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Abstract Background/purpose: Dental caries remains a major health problem in many parts
of the world. The present study aimed at describing the caries experience and caries-related
factors in mothers and their preschool and school children.
Materials and methods: A sample of 258 individuals (86mothers and 2 of their children, 4e6 and
12e16 years old) was included. An interview was used to determine the socioeconomic status of
the family, oral hygiene, and snacking habits. DMFT /dmft (decayed, missed, filled, teeth), pla-
que, and gingival indiceswere recorded. Chair-side tests were used to register salivary buffer ca-
pacity and bacterial counts.
Results: The caries experience (DMFT/dmft) was high in mothers and their younger and older chil-
dren (12.4� 5.3, 9.0� 5.0, and 5.8� 4.1, respectively). The DMFT/dmft increasedwith higher sali-
vary mutans streptococci counts in all age groups (P< 0.05). The caries experiences of the children
were correlated positivelywith those of theirmothers (R24e6Z 0.12,R212e16Z 0.18, P< 0.01). A pos-
itive association betweenmothers and both childrenwas evident for toothbrushing habits, snacking
frequency, and gingival health (P< 0.05). An association between plaque scores, salivary buffer ca-
pacity, and mutans streptococci counts was found between mothers and older children (P< 0.05).
Conclusion: The caries experience in Saudi mothers and their children is high, with similar contrib-
utory caries-related factors.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Elsevier
Taiwan LLC. All rights reserved.
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Introduction carried out by one of the authors (AM) at the Dental Health
Dental caries is one of the most prevalent chronic human
diseases worldwide, and individuals are susceptible to this
disease throughout their lifetime. Although in western
countries the incidence of this multifactorial disease has
decreased noticeably, it still remains at a high level in other
parts of the world. Caries occurs as a net result of three
dynamically inter-related key factors: microflora (dental
plaque), carbohydrates, and the host.1 The relationship
between these factors can be influenced by a number of
biological and nonbiological determinants of the carious
process. Despite the importance of nonbiological de-
terminants of caries, caries causality has mostly been
related to biological processes.2

The adoption of consistent behavioral habits in child-
hood begins at home with the parents, the mother in
particular, acting as the key role model.3 Oral health-
related concepts and behaviours are further adopted
throughout life during the formative pre-school years,
during which the child’s caries pattern and risk are estab-
lished.4 Even if adolescents are more independent in their
choices regarding dental health habits and routines, their
family is still an important mediator in the development of
health-related behaviors.5 Parental roles therefore persist
during both childhood and adolescence.4,6e8

In theKingdomof Saudi Arabia, dental caries is regarded as
a major public health problem, despite the availability of
extensive dental health services.9 In addition, large families
are common in the Saudi society, making it feasible to
determine the factors that contribute most to the caries
experience in different family members as well as moth-
erechild caries-related associations. The hypothesis of the
present study is that children’s caries experiences and caries-
related habits and behaviors are similar to those of their
mothers. The aim of this cross-sectional study was, there-
fore, to describe the caries experience and caries-related
factors in mothers and their preschool and school children.
Materials and methods

Participants

The study was granted ethical approval by the Faculty of
Dentistry at King Abdulaziz University (KAAU) and con-
ducted in accordance with the Declaration of Helsinki. The
dental records at one of the main government hospitals
[King Abdulaziz University Hospital (KAAUH)] in Jeddah,
Kingdom of Saudi Arabia, were screened to identify suitable
candidate families. Of 6705 dental records examined, 142
candidate families met the following inclusion criteria:
having Saudi nationality, having at least two siblings in the
family aged 4e6 and 12e16 years, and all family members
being healthy. The families were contacted by telephone,
and a total of 86 families agreed to participate in the study.
From each family, the mother and two of her children, aged
4e6 years (C4e6) and 12e16 years (C12e16), volunteered,
making a total of 258 participants. Verbal information
about the study was given to the parents and written
informed consent was obtained. All the investigations were
Clinic of KAAUH.
Interview

A structured interview in the Arabic language was con-
ducted to elicit information about the socioeconomic status
of the family, oral hygiene habits of the members, and their
snacking habits. The mother’s education was categorized
into two levels: lower education (elementary, intermedi-
ate, and secondary schooling) and higher education
(bachelor’s, master’s, and doctor’s degrees). The family
income per month [in local currency: Saudi riyals (SR), 1
Euro Z 5.05 SR] was recorded as low (<10,000 SR) or high
(�10,000 SR), following the national bank assessment index
of income. The total number of children per family was
divided into the following three categories: 2e4, 5e7, and
8e10. Information regarding diet was obtained from an-
swers to questions on the intake of between-meal snacks
(yes/no) and the intake frequency of nine commonly
consumed snacks (sugar-added drinks, dates, soft drinks,
sweets/chocolates, buns/biscuits/cakes, ice cream,
sweetened flakes, chocolate drinks, and chips). The intake
frequency was registered as no intake, once a month, once
a week, two to three times a week, and once or more a day.
Mothers were asked when they began to brush their chil-
dren’s teeth. The mothers answered the questions on
behalf of the younger children, while the older children
answered themselves.
Clinical investigation

States of oral hygiene and gingival health were recorded
using the plaque index (PI) and gingival index (GI), ac-
cording to Silness and Löe.10,11 The facial/buccal, lingual/
palatal, and approximal surfaces (mesial/distal) of teeth #
16, 12, 24, 36, 32, and 44 were examined in the mothers
and their older children. Teeth # 55, 52, 64, 75, 72, and 84
were examined in the younger children. In the case of
mixed dentition, the permanent molars and incisors were
used (16, 12, 36, and 32), while the primary molars (64 and
84) were used if the permanent premolars (24 and 44) had
not yet erupted. Firstly, the neighboring tooth and, sec-
ondly, the contralateral tooth were recorded, if an index
tooth was missing. The scores from the four surfaces of the
tooth were added together and divided by 4 in order to give
the PI or GI for the tooth. The index for the patient was
obtained by adding up the indices for all six teeth and
dividing by 6.

The participants were examined under standardized
conditions using optimal lighting and a tooth-drying device to
register the dentition status using the DMFT index for per-
manent teeth and dmft for primary teeth (D/d Z decayed,
M/mZmissed, F/fZ filled, T/tZ teeth). Dental caries was
recorded at the D3 level.12 Third molars were excluded.
Approximal decay was registered by taking bitewing radio-
graphs. All approximal surfaces in the dentition, from the
mesial surface of the first premolars/primary molars to the
distal surface of the second molars/primary molars, were
included. The radiographic caries registration was excluded
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for 12 pregnant mothers, 19 very anxious younger children,
and three older children with orthodontic appliances.

The CRT Caries Risk Test (Ivoclar-Vivadent, Schaan,
Liechtenstein) was used to record the buffer capacity (CRT
Buffer), and the counts of mutans streptococci (MS) and
lactobacilli (LB) of stimulated saliva (CRT Bacteria) were
made according to the manufacturer’s instructions. The
agar surfaces were wet entirely with stimulated saliva,
followed by incubation at 37�C for 48 hours. The MS and LB
counts were scored in two classes (low: <105 and high:
�105 CFU/mL saliva).
Statistical analyses

For the snacking frequency variable, no intake or an intake
of once a month or once a week was considered low (Code
1), while an intake of two to three times a week and once
or more a day was high (Code 2). The snacking frequency
Table 1 Oral hygiene and dietary habits (%, n) in the mothers,

Factors

Mothers (n Z 86)

Oral hygiene habits
Do you brush your teeth regularly?
No 18.6 (16)
Yes 81.4 (70)

Toothbrushing frequency
Once or a few times a week 1.4 (1)
Once a day 17.1 (12)
Twice a day 57.2 (40)
More than twice a day 24.3 (17)
Other 0 (0)

Toothbrushing tool
Manual toothbrush (B) 46.5 (40)
Miswak (M) 1.2 (1)
Electric brush (E) 0 (0)
Combination (B þ M) 51.1 (44)
Combination (all) 1.2 (1)

Interdental cleaning
Dental floss (F) 13.9 (12)
Toothpick (TP) 0 (0)
Interdental brush 0 (0)
Combination (F þ TP) 2.3 (2)
Nothing used 83.8 (72)

Toothpaste use
No 3.5 (3)
Yes 96.5 (83)

Type of toothpaste
Nonfluoridated 0 (0)
Fluoridated 42.2 (35)
Do not know 57.8 (48)

Dietary habits
Between-meal snacking
No 3.5 (3)
Yes 96.5 (83)

Snacking frequency
Low 75.6 (65)
High 24.4 (21)
was calculated by adding the codes for all nine snacking
items (total score: minimum Z 9, maximum Z 18). The
variable was dichotomized and a cut-off point of 14 was
used, where participants with a total code of <14 were
considered to have a low snacking frequency and those with
�14 to have a high snacking frequency. The PI variable was
also divided into two groups (low: �1, high: >1). Due to the
absence of records corresponding to the lowest and highest
levels of GI, it was recategorized into two levels (noemild
inflammation and moderateesevere inflammation) instead
of four (no, mild, moderate, and severe inflammation).

All the data were analyzed using the IBM SPSS statistical
package (PASW version 18.0, IBM, Chicago, IL, USA).
Descriptive statistics, including the means and standard
deviations, as well as frequencies, were calculated for each
of the three family members. A one-way analysis of vari-
ance (ANOVA) test was used to evaluate differences be-
tween means. Relationships between the mothers and their
children were evaluated using Pearson’s correlation, c2, or
younger children (C4e6), and older children (C12e16).

% (n)

C4e6 (n Z 86) C12e16 (n Z 86)

38.4 (33) 52.3 (45)
61.6 (53) 47.7 (41)

0 (0) 7.3 (3)
52.8 (28) 41.5 (17)
37.7 (20) 43.9 (18)
9.5 (5) 7.3 (3)
0 (0) 0 (0)

100 (86) 84.8 (73)
0 (0) 0 (0)
0 (0) 0 (0)
0 (0) 15.2 (13)
0 (0) 0 (0)

0 (0) 0 (0)
0 (0) 2.3 (2)
0 (0) 0 (0)
0 (0) 0 (0)

100 (86) 97.7 (84)

3.5 (3) 3.5 (3)
96.5 (83) 96.5 (83)

0 (0) 0 (0)
41 (34) 24.1 (20)
59 (49) 75.9 (63)

0 (0) 0 (0)
100 (86) 100 (86)

41.9 (36) 39.5 (34)
58.1 (50) 60.5 (52)



Figure 1 Descriptive statistics of the caries experience
expressed as D/d, M/m, and F/f teeth, as well as the combined
data (DMFT/dmft) shown separately for the mothers, younger
children (C4e6), andolder children (C12e16). Thebars represent the
mean of the 86 participants for each group.Mean� SD is also given
for each category and age group. D/d Z decayed; F/f Z filled;
M/m Z missed; T/tZ teeth; SD Z standard deviation.
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Fisher’s exact test as appropriate. Cohen’s kappa was
calculated for the determination of the intraexaminer
reliability of caries registration. The level of statistical
significance was set at 5%.

Results

The ages [mean � standard deviation (SD)] of the mothers
and their younger and older children were 37.0 � 4.5,
5.0 � 0.9, and 13.0 � 1.4 years, respectively. Forty-eight
percent of the younger and 45% of the older children were
boys.

Interview

The interview analysis revealed that 62.8% of the mothers
had a lower and 37.2% a higher education level. Data on
oral hygiene and dietary habits are shown in Table 1. Snacks
that were most frequently consumed by the mothers were
dates and chocolates/sweets, and those by the children
were chips, in addition to chocolates/sweets. Regarding
the start of oral hygiene practices in the younger children,
39.5% of their mothers provided early dental care (with the
eruption of the first primary tooth or as soon as the child
had a full set of primary teeth), while 60.5% delayed dental
care until signs of tooth decay were noted (when the child
was old enough to hold a toothbrush or even later). As for
the older children, 31.4% of their mothers provided early
dental care, 61.6% delayed the dental care, 4.7% never took
care of their child’s teeth, and 2.3% were unable to recall
this information.

Clinical data

Regarding the state of oral hygiene, 31.4% of the mothers,
50.0% of the younger children, and 46.5% of the older
children had a high PI of >1. With regard to gingival health,
64.0% of the mothers, 43.0% of the younger children, and
70.9% of the older children had moderate to severe gingival
inflammation.

Among the mothers, 50% had a full dentition (�28 teeth
present); among the younger children, 69.8% had a primary
dentition and 30.2% a mixed dentition; and among the older
children, 74.0% had a permanent dentition and 26.0% a
mixed dentition. The Cohen’s kappa values for the caries
registration for the mothers, younger children, and older
children were 0.88, 0.90, and 0.82 respectively. Four
percent of the mothers, 9% of the younger children, and
12% of the older children were caries free (DMFT/
dmft Z 0). No family with all three members being caries
free was reported. There were no statistically significant
differences in caries experience with respect to gender in
the children. The caries experiences (DMFT/dmft) are
shown in Fig. 1.

Fifty-eight percent of the mothers, 51% of the younger
children, and 49% of the older children had a low buffer
capacity. The MS counts were high (�105 CFU/mL saliva) in
55% of the mothers and 62% of both the younger and the
older children. The LB counts were high (�105 CFU/mL
saliva) in 66% of the mothers, 51% of the younger children,
and 42% of the older children.
Caries experience and related factors

A lower DMFT/dmft was noted in families with higher
maternal education, higher family income, and regular
toothbrushing (Table 2), whereas a higher DMFT/dmft was
observed in families with a larger number of children and a
higher snacking frequency. The MS count was related signif-
icantly to the caries experience in all three family members
(Table 3). Clear trends, although not always statistically
significant in all three family members, between the other
clinical variables and the caries experience were observed.

The caries experiences of the children were positively
correlated to those of their mothers (R24e6 Z 0.12,
R212e16 Z 0.18, P < 0.01). The motherechild relationships
with respect to regular toothbrushing, PI, GI, and salivary-
related factors are summarized in Table 4. Significant re-
lationships were found between the mothers and both of
their children with respect to regular toothbrushing,
snacking frequency, and GI.
Discussion

The main findings in the current study focusing on the
caries experience and caries-related factors in Saudi fam-
ilies include the high caries experiences reported in all
three family members, the presence of associations be-
tween different caries-related factors, and the caries ex-
periences and the existence of caries-related motherechild
relationships, particularly between the mothers and their
older children.



Table 2 Caries experience (DMFT/dmft; mean � SD) in the mothers, younger children (C4e6), and older children (C12e16) in
relation to the mother’s education, family income, number of children per family, toothbrushing habits, and snacking
frequency.

Factors DMFT/dmft

Mothers (n Z 86) P C4e6 (n Z 86) P C12e16 (n Z86) P

Mother’s educational level
Lower education 13.3 � 5.0 9.3 � 4.8 6.4 � 4.0
Higher education 10.7 � 5.7 P < 0.05 8.6 � 5.4 ns 4.8 � 4.2 ns

Family income
Low 12.8 � 5.0 ns 9.8 � 4.3 ns 6.6 � 4.1 P < 0.05
High 12.0 � 5.8 8.2 � 5.6 4.8 � 3.8

Total number of children per family
2e4 11.5 � 5.6 7.7 � 5.3 4.8 � 4.3
5e7 12.5 � 5.5 ns 9.4 � 5.1 ns 6.1 � 4.0 ns
8e10 14.0 � 3.8 10.3 � 3.2 6.5 � 3.7

Regular toothbrushing
No 15.3 � 4.3 10.6 � 4.6 6.2 � 4.3
Yes 11.8 � 5.4 P < 0.05 8.1 � 5.0 P < 0.05 5.4 � 3.8 ns

Snacking frequency
Low 11.9 � 5.1 ns 8.4 � 4.7 ns 4.8 � 3.2 ns
High 14.1 � 5.9 9.5 � 5.2 6.5 � 4.4

P values for the statistical comparison using one-way ANOVA are shown.
Significance level set at 5%.
ANOVA Z analysis of variance; ns Z non-significant; SD Z standard deviation.
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The mean DMFT reported for the mothers was in accor-
dance with that of a previous study.13 However, slightly
higher values were found for both the younger and the
older children compared with earlier studies.14e18
Table 3 Caries experience (DMFT/dmft; mean � SD) in the mo
relation to plaque scores, gingival scores, buffer capacity, mutan

Factors

Mothers (n Z 86) P

Plaque index
Low (�1) 11.4 � 5.6 P < 0.0
High (>1) 14.5 � 4.1

Gingival index
Noemild inflammation (0e1.0) 10.1 � 5.7 P < 0.0
Moderateesevere inflammation
(1.1e3.0)

13.7 � 4.7

Buffer capacity
Low 13.6 � 4.4 ns
Medium 10.8 � 6.4
High 10.6 � 4.3

Mutans streptococci counts
Low (<105 CFU/mL saliva) 10.3 � 5.7 P < 0.0
High (�105 CFU/mL saliva) 14.1 � 4.4

Lactobacilli counts
Low (<105 CFU/mL saliva) 11.0 � 6.1 ns
High (�105 CFU/mL saliva) 13.1 � 4.8

P values for the statistical comparison using one-way ANOVA are show
Significance level set at 5%.
ANOVA Z analysis of variance; ns Z not statistically significant; SD Z
Caries has previously been related to different socio-
economic factors, with a higher prevalence of caries in the
low socioeconomic classes.19 An earlier study conducted in
Saudi children aged 6 years found an association between
thers, younger children (C4e6), and older children (C12-16) in
s streptococci, and lactobacilli counts.

DMFT/dmft

C4e6 (n Z 86) P C12e16 (n Z86) P

5 7.2 � 4.9 P < 0.05 5.8 � 4.4 ns
10.9 � 4.4 5.8 � 3.7

5 7.7 � 4.7 P < 0.05 4.9 � 3.8 ns
10.9 � 4.8 6.2 � 4.1

10.1 � 5.0 ns 6.9 � 4.1 ns
8.3 � 4.7 5.0 � 3.8
5.0 � 5.3 4.2 � 3.9

5 7.5 � 5.6 P < 0.05 4.5 � 3.9 P < 0.05
10.0 � 4.3 6.6 � 4.0

6.9 � 5.3 P < 0.05 5.3 � 3.8 ns
11.1 � 3.6 6.5 � 4.4

n.

standard deviation.



Table 4 Relationships between the mothers and their younger children (C4e6) and older children (C12e16) regarding tooth-
brushing habits, snacking frequency, gingival health, and salivary-related factors (buffer capacity, mutans streptococci, and
lactobacilli counts).

The number (n) of children given for each category represents the number of children found to match the results of their
mothers regarding each category. Thus, the maximum figure possible for each child age group and category is the number shown
for the mothers. ns Z not statistically significant. aData analyzed using c2 test. bData analyzed using Fisher’s exact test.
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the low prevalence of caries and high socioeconomic stan-
dards.20 A similar trend toward lower caries experience
with higher family income was found in the present study,
which was statistically significant in the older children.
Moreover, caries was found to be more prevalent among
those Saudi preschool and school children whose mothers
are less well educated.15,21 In the present study, the
mother with a higher education was found to have lower
DMFTs. For their children, a lower but nonsignificant caries
experience was found to be associated with a higher
maternal education. In the present study, a tendency to-
ward higher caries experiences was seen in larger families,
which, for the younger children, matches with the consid-
eration of family size as one of the main risk factors for
caries in Saudi primary school children.9

The observed decline in dental caries in most industri-
alized countries can primarily be attributed to the daily use
of fluoridated toothpaste.22e24 Despite the availability of
different types of fluoridated toothpastes in the Kingdom of
Saudi Arabia, more than half the mothers who participated
in the present study were unaware whether their tooth-
paste was fluoridated or not. The late introduction of oral
hygiene routines in children reported in the present study
was also consistent with other study reports.9,25

In many Arab countries, the caries prevalence is
increasing in parallel with the recent economic growth,
with a subsequent increase in the consumption of refined
sugars.9 In the present study, the intake frequency of sug-
ary snacks was high among the children. A trend toward
higher caries experiences was noted in relation to a higher
snacking frequency, but this was not statistically signifi-
cant. One possible explanation could be that only children
with high caries experience and snacking frequency were
included.

Like in a previous Saudi study, there was a significant
difference in the reported caries experience in relation to
the salivary buffer capacity in the mothers.13 In addition, a
tendency toward higher caries experiences was observed in
the mothers and both their younger and older children,
with higher MS and LB counts.

Regular toothbrushing, snacking frequency, and gingival
health of the mothers and both their younger and older
children were related. The plaque index, salivary buffer
capacity, and MS counts of the mothers and the older
children were related. This could be due to differences in
salivary secretion rates between adolescents and younger
children, as salivary glands are fully developed by the age
of 15.26 Another reason could be variations in age-related
oral microflora.

The current study had certain limitations. It was con-
ducted in a convenience sample from the city of Jeddah in
the western province of the Kingdom of Saudi Arabia. As a
result, further studies from different regions of the country
are needed in order to provide a more representative pic-
ture of the national caries experience. Moreover, fathers
were not included in the study, due primarily to practical
limitations, as it was very difficult to have all family
members present on the same visit. The inclusion of the
fathers would have provided a more complete picture of
the influence of parent-related factors on the caries
experience in their children. Even if the fathers may not be
as directly involved as the mothers in the oral health
education of their children in societies like those in the
Kingdom of Saudi Arabia, they may function as role models,
especially for their sons.

In summary, the current findings highlight the necessity
to direct national dental services in the Kingdom of Saudi
Arabia toward adopting caries-prevention strategies, with
families as the main target, and emphasizing the “early oral
health care concept”.27 In order to provide more insight
into the relationships of caries and associated factors be-
tween the mothers and their preschool and school children,
future research should include information regarding pla-
que acidogenicity and microbiological profiles in the
mothers and their children.

Acknowledgments

Special thanks to Dr Nadia Al-Hazmi, Head of Dental Re-
cords and Filing; Dr Sahar Bukhary, Head of the Oral Biology
Division; Dr Motaz Ghulman, Vice Dean of Student Affairs;
and all staff at the Faculty of Dentistry at KAAU, Kingdom of
Saudi Arabia. Thanks also to Mr Ahmad M.O. Binzagr, SVP of
the Business Development Department of Binzagr Company,
for his support. The study was supported by the Saudi
Ministry of Higher Education and was performed in collab-
oration with the Faculty of Dentistry at KAAU, Kingdom of
Saudi Arabia.

References

1. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007;369:
51e9.

2. Holst D, Schuller AA, Aleksejuniene J, Eriksen HM. Caries in
populationsda theoretical, causal approach. Eur J Oral Sci
2001;109:143e8.

3. Okada M, Kawamura M, Kaihara Y, Matsuzaki Y, Kuwahara S,
Ishidori H. Influence of parents’ oral health behaviour on oral
health status of their school children: an exploratory study
employing a causal modelling technique. Int J Paediatr Dent
2002;12:101e8.

4. Mattila ML, Rautava P, Sillanpaa M, Paunio P. Caries in five-
year-old children and associations with family-related fac-
tors. J Dent Res 2000;79:875e81.
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