increased. 
Conclusion: it can be therefore concluded from the results obtained in this study, that the capacity to 
remove dental plaque is much related to toothbrush wear. 
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INTRODUCTION 
The extent to which a toothbrush is 

worn out as evidenced by bristle wear is 
an important determinant of cleaning abil-
ity,(1,2) there have been many studies that 
investigated the effect of toothbrush wear 
on plaque removal,(3–8) one of the difficul-
ties encountered in literature may be at-
tributed to the difficulty in achieving a 
standard and objective method for evaluat-
ing toothbrush wear,(9) according to pa-
tients(4) and dental operators,(2,10) the splay-
ing, spreading and bending of toothbrush  
bristles are the main indicators of wear, 
and these are the signs of toothbrush re-
placement.  
     According to many studies, dentists 
suggests that the average replacement time 
of a toothbrush ranges from 1-3 months. 
(2,4,7,11)  

The aims of this study is to determine 

the effect of worn toothbrushes on plaque 
and gingival indices in a group of dental 
students and to see if worn toothbrushes 
had a reduced ability to remove plaque in 
comparison with new ones. 

 
MATERIALS AND METHODS 

Twenty college students in their final 
year were recruited for a 3 month duration 
clinical study, the inclusion criteria was: a- 
The students were healthy and did not con-
sume any medication that could impair 
their usual level of oral hygiene. b- Non of 
the participants was a smoker. c- Non of 
the participants was wearing an orthodon-
tic appliance. The design of the study is 
shown in Table (1), at T–1 Which was 2 
weeks prior to the beginning of the study, 
patient selection ( 10 males and 10 females 
with an age ranging between 22–24 years) 
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was performed, all the individuals had 
a prophylactic scaling and polishing by the 
operator and home care instructions were 

reinforced to obtain an adequate level of 
oral hygiene. 

  
Table (1): The Design of the Study 

T-1 T0 T1 T2 T3 

2 weeks be-
fore T0 pro-
fessional 
scaling and 
oral hygiene 
motivation.  

Toothbrushes 
are issued, 
start of ex-
periment, PI 
and GI are 
recorded.  

1 month later, random dis-
tribution of the subjects in to 
2 groups. 
Group 1 not changing 
toothbrush, brush was col-
lected and measured PI, GI 
recorded. 
Group 2 toothbrush collec-
tion measured and replaced 
with new one.   
 

2 months later, Group 1 
PI and GI recorded and 
measurement of 
toothbrush.  
Group 2 toothbrush col-
lection and measurement 
and replaced, PI and GI 
recorded. 

3 months 
later, col-
lection and 
measure-
ment of all 
toothbrushe
s, PI and 
GI re-
corded in 
all subjects 

 
At T0 the Plaque index of Löe and 

Sillness  1963(12) and Gingival index of 
Loe and Sillness 1964(13) were recorded on 
the four surfaces of the index teeth, if the 
index tooth was missing, readings from the 
adjacent distal tooth was recorded. Each of 
the 20 subjects received the same brand of 
a tooth brush that was commercially avail-
able in the market (Formula system manu-
factured by PT Ultra Prima Abadi, Jakarta, 
Indonesia) and tooth paste (Formula  
manufactured by PT Ultra Prima Abadi, 
Jakarta, Indonesia). The tooth brush is de-
signed with 4 rows of bristles with a total 
of 46 tufts, 44 mono filaments per tuft, 
before tooth brush was used ,each one was 
measured, by anchoring the head of the 
tooth brush in a vice illuminated by a con-
stant light (halogen 150W) and measured 
with a digital Caliper with an accuracy of 
measurement up to one hundredth  of a 
millimeter. According  to Rawls et al 
(1989),(14) 5 measurements of each tooth 
brush were recorded as shown in  Fig. (1) 
in each visit. 

The students were instructed to brush 
twice daily using only the tooth brush and 
toothpaste given using a modified Bass 
technique (Bass 1954)(15) and to refrain 
from using dental floss, mouth washes or 
any other plaque removal aids .At T1, the 
subjects were randomly divided into two 
groups, group number 1 (4 males, 6 fe-
males) were instructed to brush for the 

whole period of the study with a tooth-
brush initially provided at T1. 

 
BLL = Lateral length at base.  
FLL = Free Lateral Length. 

BFL = Frontal length at base. 
FFL = Free Frontal Length. 

BRL = Bristles Length. 
 

Figure (1): Toothbrush dimension meas-
urements. 

 
In contrast, group number 2 students 

(6 males, 4 females) were instructed to 
brush with the tooth brush received at T0 
for one month only, after that the 
toothbrush was substituted with a new one 
at each monthly examination. All subjects 
were clinically evaluated at one  month 
(T1), two months (T2) and three months 
(T3) intervals, after consignment of the 
toothbrush and the PI and GI were re-
corded, instructions about oral hygiene 
procedures were reinforced by each 
monthly examination. The toothbrushes 
that were not changed were measured by 
the operator at T1, T2 and T3 and index of 
wear (WI) was calculated according to the 

AL-Naimi RA

Al–Rafidain Dent J 
Vol. 9, No.1, 2009    



 

 53  

formula suggested by Rawls et al 
(1989)(14) : 

BRL
BFLFFLBLLFLLWI −+−

=  

The PI and GI values that were re-
corded at each clinical evaluation at T0, 
T1, T2 and T3. The results were analyzed 
to determine significant differences within 
the groups using repeated measure analy-
sis, between the two groups using unpaired 
T test, the results were significant when P 
≤ 0. 5%. A quadratic regression analysis 
was used to show the relationship between 
the wear  and plaque indices. 

 
RESULTS 

At base line T0, PI and GI values did 
not exhibit any statistically significant dif-
ference between the 2 groups, but it can be 
seen  in Table (2) and (3) that the mean 
values of the PI and GI began to increase  
with in the same groups so the PI in group 
not changed toothbrush increased from 

0.38 to 0.56 with  very highly significant 
difference P < 0.001, also the GI in the 
same group increased from 0.40 to 0.54 
with  highly significant difference. The PI 
in group of changing toothbrush changed 
from 0.39 to 0.47 with significant differ-
ences between first and last visits, while 
the GI changed from 0.38 to 0.46 with 
highly significant differences between first 
and last visit .In comparing between the PI 
and GI in group that did not change 
toothbrush and those that changed, there  
were no significant differences regarding 
PI in the first score taking, later on in sec-
ond and third month significant difference 
was seen  (P< 0.05), regarding GI, no sig-
nificant differences were seen between the 
2 groups in the first 2 scores, but in the 
final recording the GI in the group not 
changing toothbrush was higher 0.54 than 
the group with changed toothbrush 0.46 
with significant difference. 

           
Table (2): Comparison of Plaque Index between the Group of Changing Toothbrush and 

Group not Changing Toothbrush. 

Mean ± SD Time 
(month) Group of not changing 

toothbrush (n=10) 
Group of changing 
toothbrush (n=10) 

p-value 

0 0.38 ± 0.02 0.39 ± 0.02 0.228(NS) 

1 0.43 ± 0.03** 0.41 ± 0.03** 0.216 (NS) 

2 0.52 ± 0.05** 0.45 ± 0.03** 0.028 (S) 

3 0.56 ± 0.03*** 0.47 ± 0.03** 0.010 (S) 
NS = Not significant  
** significant difference from first and previous measurements at p<0.01, *** p<0.001 
 

Table (3): Comparison of Gingival Index between the Group of Changing Toothbrush and 
Group not Changing Toothbrush. 

Mean ± SD Time 
(month) Group of not changing 

toothbrush (n=10) 
Group of changing 
toothbrush (n=10) 

p-value 

0 0.40 ± 0.02 0.38 ± 0.02 0.201(NS) 

1 0.47 ± 0.05** 0.39 ± 0.03** 0.306 (NS) 

2 0.48 ± 0.06* 0.45 ± 0.04*** ••• 0.755 (NS) 

3 0.54 ± 0.05*** •• 0.46 ± 0.06*** 0.025 (S) 
NS = Not significant  
*** significant difference from first measurement at p<0.001, ** p<0.01, * p<0.05 
••• significant difference from previous measurement at p<0.001, •• p<0.01,  
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Regarding toothbrush wear, an increase in 
the WI values  was registered from T0 to 
T3 in group no. 1 that  did not change 
toothbrushes with very highly statistically 
significant difference (P ≤ 0.001) as shown 
in Table (4), the quadratic regression 

analysis Figure (3) showed a statistically 
significant relationship between WI and PI 
of individuals that did not change their 
toothbrush, various entanglement styles 
and splaying were observed in  Figure (2) 
in the toothbrush bristles. 

  
Table (4): Index of Wear in Group not Changing Toothbrush. 

 
Time (month) Mean ± SD 

0 0.017 ± 0.0082 

1 0.141 ± 0.0053*** 

2 0.389 ± 0.107*** ••• 

3 0.572 ± 0.074*** •• 

*** significant difference from first measurement at p<0.001,  
••• significant difference from previous measurement at p<0.001, •• p<0.01  

 

 
(A)     (B) 

 
Figure (2): Toothbrush Appearance after  (A) One Month, (B) Three Months. 

y = -0.4007x2 + 0.5529x + 0.3654
R2 = 0.8199
p<0.001
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Figure (3): Relationship between Wear Index and Plaque Index in Group not Changing 
Toothbrush. 
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Plaque induced gingivitis continues to 
be prevalent among children, adolescents 
and adults world wide and the importance 
of prevention, early diagnosis, and treat-
ment of gingivitis in adults to prevent pro-
gression into advanced periodontal disease 
is emphasized in the dental literature,(16) 
the role of  dental bacterial plaque has 
been established(17) and the best approach 
to manage periodontal disease is preven-
tion, followed by early detection and treat-
ment. Mechanical plaque removal with a 
manual toothbrush remains the primary 
method of maintaining good oral hygiene 
and the most affordable method for the 
majority of the population,(18) the results 
obtained from  this study suggests, with in 
limit of the present research, that the ca-
pacity to remove plaque is much related to 
toothbrush wear, a statistical analysis was 
used to compare the plaque, gingival and 
toothbrush wear indices in a group of den-
tal students who monthly substituted their 
toothbrush and those who did not, the 
analysis showed that in the 2 groups Ta-
bles (2) and (3), the PI and GI indices 
were relatively low in the beginning T1, 
this may be attributed to the reason that all 
the subjects participating in the study had 
received a prophylactic scaling two weeks 
prior to the study, then both indices in-
creased, PI showed increasing values be-
tween subject of each group as it increased 
from 0.38 to 0.56  in group not changing 
toothbrushes, and from 0.39 to 0.47 in 
group changing tooth brushes while GI 
increased in the first group from 0.40 to 
0.54 and in the second group from o.38 to 
0.46 with statistically significant differ-
ences with in each group through the dura-
tion of the study, the same thing can be 
observed in GI in this group. In comparing 
between the two groups, there was no sig-
nificant difference in PI at T0 and T1, but 
later on significant difference was ob-
served at T2 and T3 (P<0.05), as 
toothbrush wear increased more plaque 
was observed in individuals that did not 
change their brush, and although GI values 
were slightly higher in individuals that did 
not change their toothbrush, significant 
differences between the 2 group was only 
observed at T3, the result are in agreement 
with other studies(3,8,11) and in contrast to  
that of other studies,(5,6,19,20) the differences 

may be related to variables type of tooth-
brush,(18) abrasive materials present in the 
toothpaste,(21) this was the reason for stan-
dardizing the method of toothbrushing and 
type of toothpaste used by the subjects or 
the type of indices used to measure the 
plaque.(19, 20) 

The individuals that participated in 
this study were all dental students that 
were subjected to an accurate monthly ex-
amination  similar to the study by Daly et 
al(22), on the other hand Sfroza et al(6) pre-
ferred to recruit non dental students stating 
that students previous knowledge of prob-
lems of oral hygiene may presumably have 
influence on the results obtained. 
         It can be observed in Table (4) and 
Figure (2) that there was a highly statisti-
cally significant difference in the  tooth-
brush wear index as toothbrush bristles 
deteriorated, as it changed from 0.017 at 
T1 to 0.572 at T3. The wear index is the 
average increase in brush head dimensions 
normalized for maximum bristle length, 
and is dimensionless, wear rating is a sub-
jective means of classifying the increasing 
severity of deterioration on a graduated 
scale. There have been many studies that 
were conducted to determine the effi-
ciency of toothbrush on plaque removal 
using artificially worn toothbrushes,(11,22,23) 
however it can be assumed that the use of 
artificially  worn toothbrushes may not be 
considered an objective method to evalu-
ate the efficacy of plaque removal since it 
only approximates the characteristics of 
naturally worn toothbrushes, as a matter of 
fact, even if artificially obtained splaying 
and fraying closely resembles the charac-
teristics of naturally worn bristles, other 
factors may influence and modify intrinsic 
characteristics of the bristles such as the 
rubbing against the tooth surface, its inter-
action with food particles and bacterial 
plaque, abrasive characteristics of the 
tooth paste and natural aging of the bris-
tles. 
Figure (3) revealed that there was a statis-
tically significant relationship between the 
toothbrushes and plaque values that were 
increasing in group of students that did not 
change toothbrushes, therefore it is rec-
ommended to replace the tooth-brush as 
soon as bristle splaying and matting is ob-
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served because it looses its cleaning abil-
ity. 

 
CONCLUSION 

       Toothbrushes can loose their ability to 
properly remove plaque after a period of 
three months, it is therefore recommended 
for individuals to change their tooth-
brushes after this period of time. 
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