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Abstract

Background Globally, oral diseases remain a major public health problem. However, there is limited information
about the oral health status and factors associated with oral disease among children in Uganda. The aim of this study
was to examine the oral health status and factors associated with oral health of primary school children in urban and
rural areas of the Gulu district of northern Uganda.

Methods A comparative cross-sectional study was conducted among 356 school children aged 11-13 years
attending six schools located in urban and rural areas. The children received a clinical oral examination and
participated in a questionnaire survey that collected information on sociodemographic and oral health knowledge,
attitude, and practices. All data were entered and analysed using IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp statistical software. Logjistic regression analyses examined factors associated with dental caries
and gingival bleeding.

Results Of the 356 children (11-13 years) included, the mean age was 12.2 years, 140 (39.3%) were male and 176
(49.4%) were from urban areas. The proportion of school children with dental caries was 33.6% (n=119), with the
mean decayed, missing due to caries, and filled teeth (DMFT) index of 0.81 (25th percentile=0; 75th percentile=1.00).
There was no significant difference in caries prevalence between rural and urban children (31.6% versus 35.6%,
p=0.33). Of the children involved in the study, 141(39.8%) had gum bleeding. The mean oral knowledge score was
2.85+1.53 (range, 0-7), while the mean attitude, hygiene practice, frequency of sweets consumption, and oral health
related impact scores were 4.25+ 1.23 (range, 1-6), 540+ 1.81 (range, 0-9), 25.66 +4.29 (range 9-54) and 2.1+ 1.65
(range, 0-6), respectively. Using logistic regression analyses, as oral health knowledge score increased the odds of not
having dental caries increased (aOR=1.19, 95% Cl 1.02-1.39).

Conclusion The prevalence of dental caries and gum bleeding of primary school children in Gulu district is high.
Children lacked knowledge on causes of oral disease, and behaviour towards oral disease prevention. In addition, oral
health knowledge scores were significantly associated with dental caries. Oral health education programs in schools
should emphasise providing skills-based education.
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Background

Oral diseases in children have considerable social, physi-
cal, and psychological consequences, including pain, dif-
ficulty in chewing, and missed days from school [1]. Oral
diseases remain a major global burden with the World
Health Organization (WHO) estimating 3.5 billion cases
of oral conditions, with lower economically developed
countries having the higher burden [2]. Most oral disease
can be prevented, particularly dental caries which is the
most prevalent.

There is a high prevalence of dental caries in many
low- and -middle income countries (LMICs) [3-5]. In
Uganda, the prevalence of dental caries ranges from 23
to 40% among 12-year-old children [6, 7] compared to
Zimbabwe where 59.5% of 12-year-old-children in urban
areas have dental caries [3]. Key contributors to the high
prevalence of oral disease among children in LMICs are
a sugar-rich diet and poor oral hygiene [1]. Other con-
tributors to dental caries in LMICs are lack of parents’
involvement, oral health education program and dental
services [8, 9].

In Uganda, the school oral health program involves oral
health education, screening, and training teachers on oral
health education and promotion to prevent oral disease
among children [10]. The school oral health program is
delivered in alignment with the national oral health pol-
icy [10-12]. However, there is insufficient funding, unsat-
isfactory skills-based education, and a lack of clear policy
guidance [12] and little is known about the oral health
status and factors associated with oral disease among
children in Uganda. Previous studies have focused on
oral health status, treatment need, oral hygiene practices,
and frequency of consumption of sugared foods and
drinks [6, 7, 13] with no attention paid to understanding
possible factors associated with oral disease such as oral
health knowledge and attitudes to the prevention of oral
disease and behaviours such as utilisation of health ser-
vices. More information and recent data are needed on
children’s oral health status and possible factors associ-
ated with oral diseases.

The aim of this study was to examine the oral health
status and factors associated with the oral health of pri-
mary school children (11-13 years) in urban and rural
areas of the Gulu district of northern Uganda.

Methods

Study design

A cross-sectional school-based study was conducted
from February 2022 to April 2022 including a clinical
assessment of children’s teeth and an interviewer-admin-
istered questionnaire (see Additional file 1). The study
design and methodology were aligned with the World
Health Organisation’s (WHO) guidelines: the “Oral
Health Surveys; Basic Methods” [14].
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Study setting

The study was conducted in six primary schools,
three in Gulu city and three in Gulu district. Uganda is
divided into 146 districts with a population projection
of 45.5 million in 2023, with 63% of the population living
in rural areas [15]. Gulu district is in the northern part
of Uganda, approximately 330 km north of Kampala, the
capital city of Uganda. The district is administratively
divided into Aswa county and 6 sub counties. Gulu city is
the commercial and administrative centre of Gulu district
and is administratively divided into 2 counties (Gulu East
and Gulu West) and 4 divisions. For this study, we con-
sidered participants from Gulu city as urban and those
from Gulu district as rural populations. Gulu district and
Gulu city in northern Uganda were chosen because the
region has emerged from a civil war that lasted over 20
years (1986—2006) and there was limited information on
oral health status of children in the region and for com-
parison between rural and urban areas.

Sample size calculation

The sample size was calculated based Kish Leslie’s for-
mula for cross sectional studies [16]. The prevalence of
dental caries of 27.1% among 11-13-year-old children
reported in a study in Gulu district conducted in 2015
was used [6], with a degree of precision of 5% and a 95%
confidence interval. Allowing for 15% non-response, the
estimated sample size was 346.

Sampling technique

A multistage sampling technique was used. Firstly, six
schools in rural (3) and urban (3) areas were randomly
selected from a list of 131 schools provided by Gulu city
and district education offices using the fishbowl draw
method. Each of the six schools should have at least 58
participants who met the selection criteria. Then, using
random numbers 356 eligible children were selected
from lists provided by the schools’ administration. Boys
and girls aged 11 to 13 years old residing in Gulu city
and Gulu district and attending school at the time of the
study were eligible to participate in the study. Informed
assent was sought from the participants and informed
consent to participate was obtained from the parents or
legal guardians of any participant under the age of 16.

Study measures

In this study, oral health status refers to dental caries and
periodontal status. The teeth and gums of participating
children were examined in classrooms or in the school
compound under adequate natural light using mouth
mirrors and periodontal probes while seated in a class-
room chair with a backrest by a trained and calibrated
examiner (PA). The Cohen’s kappa values about dental
caries for inter-rater reliability was 0.62. Dental caries
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was recorded using the DMFT index and periodontal
health status using community periodontal index (CPI)
modified [14]. The DMFT index was obtained as fol-
lows: The D component included all decayed teeth and
filled teeth with caries. Caries was recorded as present
when a lesion in a pit or fissure, or on a smooth tooth
surface, has an unmistakable cavity, undermined enamel,
or a detectably softened floor or wall. The M component
comprised teeth missing due to caries and the F compo-
nent includes teeth with fillings. A tooth was considered
missing if there was history of pain or cavity prior to
extraction and considered filled if it had a permanent res-
toration. Dentition status was scored as 0=sound, 1=car-
ious, 2=filled with caries, 3=filled no caries, 4=missing
due to caries, 5=missing for any other reason, 6=fissure
sealant, 7=fixed dental prosthesis, 8=unerupted tooth,
9=not recorded [14]. A sum of the DMFs for all individu-
als was divided by the number of participants to derive
the DMFT index. Cases of dental caries were identified
as individuals with a DMFT >1. Periodontal health sta-
tus was assessed using CPI metallic probe and scored as
O=absence of gingival bleeding, 1=presence of gingival
bleeding, 9=tooth excluded, and X=tooth not present
[14]. Twenty-five children were re-examined once after 2
weeks to assess intra-rater reliability. The Cohen’s kappa
value about dental caries for intra-rater reliability was
0.73.

All children were interviewed face-to-face in school
by four trained interviewers (SO, EO, ET, and HA) using
a paper-based questionnaire in English. The pretested
questionnaire adapted from previous studies collected
information about the participants’ demographic back-
ground (e.g. gender, age, and tribe), knowledge of fac-
tors associated with oral disease [17-19] e.g. tooth decay
is a disease that. (1 = “destroys your teeth’, or O=other
responses; destroys your teeth, makes gums bleed causes
bad breath, makes your teeth white, and don’t know;
eight questions related to knowledge), attitudes [17, 20]
e.g. regular dental check-up prevents dental problem
(1=Agree, or 0=Disagree); six questions related to atti-
tudes, oral hygiene practices towards the prevention of
oral disease [14, 17, 19] e.g. how often do you clean your
teeth (1=never, 2=several times a month (2-3 times),
3=once a week, 4=several times a week (2—-6 times),
5=once a day, 6=2 or more times a day; 10 questions
related to behaviours), consumption of sugared food and
drinks [14] e.g. How often do you eat biscuits, cakes, or
buns (6=several times a day, 5=every day, 4=several
times a week, 3=once a week, 2=several times a month,
1=never, .and oral health related impacts on quality of
life [14] e.g. I often avoid smiling or laughing because of
my teeth. (1=yes, 2=no, 3=don’t know; six questions
related to quality of life).
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An “oral health knowledge score” was calculated by
adding the total number of items answered correctly,
Oral health knowledge scores ranged from 0 to 8, with
higher scores indicating better dental knowledge. Oral
health attitude scores were calculated by counting the
total number of statements that participants had a posi-
tive attitude. This score ranged from O to 6, with a higher
score indicating a more positive attitude. Oral hygiene
practices were calculated by counting the total number
of statements that participants answered correctly. The
score ranged from 0 to 10, with a higher score indicat-
ing a better hygiene practice. Consumption of foods and
drinks high in sugar was scored based on frequency of
consumption of fresh fruit, biscuits, carbonated bever-
ages, chewing gum, sweets, jam, and sweetened milk,
tea, and coffee. Each type of food and drink were rated:
1 point=never, 2 points=several times a month, 3
points=once a week, 4=several times a week, 5=every
day, 6=several times a day. Scores ranged from 9 to 54,
with higher scores indicating more frequent consump-
tion of sweets. Lastly, an “oral impact score” was calcu-
lated by counting the total number of statements that
participants rated as negative (0=No, 1=yes). The score
ranged from O to 6, with a higher score indicating a more
negative impact on quality of life.

Data analysis

Test-retest reliability was used to assess consistency of
participants’ responses to the questions on 23 randomly
selected questionnaires. All data were entered and ana-
lysed using IBM SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp). First, we described both
clinical oral health status and self-reported question-
naire. The t-test for continuous variables such as DMFT,
oral health knowledge scores and x2 for categorical
variables such as prevalence of dental caries and gingi-
val bleeding were used to compare urban and rural par-
ticipants. Logistic regression analyses using odds ratios
with 95% confidence interval (CI) were used to assess
the association between possible factors associated with
oral disease and oral health status. An adjusted odds ratio
(aOR), namely an odds ratio (OR) that has been adjusted
to account for other predictor variables, is provided.

Results

Demographic characteristics of participants

There were 356 children (11-13 years) in six primary
schools in urban and rural areas of Gulu districts who
participated in the study. Of these, 140 (39.3%) were male
and 176 (49.4%) lived in urban areas (Table 1).

Oral health status of primary school children
The prevalence of dental caries among children was
33.6% (119 from n=354) and their mean DMFT was
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Table 1 Sociodemographic characteristics showing variables
and numbers with percentages for each category n=356

Variable Category Number (%)
Primary school / Location Akonyibedo / Rural 59 (16.6%)
Gulu Baptist / Urban 5(15.4%)
Kulu Keno / Rural (166%)
Obiya West / Urban 63 (17.7%)
Omoti Hill / Rural 62 (17.4%)
Pece Prison / Urban 58 (16.3%)
Gender Male 40 (39.3%)
Female 6 (60.7%)
Age 11 years 92 (25.9%)
12 years 93 (26.1%)
13 years 71 (48, O%)
Class Primary 3 49 (13.8%)
Primary 4 91 (25.6%)
Primary 5 0(30.9%)
Primary 6 98 (27.5%)
Primary 7 8 (2.2%)

Table 2 Coding for presence of carious, missing and filled teeth
and prevalence of dental caries and gingival bleeding of school
children

Clinical Assessment (n=354)

Dental caries Mean SD Sum Minimum Maximum
Number of teeth with ~ 0.79 15 280 O 9
caries

Number of filled teeth 0 0 0 0 0
with caries

Number of teeth 0.79 15 280 O 9
with caries and filled

teeth with caries (D

component)

Number of filled teeth 0 0 0 0 0
with no caries (F

component)

Number of missing 0.2 018 8 0 2
teeth (M component)

DMF=D+M+F 0.81 155 288 0 9
Number of teeth with ~ 1.44 262 508 0 15

gingival bleeding
Dental caries
prevalence

119 (33.6%, n=354)

Gingival bleeding 41 (39.8%, n=354)

0.81 (25th percentile=0; 75th percentile=1.00). Of the
children, 96.3% with dental disease had untreated car-
ies (D-component), 24.4% had missing teeth (M-compo-
nent), and none of them had filled teeth (F-component)
(Table 2).

Additionally, 39.8% (141 from n=354) of participants
had gingival bleeding (Table 3). There was no significant
difference in the prevalence of dental caries and giving
bleeding between urban and rural participants, (31.6%
vs. 35.6%, p=0.33) and (38.5% vs. 41.1%, p=0.48), respec-
tively (Table 3).
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Table 3 Descriptive statistics for key study variables
Variable Total Urban Rural p-val-

N=356 n=176 n=180 ue ¥
Dental caries preva- 119 (33.6%) 55(31.6%) 64 (356%) 033
lence (number, %)
DMFT (Mean SD) 081+155 081+155 082+157 094
Gingival bleeding 141 (39.8%) 67 (38.5%) 74 (41.1%) 048
(number, %)
Number of teeth 1444262 1.16+217 1.70£297 0.05
with gingival bleed-
ing (mean, SD)
Oral health knowl- 2854153 2914166 2784140 042
edge score (mean,
SD)
Oral health attitudes 425+123  4.15+134 434+111 013
score (mean, SD)
Oral hygiene prac-  540+181 537£159 544+201 072
tices score (mean,
SD)
Consumption of 2566+429 2633+442 2500+4.09 0.0034
food and drinks
score (mean, SD)
Oral health related 2.1+£1.65 212+164 209+166 086

impact (mean, SD)

*T-test for continuous and ¥ for categorical data, testing difference between
urban and rural children

Factors associated with oral health of primary school
children

The mean oral knowledge score was low 2.85+1.53
(range, 0-7), while the mean attitude, hygiene prac-
tice, frequency of sweets consumption, and oral health
related impact scores were high 4.25+1.23 (range,
1-6), 5.40+1.81 (range, 0-9), 25.66+4.29 (range 9-54)
and 2.1+1.65 (range, 0-6), respectively. The mean oral
health knowledge score for children in urban areas
was 2.91%+1.66, like the mean of 2.78+1.40 in rural
areas (p=0.42). There were significant differences in
the sugar consumption scores between urban and rural
areas (26.3314.42 vs. 25, + 4.09, (p<0.05), respectively
(Table 3).

A logistic regression analysis examined factors asso-
ciated with dental caries for all participants. Hos-
mer-Lemeshow tests for our regression models were
non-significant (p=0.33), indicating a good model fit. In
the logistic regression analyses (Table 4). Only oral health
knowledge score was a predictor in the model, as an
increase in oral health knowledge score by unit the odds
of children categorised as dental caries absent increased,
adjusted odds ratio (aOR)=1.19, 95% CI 1.02-1.39). As
the sugar consumption score increased by 1 unit the odds
of children categorised as dental caries absent decreased
(aOR=0.98, 95% CI 0.93-1.03). Children in urban areas
were 16% less likely to have dental caries compared to
those in rural areas (aOR=0.84, 95% CI 0.53—-1.33), how-
ever the difference was not statistically significant.



Akera et al. BMC Oral Health (2024) 24:1176

Table 4 Adjusted odds ratios with 95% confidence intervals (Cl)
for factors associated with dental caries for all participants

Variable aOR 95% ClI p-value
Oral health knowledge score 1.19 1.02-1.39 0.03
Oral health attitude score 0.98 0.82-1.18 0.86
Oral hygiene practice score 1.00 0.89-1.13 0.95
Sugar consumption score 0.98 0.93-1.03 0.36
Age in years 1.02 0.78-1.33 0.91
Gender (Male/Female) 143 0.90-2.26 0.13
Location (Urban/Rural) 0.84 0.53-1.33 045

Note. aOR=adjusted odds ratio (Adjusted for all variables in table.) The
reference point is the first category for gender and location

Additionally, children who reported never eating
sweets had a lower likelihood of having gingival bleeding
(aOR=0.38, 95% CI 0.18-0.81). Those reporting distance
as a reason for not visiting a dentist had a 2-fold gingival
bleeding (aOR=2,18, 95% CI 0.94, 5.09), though the dif-
ference was not statistically significant.

A logistic regression analysis examined factors associ-
ated with dental caries for urban and rural participants.
Oral health attitude score was the only factor that had
a statistically significant association with dental caries
among children in rural areas with aOR of 0.71 (95% CI
[0.53-0.97], indicating as the oral hygiene attitude score
increased by a unit the odds of dental caries being absent
decreased by 0.71. (Table 5).

The aORs for oral hygiene practices scores with den-
tal were different for urban and rural participants (1.10;
95%CI [0.89-1.37] vs. 0.95: 95% CI [0.81-1.12]), indicat-
ing as the oral hygiene practice scores by a unit the odds
of dental caries being absent increased by 1.10 among
urban participants and decreased by 0.85 among rural
participants.

Discussion

Poor oral health has an acute and lifelong impact on chil-
dren [1], yet most dental and oral disease is preventable.
In Uganda, there is dearth of information on oral diseases
among primary school children. This study identified that
one third of children aged 11-13 years had untreated
dental caries and the average oral health related impact
scores were high with overall low oral health knowledge
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scores. The factors associated with dental caries were low
oral health knowledge scores. Children in urban areas
were less likely to have dental caries.

The prevalence of dental caries reported in the pres-
ent study was like previous reports on the oral health
status of children in urban and rural areas of 7 dis-
tricts (Gulu, Hoima, Jinja, Kabale, Kabarole, Soroti,
and Masaka) in Uganda [6] and in a rural sub county in
central Uganda [13]. Approximately half of the children
had bleeding gums, however, this was somewhat lower
than a report from a 2002 study in 12-year-old children
in other districts in Uganda [7]. The difference might be
due to variable access to and improvements in oral health
promotion.

This study and others across Uganda and many other
LMICs have reported high prevalence for both caries and
gum bleeding in children [3-5], therefore, a key question
is whether children are equipped with sufficient health
knowledge to prevent oral disease? Other factors, envi-
ronmental or behavioural, that may contribute to this
challenge should also be carefully considered, such as
access to dental care. In-person surveys with children
found the mean oral health knowledge scores were low.
There were no previous studies in Uganda that assessed
knowledge of oral health for comparison. This finding is
similar reports from a study in China where the mean
oral health knowledge scores were low [20]. Poor oral
health knowledge among school children in the Gulu
district might be because of limited oral health educa-
tion and promotion in primary schools. Children’s poor
oral health knowledge may have contributed to irregular
tooth brushing and their high intake of sugar as reported
in our study.

In this study, there was a high sugar consumption
score. There were no previous studies in Uganda that
assessed sugar consumption score for comparison. It
is well known that a high intake of sugar and poor oral
hygiene are associated with dental caries and the WHO
strongly recommends reducing the intake of sugar and
tooth brushing twice a day with fluoride toothpaste
[1, 21]. Cognizant of the multifactorial causes of oral

Table 5 Adjusted odds ratios with 95% confidence intervals (Cl) for factors associated with dental caries for urban and rural

participants

Variable Urban Rural
aOR 95% Cl p- value aOR 95% Cl p-value

Oral health knowledge score 1.18 0.95-1.46 0.13 1.17 0.93-1.48 0.18
Oral health attitude score 1.21 0.94-1.55 0.14 0.71 0.53-0.97 0.03
Oral hygiene practice score 1.10 0.89-1.37 037 0.95 0.81-1.12 0.57
Sugar consumption score 0.99 0.92-1.07 0.82 0.95 0.88-1.03 0.21
Age in years 0.89 0.59-133 0.57 1.14 0.78-1.65 0.50
Gender (Male/Female) 1.66 0.84-3.29 0.14 1.16 0.60-2.24 0.65

Note. aOR=adjusted odds ratio (Adjusted for all variables in table.) The reference point is the first category for gender
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diseases, the association between possible associated fac-
tors and oral health status were assessed.

Both dental caries and gingival disease are associated
with oral health knowledge and consumption of foods
that were high in sugar. Studies in China [20] and India
[22] reported an association between oral health knowl-
edge and oral health status, an association confirmed
among children in our study. Adequate oral health
knowledge is essential to instil appropriate oral health
behaviour to prevent oral diseases in children. Knowl-
edge is a prerequisite for behaviour change.

Other key factors associated with oral disease include
the poor socio-economic status of parents, a lack of an
oral health program, and lack of fluoridated tap water
[8, 9, 23]. However, findings of structural challenges like
residing in rural areas have not been noted or empha-
sised before. These findings highlight the strong need for
Gulu district to improve access to oral health services
as it affords opportunity for treatment, screening, and
health education that may contribute to prevention of
oral disease. There are several child, family, and commu-
nity-level influences on the oral health of children [24].
If their oral health is to be improved, influences on oral
health such as poverty, and the cultural, social, and physi-
cal environment should also be addressed.

Based on this study, the Gulu district should provide
better oral health promotion that includes providing
adequate oral health education and improving access to
oral health services to improve oral health of children.
The WHO provides an approach for health promotion in
schools that can be adopted by Gulu district [25-27]. In
Gulu district, teachers are implementing key principles
of the WHO’s health-promoting school framework such
as raising awareness and skills demonstration on proper
hygiene using a school curriculum, access to health ser-
vices, and engaging parents in oral health promotion
[11]. There is need to harness teachers’ contributions in
delivering oral health promotion. Moreover, providing
skills-based education, access to health services and a
safe and healthy environment have reported clear posi-
tive oral health outcomes, such as reduced dental car-
ies in LMICs [12]. Additionally, information from this
study should draw attention of policy makers on the cur-
rent burden of oral diseases among children and provide
information that can be used for advocacy, development
of oral health policy and appropriation of resources to
improve oral health among children.

This study provides baseline information on oral health
status and factors associated with oral disease. Simi-
lar studies should be conducted across the country over
the years to provide information on trends of oral dis-
ease and factors associated with oral health. The studies
should have a larger population and conduct interviews
with parents to clarify the associations between oral
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health with oral health practices. Further, a survey of
none-school going children from different urban and
rural areas is recommended to compare their oral health
status with that of children attending schools as per our
study.

Limitations and strengths of our study

This study should be interpreted in the context of its
strengths and limitations. Firstly, the findings of the study
are not representative of the entire population of Uganda.
However, it provides insights into the oral health sta-
tus and oral health knowledge, attitudes, and behaviour
among urban and rural children in northern Uganda. The
design and methodology were aligned to WHO standard
clinical criteria [15]. A limitation is that the use of ques-
tionnaires to collect data may have elicited socially desir-
able responses to questions, leading to inflated positive
responses.

Conclusion

Over one third of primary school children in this study
had dental caries and gum bleeding. An association was
found between oral health knowledge and consumption
of foods high in sugar and the presence of dental caries
among children. In Uganda, a school-based intervention
that provides oral health education and access to oral
health services is needed for prevention and control of
oral diseases. Uganda can adopt the WHO’s health pro-
moting school’s framework to prevent large-scale oral
disease in children that are likely to affect long-term oral
health and disease in the adult population.
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