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Effect of Preventive Oral Hygiene Measures
on the Development of New Carious lesions

Malka Ashkenazi®/Mervat Bidoosi®/Liran Levin®

Purpose: To evaluate the effect of preventive oral hygiene measures on the development of new carious lesions.

Materials and Methods: Children regularly and irregularly attending recall appointments in a paediatric dental clinic were
interviewed regarding their preventive measures performance. Newly developed carious lesions were also recorded. The
files of 651 children were analysed.

Results: A significant negative correlation was found between newly developed carious lesions and total number
(P < 0.001) and frequency (interval in months to the next dental examination) of recall appointments (P = 0.021), regular
toothbrushing twice a day (P < 0.0001), regular brushing in the evening (P < 0.001), high fluoride concentration in tooth-
paste (P < 0.0001) and drinking water between meals (P = 0.015), but not with regular brushing in the morning or eating
more than 6 times a day. Multivariate analysis revealed three of the variables independently correlated with the develop-
ment of new carious lesions: brushing regularly twice a day, concentration of fluoride in the toothpaste greater than
1100 ppm and frequency of follow-ups.

Conclusions: Regular toothbrushing twice a day is of high importance for caries prevention. Fluoride concentration of
> 1100 ppm in toothpaste should be recommended for children (considering the child’s age) in order to maximise the
fluoride protective effect. The importance of attending periodic recall appointments in order to maintain long term oral

health should be emphasised.
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n important component in the maintenance of

dental health and reducing individual dental risk
is the meticulous practice of several daily home
preventive measures (AAPD, 2010). These include
avoiding frequent consumption of carbohydrates
(sugary drinks and food) between meals and tooth-
brushing twice a day with fluoridated dentifrices (Di-
jkman et al, 1990). No conclusive evidence is avail-
able for the effectiveness of flossing once a day
(Sambunjak et al, 2011). For moderate- to high-car-
ies risk children, rinsing with fluoride mouthwash
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and/or brushing with a high concentration of fluor-
ide gel (12,500 ppm fluoride ions) once a week are
also recommended. These home preventive meas-
ures are defined as ‘dental home’ (AAPD, 2010).
The rationale for these recommendations is that
frequent consumption of fermentable carbohy-
drates including sugary drinks (more than 6 per
day) is associated with increased demineralisation
of tooth substance, decreased remineralisation
and increased caries experience (Bowen et al,
1983; Zaura and ten Cate 2004; Dong et al, 1999).
The duration of demineralisation following ferment-
able carbohydrate consumption depends on the
age of the accumulated plaque. In teeth without
plague accumulation, the duration is limited to
about 30 min. However, in old plaque (several days)
the decrease in pH may continue for several hours
(Dong et al, 1999). Therefore, to prevent accumula-
tion of old pathogenic plaque, brushing at least
twice a day is recommended. Parents with young
children who lack the ability to effectively brush
their teeth should brush their children’s teeth.
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Fluoridated toothpaste is recommended to en-
hance the remineralisation process induced by sa-
liva (Bowen et al, 1983; Zaura and ten Cate 2004).

Topical fluoride products were shown to decrease
caries development by 30% while systemic fluoride
was shown to do so by 40% to 60% (Petersson et
al, 2004). The mechanism of action of topical fluor-
ide products depends on the fluoride concentra-
tion. At low concentrations (as in toothpaste, oral
rinse), the fluoride mainly increases the remineral-
isation of demineralised lesions (Deng et al, 2005).
However, at higher concentrations (such as in EImex
fluoride gel [GABA; Lorrach, Germany], topical ap-
plication of fluoride gel at the dental office), the
fluoride also inhibits the bacterial adherence to the
enamel surface, inhibits the bacterial enzymatic ac-
tivity or destroys the cariogenic bacteria (Davies et
al, 2003).

Another important component of prevention in-
cludes compliance of patients in attending periodic
recall appointments. During these appointments,
the dentist enhances caries prevention by 1. appli-
cation of high concentrations of fluoride as gel; 2.
application of fissure sealants on newly erupted
teeth; 3. reinforcement of the child’s compliance
with various components of ‘dental home’ preven-
tive measures (AAPD, 2010).

In spite of the prime importance of daily home
preventive measures, only a few studies have eval-
uated the effect of those factors on newly devel-
oped carious lesions, with conflicting results (Jones
et al, 1996; Eckersley and Blinkhorn 2001; Lee et
al, 2002; Levin and Shenkman 2004; Ashkenazi et
al, 2007). The aims of the present study were
therefore twofold: to evaluate the effect of preven-
tive oral hygiene measures on the development of
new carious lesions and to evaluate the effect of
attending periodic recall appointments on the de-
velopment of new carious lesions.

MATERIALS AND METHODS

Children aged 2 to 18 years who attended regular
and irregular recall appointments at a specialised
paediatric dentist’s clinic in Petach-Tikva, lIsrael,
from 2002 to 2008, participated in the study. This
clinic treats patients from all socioeconomic levels
due to referral of uncooperative children. Only chil-
dren who attended at least one consecutive recall
after completion of required treatment at the previ-
ous examination were included. All participants
and/or their parents received a comprehensive,
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structured lecture regarding the various preventive
measures at the first visit by one paediatric dentist
(MA). Following clinical and radiographic_examina-
tion, they received instructions regarding_the vari-
ous preventive measures the child needed to prac-
tice until the next periodic examination. At each
recall appointment, children and their parents were
interviewed by the same paediatric dentist regard-
ing the present status of the child's compliance
with the previously recommended preventive meas-
ures. In the case of complete compliance, the pa-
tient was reinforced, while in the case of honcom-
pliance, the patient and/or his parents received
further information regarding the importance of
compliance with the recommended preventive
measures. Interviews were completed before the
clinical examinations.

A structured form was designed to collect demo-
graphic data, such as patient’s age and gender,
date of recall appointments and child’s preventive
measures practice.

Newly diagnosed carious lesions at the last ex-
amination were recorded and treated. Caries exam-
ination was performed clinically and radiographi-
cally by the same paediatric dentist (MA).

Preventive measures evaluation

* Frequency of attending periodic recall appoint-
ments: The routine of the practice was to remind
the patient after 6 months to attend periodic ex-
amination. Each recall appointment included di-
agnosis of new carious lesions, fissure sealants
when indicated and fluoride application.

* Frequency of meals: The patients and/or their
parents were asked whether they usually ate
more or less than 6 meals a day, not including
soft drinks.

* Drinking between meals: Patients were inter-
viewed about their drinking habits only between
meals. Patients were categorised into three
groups: drinking only water or diet (carbonated or
non-carbonated) beverages, drinking sugary non-
carbonated beverages alone or alternately with
water, drinking sugary carbonated beverages
alone or alternately with water.

* Brushing twice a day: Children were asked wheth-
er they brushed their teeth in the morning and in
the evening. If yes, they were asked how many
days a week they brushed their teeth.

* Use of fluoridated toothpaste: For children up to
4 years old, the recommended fluoride-ion con-
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centration was limited to 500 ppm F, for children
aged 4 to 7 years, the recommended fluoride-ion
concentration was 1000 ppm F, and over the
age of 7 years, parents were instructed to use
adult toothpaste (1200-1450 ppm F’) for their
children (Eckersley and Blinkhorn, 2001). Oral
instructions were given to parents on how to ver-
ify the F~ concentration in toothpaste together
with a written list of several toothpastes with
their fluoride concentration.

* Use of daily fluoride mouth rinse: Children diag-
nosed as medium- to high-risk for caries develop-
ment according to the AAPD guidelines were rec-
ommended to rinse their mouth daily with fluoride
mouthrinse. To increase compliance, children
were given a taste of several commercial fluoride
rinses, told to choose one they preferred with the
best taste and to use it. Self-reported compli-
ance of these children with performing the daily
rinses was evaluated and recorded as days per
week (O to 7) at the next appointment.

* Use of high-concentrate fluoride gel: Children di-
agnosed as medium to high risk for caries devel-
opment according to the AAPD guidelines were
recommended to brush their teeth once a week
with high-concentrate fluoride gel (EImex, GABA;
Lorrach, Germany), which contains 12,500 ppm
F. Self-reported compliance of these children
with using ElImex gel was evaluated and recorded
as number of weeks per month (O to 4) at the
next appointment.

* Flossing: Children over the age of 11 years with-
out fixed orthodontic appliances were instructed
to floss their teeth once a day. Their performance
was evaluated and recorded as days per week (O
to 7) at the next appointment.

* The Ethics Committee of Tel Aviv University ap-
proved the study.

Statistical analysis

Data were analysed by SPSS 10.0 (SPSS; Chicago,
IL, USA) using the t-test, chi-square test, nonpara-
metric correlations (Spearman’s rho coefficient)
and one-way and two-way ANOVA. The level of sig-
nificance was set at 5%.

RESULTS
Study population

The files of 651 children (53% girls, 47% boys) who
attended recall appointments in a private clinic of
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one certified paediatric dentist were analysed. The
mean age was 9.36 £ 4.38 years. Children attend-
ed 3.39 + 2.53 recall visits on average (range
1-15) every 12.32 + 5.98 months. Older-children
were found to visit the clinic more frequently
(P <0.001).

Number and frequency of periodic recalls

A significant negative correlation was found be-
tween the total number of periodic recalls and the
total number of newly developed carious lesions
(P < 0.001), occlusal carious lesions (P < 0.0001),
smooth-surface carious lesions (P < 0.001) and
teeth requiring crown/extraction (P < 0.0001). Sim-
ilarly, a negative correlation was found between the
frequency of periodic appointments and the total
number of newly developed carious lesions
(P=0.021) and smooth-surfaces carious lesions
(P =0.005).

Eating regular meals

Eating 6 or fewer times a day was reported by
77.9% of the children and 22.1% reported eating
more than 6 times a day (snacks between meals).
Eating more than 6 meals a day was not found to
be related to newly developed carious lesions.

Types of consumed water at home

Of the children, 62.5% reported drinking only tap
water (most of the country is fluoridated), 34.7%
reported drinking bottled water (all bottled water
lacks fluoride supplementation), 1.7% reported
drinking tap and bottled water alternately and 1.1%
of the children drank tap water after filtration with
inverted osmosis.

Children who reported drinking tap water had
38.89% less new carious lesions (smooth surface
and occlusal) as compared to children who report-
ed drinking only bottled water (0.77 £1.79 vs
1.26 £2.42, P=0.028).

Types of consumed drinks between meals
(Table 1)

Drinking only water or sugarless beverages be-
tween meals was reported by 59.3% and 3.9% of
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the children, respectively. Drinking water and sug-
ary drinks (carbonated or not carbonated) alter-
nately was reported by 30.6% and 6.2% did not
drink water at all between meals. Of the studied
population, 13.8% reported drinking sugary carbon-
ated beverages between meals.

A significant positive relation was found between
drinking sugary drinks between meals and newly
developed carious lesions (Table 1). Similarly, chil-
dren who reported drinking only water between
meals had significantly fewer new carious lesions.

Frequency of toothbrushing

A high percentage of children brushed their teeth at
least once a day (89.9%). Brushing teeth twice a
day was reported by 53.9% of the patients. Tooth-
brushing seven days a week in the morning was
reported by 73.4% children and 65.9% brushed in
the evening. Only seven children (1.1%) did not
brush their teeth at all. No statistical difference
was found in the frequency of toothbrushing in the
evening among children of different age groups.
Children who brushed their teeth 0-5 times a
week, 6-9 times a week and 10-14 times a week
had a mean of 1.00 +1.44, 1.16 + 2.08 and
0.82 £ 1.94 new carious lesions, respectively. A
significant negative correlation was found between
the total number of toothbrushings a week and the
total number of new carious lesions (P< 0.0001),
smooth-surface carious lesions (P = 0.011), occlus-
al carious lesions (P =0.003) and teeth needing
crown restoration or extraction (P = 0.003). Simi-
larly, a significant negative correlation was found
between the total number of toothbrushing in the
evening and the total number of new carious le-

sions (P < 0.001), smooth-surface carious lesions
(P =0.022), occlusal caries (P < 0.001) and teeth
needing crown restoration or extraction (R = 0.007).
In contrast, no such relation was foundbetween-the
total number of toothbrushings in the morning and
any parameter of caries development except teeth
needing extraction or crown restoration.

Interestingly, a positive correlation was found be-
tween the number of follow-ups and number of
toothbrushings a week (P < 0.0001), number of
toothbrushings in the morning (P < 0.0001) and in
the evening (P = 0.002).

Who brushes the child’s teeth (Tables 2 and 3)

The distribution of children according to who
brushed their teeth is presented in Table 2. A sig-
nificant relationship was found between who
brushed the child’s teeth and the number of newly
developed occlusal carious lesions (Table 3). The
mean number of newly developed of occlusal le-
sions was the highest when the toothbrushing was
performed alternately by the child and by their par-
ents (P = 0.004). Children who brushed their teeth
10-14 vs 0-9 times a week had significantly fewer
newly developed carious lesions no matter who
brushed their teeth (P = 0.047).

Fluoride concentration in the toothpaste
(Tables 4 and 5)

The distribution of children according to their age
and concentration of fluoride in their toothpaste is
described in Table 4. Low fluoride concentration in
the toothpaste was related to a higher number of

Table 1 Distribution of teeth with different types of new carious lesions according to drinking sugary drinks between meals
Type of carious lesions  Drinking sugary drinks between meals Incident caries P-value
Yes 76/199 (38.2%)
Any 0.002
No 94/369 (25.5%)
Yes 42/199 (21.1%)
Occlusal 0.01
No 48/369 (13.0%)
Yes 44/199 (22.1%)
Smooth surfaces 0.07
No 59/369 (16.0%)
Requiring crown, Yes 21/178 (10.6%) 0123
extraction No 24/369 (6.5%)
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newly developed carious lesions (Table 5). No rela-
tion was found between teeth requiring a crown/
extraction and concentration of fluoride in the tooth-
paste (P =0.221).

Flossing
Of the children instructed to floss their teeth once

a day, 78% flossed a maximum of once a week, 7%
flossed 2—4 days a week and 15% flossed 5-7 days

a week. Regularly flossing was not found to be re-
lated to the development of new carious lesions
(P=0.16).

Mouth rinsing

Of the children instructed to use a fluoride mouth
rinse, 77% reported rinsing a maximum of once a
week, 6% rinsed 2-4 days a week and 17% rinsed
5-7 days a week. Regularly rinsing was not found

Table 2 Distribution of children by who regularly brushed their teeth

Who brushed the child’s teeth

Age Parent Child Child and parent alternately Total
0-4 45 (75%) 8 (13.3%) 7 (11.7%) 60 (100%)
4-7 83 (45.9%) 54 (29.8%) 44 (24.3%) 181 (100%)
>7 11 (2.7%) 375 (91.5%) 24 (5.8%) 410 (100%)
Total 139 (21.4%) 437 (67.1%) 75 (11.5%) 651 (100%)

Table 3 Distribution of new carious lesions according to who brushed the child’s teeth

Type of caries

Who brushed the child’s teeth

Incident caries P-value

Parent

17/124 (13.7%)

Occlusal Child

51/380 (13.4%) 0.004

Child and parent

18/56 (32.1%)

Parent

66/380(17.4%)

Smooth surface Child

21/124 (16.9%) 0.561

Child and parent

13/56 (23.2%)

Parent

12/124 (9.7%)

Requiring crown/extraction Child

28/380 (7.4%) 0.555

Child and parent

3/56 (5.4%)

Parents

32/124 (25.8%

Total Child

111/380 (29.2%) 0.193

Child and parent

22/56 (39.3%)

Table 4 Number (%) of children by age using different concentrations of fluoride (ppm F’) in their toothpaste

ppm F°
Age > 500 500-1100 1200-1450 Total
0-4 24 (46.25) 12 (23.15) 16 (30.8) 52 (100)
4-7 38 (22.6) 105 (62.5) 25 (14.9) 168 (100)
>7 18 (4.5) 35 (8.8) 347 (86.8) 400 (100)
Total 80 (12.9) 152 (24.5) 388 (62.6) 620 (100)
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to be related to the development of new carious le-
sions (P = 0.51).

Use of high-concentrate fluoride gel

Of the children instructed to brush their teeth once
a week with high-concentrate fluoride gel (Elmex
gel, 12,500 ppm F’), 74% did not brush at all with
ElImex gel or brushed only once a month; 3%
brushed twice a month and only 23% brushed regu-
larly 3—-4 times a month with EImex gel. The use of
Elmex gel once a week was not found to be related
to the development of new carious lesions
(P=0.51).

Multivariate regression analysis (Table 6)

Multivariate analysis revealed that three of the vari-
ables independently correlated with the develop-
ment of new carious lesions (total): brushing regu-
larly twice a day, sweet drinks between meals and
number of recall appointments attended.

Similar results were found when analyses includ-
ed only proximal or only caries requiring crown res-
toration or extraction as dependent variables.

In the occlusal caries multivariable model, chil-
dren solely brushing their teeth themselves had an
odds ratio of 2.41 (0.94-6.18, P = 0.067) to de-
velop occlusal caries compared to children whose
parents brushed the child’s teeth. No significant dif-
ferences (P = 0.99) were found between children
also brushing teeth with parents and only by par-
ents.

DISCUSSION

This historical prospective study affirms the long-
term effect of several preventive measures for car-
ies development in a longitudinal ‘real life’ setting.

Periodic recall appointments

In the present study, it was shown that the number
and frequency of periodic recall appointments were
negatively correlated with new development of cari-
ous lesions. These results are in accordance with
Minah et al (2008), who showed that children who
attended prevention recall appointments experi-
enced fewer mean carious dental surfaces, and
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with Wang and Aspelund (2009), who showed that
children with a history of broken appointments had
higher caries experience. This may relate to several
factors: first, early treatment of new carious lesions
decreases the levels of Streptococcus mutans in
the saliva and thereby lowers the risk of healthy
teeth to develop new carious lesions. Second, topi-
cal application of high-concentrate fluoride gel at
the end of each periodic examination/treatment
increases the remineralisation of small demineral-
ised lesions and prevents their development by
30% (Petersson et al, 2004; Minah et al, 2008).
Moreover, frequent recalls make it possible to seal
deep fissures of newly erupting teeth and reseal
partially or totally lost sealants, thus decreasing
the prevalence of new development of occlusal car-
ious lesions (Jodkowska 2008; Lalloo and Turton
2008; Minah et al, 2008).

Another factor that may contribute to the posi-
tive correlation between the numbers of newly de-
veloped carious lesions and periodic recalls may be
attributed to the fact that at each recall appoint-
ment, the compliance with preventive measures
and the correct performance of toothbrushing was
evaluated and reinforced. The effect of the re-
inforcement is demonstrated by the finding of the
present study that the number and frequency of pe-
riodic recalls were also positively correlated with
preventive measures performance.

Frequency of toothbrushing

In the present study, a significant negative correla-
tion was found between the frequency of tooth-
brushing and the number of newly developed cari-
ous lesions. In contrast, the frequency of brushing
only in the morning was negatively correlated only
with teeth needing crowns/extraction. These re-
sults emphasise the importance of toothbrushing
in the evening and are compatible with the general
consensus that toothbrushing in the evening is
more important than brushing in the morning.
Levine et al (2007) found a negative correlation
between the self-reported frequency of toothbrush-
ing by children of at least once a day and newly
developed carious lesions over a 4-year period.
Similar results which support the importance of
toothbrushing were presented by Chestnutt et al
(1998) in Scotland. That study included 2,621 par-
ticipants and found a negative correlation between
caries experience and the frequency of toothbrush-

ing.
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Table 5 Distribution of new carious lesions according to the concentration of fluoride in the toothpaste
F" concentration (ppm) in toothpaste Total caries Occlusal caries Smooth-surface caries
>500 20/68 (29.4%) 11/68 (16.2%) 14/68 (20.6%)
500-1100 50/133 (37.6%) 31/133 (23.3%) 32/133 (24.1%)
>1100 86/331 (26.0%) 41/331 (12.4%) 46/331 (13.9%)
P-value 0.05 0.01 0.02
Table 6 Significant variables associated with newly developed carious lesions by multivariate logistic regression analysis
Variable OR 95% confidence interval P-value
15 or above 1 (ref.)
12-15 0.692 0.294-1.630 0.400
Age 9-11 1.195 0.551-2.591 0.651
6-8 1.841 0.823-4.117 0.137
<6 0.669 0.239-1.871 0.443
Child 1 (ref)
Who brushes child’s teeth Parent 0.872 0.405-1.877 0.820
Child and parent 1.099 0.489-2.470 0.428
Tap water 1 (ref.)
Tap and mineral water 0.437 0.050-3.815 0.454
Water at home
Mineral water 1.332 0.842-2.106 0.221
Filtered by reverse osmosis 2.183 0.359-13.259 0.396
1 1 (ref.)
2-4 0.608 0.358-1.031 0.134
No. of follow-ups*
5-9 0.415 0.065
10 or above 0.473 0.213-0.807 0.010
>500 1 (ref.)
F concentration in toothpaste 500-1100 1.195 0.594-2.404 0.617
>1100 0.781 0.368-1.656 0.519
Sweet drinks between meals* Yes vs. no 1.98 1.28-3.05 0.002
Twice or more 1 (ref.)
Toothbrushing frequency* Between 1 to 2 1.058 0.431-2.597 .902
Less than 1/day 1.759 1.121-2.760 0.014
*Statistically significant.

Toothbrushing by the parents or the child

According to the results of the present study, there
was a relationship between who brushes the child’s
teeth and the number of newly developed carious
lesions. The highest effectiveness was found when
the parent brushed the child’s teeth. When the

Vol 12, No 1, 2014

child brushed her/his teeth by her- or himself, the
number of newly developed carious lesions in-
creased. The highest number of new occlusal cari-
ous lesions was found when brushing was per-
formed alternately by the child and the parents. The
reason for these results may be related to the fact
that when the child starts to brush her/his teeth
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alone, s/he still lacks the ability to brush effective-
ly; nevertheless, her/his parents assist her/him
only occasionally. This may be the reason for the
number of the newly developed carious lesions be-
ing highest in the transition period. These results
are in accordance with Moynihan and Holt (1996),
who found that children aged 1.5-4.5 years who
brushed their teeth by themselves were at higher
risk of developing carious lesions than were chil-
dren whose parents brushed their teeth.

Eating regular meals

Eating regular meals facilitates the remineralisa-
tion of demineralised enamel developed during the
meals (Mellberg, 1988). In the present study, eat-
ing regular meals was not found to be related to the
development of new carious lesions. These results
are contrary to those of other studies that found
the cariogenicity of food to be related to the dura-
tion and frequency of eating meals (Marshall et al,
2003). Nevertheless, these results agree with
those of other studies which found that fluoride ex-
posure, oral hygiene habits and genetic factors
have a more important role in controlling caries
than does the frequency of carbohydrate consump-
tion (Woodward and Walker 1994; Stecksen-Blicks
and Holm 1995, Sampaio et al,2000; Aleksejuniene
et al, 2004).

Drinking sugary drinks between meals

In the present study, drinking sugary drinks be-
tween meals was positively related to newly devel-
oped carious lesions. In hot countries, the frequen-
cy of consuming drinks between meals is relatively
high, especially among children who spend a sig-
nificant amount of time outdoors, and therefore it
may have a significant impact on caries develop-
ment. Moreover, since the drinking water in Israel is
fluoridated, drinking tap water between meals may
decrease the development of new carious lesions
and increase the differences between tap- and bot-
tled-water drinkers.

The present results are in accordance with oth-
ers who found that consuming sugary drinks was
positively related to a higher risk for caries develop-
ment (Ismail et al, 1984; Vnobbergen et al, 2001;
Marshall et al, 2007).
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Fluoride concentration in toothpaste

In the present study, it was found that fluoride_con-
centration higher than 1100 ppm in-toothpaste
was related to a lower number of new carious le-
sions. This was found for all types of carious le-
sions, both occlusal and smooth-surface. These
results agree with those of previous studies (Cahen
et al, 1982; Stephen et al, 1988; O’'Mullane et al,
1997; Bloch-Zupan, 2001). A review of 70 studies
concluded that fluoridated toothpaste decreases
the caries development by 24% (Marinho et al,
2003a,b).

One limitation of the present study is the fact
that all explanations and examinations were per-
formed by one dentist. This makes the results of
the present study difficult to generalise, since com-
pliance might be influenced by the relationship and
rapport between the patient and the caregiver. How-
ever, this enabled data analysis without the bias of
several different examiners.

CONCLUSIONS

Regular toothbrushing twice a day is of great impor-
tance for caries prevention. A fluoride concentra-
tion of > 1100 ppm in toothpaste should be recom-
mended for children (considering the child’s age) in
order to maximise the fluoride protective effect.
The importance of attending periodic recall appoint-
ments in order to maintain long-term oral health
should be emphasised.
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