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Abstract

Background: Ethiopia is a developing sub-Saharan African country with increasing prevalence of non-
communicable diseases (NCDs), including oral conditions. Oral health and dental care have been given little
consideration, and there is limited information relating to population oral health and use of dental services in the
country. The aim of this study was to examine the burden and associated factors of dental caries experience and
investigate access to dental care amongst adults within Ethiopia.

Methods: This community-based oral health survey is a baseline study for the ASSET - Health System
Strengthening in sub-Saharan Africa project undertaken in the Butajira area, south-central Ethiopia. A stratified
random sample of households and individuals participated in the study. The survey instruments were mainly based
on the WHO Oral Health Survey Methods manual (5th ed.). Face-to-face interviews and clinical dental examinations
were conducted. The data were analysed for descriptive statistics; and Poisson regression models were built to
assess the association of dental caries and predictor variables in adults (≥18 years).

Results: Most of the study population (n = 626) were female (63.9%), married (71.4%) and Muslim (76.0%). Just over
half (53.2%) lived in rural areas and many (44.4%) had no formal education. A majority (74.0%) reported never
utilising dental care services, and the main reason was never experiencing any dental problem (71.3%). Sixty
percent (n = 377) of the adults had experienced dental caries, 88.0% (n = 332) of whom had untreated carious teeth.
Pain or discomfort was reported by 16.5, and 7.2% had one or more PUFA component. Most (59.9%) adults with
dental caries experience reported tooth pain or discomfort during the last year. In the fully adjusted Poisson
regression model, increasing age, dental care utilisation and Khat chewing had positive significant associations with
dental caries experience, whilst education status was negatively associated (p < 0.05).

Conclusion: This study demonstrated a high burden of dental caries and considerable consequences resulting
from untreated disease in this population of adults. There was evidence of social inequity, limited utilisation of
dental care and oral health awareness. This highlights the need for oral health system strengthening focusing on
health promotion and expanding overall access to care.
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Background
Oral health is an integral element of good health and
wellbeing as it facilitates essential functions, most not-
ably: eating, speaking, smiling, and socialising [1]. Oral
conditions, especially dental caries and periodontal dis-
eases are considered major global public health prob-
lems [2–4]. Although mostly preventable and treatable,
they can be life threatening. About 90% of the world
population face at least one form of oral condition
sometime in their lives and oral conditions have been as-
sociated with adverse socioeconomic impact in both
adults and children irrespective of their gender [5].
Oral health in Africa has been considered a low prior-

ity in relation to communicable diseases, and reliable
data are scarce. However, non-communicable diseases
(NCDs), including oral conditions are becoming more
prevalent; and there are substantial oral health inequal-
ities in both high- and low-income nations across the
continent including Ethiopia [6, 7]. This is mainly re-
lated to specific risk factors associated with nutritional
transitions - transition towards the ‘Western diets’ in-
volving increased sugar consumption, along with other
factors [8].
Ethiopia is a large and diverse developing sub-Saharan

African country in the east African region. It has one of
the world’s fastest growing economies with most of the
population living in rural areas. Considerable economic
and health inequalities exist between the urban and rural
populations nationally [9, 10]. Ethiopian oral health data
are notably scarce, and there are no community-based
oral health surveys. However, local hospital and school-
based cross-sectional studies suggest untreated dental
caries present a problem. First, in two local studies in
north-western Ethiopia, untreated dental caries was
identified in about one-third and one-fifth of schoolchil-
dren aged 7–14 and 6–15 years, respectively. The disease
was positively associated with toothache, and negatively
associated with oral hygiene, household income and pa-
ternal education [11, 12]. Second, findings from hospital
attendees, involving children and adults, indicate that
dental caries, which affected three-quarters of attendees,
was the most frequent reason for presentation at the
dental service [13, 14]. Healthcare in Ethiopia is improv-
ing [15]. However, access to health services in general is
still harder for the rural population [16, 17], and the
dental services in particular are very limited. It is
predominantly found in the private sector as well as in
secondary and tertiary referral public hospitals which are
largely located in the cities and bigger towns [18, 19].
Africa possesses only 1% of the global dental work-

force [20, 21], and has a dentist: population ratio of
around 1: 40,000. Ethiopia’s dentist-to-population ratio
has historically been extremely low at 1:1.5 million
population. Besides, inter-regional disparities are

common, particularly between the urban and rural areas
[20]. In addition, as with other sub-Saharan African
countries, Ethiopia loses its high-end healthcare profes-
sionals due to migration to more developed countries,
and the supply does not match the demand because of
the low retention [22, 23]. This, together with the wider
social determinants [24], such as individual lifestyle,
community influences, working and living conditions;
and the more general social conditions contribute to the
volume of untreated disease including oral conditions in
the country [3, 25]. Since oral conditions are mostly as-
sociated with reversible or modifiable risk-factors, and
most are preventable, their magnitude and late compli-
cations can be controlled. This can be addressed by ap-
propriate public health measures, and oral health policy
and strategy set at the government level. For this to hap-
pen, up-to-date profile of the diseases: normative and
perceived data, along with their determinants should be
known.
The ‘Health System Strengthening in sub-Saharan

Africa – ASSET’ project in Ethiopia is led by King’s
College London within the National Institute for Health
Research (NIHR) Global Health Research grant. It is a
collaborative project with Addis Ababa University, and it
provides an opportunity to support the country’s health-
care system through health system strengthening inter-
ventions across its three phases: diagnostic, piloting and
implementation. The aim of the dental component
within the diagnostic phase of the surgical care survey
was to examine the burden of oral disease and explore
access to dental care and its possible barriers in a rural
and urban population within Ethiopia to inform health
system strengthening. This will be facilitated using the
baseline information to inform the second and third
phases of the ASSET project successively.
In light of the above, the aim of this paper is to report

the burden and associated factors of dental caries experi-
ence and to investigate access to dental care amongst
adults within Ethiopia.

Methods
This community based oral health survey was part of the
surgical care survey of the ASSET project in Ethiopia.
Whilst we collected epidemiological data from children
and adults using standardised questionnaires and clinical
oral examinations from March 1–30, 2019, this paper in-
cludes data from adults only.

Study area and population
The study was conducted in districts across the Butajira
Health and Demographic Surveillance Site (HDSS),
south-central Ethiopia. The Butajira HDSS is found in
Meskan and Mareko districts in the Gurage zone, South-
ern Nations, Nationalities, and Peoples’ Region (SNNPR)
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of Ethiopia. It covers nine rural and one urban sites, with
a total of 40,000 people and an area of approximately
797 km2, of which 9 km2 is Butajira town - the only
urban site of the HDSS. Butajira is located 130 km south
of the capital, Addis Ababa. The main source of income
for the rural population in the HDSS is farming. The
production mainly includes Teff (a cereal staple), barley,
millet, legumes and maize on the rich soil of the area,
with the staple food of Enset (false banana). Butajira also
grows coffee, chilli peppers and Khat (a mild stimulant
drug) as cash crops [26]. This area was chosen for the
project as it has an established rural health programme
and it provides a study base for essential health research
and intervention.
The sample size employed for the dental survey was

calculated for the ASSET surgical community survey in
order to detect a prevalence of unmet need for surgical
care in the community; and it was 1200: 2 persons of
any age, randomly selected from 600 households. The
sample population was stratified across the seven access-
ible sub-districts (kebeles) of Butajira town and Meskan
district (woreda). Civil unrest prevented access to the
remaining HDSS sites. The households were randomly
selected with probability proportionate to the size of the
total population in the sub-districts. Random sampling
was again used to select two persons within the house-
holds using the HDSS sampling frame.
Participants included in this study were those living in

Butajira HDSS for at least 1 year prior to the survey and
able to communicate in the working language, Amharic.
The adult participants were those willing to participate
in the study and provide written consent. People with
serious health conditions, making it difficult to comply
with the interview and oral examination, were excluded
from the study.

Instruments and measures
The 5th edition of World Health Organisation (WHO)
Oral Health Survey Methods manual (5th ed.) [27],
formed the basis for the survey methodology. Some ele-
ments in the data collection instruments (Oral Health
Questionnaire – ‘Additional file 1’, and Oral Health As-
sessment form for Adults) were adapted from the UK
(England, Wales and Northern Ireland) adult dental
health survey 2009 methodology [28], and the dental
caries threshold was determined based on the Inter-
national Caries Detection and Assessment System
(ICDAS) criteria [29], within the WHO dentition status
assessment format [27].
Dental caries experience at tooth level, and the conse-

quences of untreated caries were the main dependent
variables. Dental caries experience was determined using
the DMFT index (the presence of Decayed, Missed and
Filled Teeth) extracted from the ‘dentition status’ data

based on the WHO oral health survey guideline (page
42) [27]. The threshold of individual carious lesions was
determined using the International Caries Classification
and Management System (ICCMS) ICDAS coding cri-
teria. We considered ICDAS 4 (D4), and above as ‘caries’,
because ICDAS 3 (D3) and below is more difficult to as-
sess when only visual examination is used without clin-
ical/diagnostic facilities [29]. This is particularly more
difficult to identify early caries in areas where Khat
chewing is common, as it can stain teeth after repeated
use. Khat, a green leaf chewed for its mild stimulating ef-
fect, is commonly used in East-Africa and Middle-east
region [30, 31].
To determine the consequences of untreated caries,

we used the PUFA index (the presence of Pulpal involve-
ment, Ulcer, Fistula and Abscess) [32]. We also assessed
the presence of pain (toothache) or discomfort as an
additional outcome variable [28].
Sociodemographic factors included as important inde-

pendent variables for subsequent analysis were: age, sex,
education status, religious affiliation, marital status and
location (urban/rural) as these variables are common
predictors of caries [33, 34]. They were extracted from
the baseline surgical community survey questionnaire in-
strument. In relation to lifestyle and behavioural factors,
frequency of tooth cleaning and materials used, includ-
ing toothpaste were collected in the dental data collec-
tion instrument and used as proxies for oral hygiene/
plaque removal and fluoride exposure [35, 36]. As per
the situational analysis prior to the study, other mecha-
nisms of fluoride exposure in the community is not
known, apart from toothpastes as those widely available
in the market contain fluoride. Other health behavioural
and lifestyle factors examined because of their influence
on oral health were: Khat chewing, sugar, tobacco and
alcohol consumption [8, 37]. Self-reported utilisation of
dental care, which refers to attending a recognised den-
tal service provider was also obtained to look at access
to dental service and possible barriers to care [13, 38].

Standardization
The dental questionnaire and clinical data collection
form adapted and utilised in this study was a standard-
ized oral health survey data collection instrument. The
questionnaire was translated into the working language
of the area – Amharic. It was then back translated into
English by two native Amharic speakers with full profes-
sional competencies in English. They were non-dental/
medical professionals with no knowledge about the sur-
vey. The original and translated questionnaires were
then assessed if they achieve semantic and conceptual
equivalence, and they did not require any further
amendment.
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The dental data collectors (dentists) were trained over
a two-day period and calibrated for identification and as-
sessment of dental caries. This training was made online
via skype using power point and interactive presenta-
tions, and it was aided by the ICCMS ICDAS training
website. During the training, extracted teeth were used
for identification of dental caries based on the threshold
set for the purpose of this study. The dental study team
at King’s College London trained the dental data collec-
tors, and they were calibrated against our gold standard
examiner (ICDAS expert). To assess the reliability of
dental caries data collection, inter-examiner agreement
was computed using kappa statistics. The kappa value in
our analysis ranged from 0.6–1.0 (mean: 0.96) which
allowed us to proceed with the data collection. A stand-
ard form was created online for recording of the data.
Repeat examinations were not possible because of time
and logistical constraints.

Data collection
Lay data transcribers and dentists teamed up with their
surgical community survey counterparts during the data
collection. The dentists interviewed the study partici-
pants face-to-face and examined them for oral diseases
in their respective households. The transcribers recorded
all information (questionnaire and clinical oral examin-
ation) using the Open Data Kit (ODK) software on
smart phones. Oral examination was visual, conducted
using standard disposable dental mirrors and blue-white
spectrum solar headtorches with the examinee supine.
They were lying on household benches. Dental probes
were only used for removing debris, when required.

Data entry, cleaning and analysis
The ASSET data specialist exported the data and merged
the surgical and dental data using unique identifier
codes to form the datasets for analysis. We then cleaned
the dental data removing any incomplete cases related to
this analysis, created new variables, and undertook the
data analysis using SPSS version 25 and STATA version
16. The numerical variable – age was recoded into six
age-bands [27], and the variable dental caries experience
was categorized in to D4MFT = 0 and D4MFT ≥ 1 prior
to the data analysis. Sugar consumption ‘risk’ was also
calculated based on the frequency of reported intake of
sweets, cakes, biscuits, and soft/fizzy drinks. Consuming
at least one of them more than once a week was cate-
gorised as ‘higher-risk’, between once a month and once
a week as ‘moderate-risk’, and rarely or never as ‘lower-
risk’ consumption. Since the reported sugar consump-
tion was very low, this categorisation was only made
conventionally.
The sociodemographic characteristics, health behav-

iours and other relevant data were summarized using

descriptive statistics. We used frequencies and propor-
tions to describe the variables and used a chi-square test
to examine the association between the independent and
dependent variables outlined above. The association of
health behaviours, tooth cleaning habit and sociodemo-
graphic factors with dental caries experience were fur-
ther analysed using Poisson regression models, and
prevalence ratios with 95% confidence intervals were
reported.

Results
Of the 1071 dental survey participants (89.3% response
rate), 650 were adults. Twenty-four adult participants
(3.8%) were excluded from the final analysis because of
missing relevant information. Therefore 626 participants,
with an average age of 38.4 years (range: 18–100; sd:
16.4 years) were included for analysis. A higher propor-
tion of the study population was female (63.9%, n = 400),
married (71.4%, n = 447), and Muslim (76%, n = 476).
Just over half (53.2%, n = 333) lived in rural areas and
44.4% (n = 278) had not received any formal education.
Reported health behaviours were largely positive. The

vast majority (97.9%, n = 613) reported never smoking
cigarettes or drinking alcohol (90.4%, n = 566). A major-
ity reported not chewing Khat (59.0%, n = 370); whilst
sugar consumption was generally low with only 10.7%
(n = 67) in the ‘higher-risk’ category (consuming any
sweet more than once a week). However, tooth cleaning
twice a day or more was only practiced by about one in
five adults, as was toothpaste use. Mefakiya (Chewsticks)
were commonly used for tooth cleaning (45.0%, n = 281).
A majority (74.0%, n = 463) of participants had never

utilised dental care services. The main reported reason
for not utilising a dental service was never experiencing
any dental problem (71.3%, n = 330), followed by the dis-
tance to a dental clinic/service (9.3%, n = 58) and the
cost of treatment (8.2%, n = 51). Only 37.1% (n = 140) of
those with dental caries experience reported utilising a
dental service.
Dental caries experience D4MFT and its consequences

in relation to sociodemographic and behavioural vari-
ables are presented in Tables 1 and 2. Six out of 10
(60.2%, n = 337) of adults surveyed had a D4MFT score
of 1 or more, out of which 88.0% (n = 332) had at least
one untreated.
D4MFT scores ranged from 0 to 28 (mean, 4.4 ± 6.9),

and the score increased with age (Fig. 1). Whereas 49.9%
(n = 188) of adults had missing teeth, only 0.8% (n = 3) of
those with dental caries experience had fillings. Pain or
discomfort was reported by 16.5% (n = 103) of the study
participants, with 7.2% (n = 45) having one or more
PUFA component. Pulp involvement encompassed the
majority (80.0%, n = 36) of PUFA. Most (59.9%, n = 226)
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adults with dental caries experience reported tooth pain
or discomfort during the last year.
Based on the bivariate analysis, increasing age had a

significant and positive association with dental caries
experience, whereas educational level was negatively
associated. Marital status and location of residence also
demonstrated high significant associations with caries
(p < 0.001 for all). However, no association was observed
with sex and religion. Regarding the health behaviours,
dental care service utilisation, frequency of tooth clean-
ing and materials used (including the use of toothpaste),
sugar intake and Khat chewing were highly associated
with dental caries experience (P < 0.001 for all). There
were also significant associations between the health
impact, notably tooth pain or discomfort; and age,
education, marital status, dental care service utilisation,
location of residence and tooth cleaning frequency (p <
0.05). Out of all the independent variables, only dental
care service utilisation, tooth cleaning frequency and
materials used for dental hygiene were significantly asso-
ciated with PUFA (p < 0.05).
The Poisson regression models for dental caries ex-

perience and predictors are presented in Table 3. In the
unadjusted model, all the independent variables, except
for sex, had significant associations with dental caries

experience (p < 0.05). In the adjusted model, sociodemo-
graphic variables, age and educational status remained
significantly associated. The probability of experiencing
dental caries was higher in older age-groups and lower
in higher levels of education. The probability of experi-
encing dental caries was 1.5 times (95%CI: 1.4–1.7, p <
0.001) higher in persons who reported utilising dental
care services than in those who never did. Khat was the
only lifestyle behavioural component that remained sig-
nificant in the adjusted model. Persons who reported
chewing Khat daily or nearly every day had 1.4 times
(95%CI: 1.2–1.6, p < 0.001) the probability of experien-
cing dental caries as compared with reported non-
chewers. Location of residence and most of the health
behaviours including tooth cleaning and the risk of sugar
intake did not predict the probability of experiencing
caries after adjusting for other factors.

Discussion
In this cross-sectional study amongst a mixed rural and
urban population of south-central Ethiopia, 6 out of 10
adults were found to have dental caries experience. This
study is one of the few oral health research projects to
have been carried out in the country and the first
population-based oral health survey to be part of a large

Table 1 Bivariate analysis of dental caries experience and consequences of untreated dental caries (D4MFT ≥ 1)a with
sociodemographic factors of adults in Butajira HDSS, south-central Ethiopia
Factors Total DT ≥ 1 MT ≥ 1 DMFT ≥ 1 Pain/Discomfort PUFA ≥ 1

n % n % p-value n % p-value n % p-value n % p-value n % p-value

Total 626 100 332 53.0 188 30 377 60.2 103 16.5 45 7.2

Age group 18–24 123 19.7 35 28.5 0.001 5 4.0 0.001 36 29.3 0.001 8 6.5 0.001 7 5.7 0.203

25–34 190 30.4 70 36.8 39 20.5 85 44.7 22 11.6 13 6.8

35–44 103 16.5 65 63.1 30 29.1 78 75.7 17 16.5 3 2.9

45–54 79 12.6 56 54.4 36 35.0 61 59.2 18 22.8 8 10.1

55–64 74 11.8 59 79.7 40 54.0 64 86.5 26 35.1 9 12.2

65+ 57 9.1 47 82.5 38 66.7 53 93.0 12 21.1 5 8.8

Sex Female 400 63.9 213 53.3 0.886 126 31.5 0.165 240 60.0 0.932 65 16.3 0.911 28 6.0 0.872

Male 226 36.1 119 52.7 62 27.4 137 60.6 38 16.8 17 7.5

Education level No formal education 278 44.4 205 73.7 0.001 121 43.5 0.001 226 81.3 0.001 65 23.0 0.001 19 6.8 0.78

Primary school 202 32.3 88 43.6 47 23.3 102 50.5 23 11.4 16 7.9

Secondary school 97 15.5 26 26.8 14 14.4 34 35.1 11 11.3 8 8.3

Higher education 49 7.8 13 26.5 6 12.2 16 32.7 4 8.16 2 4.1

Religion Muslim 476 76.0 261 54.8 0.183 149 31.3 0.135 296 62.2 0.166 76 16.0 0.810 31 6.5 0.495

Orthodox 131 21.0 62 47.3 37 28.2 72 55.0 24 18.3 12 9.2

Protestant 19 3.0 8 42.1 2 10.5 9 47.4 3 15.8 2 10.5

Marital Status Single/ Never Married 106 16.9 30 28.3 0.001 10 33.3 0.001 32 30.2 0.001 8 7.6 0.017 2 1.9 0.068

Married 447 71.4 242 54.1 134 55.4 278 62.2 79 17.7 37 8.3

Formerly Married 73 11.7 60 82.2 44 60.3 67 91.8 16 21.9 6 8.2

Location Urban 293 46.8 127 43.3 0.001 81 27.7 0.222 154 52.6 0.001 37 19.8 0.015 23 7.9 0.548

Rural 333 53.2 205 61.6 107 32.1 223 66.8 66 23.0 22 6.6
a DT: ICDAS 4 and above
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multi-disciplinary global health project providing an
overview of adult oral health in the community and the
most extensive in nature. This research has certain limi-
tations which need to be acknowledged. First, it was
conducted in a relatively ethnically homogenous popula-
tion, which therefore cannot be considered nationally
representative. Second, almost half (46.8%) of the study
participants were from the urban area due to the accessi-
bility challenge in some rural areas. The 10.8% non-
response rate (129 persons out of the 1200 proposed
sample size) is also attributed to the non-accessibility of
some rural households. Since a large proportion (80.0%)
of the general population in the country is rural, this
again needs to be recognised as unrepresentative of the
national situation; however, it allowed comparison be-
tween the rural and urban settings and given the study

findings whereby the differences between urban and
rural settings were not significantly different in the ad-
justed Poisson regression model, this may not be a major
factor. Third, the people who stayed at home and were
available to participate in the data collection might be
different from those who were out engaging in work and
other activities and thus possibly overrepresented. How-
ever, every effort was made to ensure that people who
worked away from home were included in the study, al-
though most men working in the fields might have been
missed. Fourth, the questionnaire data were collected by
face-to-face interview, which means participants may
have given more socially desirable answers about their
lifestyle and behaviours. Nonetheless, given the very low
level of education in this community, this was the most
appropriate survey method. Fifth, the sample size was

Table 2 Bivariate analysis of dental caries experience and consequences of untreated dental caries (D4MFT ≥ 1)a with relevant health
behavioural factors of adults in Butajira HDSS, south-central Ethiopia
Factors Total DT ≥ 1 MT ≥ 1 DMFT ≥ 1 Pain/Discomfort PUFA ≥ 1

n % n % p-
value

n % p-
value

n % p-
value

n % p-
value

n % p-
value

Utilisation of dental
care services

Never 463 74.0 212 45.8 0.001 100 21.6 0.001 237 51.2 0.001 66 14.3 0.012 26 5.6 0.010

Ever 163 26.0 120 73.6 88 54.0 140 85.9 37 22.7 19 11.7

Frequency of tooth
cleaning

Never/ Rarely 65 10.4 48 73.9 0.001 27 41.5 0.007 51 78.5 0.001 9 13.9 0.001 2 3.1 0.001

Less than once
a day

305 48.7 156 51.2 79 25.9 178 58.4 50 16.4 15 4.9

Once a day 135 21.6 53 39.3 35 25.9 65 48.2 15 11.1 8 5.9

Twice or more
per day

121 19.3 75 62.0 47 38.8 83 68.6 83 68.6 20 16.5

Tooth cleaning material Mefakiya b /
Chewstick

281 44.9 150 53.4 0.001 87 31.0 0.004 169 60.1 0.001 53 18.9 0.288 20 7.1 0.006

Wooden
toothpicks

142 22.7 75 52.8 45 31.7 89 62.7 22 15.5 7 4.9

Toothbrush 114 18.2 44 38.6 19 16.7 52 45.6 13 11.4 10 3.1

Other 24 3.8 15 62.5 10 41.7 16 66.7 6 25.0 6 7.1

Do not clean 65 10.4 48 73.9 27 41.5 51 78.5 9 13.8 2 4.9

Use of toothpaste Yes 118 18.9 42 35.6 0.001 17 14.4 0.001 50 42.4 0.001 14 11.9 0.260 8 8.8 0.374

No 443 70.8 242 54.6 144 32.5 276 62.3 80 18.1 35 25.0

Do not clean 65 10.4 48 73.9 27 41.5 51 78.5 9 13.8 2 3.1

Frequency of Khat
chewing

Never Chew 370 59.1 164 44.3 0.001 90 24.3 0.003 193 52.2 0.001 54 14.6 0.484 23 6.2 0.519

Less than a
week

72 11.5 43 59.7 26 36.1 48 66.7 13 18.1 8 11.1

More than once
a week

101 16.1 64 63.4 40 39.6 70 69.3 19 18.8 8 7.9

Every day or
nearly every day

83 13.3 61 73.5 32 38.6 66 79.5 17 20.5 6 7.2

Level of sugar
consumption risk

Higherc 67 10.7 31 46.3 0.004 13 19.4 0.017 35 52.2 0.001 9 2.0 0.733 4 0.1 0.438

Moderated 223 35.6 102 45.7 59 26.5 115 51.6 36 0.4 20 20.0

Lowere 336 53.7 199 59.2 116 34.5 227 67.6 58 68.2 21 24.7

Toothache or discomfort
(in past 12 months)

Often 44 7.0 37 84.1 0.001 24 54.6 0.001 38 86.4 0.001 22 0.5 0.001 12 27.3 0.001

Occasionally 133 21.3 104 78.2 58 43.6 113 85.0 50 37.6 14 10.5

Rarely 97 15.5 66 68.0 35 36.1 75 77.3 14 14.4 4 4.1

Never 352 56.2 125 35.5 71 20.2 151 42.9 16 4.6 14 4.1
aDT: ICDAS 4 and above, bMefakiya: an Amharic name for chew-stick, cMore than once a week, dBetween once a month and once a week, eRarely or never
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calculated based on surgical care needs; however as sur-
gical care needs are less common than the oral diseases,
this provided a substantial sample for the oral health
survey when compared with other national dental sur-
veys [28], and our findings will provide a sound basis to
inform future epidemiological studies in Ethiopia.
The magnitude of untreated obvious caries (clinically

visible lesions representing demineralisation in the mid-
dle third of the dentine, and above indicated by the
ICDAS 4 threshold) in the study participants was high; if
the early and sub-clinical lesions were included, which
would require optimal clinical and radiographic exami-
nations [39], a higher value would result. These findings
suggest an increasing burden of NCDs in general [40].
Interestingly, a higher proportion of dental caries experi-
ence was observed in rural areas, unlike a previous study
in Ethiopia which reported a higher prevalence of caries
in urban areas (61.1%) [13]. However, the probability of
experiencing dental caries was almost the same for both
locations in the adjusted Poisson regression model. Al-
though rural areas are generally suggested to have less
access to cariogenic foods, this may be changing with
the nutrition transition; in addition to the limited access
to dental care and preventive services as compared to
urban areas [41]. Similar issues exist in both lower and
higher income countries, whereby the rural population
has more untreated caries [34, 41]. Furthermore, accord-
ing to Ogunbodede et.al (2015), accessibility and utilisa-
tion of modern dental services is still a problem for the
rural population in the African and middle east region,
thus oral health inequalities are marked between rural
and urban populations in the region [34].

In the study participants, the probability of experien-
cing caries increased with age and the pattern of the
condition is also cumulative throughout life by its nature
[33]. This finding mirrors the emerging result of the
Dunedin longitudinal study (the 1972/3 birth cohort) of
dental caries trajectory assessment in which the partici-
pant’s dental caries experience in the different categories
of the trajectory increased with age [42]. However, the
difference between males and females regarding their
dental caries experience was not significant in our study,
as in the recent global burden of oral health study find-
ings [43, 44]. Previous studies elsewhere reported sex
differences in the prevalence and severity of caries,
which has been explained by a range of factors including
dietary patterns [45–47].
The regression models in this study demonstrated the

probability of experiencing dental caries significantly re-
duced with increasing educational attainment of adults.
Education influences an individual’s position in the soci-
ety, also determines their income and day-to-day activ-
ities. This in turn influences the risk of one’s exposure
to different diseases [24], including dental caries [33]. As
in other health outcomes, oral diseases in general are
patterned across the social gradient, and they are directly
influenced by the social determinants of health and in-
equalities in the society [48–50]. It might have been ex-
pected that in a low-income country, the converse
would be seen where higher social classes have greater
access to sugar.
Health behaviours, whilst important risk factors for

oral disease [8], are less likely to be significant in our
model. The association of oral hygiene practice and

Fig. 1 Progression of dental caries experience (DT: ICDAS 4 and above) across the age categories of adults in Butajira HDSS,
South-central Ethiopia
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sugar consumption was no longer present after the stat-
istical adjustment. However, people who reported clean-
ing their teeth twice or more per day were those with a
higher dental caries experience. This might be explained
by the fact that those who already have a disease prob-
lem tend to perceive the severity, so that they adapt
healthy behaviours and clean their teeth more [51], but
do not appear to be using fluoride toothpaste [52]. Most
of our study participants practiced traditional way of

tooth brushing using mefakiya (chewstick). Studies sug-
gest that, traditional chewsticks are as effective as tooth-
brushes in mechanically removing tooth debris, and they
are even better in some cases if used properly [53]. The
chemical compositions in some of the chewsticks also
inhibit plaque bacteria [53, 54]. However, their effective-
ness compared with brushing with fluoridated and non-
fluoridated toothpaste is not yet known [53]. Apart from
the use of toothpaste, possibly fluoridated, there is no

Table 3 Factors associated with dental caries experience (D4MFT ≥ 1)a among adults in Butajira HDSS, South-central Ethiopia

Explanatory Variables Unadjusted Model Adjusted Model

PRf 95% CI PRf 95% CI

Age group 18–24 1 [Reference] 1 [Reference]

25–34 1.53** 1.11–2.10 1.28 0.95–1.71

35–44 2.59*** 1.92–3.48 1.76*** 1.31–2.39

45–54 2.64*** 1.95–3.56 1.80*** 1.33–2.43

55–64 2.95*** 2.21–3.95 1.75*** 1.29–2.38

65+ 3.18*** 2.39–4.22 2.02*** 1.50–2.74

Sex Female 1 [Reference] 1 [Reference]

Male 1.01 0.89–1.15 1.09 0.94–1.25

Educational status No formal education 1 [Reference] 1 [Reference]

Primary school 0.62*** 0.54–0.72 0.76*** 0.66–0.89

Secondary school 0.42*** 0.32–0.56 0.59*** 0.44–0.80

Higher education 0.40*** 0.27–0.60 0.55** 0.37–0.82

Location Urban 1 [Reference] 1 [Reference]

Rural 1.27*** 1.12–1.45 0.97 0.85–1.10

Utilisation of dental care services Never 1 [Reference] 1 [Reference]

Ever 1.68*** 1.51–1.87 1.51*** 1.36–1.68

Frequency of tooth cleaning Never/ Rarely 1 [Reference] 1 [Reference]

Less than once a day 0.74*** 0.63–0.87 1.01 0.78–2.60

Once a day 0.61*** 0.49–0.76 0.93 0.70–2.26

Twice or more per day 0.87 0.73–1.04 1.11 0.86–1.44

Tooth cleaning material Toothbrush 1 [Reference] 1 [Reference]

Mefakiyab / Chewstick 1.32* 1.16–2.79 0.97 0.70–1.36

Wooden toothpicks 1.37** 1.21–3.31 0.94 0.66–1.33

Other 1.46* 0.95–6.02 1.05 0.69–1.61

Use of toothpaste Yes 1 [Reference] 1 [Reference]

No 1.52*** 1.22–1.89 0.92 0.63–1.34

Frequency of Khat chewing Never 1 [Reference] 1 [Reference]

Less than weekly 1.28** 1.08–3.12 0.96 0.80–1.15

More than once a week 1.33*** 1.30–3.31 1.16 0.98–1.36

Every day/nearly every day 1.52*** 2.01–6.30 1.38*** 1.15–1.64

Level of sugar consumption risk Higherc 1 [Reference] 1 [Reference]

Moderated 0.99 0.76–1.28 0.95 0.75–1.20

Lowere 1.29* 1.02–1.65 1.12 0.90–1.40
aDT: ICDAS 4 and above, bMefakiya: an Amharic name for chewstick, cMore than once a week, dBetween once a month and once a week, eRarely or never,
fPoisson regression models with robust standard error were fitted, and prevalence ratios (PR) were reported
*p < 0.05; **p < 0.01; ***p < 0.001
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known fluoride supplement in our study area. Thus, it
can be assumed that exposure to fluoride in the commu-
nity is low. This can increase vulnerability of individuals
to caries, as optimum and controlled use of fluoride is
one of the best preventive methods for dental caries
[55–57].
Amongst the health behaviours assessed in this survey,

chewing Khat daily was associated with increased prob-
ability of dental caries experience when keeping other
variables in the model constant. Khat chewing has been
suggested to be associated with some oral conditions in-
cluding periodontal diseases, attrition of tooth surface
and tooth discolouration, oral cancer, and other mucosal
diseases. According to Al-Maweri (2018), Khat itself is
not cariogenic. However, it has a dehydrating effect on
the oral mucosa and a bitter taste. Consequently, Khat
chewers tend to consume a large quantity of non-
alcoholic fluids, such as carbonated soft drinks, water,
and coffee (usually sweetened). Some also supplement
the leaves with refined sugar and it also increases the
tendency to tobacco smoking [37]. A cohort study of 98
Yemeni Khat chewers and 101 non-chewers, aged 18–
35 years with early occlusal caries suggested a higher risk
of dental caries progression in low-income Khat chewers
as compared to the non-chewers, although the study
follow-up was short [58].
Whilst utilisation of dental care was generally uncom-

mon, it was notable in those with dental caries experi-
ence in our study, only just over one-third reported
utilising a dental care service. However, those who uti-
lised the service had a higher probability of dental caries
experience than those who never did. This might suggest
that dental visit was perceived need driven and given the
level of untreated diseases, care was probably limited to
the offending lesion. In this regard, the main reasons for
not utilising dental care services are generally multifac-
torial [38], and it can also be highlighted by the barriers
of access related to the direct and indirect costs and the
availability of the service. A study of Jordanian adults on
factors influencing access to dental care also reported
the cost of treatment and perceived lack of treatment
need, following lack of time as main reasons for not
utilising a dental care service [59]. However, our
study participants did not highlight lack of time as a
reason, but mainly distance to the dental service and
cost of treatments. Another study among adult city-
dwellers in Burkina Faso also highlighted cost of den-
tal treatment as the main barrier to dental visits [60].
Dental treatment is known to expose households to
unpredictable and significant financial costs; recent
research has shown, the larger portion of the dispos-
able income in low income households could be used
for dental treatment mainly in out-of-pocket payment
situations [61]. This could also be the case in

Ethiopia, as out-of-pocket payment is the main
method of funding healthcare [62].
According to our findings, half of the people with den-

tal caries experience had missing teeth due to caries, and
less than 1% had dental fillings. This indicates that tooth
extraction is the most widely used treatment modality
for dental caries in the area, which may be due to the
limited access to care or choice of treatment option, as
well as late presentation with disease. These can also be
attributable to the significant proportion of reported
PUFA and feeling of pain or problem as consequences
of untreated caries. Besides, just over half of the people
in this study reasoned ‘never experiencing any dental
problem’ for not seeking dental care, despite the high
prevalence of caries and report of experiencing pain or
discomfort during the last year. Their reports seem to
involve contradictory evidence. However, this could pos-
sibly indicate the low level of awareness about oral dis-
ease, specifically dental caries and their complications in
the community. This in turn suggests the strong need of
population centred health promotion programmes in the
area, to facilitate the community having better awareness
and control over their health outcomes, as to prevent
disease and improve their health [63]. However, socio-
economic conditions can also determine access to pre-
ventive and restorative dental treatments [64]. Access to
care can be improved by strengthening the health system
in terms of expanding coverage, and providing good
health service with optimum use of available resources,
and implementing other relevant strategies [65]. The use
of primary care services helped most industrialised
countries to achieve greater equity so that people with
greater health needs can get better access to services
[66], albeit in response to symptoms and with less regu-
larity. Reviews of oral health in the African region also
suggested those challenges can be addressed by creating
universal and equitable access to quality, affordable and
appropriate oral health services [67].
In general, our findings demonstrated that health be-

haviours had less influence on oral health, apart from
frequent Khat chewing and utilisation of care. However,
sociodemographic conditions, particularly age and edu-
cational status and markedly affected the magnitude of
untreated caries in our study area. Although not statisti-
cally significant, the prevalence of caries differed accord-
ing to location of residence. This emphasises the role of
social determinants in oral diseases and health outcomes
in general, inferring a marked inequity in oral health and
utilisation of care [66]. Despite being preventable and
treatable, the higher prevalence of untreated caries,
along with the very low utilisation of dental care services
and inadequate oral health awareness in the society indi-
cate the inevitable need of focusing on oral health pro-
motion within the health system. However, accessibility
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of dental services and cost of treatment were identified
as possible barriers to access to care in this study. Hav-
ing an under-developed healthcare system, particularly
in countries like Ethiopia, also affects oral diseases and
uptake of care. Moreover, the pattern of services utilisa-
tion can influence the distribution of resources, develop-
ment of strategic health policies and timely response by
different social groups [36]. Therefore, an ideal oral
healthcare system involving an emphasis on health pro-
motion and disease prevention; integration with the rest
of the healthcare system; universal, cost-effective, sus-
tainable and equitable care is advocated to empower
communities and individuals to create conditions condu-
cive to health [68].
This research provides important insights to dental caries

experience and access to care in Ethiopia, providing pilot
data to inform a nationally representative survey of oral
health. This can be an input towards planning appropriate
workforce capacity building through modelling future sce-
narios for dental service provision and expand healthcare
coverage. It will also inform the future general and oral
health policy and strategy as to improve the population
health and redirect the priority towards oral health. Further-
more, it will be important to develop research informing
feasible ways of addressing oral healthcare needs of urban
and rural populations; inform policy and strategy on health
promotion and healthcare services. Further research should
also investigate oral health in relation to NCDs, together with
the possible relationship of Khat and dental caries.

Conclusion
The finding suggests that there is a high burden of dental
caries, considerable consequences of untreated disease and
low uptake of care amongst adults in the district of Butajira.
It also implies the influence of sociodemographic conditions
on their health outcome and marked social inequity. Caries
experience increases with age and is less prevalent amongst
educated and urban populations. However, it is not largely
influenced by health behaviours. Oral health awareness is
low and there is a high need for dental care in general. Over-
all, this indicates a clear need of health system strengthening
interventions with a focus on oral health promotion and bet-
ter access to care.
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