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Introduction: Globally, oral health diseases surpass all other non-communicable
diseases in prevalence; however, they are not well studied in underserved regions,
where accessibility to dental services and oral health education is disparately
worse. In Ecuador, further research is needed to understand such disparities
better. We aimed to assess the effect of oral health disease on individuals’
quality of life and how social disparities and cultural beliefs shape this.

Methods: Individuals 18 or older receiving care at mobile or worksite clinics from
May to October 2023 were included. A mixed-methods approach was
employed, involving semi-structured interviews, Oral Health-Related Quality of
Life (OHRQoL) measures, and extra-oral photographs (EOP).

Results: The sample (n = 528) included mostly females (56.25%) with a mean age
of 34.4 + 9.44. Most participants (88.26%) reported brushing at least twice daily, and
less than 5% reported flossing at least once per day. The median OHRQoL score
was 4 (min-max), significantly higher among individuals >40 years old, holding
high school degrees, or not brushing or flossing regularly (p <0.05). Identified
barriers to good oral health included affordability, time, and forgetfulness.
Participants not receiving care with a consistent provider reported fear as an
additional barrier. Participants receiving worksite dental services reported these
barriers to be alleviated. Dental providers were the primary source of oral
hygiene education. Most participants reported oral health concerns, most
commonly pain, decay, dysphagia, and halitosis - consistent with EOP analysis.
Discussion: Findings underscore a need for multi-level interventions to advance
oral health equity.

KEYWORDS

oral health quality of life, oral health disparities, oral health promotion, oral health
disease, social determinants of health, barriers to oral health

Introduction

Throughout their lives, almost half of the global population is affected by oral disease
(1). The global number of oral disease cases is estimated to exceed that of the next five
most common noncommunicable diseases combined (1). These rates, however, are not
uniformly distributed worldwide, with just under 85 percent of the individuals affected
by oral disease coming from low- or middle-income countries (LMICs) (1).
Additionally, various social, economic, and political determinants in these countries
contribute to further oral health inequities. For instance, disparities in accessibility,
availability, and affordability of oral health care can be seen across factors such as
income, socioeconomic status, education level, gender, and remote or rural
communities (1-3). Individuals facing such disparities have been identified as some of
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the most vulnerable and have been found, on average, to have fewer
teeth than individuals who have more resources or better access to
care (1). It has also been seen globally that unique religious or
traditional practices, lifestyle factors, and cultural beliefs have the
potential to contribute to deteriorating oral health (1-4). Such
trends in oral disease affect individuals’ quality of life, with
consequences such as pain, discomfort, functional limitations,
compromised nutrition and growth, poorer attendance at school
or work, decreased self-esteem, and impacts on general health
(1). Moreover, the adverse effects extend further, as oral disease
presents a considerable burden to health systems, with an
estimated $298 billion USD being spent on direct oral disease
treatment costs globally each year (1, 5).

Like many other LMICs, Ecuador grapples with disparities in
oral health that impact diverse age groups and socio-economic
strata. Almost half (45%) of children 9 years of age and under
have untreated caries in deciduous teeth, and in 2019, the
estimated total productivity losses due to the combined impact of
various oral health diseases were measured at $417 million USD
(6). Clearly, oral disease is a concern that warrants further attention.

In addition to the rising trend of oral diseases globally, and in
Ecuador, it is becoming apparent that there is a lack of
comprehensive oral health research and data. At the 2021 World
Health Assembly, the World Health Organization released a
resolution on oral health, highlighting the need for improved oral
health data to develop oral health promotion strategies and
address oral health inequalities worldwide (7). In this statement,
they highlighted the need for a better understanding of
determinants of oral health inequities and risk factors for disease
to develop interventions and policies to address them (7). Rural
and remote regions have been identified as the most underserved
and understudied regions, as is also the case in Ecuador (7).

We aimed to assess the effect of oral health disease on
individuals’ quality of life in Ecuador, as well as to understand
how this is shaped by social disparities and cultural beliefs. This
research will inform evidence-based strategies to enhance oral
health outcomes, expand access to dental care, and ultimately
improve public health in Ecuador.

Data collection process

Novulismed SA (Novulis) is a social enterprise that provides
affordable, high-quality onsite dental care and education to
underserved communities through mobile and stationary clinics.
We included male and female patients aged 18 or older who
received dental care at Novulis locations across Ecuador from
May to October of 2023.

The recruitment of participants was done using purposive
sampling. After obtaining informed consent (See

. Consent Form), each participant received a unique 6-
digit identifier (e.g., BF.03.01). Demographic information as well
as self-reported oral hygiene habits were collected via paper

questionnaire. The Oral Health-Related Quality of Life
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(OHRQoL) survey was administered to participants in paper-
pencil format (See Demographic
Questionnaire & OHRQoL measure). The OHRQoL survey
consisted of a 5-point Likert scale that reflected participants’ self-
perceived impact of oral health status on three dimensions of
their quality of life: affectation of daily activities, social activities,
and conversation abilities. The OHRQoL survey, in the form of a
Likert scale, has been used in previous literature (8, 9). For our
study, it was translated into Spanish and adapted for cultural
nuances/understanding with the assistance of local translators.

A subset of the sample was then recruited based on theoretical
saturation (n=36) to perform a qualitative assessment consisting
of an extraoral photograph and semi-structured interview.
Following consent, an extraoral photograph was taken and saved
as a digital file labelled with the participant’s assigned 6-digit
identifier to facilitate matching with other records from the same
participant. The photograph was taken with a standard encrypted
memory card with a point-and-click camera and captured from
the base of the nose to the tip of the chin, smiling, frontal view.
After the photo was accurately saved and marked, the qualitative
interview began with the aid of a language interpreter. A semi-
structured interview guide was wused to comprehensively
understand oral hygiene practices and participants’ current oral
health status (See

Interview Guide).

Semi-structured
This
comprehension and cultural suitability (

guide was previously piloted for
). The interviews lasted
between 30 and 45 min and the interviewer verbally stated the
participant’s assigned 6-digit identifier on the audio recording at
the beginning of each interview to facilitate record matching. Each
interview was conducted at a mutually agreed upon site: a mobile
or stationary Novulis worksite dental clinic. Field notes, extraoral
photographs, interview responses, and OHRQoL scores were
matched and compared using the participants’ unique identifiers.

Quantitative data analysis process

Continuous variables of age and income were divided into
categories. Age was dichotomized using 40 years as the cut-off
point, and income categories were defined based on a local
minimum wage of $450 USD. Behavioral variables were
categorized as follows: brushing teeth at least twice per day vs.
less; flossing at least once per day vs. less; smoking tobacco/
vaping at least once a day vs. not; and having at least one drink
once a week vs. not.

The descriptive analysis focused on demographic and clinical
measures. An overall OHRQoL score was obtained as a sum of
scores derived from the responses (3-15; min-max), with higher
scores indicating decreased OHRQoL. Median scores for each
question of the OHRQoL questionnaire were reported.
Descriptive statistics were calculated, stratified analysis was
carried out, and frequencies of responses were reported. F-test of
homogeneity, Wilcoxon rank sum test, and ANOVA were used
to test variance differences between groups. The quantitative data
were analyzed using RStudio statistical software 2023, version

12.1+402, and significance was established at p < 0.05.
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Qualitative data analysis process

Each interview was transcribed and read twice by three
researchers independently to become immersed in the data.
Inductive reasoning and thematic analysis were used to identify
codes. Memos were created on MAXQDA 2022, Version 22.1.1,
and were concurrently referred to throughout the coding
procedure for context. Similar codes were combined into like
categories and later condensed into five overarching themes.
Criteria used to develop themes included a key phrase or
combination of significant code categories well-represented in the
data. A constant comparison method was utilized throughout the
qualitative analysis in two stages: comparing incidents applicable
to each category and integrating categories and their properties.
This allowed for identifying relationships between the emerging
themes. Exemplar quotes were identified to supplement the
findings’ description and maintain the themes’ authenticity.

Extra-oral photographs were examined for both dental and
Qualitative
included a thematic analysis of three predefined categories: hard
tissue, soft tissue, and smile. The hard tissue theme described

facial characteristics. analysis of photographs

conditions of the teeth and mouth and included assessing for
discoloration, fractures, attrition, abrasion, missing teeth, and
presence of plaque; soft tissue described characteristics of the
gums, lips, and labial mucosa and included features such as
discolorations, inflammation, lesions, gingival recession, and
dryness of mucosa and lips; smile analysis included the

TABLE 1 Participant characteristics.

Variable Total 528 (100%)

Mean + SD

10.3389/froh.2024.1431726

anatomic smile classification, presence of gummy smile, and
alignment of lips.

Results
Participants and demographics

A total of 528 participants were included in the sample (Table 1).
Most participants identified as female (1 =297, 56.25%). The average
reported age was 34 years (SD + 9.44 range: 18-69), and 69% of the
sample (n = 365) were under 40 years old. Regarding education level,
just over half of the sample (1 =296, 56%) reported having at least a
high school diploma. The mean reported household income was
$669 USD (SD+418.53; range: $125-3,600 USD) per month
(Table 1). Overall, participants reported being residents of 17
provinces (out of Ecuador’s 24), most of whom resided in the
Pichincha (43.5%, n=230), Cotopaxi (23.3%, n=123),
Imbabura (20.6%, n=109) provinces, all of which belong to the
inter-Andean region of La Sierra.

and

Quantitative findings
Regarding oral hygiene practices (Table 1), 88.26% (n=466)

reported brushing their teeth at least twice per day, but only
3.6% (n=19) reported using dental floss at least once daily. The

Median £ IQR

Missing n (%)

Demographic
Sex - - 0 (0%)
Females 297 (56.25%)
Males 231 (43%)
Age groups 34.4+9.44 34+15 0 (0%)
<40 365 (69.13%)
>40 163 (30.87)
Education level - - 0 (0%)
Less than a high school degree 232 (43.94%)
At least high school degree 296 (56.06%)
Household income 669 + 418.53 500 + 83 2 (0.38%)
<450 31 (5.87%)
450-900 406 (76.89%)
>900 90 (17.04%)
Behavioral
Brushing frequency - - 0 (0%)
Less than 2 per day 62 (11.74%)
At least 2 per day 466 (88.26%)
Flossing Frequency - - 0 (0%)
Less than 1 per day 509 (96.4%)
At least 1 per day 19 (3.60%)
Regular smoker 244 (46.21%) - - 0 (0%)
Regular alcohol consumer 236 (44.70%) - 0 (0%)
OHRQoL - - 4%3 31 (5.87%)
Question 1 - - 1
Question 2 - - 1
Question 3 - - 1+
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majority (96.4%; n =509) reported either not using dental floss at
all or, if at all, very sporadically. When surveyed, 46.21%
(n=244) of participants reported being regular users of smoking
tobacco or vapes, and 44.7% (n=236) reported being regular
alcohol consumers.

Oral Health-Related Quiality of Life
(OHRQol)

All participants (n =528) consented to the OHRQoL measure.
After removing incomplete records, the OHRQoL was analyzed for
497 participants. The overall sample reported a median OHRQoL
score of 4 (IQR +3; range: 3-14) (Table 1), with scores evenly
distributed across all three questions. Bivariate analysis (Table 2)
revealed that the OHRQoL scores were evenly distributed across
sex, household income categories, smoking status, or alcohol
consumption. Individuals aged 40 vyears or greater had
significantly higher median OHRQoL scores (5 +3) compared to
younger participants (4 +3) (p <0.05) (Figure 1). The density of
distribution of OHRQoL scores was significantly higher among
individuals who had at least a high school degree compared to
those who had not completed high school (p <0.05) (Figure 2).
Those who brushed at least twice per day had significantly lower
OHRQoL scores (4 +3) compared to those who did not (5 +4)
(p<0.05). A similar trend was seen regarding flossing frequency
(3+0 vs. 4+3 respectively) (p<0.05). While insignificant, a
trend was observed in which those with an income between
$450-900 USD showed a higher third quartile and higher range
of OHRQoL scores than the other two income brackets (Figure 3).

TABLE 2 Mean OHRQoL scores and standard deviations by independent
variables.

Variable OHRQoL OHRQoL | p-value
Mean = SD | Median + QR
Demographic
Sex 0.1529
Females 4.81 +£2.09 +
Males 4.99 £2.56 4+3
Age groups 0.0125
<40 4.74+223 4+3
>40 524+2.49 5+3
Education level 0.0002
Less than a high school degree | 4.49+2.26
At least high school degree 5.18+2.33 4+3
Household income ($ USD)
<450 447 £ 1.61 4+2 0.6767
450-900 (Reference) 5.06 +2.49
>900 4.33+1.59 4+2 0.0166
Behavioral
Brushing frequency 0.0029
Less than 2 per day 5.59 +2.57
At least 2 per day (Reference) 4.79 £2.27 4+3
Flossing frequency 0.0009
Less than 1 per day 4.94+233 4+3
At least 1 per day (Reference) 3.68+1.70
Regular smoker 4.92+247 4+3 0.8672
Regular alcohol consumer 4.96 +2.48 4+3 0.8068
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FIGURE 1
Boxplot showing OHRQoL score distribution across age categories.
Blue indicates participants aged <40 years; orange indicates
participants aged >40. Shaded box refers to the interquartile
range; horizontal line through box indicates median; and “X"
depicts mean. Upper and lower whiskers indicate maximum and
minimum respectively. Individual points outside the whiskers
represent outliers.
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FIGURE 2

Boxplot showing OHRQoL score distribution across education level
categories. Blue indicates participants who have less than a high
school degree; orange indicates participants who have at least a
high school degree. Shaded box refers to the interquartile range;
horizontal line through box indicates median; and “X" depicts
mean. Upper and lower whiskers indicate maximum and minimum
respectively. Individual points outside the whiskers represent
outliers.
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FIGURE 3

Boxplot showing OHRQoL score distribution across income
categories. Blue indicates participants with a household income of
<450 USD; orange indicates a household income of 450-900
USD, and grey indicates a household income of >900 USD
Shaded box refers to the interquartile range; horizontal line
through box indicates median; and “X" depicts mean. Upper and
lower whiskers indicate maximum and minimum respectively.
Individual points outside the whiskers represent outliers

Qualitative findings

A subset of 36 participants was randomly selected for
involvement in further qualitative analysis (semi-structured
interviews and extra-oral photographs). Most participants were
female (n=28; 77.78%) with a mean age of 37.69 (SD +11.07)
(Table 3). Over half of the sample reported having at least a high
school degree (n =20; 55.56%), and the mean reported household
income was $669 USD (SD +418.53). Participants in this subset
reported being residents of 3 provinces, of which 61% (n =22)
resided in the province of Pichincha. The median OHRQoL
index of the subset was 4 (IQR 2.5).

Thematic analysis

The initial theme, Oral Hygiene Routines & Habits, reflected
that 25 participants (69.44%) (Table 3) reported brushing at least
twice per day and understood the importance of oral health as a
routine practice to be incorporated into daily life. However, this
still leaves about one-third of the participants (n=11, 30.56%)
who reported inconsistent tooth-brushing practices. A few reasons
for the inconsistency included lack of accessibility and affordability
of dental hygiene aids (n=3), lack of time (n=2), and

Frontiers in Oral Health
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forgetfulness (n=5). For example, one participant said, “I have to
rush to work in the morning, so I do not get time to brush, and
because I'm so tired at night, 1 forget to brush.” Another
participant stated, “Our family is really big, so sometimes I cannot
always have a toothbrush of my own” (Table 4). A suboptimal
flossing frequency was evident among most respondents, and only
10 participants (27.78%) reported regular flossing.

Additionally, tongue cleaning was found to be a less widely
held habit or not practiced at-all. One participant commented, “I
do not know we were supposed to clean the tongue.” Most
(n=22, 61.11%)
however, when further asked about this practice, participants

respondents reported using mouthwash;
shared that their use was inconsistent. When reflecting on overall
hygiene practices, one participant said, “The family and I do not
use anything else to brush our teeth except toothbrush and
toothpaste,” demonstrating room for improvement.

The second theme, Knowledge Acquisition & Education,
demonstrated the role of early and consistent oral hygiene
education through family and institutional influences. Over one-
quarter (n=10; 27.78%) of adults reported strongly influencing
children’s brushing habits. For example, one participant stated, “I
started brushing my kid’s teeth at six because my mom explained
that she brushed my teeth at six.” Another participant shared,
“My parents started brushing my teeth for me when I was little
and made sure I did it myself twice a day once I was old enough.
My mom would check in the mornings, but never before bed, so I
don’t brush at night”. Some parents also reported prioritizing
their children’s oral health education and care over their own, as
evidenced by the following quotation, “I am a grown-up so there
is nothing you can do about my teeth, but my son can start
having great oral health.” While peers and siblings have a
reported 5.56%), dental
providers were reported to have the strongest influence (n=17;

relatively minor influence (n=2;
47.22%). For example, one participant stated, “The dentist gave
me a new toothbrush and had me practice circular scrubbing
motions on a model set of teeth. She gave feedback like -Make
sure you get the backs of the teeth too!” and another stated, “The
dentist showed me models of how food and plaque can get stuck
between teeth and let me practice brushing and once showed how
to get flossing done on a large model mouth. I was motivated to
brush but still cannot afford the floss each time.” Oral hygiene
education was also found to be influenced by social and cultural
beliefs and practices. One participant shared “I started brushing
my teeth at 12 years old. I am from [an Indigenous area], where
they don’t have this custom of brushing their teeth. .... But, when
I was 12, I went to live in Bogota, Colombia, and the people I
lived with taught me that I needed to brush my teeth.”

The third theme, Barriers to Oral Hygiene and Dental Care,
highlights the challenges posed by the cost and availability of
hygiene products and professional dental care, especially during
the COVID-19 pandemic. One participant expressed, “During the
pandemic, we didn’t have toothpaste and were having trouble
getting it. So, for 4 months, we just used the toothbrush alone,
toothpaste.” As healthcare

COVID-19-precipitated
respondents (n=12; 33%) reported that worksite dental care

without any services resumed

following  the lockdowns,  several
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TABLE 3 Patient characteristics of the qualitative sample subset.

10.3389/froh.2024.1431726

varable 1ot 36 (100% Vedian + 108 wissing n 09

Demographic

Sex
Females 28 (77.78%)
Males 8 (22.22%)
Age groups
<40 19 (52.78%)
>40 17 (47.22)

Education level
Less than a high school degree 15 (41.67%)
At least high school degree 20 (55.56%)

Household income ($ USD)

<450 7 (19.44%)

450-900 (Reference) 20 (55.56%)

>900 0 (0.00%)
Behavioral

Brushing frequency
Less than 2 per day 11 (30.56%)
At least 2 per day 25 (69.44%)
Flossing frequency
Less than 1 per day 26 (72.22%)
10 (27.78%)
1 (2.78%)

4 (11.11%)

At least 1 per day
Regular smoker
Regular alcohol consumer
OHRQoL

Question 1 -

Question 2 -

Question 3 -

helped alleviate barriers to access like transportation, time away
from work, and cost. One participant expressed, “I appreciate the
convenience of having dental services available on-site at my
workplace. It saves me time and hassle, and I can easily fit
appointments into my schedule.”

Additionally, a few (n=2; 5.56%) shared that having worksite
dental care services allows them to choose multi-visit treatment
options like endodontics and orthodontics. One participant
stated, “When [the onsite] orthodontic program helped me get
braces, it changed my smile and my confidence. I used to hide my
teeth when laughing because I was embarrassed. Now I smile big
and proud, thanks to getting the care I needed but couldn’t afford
to travel for each appointment before.” Another participant said,
“I never thought straight, beautiful teeth were possible for someone
like me, but now I can’t stop grinning because I finally will have
the smile I deserve despite my circumstances.”

Participants who were not receiving regular dental care with a
consistent provider reported fear of dental visits (n=5) and
expressed that this was a barrier to seeking dental care. A
participant reported, “When I was 12, I was scared. I had a
cavity, and they made it like a hole, like a huge hole in the tooth,
and like put the patch in it. It was a horrible experience because I
could not talk or eat anything for a long time. So, when I grew
up, I never attended the check-ups. I'm just scared”.

Conversely, several participants (n=14) who received regular
care, for example, through worksite dental clinics, reported that
consistent professional dental care helped them overcome the

Frontiers in Oral Health

0 (0%)

37.69 £ 11.07 - 0 (0%)

- - 1 (2.78%)
669 +418.53 475 +102 9 (25.00%)

- - 0 (0%)

_ - 0 (0%)

- - 5 (13.89%)

, - 5 (13.89%)

- 4,00 +2.50 0 (0.00%)

- 1+1

_ 1+0.50

- 1+1

fear and anxiety of dental visits. For example, one participant
stated, “So the main difference in the service is that they have
patience here; they do everything gently. A co-worker told me they
put on anesthesia when she finished their cavity. I will compare
this to the public healthcare dentist experience I have had before,
where even if it is a deep hole and painful, they still do it without
pain medicine.” At the same time, another stated, “I was nervous
because the last dentist was really bad and spoke rudely. So,
initially, while visiting the onsite dental office, I felt nervous and a
little ashamed. But now I feel good and very comfortable; I have
been going for six visits.”

The fourth theme, Diet Influences on Oral Health, explores the
influence of sugar intake across generations on oral health. Many
participants (n=18; 51.75%) reported frequent sugar ingestion.
One participant mentioned, “Everybody in the family likes sweets.
We all eat candies at least once a day.” One of the interviewees
believed toothbrushing was the primary oral hygiene habit that
could help mitigate the impact of sugar consumption. The
participant expressed, “If you eat too much of the sugary foods,
then it’s harmful to your teeth, but if you eat a few during the
day, but then you brush your teeth afterward, then it will be fine.”
Some participants reported that they (n=6; 23.12%) kept candies
in their pockets while at work to gain a quick energy boost
throughout the day. This was also described as a long-standing
workplace tradition. Parents acknowledged feeding preschool-
aged children snacks and beverages that contain significant
amounts of sugar as a quick fix. One participant stated,

06 frontiersin.org
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TABLE 4 Descriptions and definitions of five qualitative themes.

Theme

Oral hygiene routines

and habits

Knowledge
acquisition and
education

Barriers to oral
hygiene and dental
care

Definition
Describes participants’ oral hygiene behaviours, including tooth brushing
frequency, flossing and mouthwash habits, alternate cleaning methods such
as use of natural products/ substitutions, and other related routines.

This theme examines participant reports about the origins of oral hygiene
knowledge, such as through family, school programs, or professional dental
care, or a lack of education at all. It also covers intergenerational
transmission of oral hygiene education.

This theme analyzes participant-reported challenges to maintaining oral
hygiene and accessing professional dental care, including constraints such
as time, cost, transportation, accountability, and external factors like the

10.3389/froh.2024.1431726

Sample quotes

“T have to rush to work in the morning, so I do not get time to brush, and
because I'm so tired at night, I forget to brush.”

“Our family is really big, so sometimes I cannot always have a toothbrush
of my own”

“I do not know we were supposed to clean the tongue.”

“The family and I do not use anything else to brush our teeth except
toothbrush and toothpaste.”

“My parents started brushing my teeth for me when I was really little and
made sure I did it myself twice a day once I was old enough. My mom
would check in the mornings, but never before bed, so I don’t brush at
night”

“The dentist showed me models of how food and plaque can get stuck
between teeth and let me practice brushing and once showed how to get
flossing done on a large model mouth. I was motivated to brush but still
cannot afford the floss each time.”

“I started brushing my own teeth at 12 years old. I am from [an
Indigenous area], where they don’t have this custom of brushing their
teeth. .... But, when I was 12, I went to live in Bogota, Colombia, and the
people I lived with taught me that I needed to brush my teeth.”
“During the pandemic, we didn’t have toothpaste and were having
trouble getting it. So for 4 months, we just used the toothbrush alone,
without any toothpaste.”

COVID-19 pandemic.

Diet influences on
oral health

Self- reported Oral

Health Status pain, decay, swelling, and halitosis.

“Occasionally, 1 allow my children to have two servings of juice
[including Pepsi and Coke]. When I notice that they drink the
juice quickly, I think they are thirsty. In such cases, I say, You
can have another one if you want to.”

The fifth and final theme, Self-reported Oral Health Status,
explores self-reported oral hygiene habits and health problems.
half (n=19; 52.78%) of the participants reported
experiencing pain related to their oral health. One respondent

Over

recalled their most recent dental pain experiences and stated, “I
couldn’t ignore the constant, throbbing ache in my tooth that
night. It was like a sharp reminder that dental pain is not
something to be taken lightly.” Some (n=3; 8.33%) participants
reported difficulty in chewing and only opted for a dental visit
when they experienced acute pain. One participant expressed,
“I've never been good about taking my children to the dentist, and
honestly, I don’t go myself unless it hurts.” Overall, several of the
participants reported having oral health issues, including cavities
(n=6; 16.67%), commonly called “holes”, swelling in their oral
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This theme investigates dietary and lifestyle factors influencing oral health,
such as sugar consumption as well as tobacco and alcohol use.

This theme identifies participant-reported oral health issues, including

“When I was 12, I was scared. I had a cavity, and they made it like a hole,
like a huge hole in the tooth, and like put the patch in it. It was a horrible
experience because I could not talk or eat anything for a long time. So,
when I grew up, I never attended the checkups. 'm just scared”

“I really appreciate the convenience of having dental services available
on-site at my workplace. It saves me time and hassle, and I can easily fit
appointments into my schedule.”

“Everybody in the family really likes sweets. We all eat candies at least
once a day.”

“If you eat too much of the sugary foods, then it’s harmful to your teeth,
but if you eat a few during the day, but then you brush your teeth
afterward, then it will be fine.”

“Occasionally, I allow my children to have two servings of juice
[including Pepsi and Coke]. When I notice that they drink the juice
quickly, I think they are thirsty. In such cases, I say, ‘You can have
another one if you want to.”

“I couldn’t ignore the constant, throbbing ache in my tooth that night. It
was like a sharp reminder that dental pain is not something to be taken
lightly.”

“I've never been good about taking my children to the dentist, and
honestly, I don’t go myself unless it hurts.”

cavities (n=4; 11.11%), or bad breath (n=>5; 13.89%). Moreover,
four (11.11%) participants reported replacing their toothbrushes
less frequently than is recommended by the American Dental
Association (3 months) (11).

Extraoral photographic analysis of dental
characteristics

Of the 36 participants in the subset, 28 individuals (77.78%)
consented to participate in the extraoral photograph analysis,
which analyzed the hard tissue, soft tissue, and smile characteristics.

Hard tissue analysis

Discoloration of teeth was observed in 89.29% (n=25) of
participants, which may have contributed to the considerable
awkwardness observed in a relaxed smile (Figure 4A). Attrition
was observed in more than three-quarters of participants (n = 22;
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FIGURE 4

Extra-oral photographs, hard tissue analysis results. (A) Evidence of significant discoloration. (B) Evidence of attrition in anterior teeth. (C) Evidence of
traditional dental decoration (golden crown). (D) Evidence of traditional dental mutilation.

78.57%) (Figure 4B). Extra-oral photographs confirmed two
styles of dental modifications (Figures 4C, D): dental ritual
mutilations and dental decorations were mentioned as standard
practices among older women. For example, a participant stated,
“I have a gold crown on my front tooth because I'm the priest of
this community.” Another participant shared, “My front teeth
were knocked off, not pulled to follow a religious custom when I
was young.”

Soft tissue analysis

Based on gingival redness and gingival swelling, gingival
inflammation was observed in 11 (39.29%) participants (Figures
5A, B). Lip discoloration and dryness were noted in 9 (32.14%)
and 14 (50%) participants, respectively (Figures 5C, D). Gingival
recession was noted in 5 (17.86%) participants (Figure 5A).

Smile analysis

Anatomical assessment of smile characteristics revealed a fairly
even distribution of high, medium, and low smiles across the
study population (respectively: n=11; 39.29%, n=9; 32.14%, n=§;
28.57%). A gummy smile was observed in one-quarter of the
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participants (n =7; 25%). Malalignment of the lips (crooked smile)
was also observed in one-quarter of participants (1 =7; 25%).

Discussion
Quantitative findings

Regarding oral hygiene practices, the majority (n=466;
88.26%) reported brushing their teeth at least twice daily,
indicating that participants prioritized oral hygiene in their
daily routines. However, despite this, reported flossing rates
were very low.

This discrepancy is consistent with previous literature, in which
dental flossing as a self-performed preventive strategy is
significantly low in LMICs such as Ecuador, where oral hygiene
practices focus mainly on brushing (12). This phenomenon can
be attributed to
inequities, lack of oral health awareness, and inadequate
knowledge and education about oral health status (12). The
cultural significance of these factors will be further elaborated

several factors, including socioeconomic

upon in the thematic analysis discussion.
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FIGURE 5

inflammation. (C and D) Evidence of lip dryness and discoloration.

Extra-oral photographs, soft tissue analysis results. (A) Evidence of gingival swelling and gum recession. (B) Evidence of plaque-related gingival

Oral Health-Related Quality of Life
(OHRQoL)

Although the sample reported a median OHRQoL score of
only 4, participants’ scores ranged from 3 to 14, demonstrating
some participants’ far reduced oral health-related quality of life.
One potential explanation for this unexpectedly low score could
partly be the Latino Paradox. The Latino Paradox is a
phenomenon in which Latino ethnicity confers a protective effect
on oral health outcomes, especially among immigrants to the
United States (13, 14). It is possible, therefore, that this
phenomenon is also being mirrored in the Ecuadorian
population sampled in this study, thus resulting in lower
OHRQoL scores than expected. Additionally, self-perceived and
self-reported quality of life is a subjective measure influenced by
numerous factors, including culture, age, social norms, and
chronic disease status (15, 16), as well as social desirability and/
or recall bias. Due to this subjectivity, participants’ reported
OHRQoL scores may not have accurately aligned with their
clinical status or lived experiences.

Higher scores were found among older patients and those who
reported poorer hygiene practices. This is in line with previously
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reported results in the literature, in which poor hygiene practices
and older age have been associated with higher rates of oral
conditions, which can influence an individual’s quality of life (17-19).

Those with a higher educational level presented a poorer
OHRQoL score. This finding differs from previous studies in
both LMICs
educational level tends to be associated with a poorer OHRQoL
(18, 20-22). No clear explanation for this could be identified
from the current literature; however, we hypothesize that

and high-income countries, where a lower

individuals with higher education may have been more acutely
aware of how oral health impacts their quality of life or that they
may have felt more comfortable sharing these effects with the
should be

potential reasons for this relationship.

interviewers. Further research done to elucidate

Qualitative findings

The first theme identified, “Oral Hygiene Routines & Habits,”
described the oral hygiene practices of participants. Most
participants reported regular tooth brushing as their primary oral
hygiene practice; however, very few reported using dental floss
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regularly. The high rates of regular toothbrushing reflect positive
behaviors within the sample; however, it has been found that
self-reported toothbrushing practice may be inflated due to
reporting bias, so results should be interpreted with caution (1).
This trend of low flossing prevalence has been extensively
reported, including in the United States (23, 24) and Indigenous
communities in Ecuador (25). Interestingly, while studies in the
United States show ranges of 20-30 percent of the population
not flossing (23, 24), these rates have been reported as much
higher in Indigenous Ecuadorian communities, in the range of
about 90 percent (25), which is very comparable to our findings.
These findings are relevant, as regular flossing has been found to
prevent and decrease the prevalence and severity of plaque,
gingivitis, and gingival inflammation associated with periodontal
). As such, it is

important to explore the barriers to the use of dental floss and

disease, as compared to brushing alone (26,

implement targeted solutions, as will be explored in the
upcoming themes.

The second theme, Knowledge Acquisition & Education,
demonstrated the need for early and consistent oral hygiene
education, as family and institutional influences shape habits
from a young age. Parental influence is critical in establishing
positive oral hygiene routines from an early age (28, 29).
Previous studies have found that maternal influence has an
especially strong role in a child’s development of oral health
practices and knowledge (29). A positive correlation has been
found between maternal knowledge about oral health practices
and their children’s oral health status (28,
suggested that the effects of peer and sibling modeling may

). Our results also

impact the population. Previous literature supports this as it
shows that siblings shape oral health practices and attitudes
toward dental care (29). Proposed mechanisms for this include
providing a safe space for learning, modeling hygiene practices,
and acting as a role model for engaging or abstaining from oral
health-compromising behaviors, such as smoking, drinking
alcohol, or consuming sugary foods/drinks (29). Our results also
identified dental providers as the strongest influence on dental
health education; however, as will be elaborated upon in Theme
3, unfortunately, many barriers often prevent individuals from
regularly attending the dentist. Overall, these results highlight the
importance of early childhood education for developing proper
oral hygiene routines and knowledge. As such, it would be
beneficial to leave room for more programs that improve access
to oral health education. Previous studies have found that oral
health promotion and education in schools can successfully
result in children having improved knowledge and understanding
of dental hygiene tools and practices (30) and demonstrating
better oral hygiene routines, and subsequently improved oral
health status (
and fear can limit the transmission of this education, so such

). However, factors such as affordability, access,

barriers will be further explored in the following theme analysis.
The third theme, “Barriers to Oral Hygiene and Dental Care,”
highlighted, among others, the challenges posed by the cost of
hygiene products and professional dental care. These expenses
are significant impediments to accessing much-needed oral
health services. This aligns with the literature showing that cost

Frontiers in

10.3389/froh.2024.1431726

prohibits adherence to health-promoting behaviors, especially
). Fear of dental
visits was identifled as another barrier to seeking dental care.

among lower socioeconomic groups (1, 12, 18,

Similar findings have been well described in the literature (1, 12,

, 34). Although not recurrently reported, some participants
reported barriers such as transportation, accessibility, and being
unsure of proper hygiene techniques. These barriers have also
been widely reported in previous literature (12, R ),
emphasizing the importance of education campaigns as described
in Theme 2.

Interestingly, worksite dental clinics were reported to help
eliminate barriers to access, such as transportation, time away
from work, and cost. Additionally, several participants receiving
regular dental care with a consistent provider reported that
consistent care helped them overcome the fear and anxiety of
dental visits. Similar interventions have been used in various
settings (35-37), demonstrating high feasibility, cost-effectiveness,
and acceptance of the benefited population. These worksite
clinics have been found to facilitate multi-visit treatments while
decreasing absence from work, enable development of a trusting
relationship with the dental provider, and allow for regular
provision of oral health education (35-37).

The fourth theme, Diet Influences on Oral Health, identified
the influence of sugar intake in this population. Consumption of
sugary drinks and candies was identified to be common in the
sample, as many participants reported using them for a
convenient and quick energy boost, or for cultural or habitual
practices. The trend of high sugar consumption, especially in
sugar-sweetened beverages, has been well reported throughout
Ecuador, with a monthly average consumption of sugar-
sweetened beverages of about 5 liters per capita (38). In
Ecuador’s Indigenous communities, sugars and fermentable
carbohydrates also make up a fundamental part of their diet
(25). Tt has been reported that individuals in these communities
often give up various protein sources in exchange for sugars or
other carbohydrates (25). This trend is widespread across the
country. This phenomenon is not unique to Ecuador and has
been increasingly identified in other LMICs (1). It has been
proposed that the affordability and availability of sugar,
combined with the lobbying of global food and drinks industries
to delay institution of public health advertising or health taxes,
may contribute to this issue (1). Sugar is the most critical risk
factor in the development of dental caries, and as such, dental
agencies uniformly recommend limiting sugar consumption,
). To combat this trend, in 2014,
Ecuador implemented a food labelling regulation consisting of

especially in children (I,

traffic light imagery to indicate sugar levels in packaged food and
drinks, and a tax on sugary foods was implemented in 2016 (38).
Despite these efforts, however, our results indicate a need for
additional interventions.

Moreover, we identified that almost half of the participants
reported being regular users of smoking tobacco or vapes or
being regular alcohol consumers (46% and 44%, respectively).
Interestingly, previous studies in Indigenous Ecuador
communities have found the majority of these individuals to

report they do not smoke or drink as often, whether this is due
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). Itis
possible, therefore, that our findings are also under-representative

to religious/cultural beliefs or simply under self-reporting (

of the accurate rates of tobacco or alcohol use in the sample or
that our participants came from diverse backgrounds and,
therefore, held differing beliefs about tobacco and alcohol use.
Tobacco use has been associated with poorer oral health
outcomes, including, for example, changes in the microflora,
). In
addition, alcohol use has been associated with changes to the

caries, periodontal disease, and lip and oral cancer (I,

oral microflora that in turn, contribute to the development of

similar oral health conditions (I, 40). Like the case of the sugar

industry, the tobacco and alcohol industries exploit the
vulnerability of LMICs (1). Moving forward, more strict
regulations should be implemented, including tailoring

advertising to children, limiting retail sizes of sugary foods and
drinks, and culturally tailored campaigns to spread awareness
about lifestyle influences on oral health.

The fifth and final theme, Self-reported Oral Health Status,
identified pain as one of the main symptoms experienced
concerning their oral health. Unfortunately, the presence of pain
often indicates a more advanced oral health disease (41), which
may suggest that participants were not seeking dental care early
enough, especially if the pain was a primary symptom of interest
to them. Previous studies have found similar trends, in which
participants associate a lack of pain with an absence of oral
health issues and do not seek dental care until they can no
longer bear the pain (37). This is problematic, as studies have
found that oral pain alone does not reliably predict the presence
of caries or periodontal disease and that regular dental visits are
associated with better outcomes than symptomatic visiting
patterns (42). Moreover, the finding that pain was commonly
reported despite low OHRQoL scores further points to the
subjectivity of self-reported oral health status, which has been
Difficulty in
chewing, cavities, inflammation, and bad breath were also

extensively described previously (17-19, ).

commonly reported in the sample. Oral health education and
programs are needed to help individuals understand the
importance of regular dental care, oral hygiene practices, and
preventing oral health problems.

Extraoral photographic analysis of dental
characteristics

The use of extraoral photograph analysis allowed for examining
both dental and facial characteristics. EOP analysis has been used
extensively in clinical dental practice to supplement dental
diagnoses, and aid in planning treatments (43). However, to our
knowledge, this study presents the first use of EOP analysis in an
academic setting, as a tool to characterize the epidemiology of
oral disease in a particular community, and to help contextualize
the self-reported quality of life findings.

Hard tissue analysis

Discoloration of teeth was observed in most of the participants.
This discoloration can be related to the prevalence of dental

Frontiers in

1

10.3389/froh.2024.1431726

fluorosis in rural Ecuador (44, 45). Dental fluorosis is a condition
characterized by discoloration of the enamel due to early
exposure to excessive fluoride concentrations and can result in
enamel pitting, which creates a site for bacterial accumulation
and decay (44). Although numerous public health campaigns
promote the addition of fluoride to water due to its beneficial
effects at decreasing caries, excessively high concentrations, such
as those identified in rural Ecuador communities, can be
These findings highlight the need for
further regulation of water safety testing and treatment.

detrimental (25, ).

Attrition was also observed in a high percentage of the
population. The most common causes of dental attrition are
bruxism, bite misalignment leading to tooth sensitivity, tooth
fracture, and temporomandibular joint tenderness (46).

Dental ritual mutilations and dental decorations were also
identified, especially among older women. During the interviews,
individuals with such dental modifications described them as
being related to cultural or traditional practices. Such trends have
been previously described throughout numerous cultures and
populations worldwide, since prehistoric times, with Ecuador
being one of the major populations in which this has been
identified (47,
modifications include religious leadership, self-identification, or

). Commonly cited cultural reasons for these

as a status symbol (48). These findings indicate that additional
research is needed to better understand the role of culture and
religion on oral health status for this population and to develop
culturally competent frameworks for assessing oral health.

Soft tissue analysis

Soft tissue analysis revealed indicators for poor periodontal health

(49),
approximately 39 percent of patients. Additionally, lip discoloration

including the presence of gingival inflammation in
and dryness were noted in many participants. Lip discoloration can
be caused by numerous factors, one of which is smoking (50),
which was commonly reported during participant interviews.

Smile analysis

Smile Analysis unveiled that 25% of patients had a
of the lips and 25% of
participants had a gummy smile. This indicates that there is an

malalignment (crooked smile),
increased need for orthodontic and restorative treatment, as well
as further evaluation of general oral health in this population.
Opverall, this EOP analysis revealed that the participants had
many more dental pathologies than they had described
themselves during the interviews, in which they only described
pain as a symptom. This indicates a need for patient education
about the importance of regular, as opposed to symptomatic,

dental visits to prevent and manage underlying pathologies.

Strengths and limitations

Several strengths are noted in the present study, including a

substantial ~sample size for mixed-methods descriptive
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investigation. The research team consisted of interdisciplinary
health.
Additionally, using interpreters who spoke fluent English and

professionals from clinical dentistry and public
Spanish permitted data collection from non-fluent or Spanish-
speaking participants. Moreover, this research design allowed for
collaboration with the community through knowledge translation
and promotion, data quality control, and implementation of valid
and reliable instrumentation, such as the OHRQoL tool.

As to this study’s limitations, purposive sampling methods were
used, as the participants were recruited based on their attendance
to Novulis clinics and willingness to participate, resulting in a non-
random sample, which may introduce selection bias and affect the
generalizability of findings. Since the individuals who agreed to
participate are likely different from those who chose not to
participate, a degree of selection bias is acknowledged. Therefore,
despite efforts to include rural and remote areas in the sample, it is
possible that the sample is not fully representative of all such
regions or the national population, and its conclusions should be
interpreted cautiously. Moreover, the relatively short data collection
period may have resulted in seasonal variations in oral health
conditions or access to dental care, not being captured in the
results. Additional research with more diverse populations within
Ecuador and over the course of a longer time period would further
validate an analysis of self-reported OHRQoL and provide a deeper
understanding of how oral health conditions and related quality of
life evolve over time, particularly in response to interventions.

Qualitative research often uses smaller samples, as did ours
with only 36 participants in our subset. This could limit the
depth and breadth of insights into the broader population’s
health

qualitative analyses relying on thematic analysis may be

oral experiences and challenges. Furthermore,

subjective, despite efforts to ensure consistency through

independent readings. Photographic analysis is observer-
dependent and should not be used to diagnose and treat
patients as it is meant to support comprehensive dental
This should be matched with oral

examination results, interviews, and self-reported OHRQoL for

evaluation. analysis
further conclusions. Clinical variables were not collected for
the study, limiting the correlation power between clinical
diagnosis and self-perceived oral health status.

To our knowledge, this is the first mixed-methods study that
explored oral hygiene practices and OHRQoL, as well as the role
of cultural practices, of individuals receiving care through
worksite dental clinics in Ecuador. Despite being preventable
and non-communicable, oral health diseases pose a substantial
global health burden, particularly for LMICs like Ecuador.
Through interviews, our study presents the impacts of this
burden at the individual level, among particularly vulnerable
communities. We also explored potential factors contributing to
this issue, including cultural beliefs and systemic barriers to
accessing oral health care. The availability gap in oral care
services and the fear of seeing a dentist have led to the
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persistence of prevalent oral health diseases among the
Ecuadorian communities assessed in our study.

The study’s findings underscore the need to advance oral health
equity through multi-level interventions targeting infrastructure and
oral health literacy. To achieve this, further research should be done
to understand such vulnerable or underserved communities better
and to develop culturally competent education and outreach
programs to elevate their understanding and capacity around
optimal hygiene practices. Such research should also be directed to
inform higher-level policy interventions encompassing infrastructure,
health literacy, and customized outreach campaigns to promote
positive behaviors and advance oral health equity in underserved
regions. Furthermore, future research and interventions should be
carried out with the involvement of local community stakeholders, to
ensure they are culturally sensitive and sustainable in the long-term.

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

The studies involving humans were approved by University of
Review Board. The
conducted in accordance with the local legislation and

Cincinnati Institutional studies were
institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data

included in this article.

NK: Formal Analysis, Investigation, Writing - original draft,
Writing - review & editing. KM-C: Data curation, Formal
Analysis, Visualization, Writing — original draft, Writing — review
& editing. JK: Data curation, Funding acquisition, Methodology,
Supervision, Writing — original draft, Writing - review & editing.
GK: Funding acquisition, Supervision, Writing - original draft,
Writing - review & editing. PG: Conceptualization, Data
curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Supervision, Writing - original draft, Writing -
review & editing.

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This study was supported by funding from the Inter-American
Development Bank (Technical Cooperation Project # ATN/OC-
19869-EC).


https://doi.org/10.3389/froh.2024.1431726
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Krishnan et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. World Health Organization. Global oral health status report: towards universal
health coverage for oral health by 2030. Geneva: World Health Organization (2022).
Licence: CC BY-NC-SA 3.0 IGO

2. Flores G, Vega LR. Barriers to health care access for Latino children: a review.
Fam Med. (1998) 30:196-205. PMID: 9532442

3. Kiyak H. Age and culture: influences on oral health behavior. Int Dent J. (1993) 43
(1):9-16. PMID: 8478130

4. Sindhu R, Manipal S, Mohan R, Bharathwaj V, Lalitha ND, Prabu D. Perceived
oral health beliefs, traditional practices, and oral health status of nomads of
Tamilnadu: a cross-sectional study. J Family Med Prim Care. (2020) 9(1):131-5.
doi: 10.4103/jfmpc.jfmpc_618_19

5. Canadian Dental Association. Oral Health: A Global Perspective. Canadian Dental
Association. Available online at: https://www.cda-adc.ca/stateoforalhealth/global/
(Accessed February 24, 2024).

6. World Health Organization. Oral Health: Ecuador 2022 country profile. World
Health Organization (2022). Available online at: https://cdn.who.int/media/docs/
default-source/country-profiles/oral-health/oral-health-ecu-2022-country-profile.pdf?
sfvrsn=8085cec4_7&download=true (Accessed January 5, 2024).

7. Organization WH. Landmark global strategy on oral health adopted at world
health assembly 75. (2022) 16. Available online at: https://www.who.int/news-room/
feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-
assembly-75#:~:text=Landmark%20global%20strategy%200n%200ral %20health%20
adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&text=
Member%20States%20agreed%20to%20adopt,to%20be%20achieved %20by%202030
(Accessed February 11, 2024).

8. Jokovic A, Locker D, Tompson B, Guyatt G. Questionnaire for measuring oral
health-related quality of life in eight- to ten-year-old children. Pediatr Dent. (2004)
26(6):512-8. PMID: 15646914

9. Omara M, Stamm T, Boecker M, Ritschl V, Mosor E, Salzberger T, et al. Rasch
model of the child perceptions questionnaire for oral health-related quality of life: a
step forward toward accurate outcome measures. ] Am Dent Assoc. (2019) 150
(5):352-61.€7. doi: 10.1016/j.adaj.2018.12.001

10. Gudsoorkar P. Exploration of Oral Hygiene Practices, Oral Health status,
and Related Quality of Life of Individuals Residing in the Burere, Nyambogo
and Roche Villages of the Rorya District of Tanzania, East Africa:
A Mixed-Methods Study. [Master’s thesis, University of Cincinnati]. OhioLINK
Electronic Theses and Dissertations Center (2022). Available online at: http://
rave.ohiolink.edu/etdc/view?acc_num=ucin166863608576377 (Accessed March
04, 2024).

11. Research Services and Scientific Information, ADA Library & Archives.
Toothbrushes. American Dental Association (2022). Available online at: https:/
www.ada.org/en/resources/ada-library/oral-health-topics/toothbrushes (Accessed
March 27, 2024).

12. Gebregiorgis T, Humed A, Tekle B, Ghebremedhin B, Haile L. Level of oral
hygiene practice and the association with socio-demographic characteristics among
middle school students in low-income countries. Int J Oral Dent Health. (2022)
8:143. doi: 10.23937/2469-5734/1510143

13. Spolsky VW, Marcus M, Der-Martirosian C, Coulter ID, Maida CA. Oral health
status and the epidemiologic paradox within Latino immigrant groups. BMC Oral
Health. (2012) 12:1-7. doi: 10.1186/1472-6831-12-39

14. Sanders AE. A latino advantage in oral health-related quality of life is
modified by nativity status. Soc Sci Med. (2010) 71(1):205-11. doi: 10.1016/j.
socscimed.2010.03.031

15. Carr AJ, Higginson IJ. Are quality of life measures patient centred? Br Med J.
(2001) 322(7298):1357-60. doi: 10.1136/bmj.322.7298.1357

Frontiers in Oral Health

13

10.3389/froh.2024.1431726

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/froh.2024.

1431726/full#supplementary-material

16. Slade GD, Sanders AE. The paradox of better subjective oral health in older age.
J Dent Res. (2011) 90(11):1279-85. doi: 10.1177/0022034511421931

17. Saarela RK, Hiltunen K, Kautiainen H, Roitto H-M, Mintyla P, Pitkala KH. Oral
hygiene and health-related quality of life in institutionalized older people. Eur Geriatr
Med. (2022) 13(1):213-20. doi: 10.1007/s41999-021-00547-8

18. Mbawalla HS, Masalu JR, Astrom AN. Socio-demographic and behavioural
correlates of oral hygiene status and oral health related quality of life, the Limpopo-
Arusha school health project (LASH): a cross-sectional study. BMC Pediatr. (2010)
10:1-10. doi: 10.1186/1471-2431-10-87

19. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR,
et al. Oral diseases: a global public health challenge. Lancet. (2019) 394
(10194):249-60. doi: 10.1016/S0140-6736(19)31146-8

20. Tsakos G, Sheiham A, Tliffe S, Kharicha K, Harari D, Swift CG, et al. The impact
of educational level on oral health-related quality of life in older people in London. Eur
J Oral Sci. (2009) 117(3):286-92. doi: 10.1111/j.1600-0722.2009.00619.x

21. Nekouei AH, Kakoei S, Najafipour H, Kakooei S, Mirzaee M. Determinants of
oral-health-related quality of life among adult people in Iran. Dent Res J (Isfahan).
(2022) 19(1):50. doi: 10.4103/1735-3327.346408

22. Ferreira RC, Senna MIB, Rodrigues LG, Campos FL, Martins AEBL, Kawachi L.
Education and income-based inequality in tooth loss among Brazilian adults: does the
place you live make a difference? BMC Oral Health. (2020) 20:1-13. doi: 10.1186/
$12903-020-01238-9

23. Fleming EB, Nguyen D, Afful J, Carroll MD, Woods PD. Prevalence of daily
flossing among adults by selected risk factors for periodontal disease—United
States, 2011-2014. ] Periodontol. (2018) 89(8):933-9. doi: 10.1002/JPER.17-0572

24. Delta Dental of Illinois. Delta Dental of Illinois 2014 Oral Health and Well-Being
Survey. Delta Dental of Illinois (2015). Available online at: https://oralhealthillinois.
org/wp-content/uploads/2017/03/2014-survey.pdf (Accessed March 8, 2024).

25. Curtis DC, Ortega F, Monar ], Bay RC, Eckhart S, Thompson P. Assessing self-
reported oral health status of three Andean indigenous communities in Ecuador. J Int
Oral Health. (2017) 9(5):207-12. doi: 10.4103/jioh.jioh_164_17

26. Milleman ], Bosma ML, McGuire JA, Sunkara A, McAdoo K, DelSasso A, et al.
Comparative effectiveness of toothbrushing, flossing and mouthrinse regimens on
plaque and gingivitis: a 12-week virtually supervised clinical trial. Am Dent Hygien
Assoc. (2022) 96(3):21-34. PMID: 35654564

27. American Dental Association Council on Dental Therapeutics. Institute of
Medicine (US) Council on Health Care Technology. In: Goodman C, editor.
Medical Technology Assessment Directory: A Pilot Reference To Organizations,
Assessments, and Information Resources. Washington (DC): National Academies
Press (US) (1988). Available online at: https://www.ncbi.nlm.nih.gov/books/
NBK218341/ (Accessed March 16, 2024).

28. Lally C, Maliq NN, Schreiber M, Wilson A, Tiwari T. Association of parental
social support and dental caries in Hispanic children. Front Oral Health. (2023)
4:1-7. doi: 10.3389/froh.2023.1261111

29. Puri S, Vasthare R, Munoli R. The impact of sibling behavior on oral health: a
narrative review. J Int Soc Prev Community Dent. (2019) 9(2):106-11. doi: 10.4103/
jispcd.JISPCD_349_18

30. Saccomanno S, De Luca M, Saran S, Petricca MT, Caramaschi E, Mastrapasqua
RF, et al. The importance of promoting oral health in schools: a pilot study. Eur
J Transl Myol. (2023) 33(1):1-7. doi: 10.4081/ejtm.2023.11158

31. Shirahmadi S, Bashirian S, Soltanian AR, Karimi-Shahanjarini A, Vahdatinia F.
Effectiveness of theory-based educational interventions of promoting oral health
among elementary school students. BMC Public Health. (2024) 24(1):130. doi: 10.
1186/512889-023-17528-0

frontiersin.org


https://www.frontiersin.org/articles/10.3389/froh.2024.1431726/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/froh.2024.1431726/full#supplementary-material
https://pubmed.ncbi.nlm.nih.gov/9532442
https://pubmed.ncbi.nlm.nih.gov/8478130
https://doi.org/10.4103/jfmpc.jfmpc_618_19
https://www.cda-adc.ca/stateoforalhealth/global/
https://cdn.who.int/media/docs/default-source/country-profiles/oral-health/oral-health-ecu-2022-country-profile.pdf?sfvrsn=8085cec4_7&amp;download=true
https://cdn.who.int/media/docs/default-source/country-profiles/oral-health/oral-health-ecu-2022-country-profile.pdf?sfvrsn=8085cec4_7&amp;download=true
https://cdn.who.int/media/docs/default-source/country-profiles/oral-health/oral-health-ecu-2022-country-profile.pdf?sfvrsn=8085cec4_7&amp;download=true
https://www.who.int/news-room/feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-assembly-75#:~:text=Landmark%20global%20strategy%20on%20oral%20health%20adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&amp;text=Member%20States%20agreed%20to%20adopt,to%20be%20achieved%20by%202030
https://www.who.int/news-room/feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-assembly-75#:~:text=Landmark%20global%20strategy%20on%20oral%20health%20adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&amp;text=Member%20States%20agreed%20to%20adopt,to%20be%20achieved%20by%202030
https://www.who.int/news-room/feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-assembly-75#:~:text=Landmark%20global%20strategy%20on%20oral%20health%20adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&amp;text=Member%20States%20agreed%20to%20adopt,to%20be%20achieved%20by%202030
https://www.who.int/news-room/feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-assembly-75#:~:text=Landmark%20global%20strategy%20on%20oral%20health%20adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&amp;text=Member%20States%20agreed%20to%20adopt,to%20be%20achieved%20by%202030
https://www.who.int/news-room/feature-stories/detail/landmark-global-strategy-on-oral-health-adopted-at-world-health-assembly-75#:~:text=Landmark%20global%20strategy%20on%20oral%20health%20adopted%20at%20World%20Health%20Assembly%2075,-28%20May%202022&amp;text=Member%20States%20agreed%20to%20adopt,to%20be%20achieved%20by%202030
https://pubmed.ncbi.nlm.nih.gov/15646914
https://doi.org/10.1016/j.adaj.2018.12.001
http://rave.ohiolink.edu/etdc/view?acc_num=ucin166863608576377
http://rave.ohiolink.edu/etdc/view?acc_num=ucin166863608576377
https://www.ada.org/en/resources/ada-library/oral-health-topics/toothbrushes
https://www.ada.org/en/resources/ada-library/oral-health-topics/toothbrushes
https://doi.org/10.23937/2469-5734/1510143
https://doi.org/10.1186/1472-6831-12-39
https://doi.org/10.1016/j.socscimed.2010.03.031
https://doi.org/10.1016/j.socscimed.2010.03.031
https://doi.org/10.1136/bmj.322.7298.1357
https://doi.org/10.1177/0022034511421931
https://doi.org/10.1007/s41999-021-00547-8
https://doi.org/10.1186/1471-2431-10-87
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.1111/j.1600-0722.2009.00619.x
https://doi.org/10.4103/1735-3327.346408
https://doi.org/10.1186/s12903-020-01238-9
https://doi.org/10.1186/s12903-020-01238-9
https://doi.org/10.1002/JPER.17-0572
https://oralhealthillinois.org/wp-content/uploads/2017/03/2014-survey.pdf
https://oralhealthillinois.org/wp-content/uploads/2017/03/2014-survey.pdf
https://doi.org/10.4103/jioh.jioh_164_17
https://pubmed.ncbi.nlm.nih.gov/35654564
https://www.ncbi.nlm.nih.gov/books/NBK218341/
https://www.ncbi.nlm.nih.gov/books/NBK218341/
https://doi.org/10.3389/froh.2023.1261111
https://doi.org/10.4103/jispcd.JISPCD_349_18
https://doi.org/10.4103/jispcd.JISPCD_349_18
https://doi.org/10.4081/ejtm.2023.11158
https://doi.org/10.1186/s12889-023-17528-0
https://doi.org/10.1186/s12889-023-17528-0
https://doi.org/10.3389/froh.2024.1431726
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Krishnan et al.

32. Aguirre-Zero O, Westerhold C, Goldsworthy R, Maupome G. Identification
of barriers and beliefs influencing engagement by adult and teen Mexican-
Americans in oral health behaviors. Community Dent Health. (2016) 33(1):44.
PMID: 27149773

33. Siegel K, Schrimshaw EW, Kunzel C, Wolfson NH, Moon-Howard J, Moats HL,
et al. Types of dental fear as barriers to dental care among African American adults
with oral health symptoms in Harlem. J Health Care Poor Underserved. (2012) 23
(3):1-14. doi: 10.1353/hpu.2012.0088

34. Liddell A, May B. Some characteristics of regular and irregular attenders for
dental check-ups. Br J Clin Psychol. (1984) 23(1):19-26. doi: 10.1111/j.2044-8260.
1984.tb00622.x

35. Aung K-K, Hill C, Bennet J, Song Z, Oriol NE. The emerging business models
and value proposition of mobile health clinics. Am J Account Care. (2015) 3(4):36.
PMID: 29516055

36. Vashishtha V, Kote S, Basavaraj P, Singla A, Pandita V, Malhi RK. Reach the
unreached-a systematic review on mobile dental units. J Clin Diagn Res. (2014) 8
(8):ZE05. doi: 10.7860/JCDR/2014/8688.4717

37. Slack-Smith L, Lange A, Paley G, O’Grady M, French D, Short L. Oral health and
access to dental care: a qualitative investigation among older people in the community.
Gerodontology. (2010) 27(2):104-13. doi: 10.1111/j.1741-2358.2009.00320.x

38. Segovia J, Orellana M, Sarmiento JP, Carchi D. The effects of taxing sugar-
sweetened beverages in Ecuador: an analysis across different income and
consumption groups. PLoS One. (2020) 15(10):e0240546. doi: 10.1371/journal.pone.
0240546

39. Feldens CA, Pinheiro LL, Cury JA, Mendonga F, Groisman M, Costa RA, et al.
Added sugar and oral health: a position paper of the Brazilian academy of dentistry.
Front Oral Health. (2022) 3:869112. doi: 10.3389/froh.2022.869112

40. Rooban T, Vidya K, Joshua E, Rao A, Ranganathan S, Rao UK, et al. Tooth decay
in alcohol and tobacco abusers. ] Oral Maxillofac Pathol. (2011) 15(1):14-21. doi: 10.
4103/0973-029X.80032

Frontiers in Oral Health

14

10.3389/froh.2024.1431726

41. Kusekwa M, Kikwilu E. Reasons for late seeking of dental care among dental
patients attending dental clinics at school of dentistry MUHAS, Tanzania. Tanzania
Dental Journal. (2011) 17(1):7-14. doi: 10.4314/TD].V1711

42. Nermo H, Hadler-Olsen E. Are dental visiting patterns and oral pain
associated with dental disease among Norwegian adults? A cross-sectional study
based on the Tromse study. Clin Exp Dent Res. (2023) 9(4):679-88. doi: 10.
1002/cre2.753

43. Morse GA, Haque MS, Sharland MR, Burke FJT. The use of clinical photography
by UK general dental practitioners. Br Dent J. (2010) 208(1):E1-E. doi: 10.1038/sj.bd;.
2010.2

44. Vélez-Leén EM, Albaladejo-Martinez A, Ortiz-Ortega P, Cuenca-Leén K,
Armas-Vega A, Melo M. Distribution of dental fluorosis in the southern zone of
Ecuador: an epidemiological study. Dent J. (2023) 11(3):71. doi: 10.3390/dj11030071

45. McDonagh MS, Whiting PF, Wilson PM, Sutton AJ, Chestnutt I, Cooper J, et al.
Systematic review of water fluoridation. Br Med J. (2000) 321(7265):855-9. doi: 10.
1136/bmj.321.7265.855

46. Sperber GH. Dental wear: attrition, erosion, and abrasion—a palaeo-
odontological approach. Dent J. (2017) 5(2):19. doi: 10.3390/dj5020019

47. Juengst SL, Hundman B, Krigbaum J, Kameno GD. Exploring dental
modification from coastal Ecuador from an unprovenienced museum collection.
Bioarchaeol Int. (2021) 5:99+. doi: 10.5744/bi.2020.0012

48. Pinchi V, Barbieri P, Pradella F, Focardi M, Bartolini V, Norelli G-A. Dental
ritual mutilations and forensic odontologist practice: a review of the literature. Acta
Stomatol Croatica. (2015) 49(1):3-13. doi: 10.15644/asc49/1/1

49. Seshan H, Shwetha M. Gingival inflammation assessment: image analysis.
] Indian Soc Periodontol. (2012) 16(2):231-4. doi: 10.4103/0972-124X.99267

50. Vachiramon V, McMichael AJ. Approaches to the evaluation of lip
hyperpigmentation. Int J Dermatol. (2012) 51(7):761-70. doi: 10.1111/j.1365-4632.
2011.05272.x

frontiersin.org


https://pubmed.ncbi.nlm.nih.gov/27149773
https://doi.org/10.1353/hpu.2012.0088
https://doi.org/10.1111/j.2044-8260.1984.tb00622.x
https://doi.org/10.1111/j.2044-8260.1984.tb00622.x
https://pubmed.ncbi.nlm.nih.gov/29516055
https://doi.org/10.7860/JCDR/2014/8688.4717
https://doi.org/10.1111/j.1741-2358.2009.00320.x
https://doi.org/10.1371/journal.pone.0240546
https://doi.org/10.1371/journal.pone.0240546
https://doi.org/10.3389/froh.2022.869112
https://doi.org/10.4103/0973-029X.80032
https://doi.org/10.4103/0973-029X.80032
https://doi.org/10.4314/TDJ.V17I1
https://doi.org/10.1002/cre2.753
https://doi.org/10.1002/cre2.753
https://doi.org/10.1038/sj.bdj.2010.2
https://doi.org/10.1038/sj.bdj.2010.2
https://doi.org/10.3390/dj11030071
https://doi.org/10.1136/bmj.321.7265.855
https://doi.org/10.1136/bmj.321.7265.855
https://doi.org/10.3390/dj5020019
https://doi.org/10.5744/bi.2020.0012
https://doi.org/10.15644/asc49/1/1
https://doi.org/10.4103/0972-124X.99267
https://doi.org/10.1111/j.1365-4632.2011.05272.x
https://doi.org/10.1111/j.1365-4632.2011.05272.x
https://doi.org/10.3389/froh.2024.1431726
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Assessing the impact of oral health disease on quality of life in Ecuador: a mixed-methods study
	Introduction
	Methods
	Data collection process
	Quantitative data analysis process
	Qualitative data analysis process

	Results
	Participants and demographics
	Quantitative findings
	Oral Health-Related Quality of Life (OHRQoL)
	Qualitative findings
	Thematic analysis
	Extraoral photographic analysis of dental characteristics
	Hard tissue analysis
	Soft tissue analysis
	Smile analysis


	Discussion
	Quantitative findings
	Oral Health-Related Quality of Life (OHRQoL)
	Qualitative findings
	Extraoral photographic analysis of dental characteristics
	Hard tissue analysis

	Soft tissue analysis
	Smile analysis

	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


