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Abstract

Introduction

Oral diseases (OD), including dental caries and periodontitis, are a major public health problem. Poor
oral hygiene is associated with OD, leading to tooth loss, disability, and compromised oral health. In
Rwanda, OD is among the leading causes of morbidity at the health center level. Oral healthcare
professionals are faced with considerable challenges in addressing the oral disease burden. Mobile
health applications (mobile Apps) can help the individuals to manage their health and wellness,

encourage healthy lifestyles, and provide valuable information as needed.

Therefore, the purpose of this study was to evaluate oral health in Nyarugenge District of Rwanda and
assess the role of using a mobile App for oral health education in this community. The study objectives
were to assess the knowledge, attitudes, and oral health practices (KAP) among adult participants in
Rwanda, to explore the challenges faced by oral health practitioners in Nyarugenge, Rwanda; to evaluate
the availability and adequacy of oral hygiene equipment, instruments, and materials. and to assess the
feasibility and acceptability of a mobile App for oral health education among adults in Rwanda.

Methods

A cross-sectional quantitative study design was used to assess the knowledge, attitude, and oral hygiene
practices among adults in Nyarugenge District, Rwanda. Furthermore, an audit of oral health services
in Nyarugenge District was conducted. Additionally, a cross-sectional quantitative survey was used to
assess the feasibility and acceptability of the mobile App for oral health education. All seven public
health facilities and 14 dental professionals working in Nyarugenge were included in the study.
Descriptive statistics were used to analyze the quantitative data. The interviews were analyzed using
thematic content analysis. Bivariate analysis using the Chi-square test was performed to detect
significant associations amongst the variables. STATA version 16 was used for quantitative data

analysis, and statistical tests were conducted at 5% significance level.
Results

Among 426 participants who participated in the KAP study, 39.44% (n=168) were 18-27 years old, and
the majority were female 61.5% (n=262). Poor oral health knowledge was found in 42% (n=179) of the
participants, whilst 12.44% (n=53) showed poor oral health attitudes, and 67.37% (n=287) were found

to have poor oral health practice. Participants with high school level of education were more likely to



have better oral health knowledge and the results were statistically significant (aOR: 1.79, 95% CI 1.14;
2.82; p =0.011).

There were five health centers and two hospitals that were audited for equipment, instruments, and
materials. The audit of the facilities revealed that most facilities have dental equipment and instruments,
but none have adequate preventive dental instruments and materials. Most of the oral health
professionals (OHPs) who were interviewed were dental therapists (n=11), women (n=9), aged 31-40
years (n=7), and with 11-20 years experience as oral health practitioners (n=6). The most significant
challenges that oral health practitioners were faced with included high patient ratios to OHPs, lack of
adequate and appropriate equipment and materials, patients’ lack of oral health awareness, and a lack

of administrative support.

The response rate for the feasibility and acceptability of a mobile App was 81% (n=90) of 111
participants who took part in the study. The majority of participants 44.44% (n=40) aged between 18
and 27 years old. Just over half of the participants were male 51.11% (n=46). The mobile App was
found to be highly acceptable (87.78%; n=79) and considered highly feasible (84.44%; n=76) by most
of the participants. The differences in acceptability and feasibility across education levels were

statistically significant (p=0.000 for acceptability and p=0.038 for feasibility).
Conclusions

The findings of our study showed that 42% of the participants had poor oral health knowledge. Oral
health attitude and oral hygiene practices were also lacking. There is a need to enhance oral health

education of this community to improve their oral health knowledge, attitudes and practices.

Challenges faced by oral health professionals (OHPs) included staffing shortages, supply chain issues,
and low patient awareness, all of which could be mitigated through better health facility management.
Optimizing management could lead to more personnel, enabling OHPs to focus on education and
preventive care. Additionally, ensuring access to dental resources and advocating for broader health
insurance coverage for dental services would enhance service delivery. Well-established community
preventive interventions, such as a mobile oral health App, could reduce the patient/provider ratio by

increasing population awareness of oral health and encouraging healthy behaviours.

The study revealed that the mobile App for oral health education (BrushDJ) was highly acceptable and
feasible among the participants. The mobile App had a user-friendly interface and comprehensive
guidance on oral hygiene procedures facilitated by its diverse and well-integrated functions.

Vi
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CHAPTER 1
Introduction

For the purpose of this thesis, poor oral health refers to the burden of oral diseases such as
periodontitis, tooth decay and tooth loss, which can be prevented with proper oral health
knowledge, attitude, and oral hygiene practices of the community. Better oral health outcomes in
the community depend on well-equipped oral health facilities, comprehensive services and
supported oral health professionals without challenges or obstacles that impinge on providing
routine oral health services. In addition, the use of a mobile App for oral health education might
contribute to the raising oral health awareness. The increased awareness of oral health knowledge,
attitudes, and practices might favour good oral health behaviour and lead to good oral health

outcomes.

1.1 BACKGROUND OF THE STUDY
1.1.1. Burden of oral disease worldwide

According to the global burden of disease report of 2016, tooth decay was the most prevalent
disease, affecting over 3.58 billion people[1]. Severe periodontal disease was estimated to be the
11th most prevalent disease globally[1]. Periodontal diseases are prevalent in developed and
developing countries and affect about 20-50% of the global population[2]. Some studies have
found a strong association between poor oral hygiene and common dental diseases such as dental

caries and periodontal diseases[3, 4].

Globally, the burden of oral disease is high among older people and has a negative effect on their
quality of life[5]. Poor oral hygiene may lead to tooth loss, which subsequently can affect the
individuals' oral health and overall well-being [1, 6, 7]. Furthermore, poor oral health profoundly
affects the general health and quality of life throughout an individual’s lifespan by causing pain,

discomfort, disfigurement, and worsening certain systemic diseases[8].

1.1.2. Burden of oral disease in high-income countries

Oral disease is still a significant public health problem in high-income countries (HICs). A study

conducted in Denmark to determine the periodontal health of the adult population revealed that a



significant number of elderly individuals had severe periodontal health scores, with over 82% of
older participants exhibiting pockets of 4-5 mm[9]. In the United States, over 47% of the sample
representing 64.7 million adults had periodontitis, distributed as mild (8.7%), moderate (30%), and
severe periodontitis (8.5%). For adults aged 65 years and older, 64% had either moderate or severe
periodontitis[10]. An epidemiological study in Sweden found that the proportion of subjects with
more than 4mm periodontal pocket depths increased with age[11]. In addition, the high prevalence
of periodontal destruction in older people could be caused by the long-term effect of untreated,
periodontal disease due to minimal oral health awareness rather than the effect of age on
periodontal disease[12].

The above reports showed that HICs are still affected by poor oral health and a high prevalence of

periodontal diseases.

1.1.3. Burden of oral disease in lower-and -middle-income countries

The burden of oral disease is prevalent in many low- and- middle-income countries (LMICs). In
most LMICs, the general population does not benefit from routine oral health care, and preventive
programs have not been established, which leads to poor oral health[5]. Various studies across
China found a high prevalence of dental caries, calculus, and gingival bleeding due to poor oral
hygiene[13-17]. In Andhra Pradesh, India, most respondents experienced toothache due to dental
caries, and tooth extraction was the more prevalent treatment [18]. In the South zone of Delhi,
India, tooth decay was also more prevalent among elderly participants in rural areas; 64% of the
participants had decayed teeth, and 66.7% had root caries[19]. Toothache was the most common
dental problem reported by the male and female participants followed by mobility of teeth, which

was the second most common dental problem[20].

Dental treatment is often expensive, surpassing the financial capacity of many individuals in
developing countries[21]. Unexpected healthcare costs can force families to allocate a large
portion of their income, leading to catastrophic health spending that may drive households into
poverty[22]. A study across 41 developing countries found that 6.8% of households experienced
dental expenses that exceeded 40% of their financial capacity, a situation referred to as catastrophic
dental health expenditure[23]. The cost of oral pain can be viewed in three ways: direct financial
costs to the individual, indirect costs from lost productivity (e.g., missed work or school), and

intangible costs from the suffering that affects the individual’s quality of life[24]. A study in South

2



Africa showed that individual spending on oral pain displayed a social gradient, with those in the
lowest socio-economic position spending an average of ZAR61.44, while the wealthiest spent
ZAR433.83 (national average ZAR170.92). The average time lost from work or school was two
days over the six-month period, but those in middle-class neighbourhoods lost the most time (3.41

days), while those in the wealthiest areas lost significantly fewer days (0.64) [25].

In Africa, oral diseases are recognised as a significant public health problem[26]. The prevalence
of dental caries has risen in numerous African countries and may continue to increase due to
increased sugar consumption and insufficient exposure to fluorides[26]. A high prevalence of
dental caries had been found among 12-year-olds in some countries in Africa and the Middle East
region from 2000 to 2011, with Gabon having decayed, missing, and filled teeth (DMFT) score of
4.9, Lebanon with 3.4, Kuwait with 2.6, and Yemen 2.2[26]. In a study conducted in Kenya, the
average DMFT score of the population was 3.9[27]. The total DMFT comprised 58% decayed,
41.7% missing, and only 0.3% filled teeth. Eighty-one per cent reported a history of oral pain, 48%
reported having oral pain at the survey time, and 90% of the respondents had gingival
inflammation[27]. Dental caries is the most prevalent oral disease in South Africa, and almost 60%
of six-year-olds have tooth decay[28]. In Nigeria, a study to determine the prevalence of dental
cariesand partial edentulism found that 35.1% of the participants had dental caries, and a majority
had fair to poor oral hygiene[29]. In Uganda, about 65.2% of adults had DMFT>1, and 81% of the
DMFT scores were due to the decayed component. The mean DMFT score was 0.9 for children

and 3.4 for adults, and calculus deposits were generally more prevalent in adults[30].

The prevalence of gingival inflammation is very high in all age groups in several African
countries[31]. In the Democratic Republic of Congo, among 404 patients examined, 92 (22.8%)
had severe periodontitis, 276 (68.3%) had mild to moderate periodontitis and 36 (8.9%) had
healthy periodontal tissue[32]. A study conducted in Tanzania assessing self-reported halitosis
found that 48.5% of respondents had halitosis. This condition is associated with bleeding gums,
hard deposits, mobile teeth, and maligned teeth[33]. In Libya, a study to assess periodontal status
found that 44.3% of participants had calculus, nearly 41% had shallow pockets, and 6.29% had
bleeding on probing[34]. Oral disease conditions are preventable and could be addressed by

appropriate oral hygiene instructions and early disease prevention. Based on the above reports,



LMICs are experiencing a high prevalence of oral diseases. Periodontal diseases and dental caries

remain the common oral diseases as evidenced above.

1.1.4. Burden of oral disease in Rwanda

In Rwanda, poor oral health conditions are among the leading causes of morbidity at the health
centre level[35]. An increase in oral diseases associated with poor oral hygiene, specifically tooth
decay and periodontal disease, has been reported in Rwanda[36-38]. A study that assessed the
prevalence and associated risk factors of periodontal disease in Rwanda found that 49.5% of the
respondents had calculus, 58.9% had gingivitis, and 39.6% had periodontitis[37]. In another
Rwandan study of adults aged 20 years and above, 32.4% had substantial oral debris, and 60.0%
had calculus[38]. Dental caries, periodontal disease and gum diseases are the most recorded oral
conditions among non-communicable diseases[35]. A cross-sectional survey conducted at Butaro
District Hospital in Rwanda found that tooth extraction was predominant treatmentat 97.6% . Most
of the respondents had chronic pulpitis, and a few patients, 2%, received instructions on teeth
cleaning and oral hygiene advice[36]. The above reports have highlighted the high prevalence of

oral diseases in Rwanda.

1.1.5. Oral health knowledge

Oral health knowledge is fundamental for maintaining good oral hygiene practices and overall
better oral health. Oral health knowledge is vital in promoting good health behaviours [16, 39].
People tend to adopt optimal health practices more readily when they feel empowered to control
their health, which involves understanding diseases and their origins[40]. Limited health literacy
is associated with negative health outcomes and reduced utilization of healthcare services [41]. In
rural Nepal, it was reported that most participants lacked basic oral health knowledge, and they
were less likely to seek dental services[42]. A study conducted in Germany found that a significant
lack of knowledge among the participants was a risk factor for periodontal diseases. Thus,
empowering communities with oral health knowledge is a preventive measure for periodontal
disease [43].

1.1.6. Perception and attitudes toward oral health

The way individuals perceive and hold attitudes regarding oral health is crucial in shaping their

adherence to oral hygiene practices, utilization of dental services, and overall outcomes regarding



oral health. The study among 19-year-old Swedish subjects found that adolescents with high
plague and gingivitis scores had negative perceptions and attitudes, leading to more negative
behaviours towards oral health[44]. An Indian study revealed that the predominant factor
hindering the participants from the practice of seeking dental care was fear, accounting for 24.3%

of the respondents[20].

1.1.7. Oral health practices

Good oral health practices are fundamental for preventing dental diseases as well as promoting
overall well-being and quality of life. However, some studies have identified poor health-seeking
behaviour despite experiencing severe pain[13-17]. Moreover, most of the participants in the
above-mentioned studies were found to have poor oral health knowledge and practices. Similarly,
a study in Nigeria reported poor oral health habits, as 37.1% brush their teeth once a day[45]. The
oral health education encouraged respondents in Nigeria to undergo scaling and polishing
procedures as an intervention for improving oral health[46]. In Tanzania, a study assessing the
frequency of poor oral hygiene found that 44.8% of the participants had fair to poor oral hygiene
[47]. Oral hygiene instructions, such as dental flossing, teeth cleaning technique and duration, are
mostly not given to patients by oral health professionals due to lack of time and facilities[48]. In
Uganda, it was found that 56% of participants did not visit oral health facilities, and most
respondents visited dental services due to pain[49]. The Rwanda National Oral Health Survey in
2018 found that the oral health status of the population was poor, with 70% of participants who
did not utilise oral health services [37].

In a study conducted among school children in Pakistan, 50% of the participants did not visit
dentists, 54% of subjects brushed their teeth once a day and 26% visited the dentist due to dental
pain[50]. In Sudan, about 64.5% of participants considered irregular tooth cleaning to cause
gingivitis. However, less than 20% of adolescents visit dentists regularly for dental checkups [51].
The above reports have highlighted that oral health practice is poor, and most people delay
accessing dental services until they experience pain. The oral health promotion program should

enforce early access to dental services and better oral health outcomes.

1.1.8. Oral health services and challenges facing of oral health professionals

Optimal oral health is enhanced by a comprehensive scope of services, especially preventive

services. Oral health professionals face significant obstacles in delivering both preventive and
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curative treatments to communities. The deficiency in infrastructure, particularly at primary health
centres and community health centres, poses a significant barrier to effective oral health care
delivery in India[52]. Similarly, South Africa also experiences challenges due to a lack of
equipment in many dental facilities[53]. Insufficient infrastructure results in limited working
stations and dental care providers, leading to prolonged patient waiting times[54]. Additionally,
the scarcity of equipment and materials restricts the treatment options available and compromises
the quality of care provided[54]. In Nigeria, the shortage of equipment and materials led to limited
treatment options for patients, with the oral health professionals opting for treatments using
available instruments and materials. Therefore, tooth extraction instead of primary preventive

services has been the predominant treatment option.[55].

One of the primary difficulties faced by oral health professionals in providing comprehensive
services is human resources shortages, resulting in low dentist: population ratios [56]. The shortage
of oral health professionals has been reported in the United States[57], and the situation is even
worse in low- and middle-income countries. The dentist: population ratio in Nigeria and Tanzania
was reported to be low[58]. However, in high-income countries, it was reported to be higher
compared to LMICs[3]. Many health facilities in Nigeria have only one Oral health professional,
which results in challenges in referring or discussing difficult cases [55]. The affordability of
dental services, the skills of oral health professionals, and the availability of dental equipment and

materials all play important roles in the provision of comprehensive oral care [58].

1.1.9. Mobile App for oral health education

Oral health can be optimised by oral health awareness and education. The use of smartphone oral
health applications in the medical field has been reported to improve the oral health education of
the community[61]. These mobile applications (Apps) have been found to assist individuals in
managing their health and wellness by promoting healthy living and providing access to helpful
information whenever needed[59, 60]. A study conducted in 182 countries by Underwood and
colleagues found that a mobile App for oral health education (BrushDJ) motivated respondents to
brush their teeth longer. Seventy percent of the respondents reported that their teeth felt cleaner
since they began using the BrushDJ mobile App, and 92.3% expressed a willingness to recommend
the App to their friends and family[61]. In Saudi Arabia, the mobile oral health App significantly

reduced plaque and gingival index among the respondents compared to a group who received
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verbal and oral hygiene instruction alone[62]. In the Netherlands, the use of a mobile App for oral
health education (“WhiteTeeth”) was found to be effective in improving oral hygiene[63]. In
Nigeria, oral health education offered electronically using a recorded video showed improved oral
hygiene using a debris index score among school children[64]. However, there is still a high burden
of oral disease that can be prevented through various approaches, including cultivating good oral
health behaviours and enhancing good oral health practices within the community. Utilizing
mobile Apps for oral health education is one such approach, as the benefits of mobile Apps can

contribute significantly to the global reduction of the diseases and thus improve oral health.

The findings of this thesis highlight the oral health knowledge, attitude, and oral hygiene practices
of the participants in Nyarugenge District of Rwanda. Concurrently, the feasibility and the
acceptability of the mobile oral health application by the participantsin Nyarugenge were reported.
In addition, this study provides baseline information on perceptions of oral health professionalsin
offering preventive oral health services. These findings will make an invaluable contribution
towards improving the status of preventive services in the district. The study highlighted the
perceptions and challenges of the service providers in advocating for change and support toward

the provision of oral health self-care at home for individuals.

1.2 PROBLEM STATEMENT

Oral diseases are among the leading causes of morbidity at the health centres level inall age groups
in Rwanda, as evidenced by the high oral disease burden[35]. Oral diseases have a multifactorial
aetiology; however, they are preventable. The impact of untreated oral disease on the individual
causes pain, tooth loss, destruction of periodontal tissues, and other oral problems. In addition, the
impact of oral diseases on public health is huge, considering the economic, psycho-social and
physical effects it has on the community[65]. As part of comprehensive oral disease management
to optimise oral health, prevention of oral disease and promotion of oral health remain the most
cost-effective measures to reduce the burden of oral disease [65].

Some studies have associated low health literacy with greater use of emergency care and poor
preventive health-seeking behaviour for oral health services at an early stage[18, 41]. There is a
correlation between limited oral health knowledge and poor oral health behaviour [66]; however,
there is an absence of information on oral health awareness levels in Rwanda. In addition, thereis

a paucity of baseline information regarding the availability, functionality, and adequacy of
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preventive infrastructure, thus hindering the understanding of factors contributing to the increase
of oral disease in Rwanda. As a result, oral health interventions tend to prioritize curative services
over prevention and health promotion[67]. Moreover, there are no studies that have assessed the
feasibility of use of a mobile App for oral health education in Rwanda. The mobile App for oral
health education has effectively improved patients’ oral health and their level of knowledge in
other settings [61, 63, 68]. However, in order to assess the feasibility and acceptability of a mobile
app for oral health education, it is important to first understand the existing infrastructure (both
physical and human) for delivering oral health education, as well as the facilitatorsand barriersto
accessing or providing these services to the community. Therefore, the acceptability and feasibility
of a mobile App for oral health education targeted to improve oral health among adults in

Nyarugenge District, Rwanda, will be explored.

1.3 RESEARCH QUESTIONS

e Whatis the level of oral health knowledge, attitudes and practices in Nyarugenge District,
Rwanda?

e What is the status of preventive oral health services offered in Nyarugenge District?

e What are the perceptions of oral health professionals regarding oral health services to the
community of Nyarugenge District?

o What is the feasibility and acceptability of the use of mobile App for oral health education
among adults in Nyarugenge District of Rwanda?

1.4  AIM OF THE STUDY

This study aims to evaluate oral healthand examine the role of using a mobile App for oral health

education in Nyarugenge District of Rwanda.

1.5 STUDY OBJECTIVES

e To determine the oral health knowledge, attitude, and oral hygiene practices in the rural and
urban areas in Nyarugenge District, Rwanda.

e To undertake an audit of oral health services in Nyarugenge District.

e To explore the perceptions of oral health professionals in rendering oral health services in

Nyarugenge District.



e To assess the feasibility and acceptability of using mobile App for oral health education in

Nyarugenge District of Rwanda.

1.6 SIGNIFICANCE OF THE STUDY

The 2018 Rwanda National Oral Health Survey highlighted poor oral health status of the
population and lack of utilisation of oral health services [38]. With Rwanda's status as a developing
country, it has fewer oral health professionals to address the burden of oral health problems
comprehensively. The emphasis has been on providing curative treatment to patients with pain and
sepsis, thus increasing daily workloads for the few oral health professionals. The issue of having
few oral health professionals affects the timing, frequency, and consistency of providing oral
health education and instructions to patients. Education among other intervention is vital to
empower patients to adhere to treatments and perform good oral health self-care practices at home
to prevent oral diseases. The shortage of health professionals in some medical fields has been
addressed by adopting telemedicine for distance consultation and drug prescriptions using mHealth
Apps. The Government of Rwanda has started to invest more in information communication
technology (ICT) to speed up the delivery of online health services[69]. Online health consultation
has been adopted in Rwanda, where patients get consultations through phone calls by expert health
professionals. In addition, Rwanda has started a project called Connect Rwanda, which focuses on
bringing one smartphone per family; many citizens have received their smartphones to access
online services easily[70]. However, there is still a gap in the delivery of online oral health
education and information to the communities. This channel of providing education provides an
opportunity to explore it for oral health education and promotion. Prior to the mobile App for oral
health use, feasibility and acceptability of use is warranted. The acceptability and use of mobile
App to enhance patients’ oral health self-care at home has the potential to minimise the burden of
oral diseases in Rwanda.

This PhD research study was conceptualized based on the following:

. The dearth of empirical studies on oral health knowledge, attitude, and oral hygiene practices in
the rural and urban areas in Nyarugenge District, Rwanda;

. The lack of comparative analysis of the healthcare facilities for the provision of preventive oral

health services offered in Nyarugenge District;



3. Exploring perceptions of oral health professionals in rendering oral health services in Nyarugenge
District;

4. Contribution to health policy and health care system interventions to guide oral health self-care of
individuals at home through the introduction of a mobile App for oral health education.

1.7 STRUCTURE OF THE THESIS

The divided block format has been used for this PhD thesis, following the suggested guidelines by
the Faculty of Health Sciences, University of the Witwatersrand. It comprises the following
chapters:
Chapter 1: This chapter has introduced the global burden of oral disease and provided an overview
of oral health knowledge, attitudes, and practices globally and in Rwanda. The chapter also
provided an overview of the perceptions of oral health professionals in offering oral health
services, the audit of dental facility infrastructure and gave an insight into the feasibility of use of
the mobile App for oral health education. The problem statement and study research question were
outlined, as well as the study aims, significance, and objectives.
Chapter 2: Literature review: This chapter is a summary and critique of the relevant literature
regarding the study.
Chapter 3: Methodology: This chapter describes the methods that were used in this study,
highlighting the study design, study setting, study population, sampling process, data collection
techniques, analysis and the ethical considerations followed for the study.
Chapters 4 — 6: These chapters present the PhD study findings under the following headings.

e Chapter 4: Oral Health Knowledge, Attitude and Oral Hygiene Practicesamong Adults in

Rwanda. [Doi: 10.11604/pamj-cm.2024.14.4.42461]

e Chapter 5: Evaluation of Oral Health Services and Challenges Faced by Oral Health
Practitioners Working in Nyarugenge, Rwanda

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0309127

e Chapter 6: The Feasibility and Acceptability of a Mobile App for Oral Health Education

Among Adults in Rwanda. https://www.dovepress.com/the-feasibility-and-acceptability-

of-a-mobile-application-for-oral-hea-peer-reviewed-fulltext-article-CCIDE
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Chapter 7: Discussion and recommendation: This chapter provides an integrated discussion of
the results, proposes key recommendations, and outlines areas for future research, while also

describing the conclusions that bring together all the elements of the PhD thesis.

11



1.8 REFERENCE

1.Kassebaum NJ, Smith AGC, Bernabe E, Fleming TD, Reynolds AE, Vos T, et al. Global,
Regional, and National Prevalence, Incidence, and Disability-Adjusted Life Years for Oral
Conditions for 195 Countries, 1990-2015: A Systematic Analysis for the Global Burden of
Diseases, Injuries, and Risk Factors. J Dent Res. 2017;96(4):380-7. Epub 2017/08/10. doi:
10.1177/0022034517693566. PubMed PMID: 28792274; PubMed Central PMCID:
PMC5912207.

2.Sanz M, D'Aiuto F, Deanfield J, Fernandez-Avilés F. European Workshop in Periodontal Health
and Cardiovascular Disease—Scientific Evidence on the Association between Periodontal and
Cardiovascular Diseases: A Review of the Literature. Eur Heart J. 2010;12(suppl_B):B3-B12.
doi: 10.1093/eurheartj/suq003.

3.Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The Global Burden of Oral
Diseases and Risks to Oral Health. Bull World Health Organ. 2005;83(9):661-9. Epub
2005/10/08. doi: S0042-96862005000900011. PubMed PMID: 16211157; PubMed Central
PMCID: PMC2626328.

4.Loe H. Oral Hygiene in the Prevention of Caries and Periodontal Disease. Int Dent J.
2000;50(3):129-39. Epub 2000/09/01. doi: 10.1111/j.1875-595x.2000.tb00553.x. PubMed
PMID: 10967765.

5.Petersen PE. World Health Organization Global Policy for Improvement of Oral Health--World
Health Assembly 2007. Int Dent J. 2008;58(3):115-21. Epub 2008/07/17.doi: 10.1111/}.1875-
595x.2008.th00185.x. PubMed PMID: 18630105.

6.Meyer MS, Joshipura K, Giovannucci E, Michaud DS. A Review of the Relationship between
Tooth Loss, Periodontal Disease, and Cancer. Cancer Causes Control. 2008;19(9):895-907.
Epub 2008/05/14. doi: 10.1007/s10552-008-9163-4. PubMed PMID: 18478344,

7.Broadbent JM, Thomson WM, Boyens JV, Poulton R. Dental Plaque and Oral Health During
the First 32 Years of Life. J Am Dent Assoc. 2011;142(4):415-26. Epub 2011/04/02. doi:
10.14219/jada.archive.2011.0197. PubMed PMID: 21454848.

8.Griffin SO, Jones JA, Brunson D, Griffin PM, Bailey WD. Burden of Oral Disease among Older
Adults and Implications for Public Health Priorities. Am J Public Health. 2012;102(3):411-8.
Epub 2012/01/19. doi: 10.2105/ajph.2011.300362. PubMed PMID: 22390504.

12



9.Krustrup U, Erik Petersen P. Periodontal Conditions in 35-44 and 65-74-Year-Old Adults in
Denmark. Acta Odontol Scand. 2006;64(2):65-73. doi: 10.1080/00016350500377859.
PubMed PMID: 16546847.

10.Eke PI1, Dye BA, Wei L, Thornton-Evans GO, Genco RJ, Cdc Periodontal Disease Surveillance
workgroup: James Beck GDRP. Prevalence of Periodontitis in Adults in the United States: 2009
and 2010. J Dent Res. 2012;91(10):914-20. Epub  2012/09/01.  doi:
10.1177/0022034512457373. PubMed PMID: 22935673.

11.Norderyd O, Koch G, Papias A, Kbéhler AA, Helkimo AN, Brahm CO, et al. Oral Health of
Individuals Aged 3-80 Years in Jonkoping, Sweden During 40 Years (1973-2013). li. Review
of Clinical and Radiographic Findings. Swed Dent J. 2015;39(2):69-86. Epub 2015/11/05.
PubMed PMID: 26529833.

12.Genco RJ. Current View of Risk Factors for Periodontal Diseases. J Periodontol. 1996;67(10
Suppl):1041-9. Epub 1996/10/01. doi: 10.1902/jop.1996.67.10.1041. PubMed PMID: 8910821.

13.Gao J, Ruan J, Zhao L, Zhou H, Huang R, Tian J. Oral Health Status and Oral Health
Knowledge, Attitudes and Behavior among Rural Children in Shaanxi, Western China: A
Cross-Sectional Survey. BMC Oral Health. 2014;14:144. Epub 2014/12/01. doi:
10.1186/1472-6831-14-144. PubMed PMID: 25433658; PubMed Central PMCID:
PMCPMC4349707.

14.Zhao Q, Wang SB, Xu G, Song Y, Han X, Liu Z, et al. Periodontal Health: A National Cross-
Sectional Study of Knowledge, Attitudes and Practices for the Public Oral Health Strategy in
China. J Clin Periodontol. 2019;46(4):406-19. Epub 2019/02/16. doi: 10.1111/jcpe.13082.
PubMed PMID: 30768801.

15.Liu L, Zhang Y, Wu W, Cheng M, Li Y, Cheng R. Prevalence and Correlates of Dental Caries
in an Elderly Population in Northeast China. PLoS One. 2013;8(11):e78723. Epub 2013/11/22.
doi: 10.1371/journal.pone.0078723. PubMed PMID: 24260129; PubMed Central PMCID:
PMCPMC3833987.

16.Jain N, Mitra D, Ashok KP, Dundappa J, Soni S, Ahmed S. Oral Hygiene-Awareness and
Practice among Patients Attending Opd at Vyas Dental College and Hospital, Jodhpur. J Indian
Soc Periodontol. 2012;16(4):524-8. Epub 2013/03/16. doi: 10.4103/0972-124X.106894.
PubMed PMID: 23493177; PubMed Central PMCID: PMCPMC3590720.

13



17.Zhu L, Petersen PE, Wang HY, Bian JY, Zhang BX. Oral Health Knowledge, Attitudes and
Behaviour of Adults in China. Int Dent J. 2005;55(4):231-41. Epub 2005/09/20. doi:
10.1111/5.1875-595x.2005.tb00321.x. PubMed PMID: 16167612,

18.Bommireddy V, Pachava S, Viswanath V, Talluri D, Ravoori S, Sanikommu S. Oral Health
Care-Seeking Behaviors and Influencing Factors among South Indian Rural Adults: A Cross-
Sectional Study. J Indian Assoc Public Health Dent. 2017;15(3):252-7. doi:
10.4103/jiaphd.jiaphd_52_17.

19.Shah N, Sundaram KR. Impact of Socio-Demographic Variables, Oral Hygiene Practices, Oral
Habits and Diet on Dental Caries Experience of Indian Elderly: A Community-Based Study.
Gerodontology. 2004;21(1):43-50. Epub 2004/04/13. doi: 10.1111/j.1741-2358.2004.00010.x.
PubMed PMID: 15074539.

20.Deolia SG, Kela KS, Sawhney IM, Sonavane PA, Nimbulkar G, Reche A. Evaluation of Oral
Health Care Seeking Behavior in Rural Population of Central India. J Family Med Prim Care.
2020;9(2):886-91. Epub 2020/04/23. doi: 10.4103/jfmpc.jfmpc_990 19. PubMed PMID:
32318440; PubMed Central PMCID: PMCPMC7114035.

21.Bernabé E, Masood M, Vujicic M. The Impact of out-of-Pocket Payments for Dental Care on
Household Finances in Low and Middle Income Countries. BMC Public Health.
2017;17(1):109. Epub20170123. doi: 10.1186/s12889-017-4042-0. PubMed PMID: 28114967;
PubMed Central PMCID: PMCPMC5260123.

22.Wagstaff A, van Doorslaer E. Catastrophe and Impoverishment in Paying for Health Care: With
Applicationsto Vietnam 1993-1998. Health Econ. 2003;12(11):921-34. doi: 10.1002/hec.776.
PubMed PMID: 14601155.

23.Masood M, Sheiham A, Bernabé E. Household Expenditure for Dental Care in Low and Middle
Income Countries. PL0oS One. 2015;10(4):e0123075. Epub 20150429. doi:
10.1371/journal.pone.0123075. PubMed PMID: 25923691; PubMed Central PMCID:
PMCPMC4414536.

24.Gift HC, Reisine ST, Larach DC. The Social Impact of Dental Problems and Visits. Am J
Public Health. 1992;82(12):1663-8. doi: 10.2105/ajph.82.12.1663. PubMed PMID: 1456343;
PubMed Central PMCID: PMCPMC1694558.

25.Ayo-Yusuf 1J, Naidoo S. Social Gradient in the Cost of Oral Pain and Related Dental Service
Utilisation among South African Adults. BMC Oral Health. 2016;16(1):117. Epub 20161105.

14



doi: 10.1186/s12903-016-0313-x. PubMed PMID: 27814711; PubMed Central PMCID:
PMCPMC5097356.

26.Petersen PE. Improvement of Oral Health in Africa in the 21st Century -the Role of the Who
Global Oral Health Programme. Afr J Oral Health. 2004;5. doi: 10.4314/ajoh.v1i1.31299.

27.Crouch S, Dzingle J, Tyus J, Kapila S, Eber R, Ndege P, et al. Oral Health Status of Adults in
Rural Meru, Kenya. Oral Health Dent Manag. 2016.

28.van Wyk PJ, van Wyk C. Oral Health in South Africa. Int Dent J. 2004;54(6 Suppl 1):373-7.
Epub 2005/01/06. doi: 10.1111/j.1875-595x.2004.tb00014.x. PubMed PMID: 15631099.

29.0labisi AA, Udo UA, Ehimen UG, Bashiru BO, Gbenga OO, Adeniyi AO. Prevalence of
Dental Caries and Oral Hygiene Status of a Screened Population in Port Harcourt, Rivers State,
Nigeria. J Int Soc Prev Community Dent. 2015;5(1):59-63. Epub 2015/03/15. doi:
10.4103/2231-0762.151979. PubMed PMID: 25767769; PubMed Central PMCID:
PMCPMC4355852.

30.Muwazi LM, Rwenyonyi CM, Tirwomwe FJ, Ssali C, Kasangaki A, Nkamba ME, et al.
Prevalence of Oral Diseases/Conditions in Uganda. Afr Health Sci. 2005;5(3):227-33. Epub
2005/10/26. doi: 10.5555/afhs.2005.5.3.227. PubMed PMID: 16245993; PubMed Central
PMCID: PMCPMC1831927.

31.Abid A, Maatouk F, Berrezouga L, Azodo C, Uti O, EI-Shamy H, et al. Prevalence and Severity
of Oral Diseases in the Africa and Middle East Region. Adv Dent Res. 2015;27(1):10-7. Epub
2015/06/24. doi: 10.1177/0022034515582062. PubMed PMID: 26101335.

32.Kalala Kazadi E, B F, Ngamala B, Sekele J-P, Nyengele A, Muyembi P, et al. Frequency and
Profile of Severe Periodontitis in Kinshasa Dental Hospitals, Dr Congo. Health. 2018;10:396-
402. doi: 10.4236/health.2018.104032.

33.Kayombo CM, Mumghamba EG. Self-Reported Halitosis in Relation to Oral Hygiene
Practices, Oral Health Status, General Health Problems, and Multifactorial Characteristics
among Workers in llala and Temeke Municipals, Tanzania. Int J Dent. 2017;2017:8682010.
Epub 2017/03/11. doi: 10.1155/2017/8682010. PubMed PMID: 28280509; PubMed Central
PMCID: PMCPMC5322417.

34.Peeran SW, Singh AJ, Alagamuthu G, Naveen Kumar PG. Periodontal Status and Its Risk
Factors among Young Adults of the Sebha City (Libya). Dent Res J. 2013;10(4):533-8. Epub
2013/10/17. PubMed PMID: 24130592; PubMed Central PMCID: PMCPMC3793420.

15



35.Republic_of Rwanda_Ministry of Health. Annual Health Statistics Booklet 2016 [cited 2024
March 04]. Available from:
https://www.moh.gov.rw/index.php?elD=dumpFile&t=f&f=26019&token=98731c4d810dbcb
cbbd5658096f9c6302490fe06.

36.Mukashyaka C, Uzabakiriho B, Amoroso CL, Mpunga T, Odhiambo J, Mukashema P, et al.
Dental Caries Management at a Rural District Hospital in Northern Rwanda: A Neglected
Disease. Public Health Action. 2015;5(3):158-61. doi: 10.5588/pha.15.0022.

37.Mutamuliza J, Rwema F, Rulisa S, Ntaganira J. Prevalence and Associated Risk Factors of

Periodontal Disease among Adults Attending Dental Department in Rwanda Military Hospital
(Rwanda): A Cross Sectional Study. Open Dent J. 2015;2(4). Epub October 19th, 2015. doi:
10.17140/D0OJ-2-120.

38.Morgan JP, Isyagi M, Ntaganira J, Gatarayiha A, Pagni SE, Roomian TC, et al. Building Oral
Health Research Infrastructure: The First National Oral Health Survey of Rwanda. Glob Health
Action. 2018;11(1):1477249. Epub 2018/06/05. doi: 10.1080/16549716.2018.1477249.
PubMed PMID: 29860930; PubMed Central PMCID: PMC5990941.

39.Harikiran AG, Pallavi SK, Hariprakash S, Ashutosh, Nagesh KS. Oral Health-Related Kap
among 11- to 12-Year-Old School Children in a Government-Aided Missionary School of
Bangalore City. Indian J Dent Res. 2008;19(3):236-42. doi: 10.4103/0970-9290.42957.
PubMed PMID: 18797101.

40.Institute of Medicine (US) Committee on Health and Behavior: Research P, and Policy. Health
and Behavior: The Interplay of Biological, Behavioral, and Societal Influences. Washington
(DC):2001. Available from: https://www.ncbi.nlm.nih.gov/books/NBK43738/.

41.Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low Health Literacy and
Health Outcomes: An Updated Systematic Review. Ann Intern Med. 2011;155(2):97-107.
Epub 2011/07/20. doi: 10.7326/0003-4819-155-2-201107190-00005. PubMed PMID:
21768583.

42.Lubon AJ, Erchick DJ, Khatry SK, LeClerq SC, Agrawal NK, Reynolds MA, et al. Oral Health
Knowledge, Behavior, and Care Seeking among Pregnant and Recently-Delivered Women in
Rural Nepal: A Qualitative Study. BMC Oral Health. 2018;18(1):97. Epub 2018/06/03. doi:
10.1186/s12903-018-0564-9. PubMed PMID: 29859084; PubMed Central PMCID:
PMCPMC5984796.

16


https://www.moh.gov.rw/index.php?eID=dumpFile&t=f&f=26019&token=98731c4d810dbcbcbbd5658096f9c6302490fe06
https://www.moh.gov.rw/index.php?eID=dumpFile&t=f&f=26019&token=98731c4d810dbcbcbbd5658096f9c6302490fe06
https://www.ncbi.nlm.nih.gov/books/NBK43738/

43.Deinzer R, Micheelis W, Granrath N, Hoffmann T. More to Learn About: Periodontitis-Related
Knowledge and Its Relationship with Periodontal Health Behaviour. J Clin Periodontol.
2009;36(9):756-64. Epub 2009/08/08. doi: 10.1111/j.1600-051X.2009.01452.x. PubMed
PMID: 19659893.

44 Ericsson JS, Ostberg AL, Wennstrom JL, Abrahamsson KH. Oral Health-Related Perceptions,
Attitudes, and Behavior in Relation to Oral Hygiene Conditions in an Adolescent Population.
Eur J Oral Sci. 2012;120(4):335-41. Epub 2012/07/21. doi: 10.1111/j.1600-
0722.2012.00970.x. PubMed PMID: 22813224.

45.0lusile AO, Adeniyi AA, Orebanjo O. Self-Rated Oral Health Status, Oral Health Service
Utilization, and Oral Hygiene Practices among Adult Nigerians. BMC Oral Health.
2014;14:140. Epub 2014/11/28. doi: 10.1186/1472-6831-14-140. PubMed PMID: 25427860;
PubMed Central PMCID: PMCPMC4258058.

46.Akaji EA, Uguru NP, Maduakor SN, Ndiokwelu EM. Using Community Participation to Assess
Demand and Uptake of Scaling and Polishing in Rural and Urban Environments. BMC Oral
Health. 2018;18(1):80. Epub 2018/05/12. doi: 10.1186/s12903-018-0548-9. PubMed PMID:
29747620; PubMed Central PMCID: PMCPMC5946404.

47 .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 Pediatrics. 2010;10:87. Epub 2010/12/02. doi:
10.1186/1471-2431-10-87. PubMed PMID: 21118499; PubMed Central PMCID:
PMCPMC3001697.

48.Josephin S, Nzala S, Baboo KS. Evaluation of Oral Hygiene Services in Selected Public Health
Facilities in Lusaka District of Zambia. J Public Health Afr. 2018;9(2):820. Epub 2019/01/29.
doi: 10.4081/jphia.2018.820. PubMed PMID: 30687478; PubMed Central PMCID:
PMC6325418.

49.0kullo I, Astram AN, Haugejorden O. Social Inequalities in Oral Health and in Use of Oral
Health Care Services among Adolescents in Uganda. Int J Paediatr Dent. 2004;14(5):326-35.
Epub 2004/08/28. doi: 10.1111/j.1365-263X.2004.00568.x. PubMed PMID: 15330998.

50.Jabeen C, Umbreen G. Oral Hygiene: Knowledge, Attitude and Practice among School
Children, Lahore. J Liaquat Uni Med Health Sci. 2017;16:170-4. doi:
10.22442/jlumhs.171630528.

17



51.Darout IA, Astrom AN, Skaug N. Knowledge and Behaviour Related to Oral Health among
Secondary School Students in Khartoum Province, Sudan. Int Dent J. 2005;55(4):224-30.
Epub 2005/09/20. doi: 10.1111/j.1875-595x.2005.tb00320.x. PubMed PMID: 16167611.

52.Singh S, Shah V, Dagrus K, Manjunatha BS, Kariya P, Shah S. Oral Health Inequality and
Barriers to Oral Health Care in India. Eur J Dent Ther Res. 2015;4:242-45.

53.Bhayat A, Chikte U. Human Resources for Oral Health Care in South Africa: A 2018 Update.
Int J Environ Res Public Health. 2019;16(10). Epub 2019/05/17. doi:
10.3390/ijerph16101668. PubMed PMID: 31091648; PubMed Central PMCID:
PMCPMC6571692.

54.Khatoon KF, Reddy BKM, Guvva S. Reducing Patient Waiting Time in Dental Clinic
According to Treatment Type. Int J Com Health and Med Res. 2016. doi:
10.21276/ijchmr.2016.2.4.02.

55.Uguru N, Onwujekwe O, Ogu UU, Uguru C. Access to Oral Health Care: A Focus on Dental
Caries Treatment Provision in Enugu Nigeria. BMC Oral Health. 2020;20(1):145. Epub
20200519. doi: 10.1186/s12903-020-01135-1. PubMed PMID: 32429976; PubMed Central
PMCID: PMCPMC7236454.

56.Gallagher JE, Hutchinson L. Analysis of Human Resources for Oral Health Globally:
Inequitable Distribution. Int Dent J. 2018;68(3):183-9. doi: https://doi.org/10.1111/id].12349.

57.HRSA-Health-Workforce. State of the U.S. Health Care Workforce, 2023 2024 [cited 2024
July  02]. Available  from: https://bhw.hrsa.gov/sites/default/files/bureau-health-

workforce/data-research/state-of-the-health-workforce-report-2023.pdf.

58.Nyamuryekung'e KK, Lahti SM, Tuominen RJ. The Relative Patient Costs and Availability of
Dental Services, Materials and Equipment in Public Oral Care Facilities in Tanzania. BMC
Oral Health. 2015;15:74. Epub 2015/07/02. doi: 10.1186/s12903-015-0061-3. PubMed PMID:
26126654; PubMed Central PMCID: PMCPMC4487056.

59.Ryu S. Book Review: Mhealth: New Horizons for Health through Mobile Technologies: Based
on the Findings of the Second Global Survey on Ehealth. Healthc Inform Res. 2012;18(3):231-
3. doi: 10.4258/hir.2012.18.3.231. PubMed Central PMCID: PMCPMC3483482.

60.WHO. Mhealth: New Horizons for Health through Mobile Technologies: Second Global
Survey on Ehealth: World Health Organization; 2011 [cited 2023 November 09]. Available
from: https://iris.who.int/handle/10665/44607.

18


https://doi.org/10.1111/idj.12349
https://bhw.hrsa.gov/sites/default/files/bureau-health-workforce/data-research/state-of-the-health-workforce-report-2023.pdf
https://bhw.hrsa.gov/sites/default/files/bureau-health-workforce/data-research/state-of-the-health-workforce-report-2023.pdf
https://iris.who.int/handle/10665/44607

61.Underwood B, Birdsall J, Kay E. The Use of a Mobile App to Motivate Evidence-Based Oral
Hygiene Behaviour. Br Dent J. 2015;219(4):E2. Epub 2015/09/01. doi:
10.1038/sj.bdj.2015.660. PubMed PMID: 26315196.

62.Alkadhi OH, Zahid MN, Almanea RS, Althageb HK, Alharbi TH, Ajwa NM. The Effect of
Using Mobile Applications for Improving Oral Hygiene in Patients with Orthodontic Fixed
Appliances: A Randomised Controlled Trial. J Orthod. 2017;44(3):157-63. Epub 2017/07/15.
doi: 10.1080/14653125.2017.1346746. PubMed PMID: 28705122.

63.Scheerman JFM, van Meijel B, van Empelen P, Verrips GHW, van Loveren C, Twisk JWR, et
al. The Effect of Using a Mobile Application ("Whiteteeth™) on Improving Oral Hygiene: A
Randomized Controlled Trial. Int J Dent Hyg. 2020;18(1):73-83. Epub 2019/07/11. doi:
10.1111/idh.12415. PubMed PMID: 31291683; PubMed Central PMCID: PMC7004072.

64.0lubunmi B, Olushola I. Effects of Information Dissemination Using Video of Indigenous
Language on 11-12 Years Children's Dental Health. Ethiop J Health Sci. 2013;23(3):201-8.
Epub 2013/12/07. doi: 10.4314/ejhs.v23i3.2. PubMed PMID: 24307819; PubMed Central
PMCID: PMCPMC3847529.

65.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. PubMed PMID: 31327369.

66.Poudel P, Griffiths R, Wong VW, Arora A, Flack JR, Khoo CL, et al. Oral Health Knowledge,
Attitudes and Care Practices of People with Diabetes: A Systematic Review. BMC Public
Health. 2018;18(1):577. Epub 2018/05/03. doi: 10.1186/s12889-018-5485-7. PubMed PMID:
29716561; PubMed Central PMCID: PMC5930945.

67.Republic_of Rwanda_Ministry of Health. National Oral Health Strategic Plan 2019-2024:
Ministry of Health Rwanda; 2019 [cited 2024 April 04]. Available from:
https://moh.prod.risa.rw/fileadmin/user_upload/Moh/Publications/Strategic_Plan/National_Or
al_Health_Strategic_Plan_2019-2024.pdf.

68.Marchetti G, Fraiz FC, Nascimento WMD, Soares GMS, Assuncao L. Improving Adolescents'

Periodontal Health: Evaluation of a Mobile Oral Health App Associated with Conventional
Educational Methods: A Cluster Randomized Trial. Int J Paediatr Dent. 2018;28(4):410-9.
Epub 2018/05/15. doi: 10.1111/ipd.12371. PubMed PMID: 29756308.

19


https://moh.prod.risa.rw/fileadmin/user_upload/Moh/Publications/Strategic_Plan/National_Oral_Health_Strategic_Plan_2019-2024.pdf
https://moh.prod.risa.rw/fileadmin/user_upload/Moh/Publications/Strategic_Plan/National_Oral_Health_Strategic_Plan_2019-2024.pdf

69.Kimanuka O. The Role of Icts in Rwanda’s Development. Sub-Saharan Africa’s Development
Challenges: A Case Study of Rwanda’s Post-Genocide Experience. New York: Palgrave
Macmillan US; 2009. p. 87-93.

70.MINICT. Connectrwanda Smartphone Distribution Continues, Targeting One Smartphone to
One Household in Every Village 2021 [cited 2022 June 6]. Available from:

https://www.minict.gov.rw/news-detail/connectrwanda-smartphone-distribution-continues-

targeting-one-smartphone-to-one-household-in-every-village.

20


https://www.minict.gov.rw/news-detail/connectrwanda-smartphone-distribution-continues-targeting-one-smartphone-to-one-household-in-every-village
https://www.minict.gov.rw/news-detail/connectrwanda-smartphone-distribution-continues-targeting-one-smartphone-to-one-household-in-every-village

CHAPTER 2

Literature Review

This chapter comprises a comprehensive review and critical analysis of the pertinent literature
relevant to this PhD study. Emphasis has been placed on identifying knowledge gaps, particularly
those central to this thesis. In Section 2.1, an extensive literature review is presented on the
prevalence of oral diseases. In Section 2.2, risk factors influencing oral health were reviewed. In
Section 2.3, the review was conducted on oral health knowledge, attitudes, and practices.
Literature on oral health services and the perceptions of oral health professionals in providing oral
health services to the community is discussed in Section 2.4. In Section 2.5, articles pertaining to
the feasibility and acceptability of mobile applications used for oral health education are critically

reviewed.

2.1 PREVALENCE OF ORAL DISEASES
2.1.1 Prevalence of periodontal diseases

Periodontal diseases are prevalent non-communicable diseases frequently encountered within the
population. According to epidemiological data, periodontal disease exhibits a higher prevalence
rate when compared to cardiovascular disease[1]. Periodontal disease is a condition that arises due
to the presence of pathogenic bacteria within the dental plaque. Inflammation and infection,
specifically starting as gingivitis, have the potential to manifest in the soft tissues. If left
unaddressed, this inflammation can advance and lead to the involvement and subsequent
deterioration of the alveolar bone, ultimately resulting in the development of periodontitis[2]. The
presence of gingival bleeding, gingival enlargement, redness, and some discomfort primarily

characterizes gingivitis.

Periodontitis is distinguished by the manifestation of attachmentloss, gingival recession, and tooth
mobility[3-5]. Periodontal disease poses a significant challenge to global public health, given its
widespread occurrence, substantial economic burden, and profound health implications[6].
According to the global burden of diseases of 2016, periodontal disease was the sixth most
prevalent condition, and it was estimated that 10% of the global adult population was affected by
a severe form of periodontitis[3, 7]. A 2002 study performed in Portugal found a prevalence of
75.5% of periodontal disease, where 48.6% had periodontitis and 26.9% had gingivitis [4]. The
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consequence of untreated periodontal disease is the destruction of supporting tissues of the teeth,
with progression until teeth become loose and are eventually lost[8]. Periodontal disease is one of
the main causes of tooth loss, which compromises mastication, aesthetics, self-esteem and quality
of life[3].

Periodontal disease not only has a negative impact on oral health-related quality of life, but italso
has a negative impact on overall health[9]. It has been associated with other non-communicable
diseases such as diabetes mellitus, rheumatoid arthritis, chronic obstructive pulmonary disease,
osteoporosis, cancer, neurodegeneration, and atherosclerotic cardiovascular diseases such as
myocardial infarction, angina pectoris and stroke, which increases the mortality risk of those
patients[3, 6, 9-11]. Furthermore, periodontal diseases have also been associated with adverse
pregnancy outcomes such as preterm delivery and low birth weight, pre-eclampsiaand eclampsia,
and gestational diabetes [12, 13]. Periodontal disease is mainly linked to poor oral hygiene
practices, as well as lifestyles, such as smoking and diet, which is the reason why an emphasis

should be put on the common-risk factors approach to prevention[14, 15].

Accumulation of dental plaque and poor oral hygiene are the significant risk factors for
periodontitis. A higher prevalence of periodontal diseases was observed among Rwandans in a
study aimed to determine the prevalence and associated risk factors of periodontal disease.
Findings showed that 49.5% of the respondents had calculus, 58.9% had gingivitis, and 39.6%
had periodontitis[16]. In Libya, a study to assess periodontal status found that 44.3% had calculus,
nearly 41% had shallow pockets, and 6.29% had bleeding on probing[17]. In a study from Sudan,
about 64.5% of participants considered irregular tooth cleaning to cause gingivitis. However, less
than 20% of adolescents visit dentists regularly for dental checkups [18]. The prevalence of
periodontal disease in Saudi Arabia was 71.3%, and 53.1% of the participants had fair oral
hygiene[19]. The prevalence of plaque and gingival bleeding upon probing in Tanzania was 100%,
with 13.9% of individuals reported experiencing unpleasant mouth-breath [20]. In the study
conducted in Rwanda to assess periodontal disease prevalence among patients attending the
University clinic in Nyarugenge District, 41.6% had periodontal diseases, significantly increasing
with age[21].
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2.1.2 Prevalence of dental caries

Dental caries is characterised by the progressive destruction of the hard tissues of the tooth through
a process of rapidly alternating demineralization and remineralization. Tooth destruction happens
when the process of demineralization surpasses the process of remineralization.[22]. Four factors
have been identified to play a role in the destruction of tooth tissues:- the bacteria present in the
oral cavity, especially Streptococcus mutans, the food substrates, the time it takes for these to
interact and the tooth structure for the interaction[23]. When someone eats and does not brush
his/her teeth, some food remains entrapped in the fissures and pits of the occlusal surfaces or the
interdental spaces of the dentition. If there are some fermentable carbohydrates, streptococcus
mutans transform them into acid, which attacks the tooth surface, causing demineralization. The
initial sign of that demineralization is a white spot, which later progresses into a cavity and
deepens[24, 25].

The disease invades the pulp when no treatment intervention is done, which is the only vascularised
tissue of the tooth enclosed inside the hard tissues. When the demineralisation reaches the pulp, it
is called pulpitis, and at that time, the pain becomes continuous, throbbing, and unbearable,
especially during the night, to the point of causing sleepless nights[26, 27]. During this period,
patients commonly seek dental care, frequently expressing a strong desire for tooth extraction.
Convincing them of the existence of alternate treatment to maintain the tooth can be difficult.
Conversely, certain individuals choose to get analgesics and delay seeking dental care from oral
health professionals[28]. Thus, the acute phase of pulpitis follows, but the disease keeps
progressing to chronic pulpitis and eventually to pulp necrosis[29]. With time, the infection
reaches the periapical region, causing a periapical abscess[30], which later develops into a
periapical cyst[31], whichinturn leads to a periapical granuloma[32] with a possibility of reversal.
When nothing is done, the alveolar bone keeps resorbing with the extension of the lesion,
ultimately leading to tooth mobility and tooth loss. The pain and the resulting loss of teeth due to
dental caries negatively impacts the overall quality of life. In fact, apart from the working days
lost due to the disease or its treatment, there are economic costs from opportunity costs of absence
from work or school and direct costs from money spent on dental caries treatment. Furthermore,

the loss of teeth has an effect on the patient’s aesthetics and social life[33].
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Dental caries, periodontal diseases and gum diseases are the most recorded among non-
communicable diseases [34]. The prevalence of dental caries was 72.8% among adultsaged 17 to
75 years old in Kosova, Europe[35]. In the Indian state of Andhra Pradesh, 42% of 18-year-olds
and above have experienced dental problems, and toothache associated with dental caries is the
most experienced dental problem(46.32%), and common treatment is tooth extraction[36]. In
another study conducted in the South zone of Delhi, dental caries was more prevalent among
elderly participants, with 64% having decayed teeth and 66.7% having root caries[37]. In
Northeast China, the prevalence of dental caries in the elderly population was 67.5%, and 80%
had lost their teeth due to dental caries, and the prevalence was higher in urban areas [38]. In
Tanzania, a study conducted among subjects aged 14 and 44 years found that tooth decay was
prevalent in 54.6%, whereby 21.9% had pulpitis, and 57.3% of the participants had lost their teeth
due to dental caries[20]. In Nigeria, a study to determine the prevalence of dental caries and partial
edentulism found that 35.1% of the participants had dental caries, and the majority had fair to poor
oral hygiene [39]. The studies in Eastern African countries reported the overall prevalence of
dental cariesto be 45.7% among the participants. The highest prevalence was in Eritrea at 65.2%,
Sudan at 57.8%, and Tanzania at 30.7%[40]. A scoping review of 8 peer-reviewed papers revealed

a higher prevalence of dental caries in Rwanda, ranging from 42.42% to 71.5%[41].

2.1.3 Prevalence of tooth loss

Caries and periodontal diseases have been found to be the main cause of tooth loss. However, the
early interception of caries and periodontal disease is a better way to minimize the extraction of
teeth [42]. A systematic review to identify the reasons for tooth removal among adults found that
the proportion of all extractions varied between 36.0% and 55.3% for caries, 24.8% to 38.1% for
periodontitis, 0.8% to 4.4% for trauma, 7.3% to 19.1% for periapical disease, 2.5% to 7.2% for
orthodontics, and 4.5% to 9.2% for other reasons[43]. Nevertheless, the probability of tooth
extraction remains influenced by demographic variables, including age, socioeconomic position,
and educational attainment. The prevalence of extractions may be increased among older persons
because of age-related oral health conditions, including periodontal disease and tooth decay[44,
45].

Individuals from lower socioeconomic backgrounds or with limited access to dental care may face

barriersto timely early treatment, leading to a higher incidence of tooth extraction for preventable
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dental conditions[42, 46].In Rwanda, tooth extraction as treatment intervention was common at
97.6%, according to a cross-sectional survey conducted at Butaro District Hospital. The majority
of the respondents had chronic pulpitis, and a few patients, 2%, received care consisting of teeth
cleaning and oral hygiene advice[47]. Systematic reviews identified periodontal disease and dental
caries as the leading causes of tooth loss among adults. However, both dental caries and
periodontal diseases are preventable [48, 49].

2.2 FACTORS AFFECTING ORAL HEALTH
2.2.1 Risk factors affecting oral health

A myriad of modified risk factors, such as poor oral hygiene, oral health behaviour, diets rich in
sugar, tobacco use, age, socio-economic/geographic/rural vs urban and increased consumption of
alcohol, influence oral health. These factors encompass individual behaviours, systemic
conditions, and environmental factors [50, 51]. The risk factors associated with periodontal
diseases were poor oral hygiene, older age, irregular dental visits, and education level [16]. Other
factors playing a pivotal role in the prevalence and severity of oral diseases include periodontal
disease, dental caries, and oral cancer[52]. Identificationand comprehension of these risk factors
are imperative for formulating effective approaches for preventive and intervention strategies
aimed at enhancing oral health and overall well-being[52]. For instance, extensive research has
highlighted the detrimental effects of tobacco use on oral health, including increased risk of
periodontal disease, oral cancer, and tooth loss[53]. Similarly, excessive alcohol consumption has
been linked to oral cancer, periodontal disease, and compromised wound healing following dental
procedures[54]. Moreover, poor dietary habits, characterized by high sugar consumption and low
intake of fruits and vegetables, contribute significantly to the development of dental caries and
periodontal disease[55]. Inadequate oral hygiene practices, such as irregular brushing and flossing,
can exacerbate plague accumulation, leading to gingivitis and periodontitis[56]. Smokers tend to
have more significant mean probing attachment loss in all age groups[57]. In addition, smoking is
significantly associated with severe chronic periodontitis, a higher dental plaque level, and poorer
oral hygiene[58-60]. Non-smokers had statistically significantly better oral hygiene than
smokers[60].
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2.2.2 Poor oral hygiene

Poor oral hygiene is prevalent in many developing countries. According to a study conducted in
Odisha, India, to assess the oral hygiene status among adults, 85% of the participants had poor oral
hygiene[61]. Poor oral hygiene was 44.8% among participants in a study conducted in
Tanzania[62]. Rwanda National Oral Health Survey found that among adults who were 20- years
of age and older, 32.4% had substantial oral debris, and 60.0% had calculus[63]. Another study to
explore the participant’s knowledge, attitude, and practices on oral hygiene found that most

respondents have poor oral hygiene; 60% of them had calculus[64].

Suboptimal oral hygiene had a negative impact on the community. According to a study conducted
in India, adult participants with poor oral hygiene had a higher prevalence of periodontal
diseases[61]. A systematic review aiming to estimate oral hygiene effects on periodontitis found
that fair to poor oral hygiene increases the risk of periodontitis[65]. However, the risk can be
reduced by regular tooth brushing and regular dental visits.

Poor oral hygiene leads to dental halitosis. The effects of halitosis on personal well-being include
compromised individual self-esteem and social discomfort with peers[66]. A study conducted in
Tanzania aimed at assessing self-reported halitosis found that 48.5% of respondents had halitosis.
This condition is associated with bleeding gums, hard deposits, mobile teeth, and misaligned
teeth[66]. According to the Rwanda National Oral Health Survey findings, most adults had poor
oral health with both hard and soft debris[67]. Improving oral hygiene alone has been shown to
improve periodontal health for patients with chronic periodontitis. Failure to improve oral hygiene

has been found to increase oral disease in society[67].

2.2.3 Systemic diseases associated with poor oral health

Systemic diseases are a significant risk factor for Poor oral hygiene/ oral diseases [49], and oral
disease has a profound impact on individuals' quality of life[52]. The prevalence of periodontitis
ishigher among patients with chronic obstructive pulmonary disease (COPD), at 58.1%, compared
to healthy patients without COPD at 34%[49]. Another study found that poor oral hygiene and
gingival disease were significantly associated with infective endocarditis-related bacteraemia[68].
The study conducted in India among 200 participants found that severe periodontal diseases were

significantly associated with the occurrence of systemic diseases [69]. People with severe
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periodontitis had a 25% increased risk of coronary heart disease compared to those with minimal
periodontal disease [70]. Systemic diseases, including diabetes and cardiovascular diseases, are
closely associated with poor oral health, with evidence suggesting bidirectional relationships
between these conditions and periodontal disease[71, 72]. Early childhood caries have been

associated with upper respiratory infections among children[73].

In conclusion, the link between systemic diseases and poor oral hygiene is clear and significant.
Oral diseases not only impact individuals' quality of life but also increase the risk of various
systemic conditions such as chronic obstructive pulmonary disease (COPD), infective

endocarditis, coronary heart disease, diabetes, cardiovascular diseases, and early childhood caries.

2.3 ORAL HEALTH KNOWLEDGE, ATTITUDEAND PRACTICES
2.3.1 Oral health knowledge

The classical Knowledge-Attitude-Practice (K-A-P) theory posits that knowledge will positively
influence one’s attitudes towards a phenomenon, and the attitudes will, in turn, influence one’s
behaviour[74]. Therefore, good oral health practices are informed by optimal knowledge and
positive attitudes as postulated by the K-A-P educational theory[74]. Oral health knowledge is an
essential requirement for health-related practices and better oral health. Such knowledge is crucial
for developing healthy behaviours [75, 76]. Individuals are more likely to adopt optimal health-
related practices when they have a greater sense of control over their health, which includes a
better understanding of diseases and their causes[77]. There exists a correlation between limited
health literacy and unfavourable health outcomes, as well as insufficient utilization of healthcare
services[78].

Awareness of the causes and prevention of oral diseases was a motivating factor in promoting
good oral health behaviour. A study conducted in Zambia was carried out to assess the knowledge
of periodontal diseases, oral hygiene practices, and self-perceived periodontal problems among
pregnant and postnatal women aged 15-43 years. The findings revealed that 87.4% of participants
were aware of the signs of gingivitis, with 93.3% recognizing bleeding as a symptom of gingivitis,
and 62% of the participants were aware of periodontal diseases[79]. Inaresearch conducted among
Chinese aged 20 years and above, 63.7% of the participants had no prior knowledge of periodontal

disease. Additionally, over 75% of this population were unaware of any symptoms linked to the
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condition[80]. In rural Nepal, reported that most participants brushed once a day, lacked general

oral health knowledge regarding oral diseases, and were less likely to visit dental services[81].

A study conducted in Pakistan to assess oral hygiene knowledge, attitude, and practice among
school children aged 12-14 years found that 64% of children did not know about fluoride, and 50%
of children did not visit dentists. The majority of subjects, accounting for 54%, brush their teeth
once a day and 26% of the participants reported visiting the dentist due to pain [82]. In Germany,
a study aimed at assessing periodontitis-related knowledge and its relation to oral health behaviour
in a community found a limited level of knowledge concerning all topics among the
participants[83]. No consistent relationships with age or education were observed, although less
educated individuals, very young, and older adults tended to display the most significant deficit in
knowledge[16]. The study suggests that health education regarding periodontal diseases needs
enhancement at the community level. Specifically, schoolchildren, older citizens, and those with
lower educational attainment were identified as the groups most in need of targeted interventions.

These interventions should prioritize preventive measures[83].

2.3.2 Oral health attitude and practice

As postulated by the K-A-P theory[74], positive attitudes and favourable practices and habits may
be aresult of a good oral health education activity. Establishing and adhering to a routine of healthy
habits and maintaining optimal oral hygiene practices, such as engaging in twice-daily tooth
brushing, play a pivotal role in the prevention of gum disease and the promotion of overall oral

well-being.

The Social Cognitive Theory emphasizes that behavior is shaped by the interaction of three factors:
personal cognitive factors (including self-efficacy and outcome expectations), behavioral factors
(such as habits or practices), and environmental factors (such as access to resources and social
support)[84]. In oral health, individuals with high self-efficacy are more likely to engage in regular
brushing and flossing, while those with low self-efficacy may avoid these behaviors due to a lack
of confidence[85]. Individuals are more likely to adopt oral health behaviors if they believe these
actions will lead to positive outcomes, like preventing cavities or bad breath [85]. People learn by
observing others. Children who see parents brushing their teeth regularly are more likely to adopt

similar behaviors. Positive role models, like dentists, also encourage healthy practices[86]. Access
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to dental care and oral health products influence behavior. Those with limited access may struggle

to maintain healthy oral practices, despite positive attitudes and knowledge[85].

In India, oral healthcare-seeking behaviours among Pedakakani Mandal people were poor, and
over 20% reported tobacco use, and 14.1% reported alcohol use[36]. In North Florida, adolescents
aged 12 to 18 years believed that their oral disease risk was reduced by brushing and flossing[87,
88]. The study to analyse oral health-related perceptions, attitudes and behaviours concerning oral
hygiene conditions among 19-year-old Swedish individuals found that adolescents with high
scores of plaque and gingivitis had less positive perceptions, attitudes, and behaviours towards oral
health[88]. A study conducted in Zambia among pregnant and postnatal women aged 15-43 years
found that 38.5% brushed twice a day using a plastic toothbrush, while only 2% used dental
floss[79].

In Uganda, a study found that 56% of respondents did not visit oral health services in two years,
and most respondents visited dental services due to pain[89]. Another study in India evaluated oral
healthcare-seeking behaviour ina rural population in central India. Fear of the dentist was found
at 24.3% to be the primary reason for not visiting the dentist, and toothache was the most common
dental problem reported[90]. A study found that oral hygiene practices are not common among
Saudi Arabian people, and oral disease prevention is limited, with 85% never flossing their teeth
and 16.3% never brushing their teeth[91]. Subjects holding more favourable beliefs had better self-
rated oral health with less gum bleeding on probing, less plaque, and fewer dental caries[92]. Good
oral hygiene behaviour appeared to be highly effective in controlling plague following a brief
intervention [93]. In the study among 35-44 and 65-74-year-old Chinese, 15% of them would visit
an oral health professional if they had bleeding gums. In contrast, 60% of the participants paid no
attention to the apparent signs of caries if there was no pain, and only 6% of the participants had a
regular dental checkup in the past two years [94]. According to the Rwanda National Oral Health
Survey, among 2097 participants, 70.6% had never visited dental services, and 98.7% visited
dental services due to pain[63]. Another study in Rwanda found poor oral health practices where
69.7% of participants brushed once per day, and 98% did not use dental floss. A significant
majority of participants, specifically 94.9%, sought dental services exclusively in emergencies.
Furthermore, it was observed that the oral hygiene condition among these individuals was
suboptimal[16].
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In China, nearly 15% of the subjects would visit a dentist if they experienced bleeding from gums;
the majority brushed at least twice a day, but only 5% used fluoridated toothpaste[94]. A regular
dental checkup was low, and only 6% went for a checkup in the last two years[94]. In Nepal only
3.9 % visited dental services in the last six months[95]. A study conducted in Nigeria found that
the majority reported poor oral health utilization habits, as 37.1% clean their mouth once a day [96].
Dental flossing effectively reduces interproximal bleeding, while tooth brushing reduces gingival
bleeding by 35%[97]. In a US study to determine factors associated with the use of preventive
dental and health services among adolescents, 32% of the respondents had never had a dental
examination[98]. Poor dental-health-seeking behaviour was the most reported poor practice in
many settings[75].

In India, a study found that the majority of the workers brushed their teeth once daily (78.9%) with
a toothbrush (51.5%) and used toothpaste (41.2%) [61]. In Nepal, 94.9% of respondents brush
their teeth once a day. Another study investigating the relationship between oral hygiene practices
of dentate older adults living in residential homes found that 31% of the population cleaned their
mouths twice daily without requesting help, and 69% cleaned less often[99]. Good oral hygiene
practices, such as tooth brushing and tooth flossing, had a significant effectin reducing gingivitis

compared to toothbrushing alone[100].

2.4 ORAL HEALTH SERVICES
2.4.1 Perceptions of oral health professionals

Optimal oral health will be realised through the complementary and supplementary actions of both
the users and the providers of dental services as well as the status of the infrastructure. Oral health
professionals are confronted with numerous challenges in the provision of oral health services,
which impact patient access, quality of care, and professional practice. Oral hygiene services are
crucial in maintaining good oral health and preventing the progression of oral diseases. The lack
of resources and dental materials is a major obstacle to delivering the necessary oral health services
to the community. Furthermore, the high patient-to-professional ratio becomes another obstacle
for oral health professionals when delivering oral health education to every patient in the
community. Oral hygiene instructions, such as dental flossing, teeth cleaning technique and
duration, are mostly not given to patients by oral health professionals due to a lack of time [101].
The availability of oral health professionals who provide oral hygiene services to the community
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will assist in the reduction of gingival inflammation and the improvement of periodontal probing
depth[58, 102].

2.4.2 Financial challenges

Dental treatment comes with a high cost that exceeds the financial reach of many individuals in
developing nations[103]. Governments globally have been urged to adopt universal health
coverage for their populations[104, 105]. It is advocated that with universal health, all individuals
will access necessary healthcare services without enduring financial hardships [104, 105]. Despite
recent endeavours to explore alternative healthcare financing methods[106, 107], out-of-pocket
payments remain the primary means of funding healthcare services in LMICs[104, 108].
Significant and unforeseeable healthcare expenses might cause families to dedicate a large amount
of their available income, resulting in catastrophic health spending that can potentially push
households into poverty[109]. Millions of individuals worldwide are affected by oral diseases,
resulting in an annual spend of US$298 billion for the treatment of widespread oral diseases. This
figure represents 4.6% of the global expenditure on healthcare[109-111]. Even in United States,
where private dental insurance coverage is extensive, out-of-pocket costs constitute a substantial
portion of the overall dental expenditure[112, 113]. Dental treatment is extremely expensive and

beyond the capacity of many individuals in developing countries.

A study conducted across 41 developing nations revealed that 6.8% of households faced dental
expenses that exceeded 40% of their financial capability to cover costs, termed catastrophic dental
health expenditure[114]. In South Korea, households utilizing dental services had a higher
proportion of catastrophic dental health expenditure compared to those that did not seek these
services[115]. In Iran, households that accessed dental services were, on average, four times more
prone to experiencing catastrophic dental health expenditure compared to those that did not utilize
dental services[116]. The primary challenge highlighted by researchers revolves around financial
constraints, given the high costs associated with dental services, which are often considered among
the most expensive healthcare treatments[103]. As a result, dental care becomes challenging to
access, particularly in low-income countries. Even in higher-income nations, individuals with
lower incomes, elderly populations, and marginalized communities like refugees, migrants, and

individuals with disabilities face difficulties affording these services[117, 118].
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In the United States, a larger number of individuals report encountering financial obstacles when
trying to access dental care, regardless of their age, income bracket, or insurance coverage,
compared to other forms of healthcare. National insurance schemes often do not fully cover many
treatments, offering a limited scope of services[119, 120]. When faced with financing challenges,
health professionals tend to prioritize clinical procedures that offer higher compensation rather
than focusing on risk assessment or preventive measures[121]. Many oral health professionals
prefer working in private dental clinics where they can earn higher incomes[121]. Public
institutions are reported to be primarily populated by those who lack the financial meansto acquire
expensive dental procedures[122]. Singh et al. stated that the primary focus of most dentistsis on
financial gain[123].

Several studies have emphasized the inequalities in accessing oral healthcare services, especially
in underserved communities and rural regions. Elements like socioeconomic status, geographic
location, and insurance provisions substantially constrain individuals' capacity to access and obtain
dental care[46, 113]. Hence, certain dental services are unavailable in public institutions due to

payment-related difficulties.

2.4.3 Infrastructure for dental services

The availability, functionality, and adequacy of dental equipment, instruments, and materials are
crucial aspects of ensuring effective oral healthcare delivery within dental facilities. However, the
delivery of oral health services faces challenges due to inadequate infrastructure, equipment,
instruments, and materials. The absence of proper infrastructure at primary health centres and
community health centres poses a significant obstacle to delivering oral health services in India.
This issue might stem from the absence of dentists in government decision-making bodies[123].
In care homes for the elderly in Germany, the infrastructure problem persists, and oral health
professionals advocate for the installation of at least one dental chair equipped with a light in every
care facility[124]. The availability of equipment is also a problem in South Africa in many dental
facilities[121]. The lack of infrastructure leads to few working stations and few dental care
providers, causing long patient waiting times, and the lack of equipment and materials impinge on
the options and quality of treatments[125]. The scarcity of equipment and materialsas reportedin
Nigeria poses a potential risk to the treatment options for patients and may lead oral health

professionals to prioritize treatments that have access to instruments and materials [120]. The
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Rwanda National Strategic Plan for Oral Health 2019-2024 noted that dental equipment, notably
dental chairs in district hospitals, were not effectively functional due to low maintenance
capability[126].

2.4.4 Oral health human resources

The biggest challenge experienced by oral health professionals when offering services is linked to
a shortage of human resources, which leads to low dentist/patient ratios[127]. Different dental
specialists are needed to collaborate in comprehensive oral examinations and treatment[128]. The
problem of a shortage of dentists has been reported in the USA[129], and the situation is
exacerbated in Low- and Middle-Income Countries (LMICs). For instance, in 2017, the ratio of
dentists to patients in Nigeriawas as dire as 1:38,600, and in Tanzania, it stood at 1:360,000[130].
In contrast, in high-income nations, this ratio was significantly better, at 1:2,000[52].

Many health facilities in Nigeria have only one Oral health professional who does not have
colleagues to consult about difficult cases[120]. The increased workload allocated to oral health
professionals makes them overlook important steps in the diagnosis process, such as
comprehensive oral examinations and care and oral health education. It is important to do a
comprehensive oral examination, including screening for early signs of all oral diseases, because
it has been observed that most patients consult only for pain and dental emergencies[27, 131].
Therefore, preventive measures are often neglected despite one of the goals of oral healthcare

being a commitment to prevention[121, 123].

The adoption of oral health preventive measures cannot take place if oral health professionals do
not educate patients on good oral hygiene practices such as frequent brushing, good brushing
technique, interdental cleaning, regular dental check-ups, diet, and smoking cessation for the
prevention of both periodontal diseases and dental caries[129]. Some managerial barriersto good
and equitable oral health identified in the literature include unclear goals, inadequate organization
and management, poor planning, little emphasis on evaluation, and failure to plan for adequate
human resources and use of auxiliaries[123]. It has been observed that dental service is often
neglected during recruitment and procurement processes[120, 122]. The literature demonstrates
that there is international neglect and a lack of political prioritizing of oral health [129, 132]. Many

public policymakers do not value oral health as part of general health, making it a lower
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priority[123]. The affordability of dental services, the skills of oral health professionals, and the
availability of dental equipment and materials all play important roles in the provision of

comprehensive oral care, and this is the responsibility of the management of health facilities[131].

Oral health professionals encounter a multitude of challenges in providing oral health services.
The way of addressing those challenges requires multifaceted approaches, including policy
changes, increased education and awareness, and innovative solutions to improve access to care

and support dental practitioners.

2.5 MOBILE APP IN ORAL HEALTH EDUCATION
2.5.1 Oral health information

Historically, oral health professionals have been responsible for providing oral health educationto
the community, as they possess the necessary skills and expertise in this domain. Nevertheless, it
is crucial to acknowledge that the current availability of oral health professionals falls short of
addressing the escalating global prevalence of oral diseases[122]. The considerable burden of work
and extended waiting periods for treatment presents a notable obstacle for the populace in
accessing prompt oral health education.

The challenge of obtaining dental care is further amplified by various factors, including the
financial burden associated with appointments and the significant time commitment required to
commute to healthcare facilities. As aresult, these factors combine to form a considerable obstacle
for the community at large. The complexity of this challenge is heightened by the circumstance
that individuals who can obtain oral health information within these facilities frequently present
with pre-existing severe oral conditions, which can detrimentally impact their overall well-being.
Insufficient dissemination of oral health information within society may potentially contribute to
the notable increase in oral health issues observed within the community. To address these
challenges, itis crucial to prioritize the utilization of mobiletechnology. This approach is of utmost
importance as it provides a solution that is readily available to a large portion of the
population[133, 134].

2.5.2 The use of mobile technology in oral health
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The knowledge of oral health is an important element of good oral health because it influences
positive attitudes and good practices. Oral health awareness and education can be conducted using
different channels and media. Several studies have focused on using mobile apps to promote oral
health (31/45, 69%) via mobile phones, with behavior management (5/45, 11%) being the next
most common focus. The literature shows that the use of mobile apps for oral health is increasing,
particularly among children and adolescents[135]. The utilization of mobile technology,
specifically smartphone applications, holds great promise in addressing the disparity in oral health
education. These applications offer a convenient and easily accessible platform for individuals to
acquire crucial knowledge regarding the maintenance of optimal oral health[133, 134]. Through
the strategic utilization of mobile devices, there exists a tremendous opportunity to distribute oral
health information widely. This dissemination of knowledge has the potential to contribute
significantly to preventive endeavours and, in turn, alleviate the overall burden of oral diseases

within the community.

The utilization of technology has facilitated the emergence of mobile app-based oral health
education, which holds great potential in effectively tackling the challenges mentioned earlier.
This innovative approach offers a convenient means of delivering fundamental oral health
education to individuals, regardless of their location, without the need for transportation or
enduring lengthy waiting times at healthcare facilities to access oral health information. These
applications have the potential to facilitate individuals in managing their health and wellness,
fostering a culture of healthy living, and conveniently accessing valuable information as and when
required. Underwood and colleagues undertook a study to assess the impact and effectiveness of
utilizing mobile technology to improve health behaviours. Their research unveiled that the
BrushDJ mobile application for oral health successfully motivated individuals to prolong their
toothbrushing sessions. Additionally, a substantial majority, around 70% of the participants, noted
experiencing cleaner teeth after integrating this oral health app into their daily regimen. Notably,
an impressive 92.3% of the respondents indicated their readiness to recommend this app to others
[136].

The mobile App oral health education had the potential to address the challenges by providing
easily accessible and comprehensive oral health education to individuals regardless of their

location. The mobile App will eliminate barriers such as transportation issues and long waiting
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times typically associated with obtaining oral health information at healthcare facilities. These
applications have the potential to empower individuals in effectively managing their health and
well-being, fostering a culture of healthy living, and facilitating convenient access to valuable
health-related resources[136].

A study conducted in Saudi Arabia revealed that the utilization of mobile oral health applications
demonstrated a positive impact on encouraging individuals to engage in regular tooth-brushing
practices. The findings of this study indicate a notable reduction in plaque and gingival index
following four weeks of utilizing a mobile application, as opposed to receiving verbal instructions
for oral hygiene[137]. In the Netherlands, a mobile application known as "WhiteTeeth" has been
identified as a valuable tool in enhancing oral hygiene, as per research findings[138]. In the context
of Nigeria, it has been observed that the provision of oral health education through electronic
means, specifically recorded videos, has shown promising results in enhancing oral hygiene among
school children[139]. This intervention has been associated with a reduction in the debris index
score, indicating a positive impact on oral health outcomes. A study by Marchetti et al. has
demonstrated that the utilization of mobile Apps can play a crucial role in enhancing the retention
of oral health knowledge following a post-test, in comparison to individuals who solely received
verbal health guidance[140]. The findings of the study indicate that individuals who were provided
with access to a mobile App demonstrated higher levels of knowledge retention during the follow-

up test and post-test, as compared to their performance in the pre-test [140].

2.5.3 The usage of smartphones in healthcare

The frequency of smartphone usage has experienced a significant surge on a global scale in recent
years. In 2016, the number of smartphone users worldwide exceeded 2 billion, and it was projected
that by 2018, this figure had reached approximately one-third of the global population[141]. The
exponential increase in smartphone usage, coupled with the inherent features of mobility and
widespread appeal, presents an unparalleled prospect for the development of applications aimed
at promoting health and influencing health-related behaviours[141]. Mobile devices, such as
smartphones, possess unique attributes that make them well-suited for delivering personalized
healthcare support[142]. These devices enable health information interventionsto be deliveredin
a timely manner, ensuring that individuals receive the necessary assistance when it is most relevant

and beneficial to them[142]. Mobile health applications, commonly known as mHealth apps, hold
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great promise in engaging patients and empowering them to participate actively in their healthcare.
Mobile health (mHealth) applications have demonstrated their potential as effective tools for
promoting behaviour change in the context of health prevention and self-management[142, 143].
These apps are widely accessible and conveniently portable, making them highly advantageous in
supporting individuals' efforts to adopt healthier habits and manage their well-being. The
significant influence of mHealth apps on various crucial aspects of health, including the
management of chronic diseases, mental health, and patient education, has been extensively
documented [142, 143].

The growing usage of mHealth apps necessitates a heightened focus on their efficacy.
Nevertheless, it is important to acknowledge that notable obstacles exist when it comes to
broadening the scope and effectiveness of mHealth apps in enhancing the well-being of individuals
and, in turn, the overall populace[142, 143]. To maximize the usefulness of mHealth apps, it is

crucial to integrate the requirements of their target users during the design phase[144, 145].

The smartphone represents a remarkable advancement in technology, seamlessly integrating the
functionalities of mobile communication and computing into a compact, handheld device.
Additionally, it offers the convenience of running diverse third-party applications, further
enhancing its versatility and utility[146]. The current iteration of smartphones is being increasingly
recognized as a compact computer rather than solely a mobile phone. This shift in perception is
primarily due to the device's robust computational capabilities, expansive storage capacity,
generous screen size, and the presence of an open operating system that fosters the creation and
advancement of applications[147]. Simultaneously, there has been a noticeable increase in the
prevalence of medical applications being utilized by individuals [148, 149]. According to
conducted studies, a significant majority of health professionals, specifically over 85%, have been
observed to utilize smartphones in their daily routines[150, 151]. Furthermore, a substantial
proportion, ranging from 30% to 50%, have been found to incorporate medical applications into
their clinical practices[150, 151].

Additional research findings have also indicated that the utilization of mobile dental applications
has the potential to effectively encourage individuals to adopt positive oral hygiene practices and
enhance their overall oral health[136]. Dental applications have proven to be an effective and

innovative approach to delivering patient education. In 2016, Pulijala et al. developed a mobile
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applicationwith the purpose of offering patients access to 3D visualized information pertaining to
orthognathic surgery. The study revealed that patients who were provided with 3D visualized
information through the app demonstrated a higher level of accuracy in answering questions
related to orthognathic surgery compared to the control group[152]. In a separate research
investigation, Alaet al. discovered that the utilization of a dental application proved to be a highly
effective method for disseminating easily accessible knowledge to assist individuals in effectively
managing tooth avulsion. Furthermore, their findings suggest that this approach may even surpass
the traditional method of delivering information through lectures[153]. In 2014, Chia-Yung Lin
et al. developed a dental application in Taiwan that integrated cloud services to enhance the
convenience of scheduling appointments for both dentists and patients. The study conducted by
the researchers revealed that the newly developed dental application has the potential to offer
streamlined services to both oral health professionals and patients. Furthermore, it can foster

improved communication and rapport between these two key stakeholders in dental care[154].

Based on the extensive literature findings presented, it is evident that mobile technology holds
immense promise in aiding the community in its endeavour to uphold optimal oral health.
Regrettably, there remains a dearth of comprehensive data pertaining to the utilization of mobile

applications for oral health promotion in the African region.

2.5.4 The state of mobile technology in Rwanda

The findings of the 2018 Rwanda National Oral Health Survey shed light on the suboptimal oral
health conditions experienced by the population, as well as the limited access and utilization of
oral health services[63]. In the context of Rwanda's status as a developing nation, it is important
toacknowledge the limited availability of oral health professionalsto address the prevailing burden
of oral health issues adequately. The limited number of oral health professionals poses challenges
in terms of the timeliness, frequency, and reliability of delivering oral health education and
instructions to patients. This situation often leads to a focus on providing curative treatments to
patients experiencing pain and sepsis. However, it is crucial to emphasize the significance of oral
health education inempowering individuals to engage in effective self-care practicesat home. Oral
health education is essential for the prevention of oral diseases and for guiding patients on the

proper adherence to necessary treatments. The issue of limited access to health care has been
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effectively tackled through the implementation of telemedicine, which enables remote

consultations and the provision of medication prescriptions via mobile health applications[155].

Mobile health technology has been recognized as a highly promising and effective tool for
disseminating crucial health education in resource-constrained regions and low-income
countries[156]. The prevalence of mobile phone usage in Rwanda is substantial, as evidenced by
a mobile phone penetration rate exceeding 80% among the population[157]. Mobile health
interventions have been successfully implemented in Rwanda for other health issues, such as
maternal and child health[158, 159]. In various regions, there have been notable advancementsin
the creation of mobile applications aimed at promoting oral health education. Research conducted
in this field has indicated that these apps have demonstrated efficacy in enhancing individuals'

understanding of oral health concepts and fostering positive oral hygiene behaviours[160].

The Government of Rwanda has made a commendable effort to allocate additional resources
towards the advancement of information communication technology (ICT) in order to enhance the
efficiency and effectiveness of online health services delivery[161]. The implementation of online
health consultationin Rwanda is a commendable step towards enhancing healthcare accessibility.
This innovative approach allows patients to receive expert guidance and consultation from
qualified health professionals through convenient phone calls. Moreover, it should be highlighted
that Rwanda has launched an admirable program called Connect Rwanda. The primary objective
of this initiative is to ensure that every household in the nation owns a smartphone, thereby
enabling easy access to online services. As a result, a substantial number of Rwandan citizens have
already received smartphones, allowing them to access a wide range of online resources [56].
Nonetheless, it is important to acknowledge that there are still existing deficiencies in the
dissemination of online oral health education and information within communities. The utilization
of oral health applications to improve patients' self-care practices at home holds promise in

reducing the prevalence of oral diseases in Rwanda.

2.5.5 Acceptability of mobile App in health education

Acceptability of the use of a new intervention is important to show how user-friendly and useful
the intervention will be. Acceptability refers to the degree to which somebody agrees that

something is good enough to use[162]. The participants in a study conducted in Boston showed a
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significant level of acceptance for the mobile oral health App, with 73.7% of them expressing their
approval[163]. Among the participants in Malaysia, a reported acceptability rate of 77% was
observed[163, 164]. According to a study conducted by Venkatesh et al., the mobile App which
found to be highly acceptable, indicating a strong intention to be used by participants[165]. The
mobile App's low acceptance can imply a lack of popularity, and it has been noted that this can
impact its utilization[166]. The mobile App's exceptional acceptability is praiseworthy since it
has led to frequent utilization of the App in various environments[167]. The Technology
Acceptance Model states that consumers' attitudes towards and intentions to utilize a technology
are influenced by their perception of how easy it is to use[168]. A study by Davis et al. has
demonstrated that individuals are more inclined to embrace technologies that are viewed as user -
friendly[169]. According to the Authors, people who use oral health applications on their mobile
devicesare highly enthusiastic about promoting and discussing their experiences, and they actively
encourage others to use the program. The enthusiasm is mainly because of its user-friendly
interface[170]. A study conducted in Massachusetts reported that all participants expressed

agreement that the app was user-friendly and easy to operate[171].

2.5.6 Feasibility of mobile App in health education

Feasibility of the use of a new intervention is important to curb the wastage of resources that could
occur in the full roll-out of the activity. Feasibility refers to how easy or difficult it is to do
something [172]. Prior to implementing a program, it is essential to assess its feasibility as one of
the earliest stages. Nicholas and Chinedum emphasize the significance of feasibility determination
in assessing the potential success of a proposed program, project, service, or business. Feasibility
determination is needed for the growth of the programme to advocate for its continuance [173]. In
a study conducted among adults, it was shown that mobile-based video education programs had
beneficial benefits as it found to be successful in improving patients' knowledge by ultimately
enhanced the dental health of the participants[174]. The research emphasizes the efficacy of
multimedia interventions, such as films, in facilitating health education and fostering changes in
behaviour [175]. The movies undoubtedly functioned as helpful pedagogical resources, offering
visual illustrations of correct oral hygiene practices and augmenting participants’ comprehension
of dental care skills. Mobile applications for oral health education are beneficial for individuals of
all ages, including adults, adolescents, and children. It has been demonstrated that the information

delivered via smartphones by parents has a favourable influence on children's awareness of oral
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health[176, 177]. The mobile Apps that are found to be useful should be promoted, and their

messages should be designed according to the end users. In addition, the content should be

theoretically grounded and empirically validated[178].

2.6 OBJECTIVE, GAPS AND CONTRIBUTION OF THE PHD

The table below summarises the identified gaps in the literature and the contribution of the PhD in

addressing some of the gaps (Table 2.1).

Table 2. 1 Objective, knowledge gaps and contribution of the PhD

Study Objective

What is known

Knowledge Gaps

Scholarly contribution of the
PhD

To determine the oral
health knowledge,
attitude, and oral hygiene
practices (KAP) in the
rural and urban areas in

Global prevalence
estimates
Prevalence oral
disease

K-A-P educational

Dearth of studies on
the oral health KPA
in Rwanda

Manuscript on K-A-P in Rwanda:
“Oral health knowledge, attitude
and oral hygiene practices among
adults in Rwanda”

Nyarugenge District, theory[74]
Rwanda.
To evaluate oral health Lack of The lack of This is amongt the first audits to

services in Nyarugenge
District

instruments had
been reported in
several settings

comparative analysis
of the healthcare
facilities for the
provision of
preventive oral health
services offered in
Nyarugenge District.

To explore perceptions
of oral health
professionals in
rendering oral health
services to the
community of
Nyarugenge District

Oral health
professionals faced
many challenges
while offering oral
health services to
the community.

Lack of studies on the
challenges facingoral
health professionals
in rendering oral
health services in
Nyarugenge District.

assess oral health services and
evaluate perceptions of oral
health professionals when
rendering oral health services in
Rwanda.

“Evaluation of oral health
services and perceptions of oral
health professionals working in
Nyarugenge, Rwanda”

To assess the feasibility
and acceptability of
using mobile App for
oral health education in
Nyarugenge District of
Rwanda.

The mobile Appin
health sectors had
been found to
promote better
health outcome.

Lack of study on
feasibility and
acceptability of
mobile App for oral
health education in
Rwanda.

This is amongst the first studies
on feasibility and acceptability of
mobile App for oral health
education in Rwanda.

The study revealed that the
mobile App for oral health
education (BrushDJ was highly
acceptable and feasible among
the participants.

“The Feasibility and
Acceptability of a Mobile App
for Oral Health Education”
Among Adults in Rwanda”
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CHAPTER 3
Methodology

This mixed methods PhD study has combined quantitative and qualitative research methods,
which are summarised in this chapter. The chapter is divided into four sections: Section 3.1
describes the conceptual framework used in the study. Section 3.2 the cross-cutting
methodological elements: the study setting, study design and the ethical considerations and
approvals. Section 3.3 specific methodological approach per study objective and Sections

3.4 summarise study limitation.

31 THE CONCEPTUAL FRAMEWORK
The ecological model was used to address the objectives of this thesis. The model shows that better

oral health outcomes in the community depend on several factors with a multi-level approach to
maintain better oral health. The study proves that patient empowerment with better oral health
knowledge, attitude and practices could play a big role in promoting better outcomes. Even though
patients could have better oral health behaviours and adequate oral health knowledge to support
their practices, patients should be motivated to visit services for regular checkups and get
appropriate treatment. However, if there are inadequacies in dental services, including a lack of
instruments and insufficient infrastructure necessary to support the provision of dental servicesto
patients, then patients may not receive proper treatment. The inadequacies could resultin a lack of
trust on the patients’ part, potentially leading to a decrease in the good oral health behaviours they
have developed. In addition, oral health professionals need to be supported and work in the optimal
workplace without challenges to offer quality care to the community. Finally, the use of mobile
applications for oral health education could result in better oral health outcomes and motivate
patients to engage in better oral health behaviour by improving their oral health knowledge,

attitudes, and practices.

The ecological model posits that five factors influence behaviour interdependently. The
intrapersonal factors, such as biological and psychological factors; organisational factors comprise
health system factors; interpersonal factors, such as social support from friends or family members;
community encompasses cultural factors or norms and policy influence the behaviour of

interest[1]. This model was applied in the study to ascertain the relationships and the contributing
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factorsto oral health behaviour. Oral health behaviour and practices will depend on multiple levels,
as indicated in Figure 3.1, the proposed conceptual framework of this PhD.

Figure 3. 1 Conceptual Framework: Ecological model

Source: [4].

The conceptual model is guided by an ecological model, even though different theories explain
health behaviours. The theories of behaviour include but are not limited to social cognitive theory,
stages-of-change theory, and ecological theories. Social cognitive theory assume that an
individual’s attitudes and beliefs influence health behaviours [2]. Stage-of-change theory assume

that individual attitudes and beliefs influence health behaviour, but behaviour change occurs
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through different stages[2]. The social cognitive and stage-of-change theories consider individuals
to be the sole predictors of health behaviours. However, individuals need some skills and support
to adopt a specific behaviour. This support can be in different forms, such as social, psychological,
environmental, and political. This interdependence between individuals and the environment in

explaining health behaviour gives rise to an ecological model of health behaviours.

The ecological model that guides the thesis is a theory-based framework for identifying the multi-
layered and interactive effects of environmental and personal factors that govern behaviours or
practices[3]. It was initially introduced as a conceptual model for understanding human
development by psychologist Urie Bronfenbrenner in the 1970s and then formalised as a model in
the 1980s[4]. The model suggests that individual factors, like biological and psychological aspects,
interpersonal dynamics such as support from friends or family, organisational elements within the
health system, community norms and cultural factors, and policy all play arole in influencing the

behaviour under consideration [1].

Description of the conceptual framework

In order to achieve better oral health outcomes, a number of different elements, including those at
the intrapersonal(individual), interpersonal, community, organisational, and policy levels, play
critically important roles[4, 5].

Intrapersonal (Individual) Factors: In oral health, individual factors such as genetics, oral
hygiene practices and oral health outcomes[6]. Individual behaviours, attitudes, and beliefs

surrounding oral health also play a crucial role in shaping oral health status[7].

Organisation factors: organisation factors in this study refer to the availability of preventive oral
health care, traditional oral health education and the availability of mobile oral health Apps.

Interpersonal Relationships: Social networks, family dynamics, and cultural norms surrounding
oral health behaviours impact an individual's oral health status. Supportive social relationships and
community networks among oral health professionals can contribute positively to better oral health

outcomes in the community.

Community Factors: Availability and access to affordable dental care are significant
determinants of oral health. Additionally, available oral hygiene kits and oral health services in the

community play a crucial role.
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Policy and Healthcare Systems: Policies, regulations, and healthcare systems that support oral
health promotion, prevention, and treatment play a vital role in improving oral health outcomes.
Access to dental insurance, public health initiatives, and workforce policies affecting the
recruitment and availability of oral health professionals also impact oral health. Well-equipped

dental health facilities promote better oral health outcomes.

3.2 CROSS-CUTTING METHODOLOGICAL ELEMENTS

3.2.1 Study setting

This research was conducted in Nyarugenge District, Kigali City, Rwanda (Figure 3.2). Rwanda
is one of the 56 countries in the continent of Africa. Rwanda is divided into four provinces, plus
Kigali City, the capital city. The four provinces have 27 Districts, while Kigali City has three
districts (Gasabo, Kicukiro, and Nyarugenge) based on Government data[8, 9]. According to the
fourth population and housing census in 2012, Nyarugenge district has the highest population
density, with 2,149 inhabitants/km? in Kigali City and 284,561 inhabitants. Nyarugenge District
has ten sectors, and each sector has a health facility[8]. There are seven public health facilities that
provide dental services, these are: five health centres (HC), one district hospital and a University
teaching hospital that provides dental services in Nyarugenge District. Health facilities which do
not have dental services were excluded[8].

1. Biryogo HC

2. Cor-Unum HC

3. Kabusunzu HC

4. Nyarurenzi HC,

5. Kanyinya HC)

6. The University Teaching Hospital of Kigali (CHUK)

7. Muhima District Hospital
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Figure 3. 2 Map of Kigali city.

Source: [10]

3.2.2 Study design
A concurrent mixed-methods study design, consisting of quantitative and qualitative research

methods was used. Four distinct but interlinked studies were conducted to address the objectives
of this PhD study.

Part 1. Quantitative

Objectives 1, 2, and 4 of the study were measured using a quantitative approach (Table 3.1). A
cross-sectional quantitative study design was used to assess the knowledge, attitude, and oral
hygiene practices among adults in Nyarugenge District, Rwanda. Furthermore, an audit of oral
health services in Nyarugenge District was conducted. Lastly, a cross-sectional quantitative survey

was used to assess the feasibility and acceptability of the mobile App for oral health education.
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The cross-sectional approach was used for the objectives of the PhD due to its capability to provide

a view of the population at a specific point in time without the need for longitudinal follow-up.

The cross-sectional approach is quick and cost-effective as the data is collected from all
participants at one time point, reducing the time in data collectionand resources required. Cross-
sectional studies are typically used to determine how common a particular outcome is within a
specific population, oftento aid in public health planning. These studies are hypothesis generating
and gather data on individual traits, such as exposure to risk factors, along with details about the
outcome itself. Thus, cross-sectional studies offer a momentary view, capturing both the outcome

and associated characteristics at a specific moment[11].
Part 2: Qualitative

Objective 3 of the study was assessed using an exploratory qualitative approach (Table 3.1). The
qualitative approach was used to explore the perceptions and experiences of oral health

professionals when offering oral health services to the community of Nyarugenge District.

3.2.3 Ethical considerations

The Human Research Ethics Committee (HREC) (Medical) of the University of the
Witwatersrand, Johannesburg, provided ethics approval (M220213) to conduct the research
(Appendix 1). Permission was also obtained from the relevant healthcare authorities, the Rwanda
IRB Ethical Committee (No234/CMHS IRB/2022) (Appendix 2), and the National Health
Research Committee (No NHRC/2022/PROT/26) (Appendix 3). The permission to collect data in
the public health facilities was obtained from the Ministry of Health Rwanda. The participants
were informed of the purpose of the study (Appendix 4,5,6), and informed consent was sought
from all participants (Appendix 7,8). There was no coercion, and participants were given the
opportunity to withdraw from the study at any time without prejudice regarding continuing care.
Confidentiality and anonymity were maintained throughout the study. COVID-19 protocols were
provided for the study since the protocol approval was received during the pandemic period 2020 -
2022; however, at the time of data collection in 2020, measures were respected to ensure the safety

of the participants(Appendix 9)[12].

The ethical considerations that were considered and the corresponding actions taken to address

them are described as follows:
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e Priorto participating in the study, participants were provided with clear and comprehensive
information regarding the purpose, procedures, risks, and benefits of their involvement.

e Informed consent forms were distributed and signed to ensure that participants understood
their rights, including voluntary participation, confidentiality, and the right to withdraw
from the study at any time without penalty.

e (Confidentiality measures were implemented to protect the privacy of participants and
ensured that sensitive information shared during the study remained secure and
anonymous.

e Data collection protocols were designed to minimise the collection of personal identifiable
information and to store data securely using encryption, password protection, and restricted
access only to the principal investigator.

e The participants had a right to make informed decisions about their involvement, and

participants were respected throughout data collection.

e Research procedures were conducted in a manner that minimised discomfort, coercion, or
undue influence on participants, and measures were taken to ensure that participants could

freely express their views and experiences without fear of reprisal or judgment.

33 SPECIFIC METHODOLOGICAL APPROACH BY STUDY OBJECTIVE

This PhD thesis consisted of four distinct but interlinked study components based on the objectives
described in Chapter 1. Each study will be described briefly and further explained in the respective
Chapters 4 -7 that follows.

Study 1: Oral health knowledge, attitude, and oral hygiene practicesamong adults in Nyarugenge
District, Rwanda

Study 2: Evaluation of oral health services in Nyarugenge District

Study 3: Exploring the perceptions and experiences of oral health professionals in rendering oral
health services to the community of Nyarugenge District

Study 4: Assessing the feasibility and acceptability of using mobile App for oral health education

in Nyarugenge District of Rwanda.
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3.3.1 Study1

Oral health knowledge, attitude, and oral hygiene practices among adults in Nyarugenge

District, Rwanda

Study population

Adult patients aged 18 years old and above attending the three randomly selected dental health

clinics form the seven dental health clinics in Nyarugenge District were recruited.
Sampling technique

The seven urban health facilities with dental services in Nyarugenge District were randomly
sampledto obtain three health centres. The participants were selected conveniently from the three
health centres (Biryogo HC ; Cor-Unum HC; ; Nyarurenzi HC). The use of convenient sampling
made the research process more efficient due to the reduction of time required to recruit

participants, and whoever came on-site was recruited to be part of the study.

Sample size calculation

The sample size was calculated based on the estimated oral health knowledge prevalence of 50%,
with a 95% confidence level and a 5% level of precision of 420[13]. The sample size was
determined using a statistical formula proposed by Danial[13, 14]. A z score of 95% confidence

level equals 1.96, a relative precision of 5%(d), expected prevalence (p), and n is a sample size.

n=z°p(1-p) n=1.962x0.5(1-0.5) = 0.9604 = 384 Participants
d? 0.05? 0.0025

The total sample size of 384 participants plus 10% (38 participants) of the non-response rate was
required to maintain the precision, power, and representativeness of the study. The total sample
size was 422 participants.

Inclusion criteria

Participants who were present on the day of data collection, consented and demonstrated cognitive

clarity were enrolled in the study.
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Exclusion criteria

Hospitalised patients and mentally challenged patients were excluded due to their incapability to

consent and to communicate during interviews.

Data measurement tool

The data collectiontool (Appendix 10) was adapted from similar studies that assessed oral health
knowledge, attitudes, and practices[15, 16]. The items were pilot tested among 15 participants the
Cronbach alpha was approximately 0.7. The questionnaire had 39 multiple-choice questions
categorised into four sections. Section A had ten questions related to the demographic
characteristics of the participants. Section B had ten multiple-choice questions for assessing oral
health knowledge. Section C had five Likert scale questions for assessing attitude toward oral
health using a five-point Likert scale. Section D had 12 multiple-choice questions related to oral

health practices.

Data collection process

Data was collected by the principal investigator (EN) and four research assistants who have dental
backgrounds and adequate experience in collecting quantitative data. Four research assistants were
trained by the principal investigator before data collection. The 422 adult patients were recruited
from three health centres using convenient sampling. The participants were recruited in the waiting
room at the reception before treatment, and others were recruited after treatment. The participants
who agreed to participate in the study were given a participant information sheet (Appendix 4)
regarding the purpose of the study and following the signing of the informed consent (Appendix
7), they were included in the study. Each participant was given a unique number for anonymity
and was interviewed for 30 minutes in Kinyarwanda's local language using an interviewer-

administered structured questionnaire. Then, their responses were written in Google form.

Data analysis

The Stata software version 16 was used for analysis (StataCorp, College Station, TX). Descriptive
statistics frequency and percentage distribution were used to analyse demographic characteristics,

oral health knowledge, oral health attitude, and oral hygiene practice. Bivariate and logistic
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regression was done to assess factors associated with oral health knowledge, oral health attitude

and oral hygiene practices. The significance level was set at 0.05 with a 95% confidence interval.

The oral health knowledge questions were analysed by assigning the correct answers a score of
“1” and the wrong answers and did not know a score of “0”. The oral health knowledge was
summed up to 100%. A score of less than 60% was classified as ‘poor oral health knowledge’, and

a score of 60% and above indicated ‘good oral health knowledge’.

The oral health attitude questions were analysed by allocating the positive attitude a score of “1”
and the negative attitude a score of “0”. In contrast, neutral responses were not allocated any score
and were not used in computing the total attitude score. The attitude responses were summed up
to 100%. An attitude score of less than 60% indicated a poor oral health attitude, and a score of
60% and above showed a good oral health attitude. In addition, the responses of attitudes “strongly
disagree” and “disagree” were combined to “disagree” and “strongly agree” and “agree” were

combined and became “agree”, and neutral responses were reported in the frequency tables.

Oral hygiene practice questions were analysed by allocating the correct answers a score of “1”” and
the wrong answers a score of “0”. The responses' scores were summed up to 100%. A score of less
than 60% was categorised as ‘poor oral hygiene practices’, and scores of 60% and above indicated

‘good oral hygiene practices.
3.3.2 Study2

Evaluation of oral health services in Nyarugenge District

Study population

The seven public dental health facilities in Nyarugenge District were audited. Each health facility
was given a unigue code for anonymity.

Sample size

No sampling was done; all seven public dental health facilities in Nyarugenge District were

included in the audit.

Data measurement Tool
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The data collection tool (Appendix 11) was adapted from a previous study conducted by Josephine
et al. in 2018 in Zambia[17]. The checklist items had three sections for assessing the availability
and adequacy of oral hygiene services and functionality of dental equipment. The meaning of
availability in this research refers to the presence of materials or equipment in the dental setting.
Functionality refersto the instruments and equipment being able to perform their intended function
or purpose effectively and efficiently. Adequacy refers to being sufficient in quantity. Essential
equipment included in the checklist were a dental chair, dental light, dental stool, dental
compressor, suction lines, and Benchtop sterilising unit. Diagnostic instruments included were
dental trays, mouth mirrors, explorers, and periodontal probes. Instruments for scaling and
polishing included in the checklist were an ultrasonic scaler unit, ultrasonic scaler tips, a manual
scaling set, suction tips, and a prophylaxis cup. Lastly, the tool also appraised the personal
protective equipment. The availability and adequacy of essential dental materials for polishing,
such as prophylaxis paste, and then the checklistalso contained oral hygiene aides for oral health
education, such as dental models, toothbrushes, dental floss, and specific mobile Apps for oral

health education.
Data collection process

The principal investigator and one research assistant (dental therapist) collected data using
observation methods to complete the checklist items for auditing oral health services. If we did not
see some materials or equipment due to the arrangement of dental facilities, we asked the oral
health professional on site to show us the materials and equipment needed to ensure that we got
the right information.

Data analysis

Descriptive statistics were used to analyse the data using percentage and frequency distribution.
The analysis used dichotomous responses, one equal to ‘yes’ and zero equal to ‘no’, to identify the
availability, adequacy, and functionalities of the dental facilities. The Stata version 16 was used to

analyse data.
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3.3.4 Study3

Exploring the perceptions and experiences of oral health professionals in rendering oral

health services to the community of Nyarugenge District

Study population

Nyarugenge District has fourteen oral health practitioners distributed as follows: Five dental
therapists, each working in one of the five health centres; three dental therapists who work in the
District hospital; three dental therapists and three dentists who work in referral hospitals.

Sample size

All oral health professionals rendering oral health services in seven public dental health facilities
in Nyarugenge were recruited for the in-depth interviews (IDIs). All fourteen oral health
professionals were recruited, and all consented to participate in the IDIs.

Data collection: Interview Guide

The interview guide (Appendix 12) was adapted from a previous study conducted by Josephine et
al. in 2018 in Zambia[17]. The interview guide had 12 questions for obtaining qualitative data
regarding various perceptions and experiences of oral health professionals in providing oral
hygiene services to the community. The questions used in the interview guide explored the
following. Firstly, it explored the perceptions and experiences of oral health professionals
regarding their work, including their satisfaction level, workload, and any challenges they face in
managing patient care efficiently. Then explored any challenges faced by oral health professionals
in providing oral health education to every patient, with considerations of time constraints or other
obstacles that may hinder their practice. The ability of oral health professionals to provide scaling
and polishing treatments to all patients in need, including the volume of patients requiring such
treatments and any barriers encountered, were also explored. The interviews probed further about
any challenges related to sterilising instruments used for scaling and polishing procedures; the
availability of time to provide oral hygiene instructions to patients was asked. The oral health
professionals were asked to reflect on the quality of treatment provided to patients and the
satisfaction level with the care delivered, the contingency plans and procedures when equipment
in the dental clinic malfunctions or requires repair. Management of dental materials such as

polishing paste, including protocols for replenishing supplies when they run out. Considerations
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for safety during treatment, including concerns about contamination risks and the availability of
personal protective equipment like masks, gloves, sleeves, and eyewear. Insights into potential
strategies to reduce workload based on their experiences and observations. Suggestions for
enhancing oral hygiene treatment within dental clinic facilities aimed at improving patient care
outcomes. Recommendations to streamline and improve their work environment to make their job

easier and more efficient were also explored.

During the interviews, probing was done for each question to understand and capture the
participants' deep perceptions and thoughts. The use of in-depth interviews provides a deeper
investigation into individual experiences and viewpoints, especially in situations where sensitivity
or thorough comprehensionis crucial. The use of in-depth interviews in this research allowed each
participant to freely express their thoughts, emotions, and personal experiences without the impact
or dynamics of group interactions. Participants' views needed to be independent and not influenced

by their peers, managers or senior colleagues.
Data collection process

The participants were given an information sheet (Appendix 5) to help them understand the
purpose of the study. Those who agreed signed an informed consent letter (Appendix 8) before the
in-depth interviews (IDIs). IDIs allow us to explore individual narratives and gain a comprehensive
understanding of participants’ viewpoints. The principal investigator and one research assistant
conducted the in-depth interview. IDIs were conducted by appointment, in a private room or via
phone call at the convenience of the oral health professionals. All IDIs were audio-recorded, and
the research assistant kept notes. The IDIs were conducted in English and explained in
Kinyarwanda, the local language, when necessary. Each interview lasted around 30 minutes. The
responses of participants were translated, transcribed verbatim and saved as individual Microsoft

Word documents soon after the interview.

Data analysis

After the transcription, the text was imported into NVIVO software for a detailed analysis. The
interviews were analysed using thematic content analysis[18]. The process of thematic content
analysis typically involves several stages: becoming familiar with the data collected, generating

initial codes, searching for themes, reviewing themes, defining and naming themes, and producing
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the final analysis[18]. Two researchers and Pl coded separately and later discussed the codes to
keep and generate the final theme/s from the generated codes. The final approved themes regarding
the perceptions and experiences were related to human resources, supply chain management,

patient education and service rendering strategic management and administration.

To ensure trustworthiness, the team liaised to discuss the codes generated independently and to
reach an agreement on the codes and themes. Additionally, trustworthiness during analysis was
maintained by meeting the criteria of credibility, dependability, confirmability, and transferability
[19]. Credibility refers to the accuracy and believability of the findings, interpretations, and
conclusions drawn from the data [19]. To ensure credibility in this study, three researchers
independently coded the data. Dependability was ensured by enhancing the study's replicability
through a detailed explanation of the data collection procedure, including the interview guide
questions, to ensure reliability. The repeatability was ensured by using methods that had been
previously employed, with detailed documentation on data collection, coding, and analysis
techniques. Confirmability refers to the objectivity and neutrality of the research findings, ensuring
they are free from the influence or bias of the researcher[19]. This research achieved confirmability
using purposive sampling to get the required data from participants who could provide the
necessary data to answer research questions effectively, as well as independent coding and code
generation from different researchers. Transferability refers to the extent to which the findings of
a study conducted in one context can be applied or transferred by the reader to another context
with similar characteristics or conditions. To ensure transferability, a clear description of the
research context, including participants, the recruitment thereof, and study setting, has been

provided. Additionally, the findings are presented in a detailed and nuanced manner[19].

3.3.5 Study 4

Assessing the feasibility and acceptability of using mobile App for oral health education in

Nyarugenge District of Rwanda.

Study population

All adult patients aged 18 years and above who met inclusion criteria such as own a smartphone
and being able to understand English or French were recruited from a larger study conducted across

three health centres in Rwanda, which assessed oral health knowledge, attitudes, and practices
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(KAP)[20]. The KAP study recruited 426 participants, and the sample was limited to respondents

who were 18 years of age or older and residents of Nyarugenge District in Rwanda.

Sampling technique and Sample size calculation

Adult patients aged 18 years and above were recruited during data collection for the first objective,
which assessed oral health knowledge, attitudes, and practices among 426 participants across three
health centres in Nyarugenge District. The inclusion criteria to achieve this objective were owning
a smartphone and understanding English or French. During recruitment, many participants were
excluded (n=315) because they neither owned a smartphone nor understood English or French. All
participants who accept to download the mobile App for oral health education were also included.

Eventually, n=111 participants constituted the sample size.

Each eligible participant was assisted by a research assistant to download the mobile App for oral
health education called BrushDJ [21] and subsequently received clear instructions on its usage
following installation. If the participants agreed to get a BrushDJ mobile App for oral health
education, the following question asked participants to record their mobile number for future
contact on the assessment of the downloaded BrushDJ mobile App after three months. The 111
participants were recruited to test the acceptability and the feasibility of the BrushDJ mobile App
for oral health education. There is no clear guidance on sample size calculation when one is
conducting a feasibility study; the recommendation regarding total sample size varies, and no
sample size calculation is needed[22].

Inclusion criteria

The included participants were those who owned a smartphone, understood English or French (as
Rwanda use both English and French as official languages in education), accepted the disclosure
of their mobile numbers for follow-up interviews, agreed to the downloading of the BrushDJ

mobile App for oral health education, and willingly signed a consent form.
Exclusion criteria

The participants were excluded (n=315) because they did not meet the inclusion criteria above.
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Data collection process

At the end of three months an online structured questionnaire (Appendix 13) was used to collect
data. The group that used WhatsApp received the questionnaire (in English or French based on
their preference) on their smartphone and filled in data in Google Forms. For those who did not
use WhatsApp or were offline during time of data collection, data was collected using a telephone
interview based on the questionnaire. Data was collected using a structured questionnaire
(Appendix 13) adapted from reported studies [23-25]. Data collection tool consisted of 32
questions: three demographic questions, six on habitual oral health practices, ten questions for
assessing acceptability, and 13 questions for assessing the feasibility of a mobile oral health App.
The five-point Likert scale was used to assess the acceptability and feasibility of mobile App for
oral health education. The five-point Likert scale was composed of: strongly disagree, disagree,

neutral, agree and strongly agree, which ranged from one to five.
Data analysis

The Stata software version 16 was used for analysis (StataCorp, College Station, TX). Descriptive
statistics, such as frequency and percentage distribution, were used to analyse the feasibility and
acceptability of the BrushDJ mobile App for oral health education. Bivariate analysis using the
Chi-square test was performed to measure the level of association between demographic
characteristicsand the mobile oral health App acceptability and feasibility. The significance level

was set at 0.05 with a 95% confidence interval.

The Likert scale was used to assess the acceptability of the mobile App. Five responses were
proposed to the participants, and they selected one among the following: strongly disagree,
disagree, neutral, agree and strongly agree, which ranged from one to five. Reverse scoring was
implemented on five questions to counteract response bias and ensure a balanced assessment
across all items and then acceptability was analysed by combining ten questions on acceptability
to obtain a total score of 50 (100%). A score less than 70% was classified as ‘Less acceptable’,

and a score of 70% and above indicated ‘Highly acceptable’[26].

Feasibility was also assessed using a similar Likert scale, and the analysis was done by combining
13 questions for feasibility to calculate a total score of 65 (100%). The values for each question
ranged from one to five, and the given options were strongly disagreed, disagree, neutral, agree
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and strongly agree. A score less than 70% was considered “Less feasible”, while a score of 70%

and above was considered “Highly feasible”.

3.4 STUDY LIMITATIONS

One of our study's limitations is the use of a cross-sectional design, which cannot establish
causality. However, we addressed this limitation by conducting a regression analysis that adjusted
for confounding factors likely to influence the outcomes. The study's limitations were that
participants were recruited from a specific district and exclusively from government institutions;
therefore, the findings cannot be applied to the entire country or private facilities. Employing a
simple random sampling to select health facilities in the Nyarugenge District health sectors and a
large sample size may mitigate but not account for the private facilities. Another limitation the
sample size and location do not represent the entire city, which limits the generalizability of the
findings. The K, A,P was assessed using a validated tool from literature. The tool’s reliability it
was thus not re-tested for reliability in the study setting. The tool was used and validated in a prior

study and could have been tested for the current setting.

Table 3.1 provides an overview of study objectives, methods and data analysis.
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Table 3. 1 Overview of the study objectives, methods, data collection tool and data analysis

Objectives

1. Oral health
knowledge, attitude,
and oral hygiene

practices amongadults

in Nyarugenge
District, Rwanda

2. Evaluation of oral
health services in
Nyarugenge District

3. Exploring the
perceptions and
experiences of oral
health professionals in
rendering oral health
services to the
community of
Nyarugenge District

4. Assessing the
feasibility and
acceptability of using
mobile App fororal
health education in

Nyarugenge District of

Rwanda.

Study

approach
Quantitative:
Cross-sectional
study

Quantitative,
Cross-sectional
study

Qualitative
exploratory
design

Quantitative:
Cross-sectional
study

Study sample

Adult patients
attending public
health centres that
have dental services
in Nyarugenge
District

Dental facilities

The dentaltherapists
and dentists offering
services in the
selected public
hospitals

Adult patients
attending public
health facilities in
Nyarugenge District

Sampling technique and sample
size

The seven urban health facilities with
dentalservices in Nyarugenge District were
randomly sampled to obtain three health
centres. The participants were selected
conveniently from the three health centres.
The sample size was calculated based on
the estimated oral health knowledge
prevalence of 50%, with a 95% confidence
level and 5% level of precision to be 420.

All seven public health facilities that have
dental services were selected.

Purposive sampling — to select all oral
health professionals in seven public health
facilities

n=14

Adult patients aged 18 years and above
were recruited from a large study
conducted across three health centres in
Nyarugenge District, which assessed oral
health knowledge, attitudes, and practices
among 426 participants. During
recruitment, some participants were
excluded (n=315) because either they did
not own a smartphone, they did not sign
the informed consent, or they were not
able to understand English or French.
Eventually, 111 participants constituted
the sample size.
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Methods/

tools
Questionnaire

Review form
Checklist

In-depth
interviews

Questionnaire

Variables

Independent/exposure

variables:

. Demographic
characteristics

Dependant/outcome

variables:

. Oral health practices

. Oral health
knowledge

. Oral health attitude

Availability, functionality

and adequacy of dental

materials and equipment

Perceptions
Experiences

Dependent variables
Feasibility
Acceptability
Independent variables
Age

Level of education

Data analysis method(s)

Descriptive statistics:

. Frequency distribution
. percentage distribution
Bivariate analysis:

. Chi-square test

. T-test

. Logistic regression

Descriptive statistics

Thematic content analysis

Descriptive statistics:
Descriptive statistics:

. Frequency distribution
. percentage distribution
Bivariate analysis:

. Chi-square test
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RESULTS SECTION

This section presents the results of this PhD that were obtained to answer the study
objectives. The research conducted for this PhD aimed to assess oral health and the role of
using a mobile application for oral health education in Nyarugenge District of Rwanda. The
three published articles generated from the PhD work are presented in three chapters
(Chapters 4 - 6). Slight modifications have been made from the published manuscripts, such
as the removal of acronyms that have already been introduced and the removal of journal-
specific requirements, such as conflict of interest statements. Otherwise, they are presented

as published from the specific journals.

Emmanuel Nzabonimana, Yolanda Malele-Kolisa, Phumzile Hlongwa. Oral health
knowledge, attitude and oral hygiene practices among adults in Rwanda.
https://doi.org/10.11604/pamj-cm.2024.14.4.42461 (Appendix 14)

This first paper discusses adults’ oral health knowledge, attitudes, and oral hygiene practices
in Rwanda. Paper one employs a quantitative approach to get the current status of the
community-level oral health knowledge, attitudes and oral hygiene practices. A descriptive
cross-sectional study was done among participants attending public health facilities in
Nyarugenge District, Rwanda. Participants were interviewed using a structured
questionnaire. The findings of our study showed that almost half of the participants had poor

oral health knowledge. Oral health attitude and oral hygiene practices were also lacking.

The people in the community should be empowered and get oral health support from the
facility. To find a link, we audited oral health services and figured out the challenges that
dental professionals face while offering oral health services to the community (paper 2) after

getting the current status of the participants in the community, more information in below.
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Emmanuel Nzabonimana, Yolanda Malele-Kolisa, Phumzile Hlongwa. Evaluation of oral health
services and challenges facing oral health practitioners working in Nyarugenge, Rwanda.

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0309127 (Appendix 15)

This paper 2 provides insight into oral health services and challenges facing oral health
practitioners working in Nyarugenge district of Rwanda. A cross-sectional concurrent mixed
methods study was used. The quantitative and qualitative parts were independent during data
collection and analyses and merged during the interpretation phase. To explore the challenges, we
used qualitative approach methods and quantitative approaches to get the list of items available
and functional at the health facility. The most significant challenges oral health practitioners face
are low dental practitioner/patient ratios, lack of adequate and appropriate equipment and
materials, patients’ lack of oral health awareness, and a lack of administrative support. Well -
established community preventive interventions, such as a dental mobile app, could reduce the
patient/provider ratio by increasing population awareness of oral health and encouraging healthy
behaviours. The findings in paper 2 revealed that oral health professionals are faced by challenges
regarding human resources and a high number of patients load. These challenges were reported to
make it almost impossible for them to give health education to every patient attending health
services. The findings highlighted the high patient ratios that the oral health professionals found
themselves with and the lack of time, materials and equipment to give oral health education. To
address the lack of time to give oral health education to every patient, we assessed the feasibility

and accessibility of the mobile App for oral health education, which is reported in paper 3.
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Emmanuel Nzabonimana, Yolanda Malele-Kolisa, Phumzile Hlongwa. The Feasibility and
Acceptability of a Mobile App for Oral Health Education Among Adults in Rwanda.

https://www.dovepress.com/the-feasibility-and-acceptability-of-a-mobile-application-for-oral-

hea-peer-reviewed-fulltext-article-CCIDE (Appendix 16)

This paper 3 provides an overview of the feasibility and acceptability of a mobile App for oral
health education among adults in Rwanda. A descriptive cross-sectional study was used. A total of
111 adult participants received the BrushDJ mobile App for oral health education and used it for
three months. The mobile App for oral health education (BrushDJ was highly acceptable and
feasible among the participants. The mobile App for oral health was appreciated because it is user-
friendly and clearly guides oral hygiene procedures with various well-integrated functions. Our
study findings have highlighted that the mobile App for oral health (BrushDJ) is a useful tool that
might contribute to behaviour change and the adoption of adequate oral health measures.
Population groups of all ages and backgrounds, even those in remote areas where the accessibility
to dental services is challenging, can use the mobile App for oral health education. Howe ver, there
is a need to test its effectiveness on a larger population since our study only found the Apps to be

feasible and acceptable by the community.
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CHAPTER 4
Oral Health Knowledge, Attitude and Oral Hygiene Practices
Among Adults in Rwanda

4.1 BACKGROUND

Oral diseases (OD), commonly tooth decay and periodontal disease are a major public health
problem with 3.58 billion people reported to have tooth decay, according to the Global Burden of
Disease report conducted in 2015[1]. Periodontal diseases are prevalent in developed and
developing countries and affect about 20-50% of the global population[2]. Some studies have
found a strong association between poor oral hygiene and common dental diseases such as dental
caries and periodontal diseases[3, 4]. Globally, the burden of oral disease is high among older
people and has a negative effect on their quality of life[5]. Poor oral hygiene causes tooth loss,

which leads to disability and compromised patients' oral health [6].

In Africa, OD are a significant public health problem[7]. The prevalence of dental caries has
increased in many African countries and may further increase due to increased sugar consumption
and inadequate exposure to fluorides[7]. The prevalence of gingival inflammation is high in all
age groups in several African countries[8]. In a study from Sudan, about 64.5% of participants
considered poor tooth brushing habits to cause gingivitis and less than 20% of adolescents visit
dentists regularly for a dental check-up[9]. In Tanzania, a study found that 44.8% of the
participants had fair to poor oral hygiene status [10]. A study conducted in Ugandan study found
that 56% of participants had not visited oral health services in the last two years, and those who
did were due to pain[11].

In Rwanda, OD are among the leading cause of morbidity at the health centre level, with poor oral
hygiene, tooth decay and periodontal disease, have been reported [12-14]. The Rwanda National
Oral Health Survey in 2018 found that oral health status of the populationwas poor, with 70% of
individuals not utilising oral health services. Adults aged 20 years and above from Rwanda have
been reported to present with oral debris, and dental calculus[14].

Studies have associated low health literacy with greater use of emergency care and poor preventive
health-seeking behaviour for oral health services [15, 16]. A correlation between limited oral

health knowledge and poor oral health behaviour has been reported [17], however, there is scarcity
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of information on oral health awareness levels in Rwanda. Therefore, this study evaluated
knowledge, attitude, and oral hygiene practices among adults in Rwanda. It is part of a large
doctoral study entitled "Oral health in Nyarugenge District of Rwanda: The role of mobile
application in oral health education.”

4.2 METHODS

4.2.1 Study design and setting

A descriptive cross-sectional study was conducted among participants attending public health
facilities in Nyarugenge District, Rwanda. Rwanda stands as one of the 56 countries in the African
continent. Rwanda is divided into four provinces, plus Kigali City, the capital city. The four
provinces have 27 Districts, while Kigali City has three districts (Gasabo, Kicukiro, and
Nyarugenge) based on Government data[18, 19]. The study was conducted in July 2022 in
Nyarugenge District, Kigali City, Rwanda

4.2.2 Study population

Adult patients aged 18 years and above attending health services in Nyarugenge District were
recruited for the study. Participants who voluntarily agreed and signed informed consent to
participate were included in the study. Patients who were hospitalised and mentally challenged
were excluded from the study. The seven urban health facilities services in Nyarugenge District
were randomly sampled to obtain three health centres. The participants were selected conveniently
from the three health centres. The sample size was calculated based on the estimated oral health
knowledge prevalence of 50%, with 95% confidence level and 5% level of precision to be 420
participants[20].

4.2.3 Data collection

Data was collected by principal investigator (EN) and four research assistants who have dental
background with adequate experience in collecting quantitative data. The participants were
recruited conveniently and those who consent were interviewed in Kinyarwanda local language
using a structured questionnaire which was adapted from previous reported studies[21-23]. The
questionnaire elicited the demographic characteristics, oral health knowledge, oral health attitude

and oral hygiene practices of the participants.
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4.2.4 Definition

Outcome variable: oral health knowledge, oral health attitude and oral hygiene practices.

Exposure variable: Demographic characteristics (Age, gender, marital status, owning smartphone

and level of education)

4.2.5 Statistical analysis

The Stata software version 16 was used for analysis (StataCorp, College Station, Tx). Descriptive
statistics frequency and percentage distribution were used to analyse demographic characteristics,
oral health knowledge, oral health attitude and oral hygiene practice. Bivariate and logistic
regression was done to assess factors associated with oral health knowledge, oral health attitude

and oral hygiene practices.

The oral health knowledge questions were analysed by assigning the most correct answer a score
of "1", and wrong answers and don't know a score of "0". The nine statements on knowledge were
summed up to a total score of 9, equivalent to 100%. A score less than 60% was classified as 'poor

oral health knowledge' and a score of 60% and above indicated 'good oral health knowledge'.

The oral health attitude questions were analysed by allocating the positive attitude a score of "1"
and negative attitude a score of "0" while neutral responses was not allocated any score and not
used in computing the total attitude score. The attitude responses were summed up to a total score
of 7 indicating 100% good attitude. The attitude score of less than 60% indicated poor oral health
attitude and the score of 60% and above showed good oral health attitude. In addition, the
responses of attitudes "strongly disagree” and "disagree” were combined to "disagree” and
"strongly agree" and "agree" were combined and became "agree”, and neutral responses were

reported as it is in the frequency tables.

Oral hygiene practices questions were analysed by allocating the most correct answer a score of
"1", and wrong answers a score of "0". The responses score was summed up to a total score of 8,
indicating 100% good oral hygiene practises. A score of less than 60% was categorised as 'poor

oral hygiene practices' and scores of 60% and above indicated 'good oral hygiene practices'.
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4.2.6 Ethics consideration

The Human Research Ethics Committee (HREC) (Medical) of the University of the
Witwatersrand, Johannesburg provided ethics approval (M220213) to conduct the research.
Permission was also obtained from the relevant healthcare authorities, the Rwanda IRB ethical
committee (N0234/CMHS IRB/2022), and the National Health Research Committee (No
NHRC/2022/PROT/26). Informed consent was signed by all participants.

4.3 RESULTS

4.3.1 Demographic characteristics of the participants

A total of 426 respondents participated in the study, with majority in the 18-27 years old age
category (39.44%; n=168). The median age was 30, interquartile range (IQR) of 25 - 39. The
majority of the participants, (61.50%; n=262) were female (Table 4.1).
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Table 4. 1 Demographic characteristics of the participants

Demographic(n=426) Frequency Percentage
Age

18-27 years 168 39.44%
28-37 years 129 30.28%
38-47 years 73 17.14%
48-57 years 34 7.98%
58-88 years 22 5.16%
Gender

Male 164 38.50%
Female 262 61.50%
Marital status

Single 136 31.92%
Married 271 63.62%
Divorced 12 2.82%
Other 7 1.64%
Participant own smartphone

Yes 151 35.45%
No 275 64.55%
Level of education

Primary 189 44.58%
Secondary 178 41.98%
University 31 7.31%
No education 26 6.13%
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4.3.2 Oral health knowledge, attitude and practice

Poor oral health knowledge was found in 42.02% (n=179) of the participants. Oral health practices,
67.37%(n=287) and oral health attitude 12.44%(n=53) were also poor.

4.3.3 Frequency distribution of oral health knowledge among the respondents

Most of the respondents knew the importance of tooth cleaning, even though some had poor oral
knowledge of the cause of gingival disease. The majority of the respondents 82.16% (n=350) knew
the importance of cleaning between teeth in order to prevent gum inflammation. Most of the
participants knew the importance of regular dental checkups 74.88%(n=319), while
25.12%(n=107) of the respondents did not know. Regarding tooth brushing 39.19%(n=397) of the
respondents knew that tooth brushing should be done in the morning and at night daily (Table 4.2).
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Table 4. 2 Frequency distribution of oral health knowledge

Oral health knowledge Yes No Don't know
n=426 n (%) n (%) n (%)
To prevent tooth decay, | have to brush, 359 (84.27%) 36 (8.45%) 31 (7.28%)

especially on the crown covers of my teeth.

Toothbrushing should be done in the 397 (93.19 %) 22 (5.16 %) 7 (1.64%)
morning after waking up and at night

before going to bed every day.

Dental plaque can cause gum diseases and | 390 (91.55%) 12 (2.82%) 24 (5.63%)
tooth decay.

Gum bleeding is a sign of gum disease. 376 (88.26%) 26 (6.10%) 24 (5.63%)
To prevent gum inflammation, you also 350 (82.16 %) 21 (4.93%) 55 (12.91%)
have to clean between your teeth.

The hard deposit on your teeth can remove | 213 (50.00%) 164 (38.50%) 49 (11.50%)
itself with toothbrushing alone.

Bad breath can be caused by gum disease. 241 (56.57%) 97 (22.77%) 88(20.66%)
When my gum does not bleed while 324 (76.06%) 60 (14.08%) 42(9.86%)
brushing my teeth, there is nothing wrong

with my gum.

A regular dental check-up is necessary. 319 (74.88%) 89 (20.89%) 18 (4.23%)
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4.3.4 Frequency distribution of oral health attitude among the respondents

According to the respondents' attitudes towards oral health, 56.19% (n=227) do not believe that

teeth can be cleaned effectively without using toothpaste, while 43.81% (n=177) agree with this

statement. Believe that dentists should be visited regularly, even without having an oral problem

23.66%(n=97) disagree, and 76.34 %(n=313) agree. Regarding oral health attitude on performing

oral self-care regularly to identify any abnormality in my mouth, such as a hard deposit on my
teeth, 3.33 %(n=14) disagree and 96.67%(n=406) agree as shown in Table 4.3.

Table 4. 3 Frequency distribution of oral health attitude

Oral health attitude n=426 Disagree Agree Neutral
Do you think the hardness of bristles of the | 29 (7.04%) 383 (92.96%) | 14 (3.29%)
toothbrush has an effect on teeth and gums.

Do you think well-cleaning of teeth can be done | 227 (56.19) | 177 (43.81%) | 22 (5.16%)
without using toothpaste.

Do you think dentists should be visited regularly, | 97 (23.66%) | 313 (76.34%) | 16 (3.76)
even without having an oral problem.

Do you think you must perform oral self-care | 14 (3.33 %) | 406 (96.67%) | 6 (1.41%)
regularly to identify any abnormality in your

mouth, such as a hard deposit on your teeth.

Do you think you cannot remove the hard deposit | 154 (38.79%) | 243 (61.21%) | 29 (6.81%)
on your teeth with toothbrushing alone.

Do you think waiting until you have toothache | 93 (22.96%) | 312 (77.04%) | 21 (4.93%)
before visiting dentists can lead to tooth

extraction.

I think caring for my mouth is as important as | 6 (1.44%) 412 (98.56%) | 8 (1.88%)

caring for other parts of the body.
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4.3.5 Oral health practices among the respondents

Most respondents, 64.08%(n=273) brushed their teeth twice a day, while 35.9% brushed

them once daily. The soft bristle toothbrush was used by 35.92%(n=153) respondents, while
21.13% (n=90) used a hard bristle toothbrush and 32.2% (n=137) and 3.05%(n=13) respondents
visited dental services every six months. Most of the respondents 92.72% (n=395) had never used
dental floss to clean their teeth, and only 0.94% 4(n=4) of the respondents used it twice daily,
2.11%(n=9) used it once a day and 3.52% (n=15) use dental floss sometimes and 0.7%(n=3) use

once a week. (Table 4.4).
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Table 4. 4 Oral health practice

Oral health practice Frequency | Percentage
The method used | Toothbrush and paste 422 99.06
to clean Finger 2 0.47
None 2 0.47
When do you Morning before breakfast 107 25.12
brush your teeth | Morning after breakfast 37 8.69
Noon after lunch 5 1.17
Night before going to bed 4 0.94
Morning after breakfast and night before going 273 64.08
to bed
The duration of Less than 1 min 27 6.34
brushing teeth One min 122 28.64
Two min 88 20.66
More than 2 min 176 41.31
Do not know 13 3.05
Type of Hard bristle 90 21.13
toothbrush used | Soft bristle 153 35.92
Medium bristle 156 36.62
Do not know 21 4.93
Do not use toothbrush 6 1.41
The duration of One month 121 28.40
replacing Three months 141 33.10
toothbrush Six months 20 4.69
When the bristles are worn out 140 32.86
I do not use a toothbrush 4 0.94
The type of Vertical strokes 31 7.28
motion used Horizontal strokes 276 64.79
during brushing | Circular motion 4 0.94
Combination of the above 110 25.82
I do not use a toothbrush 5 1.17
How often do you | Every 6 months 13 3.05
visit dental Every 12 months 56 13.15
services? Only when | have dental pain 220 51.64
Never visited 137 32.16
Use of dental Once a day 9 211
floss Twice a day 4 0.94
Sometimes 15 3.52
Once a week 3 0.7
Never 395 92.72
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4.3.6 Frequency distribution of the reason for visiting dental services

The majority of the respondents 79.58% (n=230) among 289 who visited dental services in the
past, had visited dental services due to pain, while 4.15% (n=12) respondents visited dental
services for teeth cleaning, 5.54% (n=16) respondents visited dental services for oral check-ups
and advice, 2.77% (n=8) visited dental services for gum problemsand 7.96% (n=23) participants

sought dental services due to gum problems.

4.3.7 The association between oral health knowledge, oral health attitude, oral health

practices and demographic characteristics

Oral health knowledge was found to be significantly associated with oral health practices (P-
value= 0.017), oral health attitude (P-value=0.000) and level of education (P-value=0.006).
Owning a smartphone was found to be significantly associated with oral health knowledge (P-
value=0.011), oral health attitude(P-value=0.049) and oral health practice (P-value=0.011) (Table
4.5).
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Table 4. 5 Association between KAP and demographic characteristics

Poor oral Good oral P Poor oral Good oral P Poor oral Good oral P
knowledge knowledge value attitude attitude value practice practice value
n(%) n(%) n(%) n(%b) n(%b) n(%)
Age group
18-27 years 63 (35.2) 105 (42.51) 0.468 | 18 (33.96) 119 (40.34) 0.862 | 104 (36.24) 64 (46.04) 0.344
28-37 years 60 (33.52) 69 (27.94) 18 (33.96 91 (30.85) 89 (31.01) 40 (28.78)
38-47 years 29 (16.2) 44 (17.81) 10 18.87 50 (16.96) 53 (18.47) 20 (14.39)
48-57 years 16 (8.94) 18 (7.29) 5(9.43) 20 (6.78) 24 (8.36) 10 (7.19)
58-88 years 11 (6.15) 11 (4.5) 2(3.77) 15 (5.08) 17 (5.92) 5(3.6)
Total 179 (100) 247 (100) 53 (100) 295 (100) 287 (100) 139 (100)
Gender
Male 66 (36.31) 99 (40.08) 0.430 | 24 (45.28) 117 (39.66) 0.443 | 113(39.37) 51 (36.69) 0.594
Female 114 (63.69) 148 (59.92) 29 (54.72) 178 (60.34) 174 (60.63) 88 (63.31)
Total 179 (100) 247 (100) 53 295 287 (100) 139 (100)
Own a smartphone
Yes 51 (28.49) 100 (40.49) 0.011* | 14 (26.42) 120 (40.68) 0.049” | 90 (31.36) 61 (43.88) 0.011*
No 128 (71.51) 147 (59.51) 39 (73.58) 175 (59.32) 197 (68.64) 78 (56.12)
Total 179 247 (100) 53 (100) 295 (100) 287 100 139 (100)
Level of education
Primary 97 (54.19) 92 (44.58) 0.006" | 3158.49 121 (41.30) 0.12 137 (47.74) 52 (37.96) 0.054"
Secondary 60 (33.52) 118 (48.16) 18 33.96 131 (44.71) 111 (38.68) 67 (48.91)
University 11 (6.15) 20 (8.16) 23.77 26 (8.87) 18 (6.27) 13 (9.49)
No education | 11 (6.15) 15 (6.12) 23.77 15 (5.12) 21 (7.32) 5(3.65)
179 (100) 245 (100) 53 293 287 (100) 137 (100)
Oral health knowledge
Poor NA NA NA 32(60.38) 102(34.58) 0.000" | 132(45.99) 47(33.81) 0.017"
knowledge
Good 21(39.62) 193(65.42) 155(54.01() 92(66.19)
knowledge
Total 53(100) 295(100) 287(100) 139(100)

*P-value<. 0.5 statistically significant
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4.3.8 Logistic regression for KAP and demographic characteristics of the

respondents:

The variables found to be significantin the univariate analysis concerning oral health knowledge
were marital status, smartphone ownership, and level of education. Oral health practices showed
significant associations with smartphone ownership and level of education in the univariate
analysis. In the multivariate analysis, individuals with a high school education were more likely to
possess better oral health knowledge aOR=1.79, 95% CI 1.14; 2.82 and p-value 0.011 (Table 4.6).
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Table 4. 6 Logistic regression for knowledge, attitude, practice and demographic characteristics

Oral health knowledge

Oral health attitude

Oral health practice

Factors | COR P- AOR P- COR P- AOR P- COR P- AOR P-value
(959%CI) | value | (95%CI1) | value | (95%CI) value | (95% CI) | value | (95%CI) | value | (95% CI)

Age 0.98 0.09 1.00 0.76 0.99 0.456 0.99 0.83 .99 0.14 0.96 0.18
(0.97; 1.00) (0.98; 1.02) (96; 1.01) (0.96; 1.03) (0.96; 1.00) (0.96 ; 1.01)

Gender

Male 1.00 1.00 1 1 1 1

Female 0.85 0.430 0.95 0.85 1.25 0.44 1.32 0.38 112 0.59 1.07 0.75
(0.57; 1.26) (0.63; 1.45) (0.69; 2.26) (0.70; 2.48) (0.73; 1.70) (0.68; 1.67)

Marital status

Single 1.00 1.00 1 1 1 1

Married 0.61 0.026" 0.62 0.068 1.030 0.927 1.074 0.856 121 0.396 152 0.11
(0.40; 0.94) (0.38; 1.03) (0.54; 1.94) (0.49 ;2.34) (0.77; 1.89) (0.90; 2.57)

Divorced 0.51 0.267 0.51 0.287 0.35 0.33 0.162 1.2 0.776 1.49 0.545
(0.15; 1.67) (0.15;1.75) (0.08; 1.57) (0.06; 1.5) (0.34; 4.21) (0.40; 5.48)

Other 0.38 0.222 0.40 0.266 1 3.2 0.139 5.07 0.057
(0.08; 1.78) (0.07; 2.00) (0.68; 14.95) (0.95; 26.85)

Own smartphone

Yes 1.00 1.00 1 1 1 1

No 0.58 0.011" 0.68 0.113 0.52 0.052 0.67 0.272 0.58 0.012" 0.70 0.147
(0.38; 0.88) (0.42; 1.09) (0.27; 1.00) (0.32;1.37) (0.38; 0.88) (0.43;1.13)

Level of Education

Primary 1.00 1.00 1 1 1 1

Secondary 2.07 0.001" 1.79 0.011" 1.86 0.053 1.67 0.143 159 0.039" 1.44 0.135
(1.35; 3.16) (1.14; 2.82) (0.99; 3.50) (0.84;3.31)3 (1.02; 2.46) (0.89; 2.31)

University 191 0.106 149 0.365 3.33 2.38 0.281 1.90 0.107 1.40 0.443
(0.87; 4.22) (0.62; 3.54) (0.74;14.79) (0.48; 11.64) (0.87; 4.15) (0.59; 3.31)

No 143 0.390 1.65 0.250 1.92 244 0.268 0.627 0.373 0.62 0.379

education (0.62; 3.29) (0.70; 3.88) (0.41; 8.84) (0.50; 11.89) (0.22;1.75) (0.21;1.79)

Note: COR: Crude odds ratio; AOR: Adjusted odds ratio; Cl: Confidence interval *p-value <0.05 statistically significant
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4.4 DISCUSSION

Our study is among the first to report data on oral health knowledge, attitudes, and oral hygiene
practices of adult participantsin Nyarugenge, Rwanda. The study revealed that among Nyarugenge
adults, more than 40% exhibited knowledge deficits. The oral health attitudes and oral hygiene
practices were also found to be poor.

The findings showed that 39.4% of the participants were young adults between 18 and 37 years
old. A similar age group has been reported in India and Nigeria where the participants evaluated
dental needs [24, 25]. The current results showed that most of the participants were women.
Previous studies have reported a similar gender predominance citing that women were more
proactive in seeking dental care [26]. Similar gender differences were reported in Saudi Arabia

and India where it was found that women acted more positively than men on oral health[27, 28].

Our results showed that almost half of the participants had poor oral health knowledge. Our sample
knowledge (58.0%) was lower compared to 62.2% reported in Nigeria, but it was similar to that
reported in Spain with oral health knowledge of 58.5%]29, 30]. Although in our study participants
knew that they must brush their teeth to prevent tooth decay (84.27%) and that to prevent gum
inflammation, itis also necessary to clean between teeth (82.16%), most of them did not feel that
a regular dental visit was necessary. Our study participants' knowledge of dental and gum care was
lower than in the resultsreported in Cyprus at 97.3% and 96% respectively [31] and Romanians
at 95.3 and 88.3% [32].

The knowledge of the participants in our study was strongly associated with the ownership of a
smartphone (P=0.011), secondary education (P= 0.006), good oral hygiene practises (P=0.017)
and good oral health attitudes (P=0.000). A study conducted in Iran found an association between
oral health knowledge and financial status, which can be reflected in our study as the ownership
of a smartphone [33]. In addition, a similar association was reported between oral health
knowledge and a higher level of education among adult populations in Spain [30]. More educated
people are more likely to use reading, social media, news, and the internetto learn more. Bastani
et al. found that smartphone-delivered oral health information enhanced knowledge[34]. The
association between oral health knowledge and attitude was consistent with what was found in

China[35] but contrasting results were found in the South Indian population [36]. These
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differences might be due to different geographic locations, sociodemographic profiles of the
participants and access to oral health care. The knowledge of study participants also reflected on
their attitude, where 69.25% demonstrated a good attitude. This overall attitude was better
compared to the South Indian, Saudi Arabian and Nigerian populations where the attitude levels
were 33.3%, 48.3% and 44.5% respectively [36, 37]. The differences could be attributed to the
different settings where the studies were conducted.

In our study, only 76.34% of the participants agreed that dentists should be visited regularly, even
without having an oral problem. The participants agreed that waiting until they have a toothache
before visiting the dentist can lead to tooth extraction. our findings are almost similar to the study
with Libyan parents who agreed that regular dental check-ups are important for the prevention of
dental problems at 79.5%[38]. However, the attitude of Romanian dental patients was better
compared to our study participants because 88.3% of them agreed that regular dental check-ups
can prevent dental problems[32].

Our study findings showed that the participants' attitudes were associated with oral health
knowledge (P=0.002). A similar association between attitude and oral health knowledge was also
found among Iranian patients [18] and Brazilian patients [39]. According to Rodrigues et al., a
patient's attitude is a key construct for causing them to adopt a certain behaviour and maintain that
behaviour[39]. The participants' attitudes in our study were also associated with ownership of a
smartphone (P=0.049). The relationship between the ownership of the smartphone and the level of
attitude could be that smartphone users tend to obtain more information online, which may

improve their attitude.

The knowledge and oral health attitudes levels of our study participants did not translate to improve
their oral hygiene practices. Only a third of our study participants displayed good oral hygiene
practices in contrast to the Libyan study where 78.7% of parents displayed good oral hygiene
practices[38]. Similarly, good practice findings have been reported in the literature [32, 33, 40]
except in Brazil where low oral health literacy was associated with poor oral hygiene practises [33,
41]. Approximately 64.08% of our study participants brushed their teeth twice a day, compared to
the Chinese dental patients who reported that 77.4% brushed their teeth twice a day [42].
Furthermore, 51.64% of our study participants responded that they should visit dentists only when

they experience pain as compared to 55% of the Saudi Arabian participants[43]. The results of our
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study found poorer oral hygiene practises in contrast to the Indian study where 82.0% of the
participants went for routine dental check-ups and 25.8% expressed that the reason for their last
dental visit was only consultationand advice[27, 38]. Dental flossingwas not popular among our
study participants because 92.7% reported never using dental floss. Similarly, dental flossing was
low in Romaniaat 27.9% [32]. Oral hygiene practises in our study were found to be only associated
with oral health knowledge. The result of our study differed from what was found in Brazil where

level of education was associated with oral health practices[41].

One of our study's limitations is the use of a cross-sectional design, which cannot establish
causality. However, we addressed this limitation by conducting a regression analysis that adjusted
for confounding factors likely to influence the outcomes. Additionally, our study's sample bias
arose from recruiting participants solely from government facilities, limiting the generalizability
of results to those using private facilities. Moreover, because the data was collected from one
district with a limited sample size, this study cannot be generalized to the entire country.

4.5 CONCLUSIONS

Almost half of the adults in Nyarugenge district had poor oral health knowledge, and one-third of
them had poor oral hygiene practices despite showing good oral health attitudes. The discordance
requires that oral health education and oral health attitudes be improved. The association between
smartphone ownership and oral health knowledge was identified among the participants. This
suggests an opportunity to utilize smartphones as educational tools for oral health alongside
traditional methods to enhance knowledge and promote better oral hygienea attitudes and

practices.
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CHAPTER 5
Evaluation of Oral Health Services and Challenges Faced by Oral
Health Practitioners Working in Nyarugenge, Rwanda

5.1 BACKGROUND

In their daily work, oral health professionals (OHPs) fight common oral diseases, especially
periodontal disease and dental caries, which are some of the most common non-communicable
diseases and are even more prevalent than cardiovascular disease[1]. However, in this fight, either
through prevention or treatment, OHPs encounter many challenges. The first challenge identified
by researchers is financial because dental services are expensive and considered among the most
expensive healthcare treatments[2]. Consequently, dental services are difficultto afford, especially
in low-income countries and even in higher-income countries among people with lower income,
senior populations, and marginalized communities such as refugees, migrants, and people with
disabilities[3, 4]. In the USA, more people complain of financial barriers to accessing dental care,
irrespective of age, income level, and insurance type, than any other healthcare. Most treatments
are not always covered by national insurance schemes, and they cover only a small range of
services[5, 6]. When confronted with the problem of financing, health professionals tend to focus
on clinical procedures that provide them with better renumeration instead of on risk assessment or
prevention, and many prefer working in private dental clinics where they can earn better
salaries[7]. This suggests that public institutions are frequented by individuals who may be unable
to afford costly dental treatments[8]. Singh et al. stated that most dentists target profit compared
to patients’ dental problems[9]. Therefore, some dental services are not offered in public
institutions due to payment challenges and the expensive nature of some dental procedures.

The provision of oral health services is further compromised by lack of infrastructure, equipment,
instruments, and materials. The lack of infrastructure at primary health centers and community
health centers is a major hindrance to oral health delivery in India, and this may be due to the lack
of dentists that are appointed in government decision-making bodies[9]. In care homes for the
elderly in Germany dental professionals have requested that a dental chair with a light should be
available in every care home to facilitate dental treatment[10]. The lack of OHPs has also been
reported as a problem in South Africa[7]. The lack of infrastructure leads to few working stations
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and few dental care providers, causing long patient waiting times, and the lack of equipment and
materials impinges on the options and quality of treatments[11, 12]. In Nigeria, the lack of
equipment and materials has been found to jeopardize the treatment options for patients and made
OHPs to choose treatment procedures for which instruments and materials are available, such as
tooth extraction[6]. The Rwanda National Strategic Plan for Oral Health 2019-2024 highlighted
that in district hospitals and health centers, dental equipments, especially dental chairs, were either
not available or not functioning due to lack of maintenance and lack of space for oral health

services[13].

The biggest challenge experienced by OHPs when offering services has been linked to lack of
human resources, which resulted to low dentist/patient ratios[14]. Different dental specialists are
needed to collaborate in comprehensive oral examinations and treatment[15]. The problem of a
shortage of dentists has been raised in the USA[16], and the situation is even worse in low- and
middle-income countries. In Nigeria, the dentist/patient ratio was reported to be 1:38 600, whilst
in Tanzania it was 1:360 000 but in high-income countries, it was 1:2 000[17]. Many health
facilities in Nigeria have been found to have only one dental professional who does not have
colleagues to consult about difficult cases [6]. OHPs’ workload makes them overlook important
steps in the diagnosis process, such as comprehensive oral examinations, comprehensive treatment
care and oral health education. It is important to perform a comprehensive oral examination,
including screening for early signs of all oral diseases, because it has been observed that most
patients consult only for pain and dental emergencies[17, 18]. However, preventive measures are

often neglected despite the goals of oral healthcare being a commitment to prevention[7, 9].

Apart from the financing of dental care, the availability of infrastructure and equipment, and the
low dentist/patientratio, the behavior of many patients has also been a challenge. The lack of oral
health awareness among the population concerning early signs and symptoms of oral diseases,
preventive measures, and regular dental check-ups resulted in late dental care-seeking behavior[6].
Even when patients have an infected tooth that can be conserved, it is challenging to convince
them to comply with alternative treatments such as root canal treatments because they visit the
dentist only when the pain is unbearable and insist that the tooth be removed[6, 19]. All these
challenges are mostly due to oral healthcare not being included in the primary healthcare system.
Oral healthcare should be integrated into primary healthcare to make it available to all people[6].

The adoption of healthy oral health preventive measures cannot take place if patients and
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caregivers are not given oral health education by OHPs on good oral hygiene practices such as
frequent brushing, good brushing technique, interdental cleaning, regular dental check-ups, diet,

and smoking cessation for the prevention of both periodontal diseases and dental caries[16].

The above-mentioned challenges can be addressed through good management. Some managerial
barriersto good and equitable oral health identified in the literature are unclear goals, inadequate
organization and management, poor planning, little emphasis on evaluation, and failure to plan for
adequate manpower and use of auxiliaries[9]. It has been observed that dental service is often
neglected during recruitment and procurement processes[6, 8, 13]. Literature demonstrates that
thereis international neglect and a lack of political prioritizing of oral health[16, 20]. Many public
policymakers do not understand or value oral health as part of general health, making it a lower
priority[9]. The affordability of dental services, the skills of OHPs, and the availability of dental
equipment and materials all play important roles in the provision of comprehensive oral care, and

this is the responsibility of the management of health facilities[17].

This study explored the challenges faced by OHPs in providing oral health services to the
community of Nyarugenge, Rwanda. In addition, the availability and adequacy of oral hygiene
equipment, instruments, and materials were also appraised. This study formed part of a larger
doctoral study titled “Oral Health in Nyarugenge District of Rwanda: The Role of Mobile
Applications in Oral Health Education”.

5.2 METHODS

5.2.1 Study design
This study was a cross-sectional concurrent mixed methods study that used both qualitative and
quantitative methods. The qualitative part of the study aimed to explore the challenges faced by
OHPs when providing oral health services to the community of Nyarugenge District, and the
quantitative part was an audit of oral health services in Nyarugenge District. The quantitative and
qualitative parts were independent during data collection and analyses but were merged during the

interpretation phase.

5.2.2 Setting
Rwanda is one of 56 countries in Africa. Rwanda is divided into four provinces and Kigali City.
The four provinces each have 27 districts, and Kigali City has three districts, namely Gasabo,

Kicukiro, and Nyarugenge[21, 22]. The study was conducted in seven public health facilities that
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offer dental services in Nyarugenge District. Five health facilitiesare public and two are managed
conjointly by the government and the Roman Catholic Church. These health facilities service all

patients, including those using community-based health insurance (CBHI).

5.2.3 Study population and sampling strategy
The quantitative section of the study assessed the seven public dental health facilities in
Nyarugenge District, and for the qualitative section, OHPs working in the seven dental health
facilities were individually interviewed. No sampling was done. All seven dental health facilities
in Nyarugenge District (n = 7) and all OHPs working in these facilities were included in the study.

Fourteen OHPs were recruited for in-depth interviews.

5.2.4 Data collection
The data collection tools for both the quantitative (observation checklist) and qualitative data
collection (interview guide) were adapted from a study conducted in 2018 by Josephin et al.[23].
The data collection was started on 18 July 2022 and ended on 01 August 2022. The checklist items
for the quantitative data collection assessed the availability, adequacy, and functionality of dental
equipment. The in-depthinterview guide had 12 questions related to various scenarios experienced
by OHPs when providing oral health services to the community. The 12 questions asked during
the in-depth interview were as follows: (1)How is your work now? (2)What suggestions can you
make so that your work becomes much easier? (3)Do you manage to give oral health educationto
every patient that comes to you? (4)Are you able to provide scaling and polishing treatment to all
the patients who need treatment? (5)Do you get time to sterilize and reuse instruments for scaling
and polishing according to need? (6)Do you get time to give oral hygiene instructionsto patients
after a procedure? (7)Are you satisfied with the quality of treatment that you are offering to your
patients? (8)What happens when one of the equipment in the dental clinic stops working or needs
repair? (9)When dental materials like polishing paste finish, is it replaced immediately? (10)Do
you feel that you are at risk while providing treatment? (11)In your opinion, what would decrease
your workload? (12)What are your suggestions to improve oral hygiene treatment facilities inthe

dental clinic?

Following informed consent, the primary investigator (EN) conducted the interviews with the
OHPs in a private room. The in-depth interviews were conducted in English and interpreted in

Kinyarwanda, the local language, when necessary. Each interview lasted around 30 minutes. The
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responses of participants were audio recorded, transcribed verbatim, and saved as individual
Microsoft Word documents soon after the interview. At the end of the interview, an audit of the

dental equipment was performed using the observation checklist.

5.2.5 Data analysis
Descriptive statistics were used to analyze the quantitative data using percentages and frequency
distribution. The dichotomous responses, 1 equals yes and 0 equals no, to identify the availability,
adequacy, and functionality of the dental equipment, instruments, or material needed for scaling
and polishing were recorded. Data were entered manually on an Excel spreadsheet and then
imported into Stata version 16 (manufactured by StataCorp LLC in USA) for analysis. For the
qualitative data, the recorded interviews were transcribed and imported into NVIVO software

(manufactured by QSR International) for a detailed analysis.

The interviews were analyzed using thematic content analysis[24]. The first step in the analysis
was to look at the participants’ own words and phrases without preconceived notions or
classifications. We examined in deep the responses of each participant’s answer to all the

questions.

To ensure trustworthiness, two additional researchers, an experienced qualitative researcher in
health systems and a dental specialist, participated in the development of the codes by reading the
participants’ responses independently from the primary researcher to establish an inter-coder
agreement. Once the initial analysis was completed, the team liaised to discuss the codes generated

independently and to reach an agreement on the codes and themes.

5.2.6 Ethical statement
The research received ethical approval (M220213) from the University of the Witwatersrand
Human Research Ethics Committee (Medical). Additionally, permission was obtained from the
relevant healthcare authorities, including the Rwanda Institutional Review Board (IRB) ethical
committee (No. 234/CMHS IRB/2022) and the National Health Research Committee (No.
NHRC/2022/PROT/26). The written informed consent form was obtained from the participants.
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5.3 RESULTS
5.3.1 Description of the study sample
Seven facilities were audited for the availability, adequacy, and functionality of equipment for
preventative dental services. Furthermore, 14 OHP from these facilities were interviewed about

the challenges they face when providing oral health services to the community.

5.3.2 Frequency distribution of health facilities with essential dental equipment
and instruments
Table 5.1 shows that five health facilities had dental chairs but only four of these chairs were fully
functional. Only two health facilities had adequate dental chairs, dental lights, and dental stools.
All health facilities had functional and adequate sterilizing units. The manual scalers were
available and functional in all seven health facilities, and five facilities had available and functional
equipment and instruments for scaling and polishing. However, the adequacy was low concerning
the ultrasonic unit (n =3) and ultrasonic scaler tips were inadequate. Functional prophylaxis
handpieces, prophylaxis contra-angle, and prophylaxis cups/brushes were found in four of the

facilities. Polishing material was also inadequate in three facilities.
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Table 5. 1 Preventive dental equipment, instruments and material audit availability

Equipment/instruments

Availability

Functionality

Adequacy

Yes

No

Yes

No

Yes

Z
o

Dental chair

Dental light

Dental stool

Dental compressor

Suction lines

Sterilizing unit

Ultrasonic scaler unit

Ultrasonic tips

Manual scaling set

Suction tips

Instruments for polishing

Prophylaxis handpiece

Prophylaxis angle

Prophylaxis cup/brush
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5.3.3 Frequency distribution of health facilities with essential dental material
The materials for oral hygiene instructions, oral examination instruments and personal protective
equipment (PPE) availability and adequacy from the facilities were analysed. Only two health
facilities out of seven had a demonstration model, toothbrush, and dental floss for interdental
cleaning during oral hygiene instruction. None of the health facilities used a mobile application
for oral health education. All seven health facilities had dental probes, mouth mirrors, and dental
trays, but only six had periodontal probes. However, all these instruments were adequate in only
four health facilities. Six of the health facilities had all personal protective equipment and they

were adequate. The mouth masks were available and adequate in all the health facilities.

5.3.4 Demographic characteristics of OHPs
Overall, the total number of OHPs was 14, with five based in health centers, three in district
hospitals, and six in referral hospitals. Most respondents were dental therapists (n = 11), and the
dental surgeon (n=3). The females (n = 9) were predominant, and the majority of the participants
were aged between 31 - 40 years (n = 7). The 41-50 age group included 4 OHPs, and in the 21—
30 age group had 3 OHPs. The years of practice of the OHPs revealed that (n=6) OHPs had more
than 10 years, 6-10 and 1-5 years of experience had 4 OHPs respectively. |

5.3.5 Emerged themes
Although overlapping, four broad themes emerged from the responses of OHPs in the in-depth

interviews, shown in Table 5.2, and these themes are discussed in the following subsections.

Table 5. 2 Themes that emerged from OHPs’ experiences in Nyarugenge District

Themes Description

Poor OHP/patient ratios

Lack of dental assistants

Insufficient of equipment

Insufficient instruments,

Insufficient dental materials

Lack of public awareness

Delayed oral healthcare seeking practices

e OHP workloads

e Health system responsiveness

e OHPs’ attitudes and behavior (pleasant, rude, or caring
attitude)

e Management of service provision; inadequate or lack of
communication

1. Human resource

2. Supply chain
management

3. Patient education and
service rendering

4. Strategic management
and administration
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5.3.6  Human resources
Apart from the OHPs working at the district hospital who reported that the patient/practitioner
ratio was manageable, all the other OHPs complained about patient overload. In five of the health
centers, there was only one dental therapist managing all the patients. The understaffing resulted
in complaint-oriented service instead of comprehensive holistic dental management. Furthermore,
the OHPs had to rush to clear the long queues and cannot not perform other treatments such as
scaling and polishing or dental fillings since many patients have acute pain. In addition, ensuring
good infection control can be challenging when the practitioners are working alone without a

dental assistant. The following comments by the OHPs gave a clearer picture of the situation:

“The number of patients is higher compared to the number of dental practitioners.

Sometimes you have to rush in order to clear the line of patients.” (Participant 2)

“When there are many, we sometimes don’t do a deep intraoral examination and

concentrate only on the chief complaint instead of doing a comprehensive oral exam.”

(Participant 5)

“Sometimes I am not happy due to the large number of patients. So I cannot satisfy all
their needs. We can skip doing some treatments like scaling and dental fillings due to

that number.” (Participant 12)

“You understand that this is a big challenge. If we have to work as four hands and you

are there alone, helping yourself, it is not correct.” (Participant 11)

Another challenge expressed by the OHPs working at the district hospital and the referral hospital
was the lack of specialists. The waiting list and time are long for patients who must be seen by a
specialist, and it was reported that some patients with oral cancer have died while waiting for
treatment. Furthermore, since there is no dental surgeon at the district hospital, even patients
requiring simple endodontic treatments and impacted teeth removal are referred to the hospital.
Unfortunately, when patients arrive at the referral hospital, they can be turned back because of
lack of dental material, and then they must get another referral to the Rwanda Military Hospital.

That was distressing for both the patients and the practitioners, as shown in the following
comments:
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“Bring also dental surgeons so that more services would be offered from here. Patients
would receive a bigger package of dental care forms here; references would be

reduced.” (Participant 3)

“I think they should train more specialists. Currently, we have only one maxillofacial
surgeon dealing with accidents and emergencies. You find that a patient with orofacial

cancer can die without even being examined by the specialist.” (Participant 7)

It is imperative to recruit more OHPs for primary oral healthcare services because if this is not

done, the quality of care offered in public health facilities will continue to be compromised.

5.3.7 Supply chain management
The OHPs reported that they do not have sufficient equipment, instruments, or materials to offer
dental care to the community. The audit findings from the checklists showed that two health centers
did not have a dental chair, and of the five health centers that did have a dental chair, only four
had a fully functional one. At the referral hospital, only two chairs out of four were available and
could be used for ultrasonic scaling. The situation was similar at the district hospital, where only
one chair out of two was available, fully functional, and could be used for ultrasonic scaling. Three
health centers had one dental chair each, but only two of these chairs could be used to perform
ultrasonic scaling. In general, no dental clinic had adequate equipment for the number of patients.
As shown inthe following comments, the OHPs expressed that the lack of equipment, instruments,

and materials impacts the oral healthcare they provide to the community:

“Concerning equipment, since we have many patients who need our services, it would
be much better if we had more equipment. Currently, we have only one dental chair.
It would be better if we had two of them. More equipment should be purchased to serve

the population better.” (Participant 8)

“Most of the time we don’t have enough materials for all the patients. Some patients
get good service while the others get lower service because some materials have

finished.” (Participant 9)

Competing priorities in hospital settings between dental services and other services, such as
maternity or pediatric services, were cited by OHPs as reasons for the lack of dental resources.

The dental equipment could be damaged and not be repaired, and consumables were finished and
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not procured, resulting in patients waiting a long time before receiving treatment. This is a
challenge at almost all the surveyed health facilities. Usually, in public health facilities, tender and
procurement processes take a long time, which means that some items that are received are used
immediately because the waiting time was so long. The following comments by participants

express this challenge:

“That is also a challenge. It doesn’t mean that the materials are nowhere to be found,
only that the process is long ... sometimes you get them too late when it is no longer
possible to help the patients. You can make a request today and wait a whole year for

delivery.” (Participant 9)

“The priority is given to the maternity, pediatric, and neonatology services. The dental
service lags in the process of supplying.... we always wonder if the dental service is
futile or is not generating money so that its revenues cannot help to buy a scaler. If a
scaler has been functioning for like two years, it is not understandable that the money
generated during that period cannot buy another one to replace the damaged one. That

is always a challenge.” (Participant 1)

Even though six of the seven dental clinics had ultrasonic scaler units, most of them did not have
enough scaler tips, which led to overuse until the tips were no longer efficient. In many of the
facilities, they can book only two patients per day, despite the need to book more patients. The
availability and functionality of the scaling instruments were optimal, but when compared to the
number of patients who needed this treatment, it was inadequate. The problem is worsened by the
fact that dental clinics are no longer allowed to have a sterilizer on the premises, which would have
allowed them to sterilize scaling instruments between patients. The new protocol means
sterilization can only be done at the main sterilization unit of the hospital or the health center.
These new protocols result in delays in the sterilization process and the availability of sterile

instruments, negatively impacting services. The OHPs described the problem as follows:

“These types of equipment and materials should be in enough because many patients
are having a lot of calculus. Sometimes even when they have another chief complaint,
you might wish first to clean their teeth before proceeding with the filling or the

extraction in order to work in a safe oral environment.” (Participant 3)

121



“I had requested 30 scaler tips, but | have only two. But even those two are no longer

functioning perfectly because they are overused.” (Participant 11)

“I become stressed because I see patients who need (preventive) services. Telling
someone to come back after one month is very frustrating. You would like to serve
them immediately but due to the shortage of equipment, you are obliged to give a

rendezvous one month later.” (Participant 11)

“We sterilize in a big container from the autoclave at the theatre and in the morning,

they bring them back and put them in small boxes.” (Participant 5)

After scaling, it is necessary to polish dental surfaces to prevent a rapid re-accumulation of
calculus. However, only three sites had the necessary polishing paste, and most of it was of poor
quality and could not perform good polishing. The service of polishing teeth posed another
challenge because it is not covered by the CBHI scheme, which is mostly used in public health
facilities. Therefore, many patients attending public health facilities cannot afford to pay for teeth
polishing services. The result is unpolished dental surfaces that attract dental plaque and calculus
more quickly, which discourages patients and makes them believe scaling is more harmful than
beneficial to their oral health. The following comments by the participants explain this problem:

“We would also like to get the polishing paste whenever we need to use it. People start

to be aware and to look for better oral hygiene.” (Participant 3)

“The request of consumables is done on time, but since we are in a public hospital, the
process of delivery is very long so at given times we stop doing some procedures
because dental materials are not there. That process causes us to experience stock-

outs.” (Participant 2)

“The only consumables they care to avail are those linked to tooth extraction. But for

the others, the administration is reluctant.” (Participant 12)

The adequacy of diagnostic dental instruments was low in all seven health facilities considering
the number of patients received daily, except for personal protective equipment. The COVID-19
pandemic improved the availability and adequacy of personal protective equipment in all health
facilities because administrators of health facilities realized the importance of personal protective

equipment in protecting patients, practitioners, and colleagues.
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5.3.8 Patient education and service rendering
The heavy workload of OHPs leads to them overlooking important practices such as oral health
education. The OHPs said that it is almost impossible to give oral health education to every patient
they examine. The OHPs give superficial oral health education to patients with halitosis or poor
oral health status, but only OHPs working in two health facilities said they found time for thorough
one-on-one oral health education. This is possible because another dental therapist was recently
recruited at one health center, which means the district hospital staff are no longer overloaded.
This resulted in improved OHP/patient ratios. This proves that the will to do oral health education
is there but that the practitioner/patient ratio makes it impossible. However, the OHPs confirmed
they give postoperative instructions to every patient after treatment regardless of their overload.

The following comments by the OHPs show the extent of the problem:

“It is not possible to give oral health education to every patient. Most of the time, we
do it for patients with poor oral health status or with halitosis. That is when we tell

them that they have to brush their teeth.” (Participant 5)

“We only tell them to remember to brush their teeth in the morning and at night before

going to bed. Only that.” (Participant 7)

“Giving oral health education to every patient is challenging because patients are
many. You only tell them about the act itself you are about to do for them or, after
completing the procedure, giving them related instructions. Otherwise, it is very
challenging unless you do mass education, but they don’t come at the same time.”

(Participant 4)

“There are also some people who don’t want to hear what you are telling them, thinking
that you are wasting their time while you wanted them to acquire some awareness.”

(Participant 3)

Patients are unaware that it is better to prevent oral diseases than to cure them and that teeth can
be cleaned professionally. They often realize that there are some deposits on their teeth and try to
remove them with charcoal, which causes more dental problems like enamel abrasion. Most of the
patients seek dental services because of pain. Even when OHPs see the need for scaling and
polishingand gave them an appointment, the patients do not come for the treatment. According to

the OHPs, most patients do not listen to the advice they are given during individual or mass oral
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health education and consider it a waste of their time. One OHP said that the reason for this is that
there are no OHPs recruited in the community to teach them oral hygiene measures and to screen
their mouths for early detection of diseases. Community oral health prevention should be
established and consolidated because it will tackle the problem of oral health at the root, especially
since individual dental self-care by tooth brushing, including interdental cleaning, is the most
important preventive measure for periodontal disease and dental caries. Furthermore, patients

should cooperate with OHPs and quit harmful habits such as smoking, alcohol, and drug abuse.

“There should be dental personnel affiliated in the community to educate people about oral

health. That would be very good”. (Participant 4)

Oral health education is also a challenge because of a lack of teaching aids and promotional
material. Only one health center, managed by sisters of the Roman Catholic Church, had all the
necessary didactic materials for oral health education. The facility had a big teachingmodel and a
big brush they could use to clearly show all the parts of the oral cavity and how to clean them.
Participant 8, who works at this center, said, “First of all, we have didactic materials in our office.
We have a big toothbrush and a big model that we use to show them the technique for tooth
brushing. We also show them the gum and the tongue on the model. You see that this model is
showing all the parts of the mouth”. The only other health facility with a small dental model
teaching aide is the district hospital. At all the other centers, oral hygiene measures are taught using
gestures, and it isimpossible to verify whether patients understand what they are taught. The OHPs
did not even have dental floss to show patients how to clean interdental spaces and had to teach
patients only in theory. The lack of time due to patient overload and the lack of didactic materials
negatively affect oral health education, which is the basis for oral disease prevention. Participant

5 explained it as follows:

“We don’t have typodonts and materials which would help us to explain the technique
for dental brushing. When we do it only in theory, we are not sure of the outcome.
Didactic materials should be available on our consultation tables, but we don’t have
them ... we only give oral health education in theory, but we cannot verify if they

understood well or not.” (Participant 10)

The large number of patients seeking dental care reflect the oral health status of the community.

The poor oral health status of the community could be improved if oral health education is
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improved through measures such as active, practical education through people’s mobile phones.
All the interviewed OHPs were amazed by such an idea and recognized that the application would
make their job much easier because patients would come to them with some knowledge about oral
health and ask questions to clarify the information they received on their phones. If the information
isupdated regularly with clear audio-visual materials, it will positively impact people’s oral health,
even in remote areas. The following comments show the OHPs reactions to the idea of a dental

mobile application:

“People would be aware of when and how to perform oral hygiene and consequences

of poor oral hygiene.” (Participant 14)

“That is where that application would play a role in raising the awareness of our clients
about oral health. The communication between dental patients and dental practitioners
would be smoother. That wouldn’t take us a lot of time trying to convince them about

the best treatment.” (Participant 1)

“That is why the application you were telling me about would be very useful because
problems start at the community level, not at the health facility ... since oral problems
can be prevented, and the application can help them in that, it would be good if it was
installed in people’s phones and was used. It would remind them how to clean the

mouth.” (Participant 4)

An oral health education mobile application would promote community oral health awareness,
help children, youth, adults, and even old people maintain their oral health and show them early
signs of disease so they seek dental care in time. It would inform the population of the importance
of regular dental check-ups instead of waiting to get dental care only when in pain. It would also
improve people’s oral health literacy, which would ease their communication with OHPs and

increase their compliance with preventive measures.

5.3.9 Strategic management and administration
Many of the challenges faced by the OHPs could be addressed by management. Management plays
a crucial role in staff recruitment, motivation and the procurement of proper dental equipment and
materials. Management’s role is also related to reducing patients’ waiting time by increasing the

number of working stations by supplying dental chairs and employing dental assistants. A good
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workplace should be a safe environment for both patients and practitioners, and OHPs should feel

valued by the administration.

“It is challenging to serve such a big number of patients while we don’t have enough

working stations so that each one might work from his/her dental chair”. (Participant 9)

Poor strategic management and administration were particularly observed at two health centers
where OHPs lacked basic equipment such as dental chairs and basic instruments despite constant
requests. At one health center, dental extractions and manual dental scaling are performed using
archaic equipment. The OHP working there reported that requests sent to the Ministry of Health

can take long and that they often receive no response.

“Here, we don’t have dental equipment. We have asked for them, but we haven’t yet
received them .... I would be happy if they bought for me new and modern equipment”.

(Participant 6)

At another health center, the dental chair had been taken during the COVID-19 pandemic and
given to another health center in a different district because the health center had become an
isolation center for COVID-19 patients. The participant explained that they have asked the

administration to return the equipment but to no avail:

“If the dental chair and all needed instruments, equipment, and materials were available so
that when the patient comes and needs any treatment they might get it, this would satisfy

me”. (Participant 10)

The OHPs are frustrated because their requests for dental instruments and materials are ignored by
management. The OHPs believe that the lack of dental representatives in the procurement
committees is the reason their orders are not approved. Procurement and supply chain
committees/personnel are unfamiliar with dental jargon, instruments, consumables, and
requirements and do not consult the OHPs when they require information. The OHPs explained

the problem as follows:

“They don’t supply us with dental materials on time so that we might serve our patients

in a good and satisfying way.” (Participant 3)
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“Another thing, even when they provide, usually they bring a different item from the
one you requested. As a recent example, we requested drilling burs and they brought

polishing burs, while we needed inverted cone bars.” (Participant 2)

Only health facilities managed conjointly with the Roman Catholic Church seem to prioritize

dental services and procure what was needed, as shown by the following comments:

“There is no problem here even for equipment. | can say that our administration is

valuing dental service even more than I do.” (Participant 8)

“Concerning sterilization of instruments, we never lack instruments here. We are
privileged because this health center belongs to the Catholic Church so basic
instruments are there. Even though they cannot be enough for all the patients, we clean
and sterilize them. Our instruments are safe because we have a sterilizer in which
instruments are ready in 45 minutes. We don’t have any problem with that.”

(Participant 8)

All dental equipment, instruments, and materials, including those for preventive services, must be
made a priority in managers’ demand and operational plans. It was found that when the
administration is supportive, the working environment is improved and OHP satisfactionis high.
This was confirmed by the staff at the referral hospital who reported that they benefit from a
supportive working environment. Their equipment was well-maintained and more staff were being
recruited to assist in the X-rays section. When dental equipment remains unrepaired for a long

period, it shows that the dental services, OHPs, and patients are not valued.

“Our department has an appointed technician, a medical engineer charged with repairing
dental equipment. He is based in the department of maintenance, but when we call him, he

immediately comes. He is skilled. Not many things are difficult for him.” Participant 13

During the interviews, the OHPs were asked what would ease their work. Firstly, they said they
would like the patient/practitioner ratio to be reduced by recruiting more dental staff and by
increasing work stations. This will allow them to work the recommended hours instead of working
extra time. Secondly, they would like to have the necessary equipment and materials, a better
salary, and tea or coffee breaks at work because even though they like their job, it is hard work.

Thirdly, although the organogram of the health centers plans for only one dental therapist, they
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want it to be revised so that at least two OHPs are hired per facility because the primary healthcare

facilities are extremely busy.

5.4 DISCUSSION
This study evaluated oral health services and the challenges faced by OHPs when providing oral
healthcare in Rwanda. The study found that there were variations across the seven healthcare
centers in terms of human resources, supply chain management, patients education and service

rendering, as well as strategic management and administration.

When considering the results of the checklists and the interviews used in the current study, it
appears that one of the biggest challenges faced by OHPs while delivering preventive oral health
services was linked to human resources. There was a shortage of personnel, such as dentists,
specialists and dental assistants. Thisimpinges on oral health service delivery, which is a factor in
patient and practitioner satisfaction. This concern has also been raised by researchers in Nigeria
and India, where itwas found that there is a limited number of dentists compared to the number of
people who need dental care[6, 25, 26]. The challenge of understaffing has also been identified in

many other low- and middle-income countries, and this limits access to oral healthcare[17].

In addition, most OHPs were dental therapists, and there is a scarcity of dentists and specialist
OHPs. The situation is different in South Africa where oral health services are provided by oral
hygienists, dental therapists, dentists, and various dental specialists[7]. It was also different from
what was reported by a study performed in 47 WHO African countries that found that there are

more dentists than dental assistants and dental therapists[5].

Another challenge highlighted inthe present study was linked to supply chain management, where
it was found that there was a lack of adequate dental equipment, instruments and materials, which
was impacting the delivery of preventive dental care[27]. A study performed in Fiji identified the
same challenge where OHPs complained of a lack of proper equipment and materials because the
available materials were often of poor quality, and this prevented them from performing good-
quality work. OHPs in Fiji revealed that they could not offer all services within their scope of
practice because they did not have the necessary resources[28]. Similarly, in India, public facilities
have been reported to be poorly maintained or to have outdated dental equipment[25]. In the
current study, many of the health facilities did not have polishing paste, supposedly because it is

not covered by CBHI and patients cannot pay for it themselves. Apart from the polishing paste,
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periodontal probes were also absent in one health facility and prophylactic prophy angles and

prophy cups or brushes were inadequate in general.

However, the results of the current study differ from the results of a study conducted in Tanzania,
where only a quarter of facilities had fully functional dental units. OHPs felt that their profession
was being neglected[17]. This feeling of being unvalued was shared by the participants in the
current study, where most of the OHPs felt that dental services were not valued, and therefore,
there were often lags in the procurement process, particularly for preventive equipment and
materials. Similar results were reported in Nigeria, where it was found that in the allocation of
health resources, decision-makers pay little or no attention to oral health prevention programs
because oral healthcare is seen as insignificant compared to other health areas[6]. Similarly, in
India, it was found that when primary healthcare systems are implemented, dental health is not

included, leaving dental healthcare far behind other health services in the procurement process[25].

Patients’ education and service rendering was another challenge identified in the present study. In
fact, participants revealed that it was very challenging and quasi-impossible to provide a full
package of oral health education to every patient. They only managed to give postoperative
instructions and do some chairside oral health education, especially related to the treatment
rendered. Needleman et al. highlights that postoperative oral hygiene instructions may be more
important than mechanical plaque removal itself[23, 29]. However, oral health education is vital
and it should be comprehensive. Its importance was demonstrated in Honduras, where it was
proven that education can help prevent oral diseases because it is key to behavioral change[30].
Communities should be encouraged to adopt healthier lifestyles to live longer and healthier
lives[31].

The patient's lack of knowledge and awareness about oral health results in seeking dental care only
when they are in pain, and at that time, more invasive and expensive care is necessary. This leads
to periodontal problems often being discovered at a late stage when the teeth have already become
mobile. In fact, patients worry about their oral health when it becomes painful, and they often visit
OHPs with complications from dental caries[26]. The literature shows that early check-ups and
regular preventive care reduce the need for dental operative services[32, 33]. Therefore, in the
present study, when asked about the mobile dental application, the participants were eager to see

amobile application installed on patients’ mobile phones to continuously offer updated oral health
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information to people, even in rural and remote areas from which most patients come. In fact, it is
believed that mobile phones offer a promising strategy for dentists to reach the public and deliver
low-cost oral health education and promotion. A mobile application for oral health education has
been proven to be effective in teaching patients how to take care of their oral health at their
convenience time and place[34]. The application can be used to teach the population how to
maintain good oral health, proper diet and nutrition, and the importance of routine dental check-
ups[35]. If people know how to prevent oral diseases, there will be less dental patients, and
patient/practitioner ratios will improve[33]. The importance of oral health promotion and
education has been also highlighted in other studies. Interventional studies performed in different
countries demonstrated that the attitude of parents who were taught about the oral health of their
children in the intervention group improved and contributed to a significant increase in the oral
health status and oral hygiene of their children, while in the control group, children had more dental
caries on their deciduous molars [36-38]. This confirms that strong oral health promotion and

education is the basis for oral health solutions.

In the present study, the findings showed that another challenge faced by OHPs is linked to
strategic management and administration. In fact, it is the responsibility of health facility
administration to ensure the recruitment of enough staff and the procurement of dental equipment,
instruments and materials. However, even the few dental personnel who are available feel
demotivated. Even though OHPs reported that they love their profession, they could not deny that
it is tiresome, and therefore, they would appreciate and be more motivated if they received
financial bonuses and incentives such as tea breaks during work hours. Suga et al. found that
dentists are willing to provide dental caries preventive measures if their payment schemes were
fairer[33]. The management of public health facilities should review their planning system so that
dental services are equipped with essential equipment, basic dental materials and instruments, and

proper human resources.

The management should also advocate for patients in insurance companies or provide standard
required treatment regardless of the insurance cover. In this study, it was discovered that the fact
that dental polishing is not covered by CBHI discourages dental practitioners from providing
dental polishing treatment, which hasten the dental plaque accumulation on scaled dental surfaces.
The impact of medical insurance on dental service accessibility hasalso been raised by Ramraj et

al. and Uguru et al. because they found that not only low-income groups but also middle-income
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groups struggle to access comprehensive dental care because some acts are not covered by medical
insurance[6, 39]. Therefore, it is not enough to have health insurance, and the insurance should
also cover at least all basic dental services, such as dental polishing[40, 41]. The problem of health
insurance covering only a few dental procedures was also found in Nigeria, where some treatments
are not provided due to lack of insurance coverage[6]. The CBHI should be encouraged to cover
polishing because it is not very expensive. Basic oral healthcare coverage, including prevention,
is patients’ right. Efforts must be made by the management to support and advocate for preventive
oral health service coverage, such as polishing, through the CBHI. This is highlighted by Bastani
et al., who emphasized that policymakers in low- and middle-income countries should aim to
improve populations’ access to oral and dental services through advocacy for comprehensive
insurance packages because millions of people in developing countries cannot afford basic dental
treatments [42]. Hayashi et al. said that dentistry should move from an increasingly unaffordable

curative model to a cost-effective evidence-based preventive model[31].

55 LIMITATIONS
The limitations of this study were that participants were recruited from a single district and only
from government institutions, which means the results cannot be generalized to the entire country
or private facilities. The quantitative data that was measured using an observation checklist was
not all-inclusive, and some of the equipment/consumables required (e.g: Restorative materials,
airotors) were not included in the audit. The study checklist focused on preventive oral hygiene

services and required materials and equipment used for scaling and polishing.

5.6 CONCLUSIONS
The challenges faced by OHPs in Nyarugenge District were related to the following areas: human
resources, supply chain management, patients’ oral health awareness and service rendering, and
strategic management and administration. However, if one looks closely, it appears that all these
challenges can be addressed by proper management of the health facilities. Proper and optimal
strategic management of public health facilities would make an effort to recruit enough personnel
which would free time for OHPs to provide oral health education and other preventive measures
and to do comprehensive oral examinations, which would allow early detection and, thus
prevention, of oral diseases[43]. Furthermore, the management of health facilities should ensure
the availability of dental equipment, instruments and materials for oral disease prevention and

remember to prioritize community oral health promotion and education in order to raise the
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awareness of the population towards oral health. Well-established community preventive
interventions such as a dental mobile application would help improve patient/provider ratios
because it would raise awareness about oral health and help people adopt healthy behaviors.
Finally, the management of health facilities should also make advocacy for the population so that
more dental services would be covered by health insurance, especially the CBHI, which would
allow OHPs to offer oral health services without constraints.
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CHAPTER 6
The Feasibility and Acceptability of a Mobile App for Oral Health
Education Among Adults in Rwanda

6.1 BACKGROUND

Oral health is an essential part of overall well-being. However, many adults lack adequate
knowledge and practice for good oral hygiene. Patients have traditionally accessed advice about
their oral health from the dental team, but this has limitations such as inequalities and disparities
in oral health services, especially to remote and underservice populations as well as lack of
affordability to dental care. Mobile health applications that utilise mobile phones and other
wireless technologies offer a promising alternative for delivering oral health education in a
convenient, accessible, and engaging manner.[1] Mobile Apps have been shown to support
education, business enterprise and service delivery. In health using information technology,
consultations and self-care can be performed, to promote patients' autonomy and independence.[2]

Mobile Apps for oral health education have been found to promote regular tooth brushing, thus
decreasing plaque and gingival index[3] as well as improving and enhancing oral hygiene.[4]
Mobile phones are among the tools through which messages can be cascaded, including other
electronic mediasuch as emailsas well as printed documents; news apers and pamphlets. Patients
and healthcare providers can now stay in touch from any location to continue their follow-up, ask
questions, collect information, inquire about or provide test results, schedule appointments, send
reminders, and renew prescriptions.[5] However, certain demographic factors, such as older age,
living alone, having less education, earning a lower salary, and residing in a rural area were found

to be linked to low utilisation of eHealth services.[6]

The BrushDJ oral health App is designed to motivate users to brush their teeth effectively to be
used for both children and adults. The App provides basic oral health education through videos,
text, and pictures tailored for various age groups. Its primary focus is to enhance users' oral hygiene

by demonstrating appropriate techniques.[7] The BrushDJ oral health App has been reported to
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motivate the participants to brush.[8] In a study conducted in Brazil, people who received oral
health education from a mobile oral health App have reported to retain the acquired knowledge
better than those who received verbal health guidance alone.[9] Mobile oral health Apps can offer
oral health education in a fun way, which attracts children and youngsters. While playing, they can
learn useful methods to promote their oral health.[10] Therefore, all levels of the population can
benefit from oral health education through smartphones, even in remote rural areas, provided there
is internet coverage and availability of data to access the mobile App. Parents and caregivers can
access information on how to maintain good oral hygiene for their children, thus helping to reduce
early childhood caries.[11] Mobile Apps for oral health education have been developed elsewhere,
and some studies have shown that they can effectively improve oral health knowledge and
practices.[12]Based on the literature findings above, mobile technology has the potential to help
the community to maintain their oral health. However, there is scarcity of information regarding

mobile oral health App usage in Africa for oral health promotion.

The Government of Rwanda has started to invest more in information communication
technology(ICT) to speed up the delivery of online health services.[13] Mobile phone penetration
in Rwanda is high, with over 80% of the population owning a mobile phone.[14] Mobile health
interventions have been successfully implemented in Rwanda for other health issues, such as
maternal and child health.[15, 16] Rwanda has adopted online health consultations, allowing
patients to receive expert advice from health professionals through phone calls. In addition,
Rwanda has started a project called Connect Rwanda, which focuses on bringing one smartphone
per family; many citizens have received their smartphones to access online services easily.[17]
Despite these encouraging strides, there are still gaps inthe delivery of online oral health education
and information to the communities. The widespread use of smartphones presents an opportune
moment to improve oral health education and promotion interventions.

The aim of the study is to assess the acceptability and feasibility of using the mobile oral health
Apps, BrushDJ, to enhance patients' oral self-care at home in Nyarugenge District of Rwanda. The
study will contribute new knowledge on the feasibility and acceptability of a mobile oral health
App designed to improve oral health. The null hypothesis (Ho) is that the mobile application was
not acceptable and feasible to use for oral health education. The alternate (HA) is that the mobile

application was feasible and acceptable for oral health education. This study formed part of a larger
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doctoral study titled "Oral Health in Nyarugenge District of Rwanda: The Role of Mobile
Applications in Oral Health Education”.

6.2 METHODS
6.2.1 Study design
This study involved a cross-sectional survey designed to evaluate feasibility and acceptability of
mobile App for oral health education. This was done through a survey directed to individuals

attending public health facilities in Nyarugenge District, Rwanda.

6.2.2 Setting
Rwanda is one of Africa's 56 countries. It is divided into four provinces and Kigali City, which
serves as the capital. The four provinces are subdivided into 27 districts, while Kigali City itself
comprises three districts: Gasabo, Kicukiro, and Nyarugenge, according to government data.[18,
19] The study took place in July 2022 in the Nyarugenge District of Kigali City, Rwanda.

6.2.3 Study population and sampling strategy
The study participants were recruited from adult patients who are 18 years old and above who met
inclusion criteria such as owning a smartphone and being able to understand English or French.
These participants have been recruited in our previous study which assessed oral health
knowledge, attitudes, and practices (KAP) across three health centres in Rwanda. The KAP study
recruited 426 participants, and the sample included only individuals who were 18 years old or
older and lived in Nyarugenge District, Rwanda.[20] During sampling for the current study, some
participants out of 426 were excluded (n=315) because either they did not own a smartphone, they
did not sign the informed consent, or they were not able to understand English or French.
Eventually, 111 participants constituted the total sample size of the current study.

6.2.4 Inclusion criteria
The included participants were those who agreed to receive the mobile app, signed consent, those
who could understand English or French, and owned a smartphone capable to receiving the oral

health education App.

6.2.5 Exclusion criteria
The participants who did not sign the consent form, patients under 18 years, and those having a

learning disability.

141



6.2.6 Measurements
We evaluated the feasibility and acceptability of the BrushDJ mobile App using a structured
questionnaire. The questionnaire was adapted from reported studies.[21, 22] The adaptations were
done to make the questions applicable for users’ perceptions of the App’s impact on their homecare

oral health practices.

Demographic details were collected, with respondents being asked to provide information on their
age, gender, and education level as well as their oral health habits. Additional details regarding
App usage were also assessed. This included their perceptions, experiences and likeability of the
App and its usefulness during the study period. A standard 5-point Likert scale was employed to
measure these items, with responses ranging from Strongly disagree (+1) to Strongly agree (+5).
The scoring was done on all questions and was analysed by combining all questions to obtain a
total, which was converted to a percentage. An arbitrary cut-off points were set, where a score less
than 70% was classified as 'Less acceptable’ /"Less feasible"”, and a score of 70% and above
indicated 'Highly acceptable'/ ‘Highly feasible’[23].

Ten items concerning the App's likability and engagement (its acceptability) were evaluated using
the Likertscale. A composite variable was created by summing the scores of these ten items. The
reverse scoring was done on five questions, and then acceptability was analysed by combining all
questions to obtain a total score of 50 (100%). A score less than 70% was classified as 'Less

acceptable’, and a score of 70% and above indicated 'Highly acceptable’.

Feasibility was assessed using a standard 5-point Likert scale, with response options ranging from
Strongly disagree (+1) to Strongly agree (+5). The analysis was done by combining all questions
to calculate a total score of 65 (100%). A score less than 70% was considered "Less feasible",

while a score above 70% was considered "Highly feasible".

The items were pilot-tested with ten individuals. This involved having participants complete the
entire survey and then discussing each item with them to ensure that the items were clearly written,
understandable, and interpreted as intended. The general Cronbach alpha for the entire sample on

acceptability variables was 0.712 and 0.961 for feasibility.
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6.2.7 Procedure
A total of 111 adult participants received the BrushDJ mobile oral health App and were asked to
use the app at home for a period of three months. The BrushDJ oral health App is designed to
motivate users to brush their teeth effectively. The App provides basic oral health education
through videos, text, and pictures tailored for various age groups. Its primary focus is to enhance
users' oral hygiene by demonstrating appropriate techniques. Once BrushDJ is downloaded, it can
be used offline without the need for a regular internet connection. However, during installation,
participants were given an internet package for three months, even though they could access the
App regularly without needing internet. At the end of the three months of using the App, an online
structured questionnaire was used to collect data. The group who used WhatsApp received the
guestionnaire on their smartphone and filled in data in Google form. For those who were not
available for the WhatsApp online follow-up data collection, a telephonic interview was

conducted.

6.2.8 Data analysis
Analysis was conducted using Stata software version 16 (StataCorp, College Station, TX).
Descriptive statistics, such as frequency and percentage distributions, were employed to assess the
feasibility and acceptability of the mobile oral health App. Bivariate analysis using the Chi-square
test was performed to measure the level of association between demographic characteristics and
the mobile oral health App acceptability and feasibility. The significance level was established at

0.05, with a 95% confidence interval.
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6.3 RESULTS

6.3.1 Demographic characteristics of the participants
The response rate was 81%, with 90 out of 111 participants taking part in the study. The age
category 18-27 years was predominant, and over half of the participants were male 51.11% (n=46).
Most of the participants 68.89% (n=62) had completed high school level of education (Table 6.1).

Table 6. 1 Demographic characteristics of the participants

Demographics(n=90) Frequency Percentage
Age

18-27 years 40 44.44
28-37 years 28 31.11
38-47 years 13 14.44
48-57 years 7 7.78
58 and above 2 2.22

Gender
Male 46 51.11
Female 44 48.89
Level of education

Less than high school 5 5.56
High school 62 68.89
College or university up to bachelor 22 24.44
College or university up to master or PhD 1 1.11
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6.3.2 Frequency and percentage distribution of oral hygiene behaviour
The majority of the participants brush their teeth twice a day, in the morning and at night, before
going to bed (88.89%, n=80). Just over a third of participants use dental floss every day (36.67%,
n=33), and most of them thought that regular oral cleaning, brushing teeth, and interdental cleaning
are important (95.51%, n=85) (Table 6.2).

Table 6. 2 Frequency and percentage distribution of oral hygiene behaviour

Habitual variables on oral hygiene Yes n (%) No n (%)
I brush my teeth when | wake up and before going to bed | 80 (88.89) 10 (11.11)
every day.

I clean my teeth (brush or rinse with water) after meals. 79 (87.78) 11 (12.22)
I use floss to clean my teeth every day. 33 (36.67) 57 (63.33)
I use an interdental brush to clean my teeth every day. 29 (32.22) 61 (67.78)
I think regular oral cleaning (brushing and interdental | 85 (95.51) 4 (4.49)
cleaning) is important.

I think I have good oral health. 71 (78.89) 19 (21.11)
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6.3.3 Oral health app acceptability among the participants
Over half of the participants strongly agreed that they liked to use the App frequently, found the

App not complex, think that they would not need the support of a technical person to be able to

use the App and imagine that most people would learn to use the App very quickly (Table 6.3).

Table 6. 3 Distribution of oral health App acceptability among the participants

Oral health App acceptability Strongly | Disagree | Neutral Agree Strongly
assessment(usability) disagree n (%) n (%) n (%) agree
n (%) n (%)
I think that | would like to use this App
1(1.11) 5 (5.6) 1(1.1) 26 (28.9) | 57 (63.3)
frequently.
I found the App unnecessarily complex. 45 (50) 23 (25.56) | 3(3.33) | 11 (12.22) | 8 (8.89)
I thought the App was easy to use. 7 (7.78) 6 (6.67) 6 (6.67) | 32(35.56) | 39 (43.33)
I think that I would need the support of a
] ] 46 (51.11) | 25(27.78) | 4 (4.44) | 7 (7.78) |8 (8.89)
technical person to be able to use this App.
I found the various functions in this App
. 2 (2.22) 0 9 (10) 38 (42.22) | 41 (45.56)
were well integrated.
I thought there was too much
i ) o 36 (40) 35(38.89) | 8(8.89) | 8(8.89) 3(3.33)
inconsistency in this App.
I imagine that most people would learn to
. : 3(3.33) 7 (7.78) 4 (4.44) | 30(33.33) | 46 (51.11)
use this App very quickly.
I found the App very cumbersome to use. | 41 (45.56) | 33 (36.67) | 3 (3.33) | 8 (8.89) 5 (5.56)
| felt very confident using the App. 6 (6.67) 2 (2.22) 7(7.78) | 34 (37.78) | 41 (45.56)
I needed to learn a lot of things before |
. . ) 34 (37.78) | 29 (32.22) | 4 (4.44) | 13 (14.44) | 10 (11.11)
could get going with this App.
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6.3.4 Oral health mobile App feasibility among the participants
Most of the participants strongly agree that they like the oral care video in the App, which helps
them learn more about oral cleaning, and most of the participants confirm that the App is very
useful (Table 6.4).
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Table 6. 4 Frequency and percentage distribution on the feasibility of oral health App

Strongl . Strongl
Oral health App feasibility disagrg']e)e/ Dlsagree Neutral Agree agregey
n (%) n (%) n (%) n (%) n (%)
I like the oral care video, which
teaches me more about oral 0 0 2 (2.22) 34 (37.78) 54 (60)
cleaning.
I like the App pointing out the
focal areas in my mouth, which 0 0 5(5.56) | 47 (52.22) | 38 (42.22)
requires extra care.
I like the App showing the focal
areas that require extra cleaning 0 0 7(7.78) | 47 (52.22) 36 (40)
effort in the dental chart.
I like the App reminding me to
use dental floss and an interdental | 5 (5.56) 1(1.11) 18 (20) | 33 (36.67) | 33 (36.67)
brush to clean my teeth.
I like the App user manual, it
makes the App easy to Use. 9 (10) 4 (4.44) | 23 (25.56) | 21 (23.33) | 33(36.67)
I like the App rewarding with
applause when achieving a 18(20) 3(3.33) 9 (10) 33 (36.67) 27 (30)
toothbrushing session.
I like that the App provides
important information about oral 3(3.33) 1(1.11) 6 (6.67) | 28 (31.11) | 52 (57.78)
health.
I like the App allowing me to set
reminders for tooth brushing. 11 (12.22) 2 (2.22) 6 (6.67) 36 (40) | 35(38.89)
I like the App reminding me to
brush my teeth according to the 11 (12.22) 2 (2.22) 6 (6.67) | 31(34.44) | 40 (44.4)
time that is set.
| like the App reminding me to 1 11 113 | 5 (220) | 4(444) | 33 (36.67)| 41 (45.56)
clean my teeth at least twice a day.
I like the App showing the
progress of tooth brushingwith an
arrow, which directs me to brush 0 0 6(6.67) | 33(36.67) | 51(56.67)
my teeth in the same order.
I like the background music played
in the App during the| 13 (14.44) 5 (5.56) 6 (6.67) | 38 (42.22) | 28 (31.11)
toothbrushing session.
The App was useful. 1(1.11) 1(1.11) 2(2.22) | 23 (25.56) 63 (70)
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6.3.5 The association between mobile App acceptability, feasibility and
demographic characteristics

Table 6.5 shows the association between the App acceptability, feasibility, age group, gender and
level of education. In terms of acceptability, the app was found to be highly acceptable by the
majority across all age groups, though there were variations. Participants aged 18-27 years showed
the highest rate of acceptability (92.5%), whereas those aged 48-57 years had the lowest (71.43%).
The differences in acceptability among age groups were not statistically significant (p=0.415).
However, the app's feasibility varied more notably by age. Younger participants (18-27 years)
reported higher feasibility (82.5%) compared to older participants (48-57 years), who found it less
feasible (42.86%), with a statistically significant difference (p=0.013).

Gender did not significantly impact acceptability or feasibility, with both male and female
participants showing similar levels of high acceptability and feasibility (p=0.126 for acceptability
and p=0.623 for feasibility). Education level significantly influenced both acceptability and
feasibility. Participants with less than a high school education found the app less acceptable (20%)
and less feasible (40%), compared to those with higher education levels, where acceptability and
feasibility rates were notably higher. High school graduates showed an 90.32% acceptance rate,
and those with college or university education up to a bachelor’s degree had a 95.45% acceptance
rate. The differences in acceptability and feasibility across education levels were statistically

significant (p=0.000 for acceptability and p=0.038 for feasibility).
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Table 6. S Oral health App overall acceptability and feasibility among the participants by

demographic characteristics

Less Highly P value Less Highly P value
acceptable | acceptable feasible feasible
n (%) n (%) n (%) n (%)

Age group
18-27 years | 3(7.5) 37(92.5) 0.415 7 (17.5) 33(82.5) 0.013
28-37 years | 5(17.86) 23 (82.14) 1(3.57) 27 (96.43)
38-47 years | 1(7.69) 12 (92.31) 2 (15.38) 11(84.62)
48-57 years | 2 (28.57) 5 (71.43) 4 (57.14) 3 (42.86)
58 and above | 0 2 (100) 0 2 (100)
Total 11 (12.22) | 79 (87.78) 14 (15.56) | 76 (84.44)
Gender
Male 8 (17.39) 38 (82.61) | 0.126 8 (17.39) 38(82.61) | 0.623
Female 3(6.82) 41 (93.18) 6 (13.64) 38 (86.36)
Total 11 (12.22) | 79 (87.78) 14 (15.56) | 76 (84.44)
Level of education
Less than | 4 (80) 1(20) 0.000 3 (60) 2 (40) 0.038
high school
High school | 6 (9.68) 5(90.32) 9 (14.52) 53 (85.48)
College or | 1(4.55) 21 (95.45) 2 (9.09) 20 (90.91)
university up
to bachelor
College or |0 1 (100) 0 1(100)
university up
to master or
PhD
Total 11 (12.22% | 79 (87.78) 14 (15.56) | 76 (84.44)
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6.4 DISCUSSION
This study was the first to evaluate the feasibility and acceptability of a mobile App for oral health
education among the adult population in Rwanda. The results of our study indicate strong support
for the alternate hypothesis (Ha), which posits that the mobile application was both feasible and
acceptable for oral health education among adults in Rwanda. This study showed that the
acceptability and feasibility of the mobile app were higher among younger participants and were
also influenced by education level, with those having less than a high school education reporting
lower acceptability and feasibility compared to those with higher education. The predominating
age group in our study finding was contrary to Underwood and colleagues, [8] who reported higher
participation of 7-12 years age group in their study. The age group differences may be attributed
to the sample selection of our study being limited to adults who were 18 years and above.
Numerous mobile applications focused on preventing tooth decay primarily emphasize the
promotion of effective oral hygiene habits and are tailored towards the young adult population. [24]
The younger age group in our study were the 18-27 years old, and different educational attainment
measured by levels of educationdid influence the usage patterns of mobile App. Differentresults
were reported in India, where individuals’ education level was not related to the usage of mobile
applications for assistance with oral health care.[11] Hedge and colleagues have found that low
literacy rates negatively affected the ability to read the information channelled through mobile
phones.[5] The study conducted in Kenya revealed findings similar that low literacy rates
negatively affected the ability to read the information channelled through mobile phones.[25]
Future larger studies are warranted to study how these exposure factors may influence the use of
mobile oral health App inthis setting, more so that age and gender have been evidence to influence
individuals' information processing.[26] The participants in the present study reported good oral
hygiene behaviours and positive attitudes, although there is room for improvement on some

behaviours, such as use of interdental hygiene aides.

The participants in our study demonstrated a high level of acceptability of the mobile oral health
App, which is slightly higher than the 73.7% reported in Boston and 77% reported in Malaysia.[27,
28] High acceptability of the mobile App implies intention to use the App as reported by VVenkatesh
et al.[26] thus, our finding signals hope for the App usage. Low acceptability of the mobile App
can indicate poor popularity, and has been reported that it can affect the utilization.[29] The high

acceptability of the mobile App is commendable as it has resulted in frequent home use of the App
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in other settings[30] and, therefore, presents hope in oral health education and home care

procedures to eliminate oral disease.

The strong agreement with frequent App usage aligns with research in the field of user acceptance
of technology, which emphasizes the importance of perceived usefulness as a key determinant of
adoption. Studies based on the Technology Acceptance Model have consistently found that users
are more likely to adopt a technology if they perceive it as useful.[31] The high proportion of
participants expressing a desire for frequent App usage in our study suggests that they perceive
the App as valuable and relevant to their needs, which is consistent with Technology Acceptance
Model. The finding that participants did not find the App complex and believed they would not
need technical support to use it echoes the importance of perceived ease of use in technology
adoption. According to Technology Acceptance Model, perceived ease of use influences users'
attitudes towards and intentions to use a technology.[31] Research has shown that users are more
likely to adopt technologies that are perceived as easy to use.[32] Therefore, the absence of
perceived complexity and the belief that technical support would not be necessary by the
participants in our study suggests that the App is intuitive and user-friendly, which are critical

factors in encouraging adoption.

Participants in our study believed that most people would quickly become adept at using the App,
indicating positive perceptions of the App's learnability. This aligns with research emphasizing the
importance of perceived ease of learning in technology acceptance.[32] When users believe that a
technology is easy to learn, they are more likely to adopt itand perceive it positively. In our study,
it was observed that participants expressed a high level of confidence in utilising the mobile oral
health App. The participants reported that the various features within the application were
seamlessly integrated and user-friendly. Our observations align with the previously reported study,
which indicated that individuals utilising oral health applications on their mobile devices exhibit
great enthusiasm in endorsing and discussing their experiences.[33] This enthusiasm further

extends to encouraging othersto utilise the application, primarily due to its user-friendly interface.

Almost 85% of the participants in our study found the mobile App for oral health education to be
feasible and usable. These results are commendable because it means the participants were able to
navigate the App, understand the contextual meaning of the text and respond to the contents in the

App. Feasibility of a programme or project is one of the initial steps necessary before a roll-out of
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a programme. According to Nicholas and Chinedum in 2017, feasibility determination is important
to determine if a proposed programme or, project, service or business will be successful.[34] The
high feasibility findings in our study reflect the positive reception of the mobile applicationamong
participants, indicating its potential to deliver oral health education effectively. Similar results
were observed in a study involving the elderly, where mobile-based video education programs
were found to be beneficial and effective. These programs improved patients’ knowledge,
satisfaction with education, and implementation of the educational content, ultimately enhancing
their oral health.[35]

The overwhelming agreement regarding the oral care videos by the participants in our study
suggests that the participants found them informative and engaging. This aligns with previous
research highlighting the effectiveness of multimediainterventions, such as videos, in promoting
health education and behaviour change.[36] The videos likely served as valuable educational tools,
providing visual demonstrations of proper oral hygiene practices and enhancing participants'
understanding of oral care techniques. Participants in our study reported that they liked the
reminders within the App, which prompt them to brush their teeth twice a day and perform
interdental cleaning using dental floss or an interdental brush. The App reportedly conveyed
valuable oral health information, and this creates hope that it may be a great tool for oral health
awareness. Mobile Apps for oral health education are useful for adults, adolescents, and children
because it has been shown that the information provided through smartphones by parents positively
impacts children's oral health awareness.[11, 37] Feasibility determination is needed for the growth
of the programme to advocate for its continuance.[34] Since mobile Apps are useful, they should
be promoted, and their messages should be designed according to the end users. In addition, the
content should be theoretically grounded and empirically validated.[38]

The limitations of our study include its cross-sectional design and the fact that it focused
exclusively on a specific group of participants in Rwanda. As a result, the findings may not reflect
the broader views of the entire population of Rwanda regarding mobile Apps for oral health
education. Therefore, it is essential to consider that some people may be receptive to using mobile
Applications, whereas others might opt to maintain with the conventional clinical care offered in
dental clinics. Moreover, the sample size and location do not represent the entire city, which limits
the generalizability of the findings. Additionally, the feasibility data were exclusively obtained

through the survey questionnaire given to participants who used the BrushDJ App. Future
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extensive studies should include a more direct evaluation of the preferences of different oral health
practitioners regarding the App's features alongside other oral health outcomes experienced by

patients receiving the interventions to assess the effectiveness of the App.

6.5 CONCLUSIONS

Our study found that the acceptability and feasibility of mobile App for oral health education
(BrushDJ) was high among the study participants. The mobile App for oral health received positive
reviews from the user-friendliness nature. Our study findings have highlighted that the mobile
App for oral health (BrushDJ) is a useful tool that might contribute to behaviour change and the
adoption of adequate oral health measures. Population groups of all ages and backgrounds, even
those in remote areas where the accessibility to dental services is challenging, can use the mobile
App for oral health education.
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CHAPTER 7
Discussion and Recommendations

This chapter presents the integrated discussion of this PhD from the key findings (Chapter 4
to 6) and have proposed recommendations to be considered for future oral health research,
oral health policy and oral health practice in Rwanda. The chapter is divided into 5 sections.
Section 7.1 provide the introduction. Section 7.2 specify and discuss the summary of the key
findings. Section 7.3 highlights the scholarly contributions and the policy impact of the PhD.
Section 7.4 contains the recommendations for future research. Section 7.5 presents the

conclusions from the PhD Studies.

7.1 INTRODUCTION

This mixed methods PhD study has generated new knowledge on oral health knowledge, attitude
and oral hygiene practices, evaluation of oral health services and challenges facing dental
professionals in offering oral health services to the community. New knowledge also generated on
the role of mobile app for oral health education in terms of feasibility and acceptability among
adults in Nyarugenge district, Rwanda. The high burden of oral diseases had been reported globally
[1]. The commonly reported oral diseases are dental caries and periodontal diseases which was
found to be a strongly associated with poor oral health behaviour[2, 3].The Rwanda oral health
survey found poor oral health status among community with 70% of individuals not utilizing oral
health services while majority of adults were reported to have oral debris and dental calculus [4].
Oral diseases are still a burden in Rwandan communities as indicated by previous studies [4-6].
The finding of my PhD study has shown the lack of oral health knowledge and poor oral practices
in the community[7]. Furthermore, it has reported on challenges that the oral health professionals
(OHPs) are faced with when providing dental services to the communities in Nyarugenge,
Rwanda[8]. Moreover, the availability of dental materials and instruments in the dental facilities
and the considerations human resources to address OHPs-to-patient ratio will enhance better
service provision. Our findings underscore the need for health policy makers to develop proactive
strategies that prioritize prevention of oral diseases. Such strategies have been recommended by
our findings to be homebased oral health promotions using mobile App oral health education to

promote oral health behaviour[9].
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7.2 KEY FINDING AND DISCUSSION

7.2.1 Summary of key findings

The key findings of my PhD are summarized in Table 7.1 and discussed below.

Table 7. 1 Key PhD findings

Key PhD findings

e Poor oral health knowledge was found in 42% (n=179) of the participants.
e Poor oral health practices were found in 67.37% of the participants while 12.44% (n=53)

showed poor oral health attitudes.

e The OHPs said that it is almost impossible to give oral health education to every patient they
examine due to the heavy workload.
e The OHPs reported that they do not have sufficient equipment, instruments, or materials to offer

dental care to the community.

e Lack of dental assistants and poor oral professionals to patient’s ratio.

e The adequacy was low concerning the ultrasonic unit (n = 3; 42.86%) and ultrasonic scaler
tips were inadequate.

e Only two (28.57%) health facilities had a demonstration model, toothbrush, and dental
floss for interdental cleaning during oral hygiene instruction.

e None of the health facilities used a mobile application for oral health education.

e The mobile App oral health education was found to be highly acceptable at 87.78% (n=79)
among the participants.
e The mobile App for oral health education was highly feasible at 84.44% (n=76) for the

majority of the participants.
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7.2.2 Oral health knowledge, attitude, and oral hygiene practices

My PhD study was among the first to report data on oral health knowledge, attitudes, and oral
hygiene practices of adult participants in Nyarugenge, Rwanda[7] . Poor oral health knowledge
was found in 42% of the participants, indicating that a substantial portion of the population lacks
adequate understanding of oral health principles. This finding underscores the importance of
educational interventions to improve public knowledge about oral hygiene, dental care, and the

consequences of poor oral health.

The high prevalence (67.37%) of poor oral health practices among the participants is alarming as
it suggests a widespread failure to adopt recommended oral hygiene behaviors such as regular
brushing, flossing, and dental check-ups. Poor oral health practices can lead to various oral health
problems including cavities, gum disease, and tooth loss[1, 10, 11], highlighting the need for

targeted interventions to promote better oral hygiene habits.

The finding that 12.44% of participants exhibited poor oral health attitudes indicates a subset of
individuals may hold beliefs or attitudes that contribute to neglecting oral health. These attitudes
could include beliefs about the importance of oral hygiene, perceptions of dental care, or cultural
factors influencing oral health behaviors. Addressing these attitudes through education and

awareness campaigns may help improve overall oral health outcomes.

Further analysis could explore potential factors contributing to the observed patterns of poor oral
health knowledge, practices, and attitudes. Socioeconomic status, educational background, access
to dental care, cultural beliefs, and personal habits are among the factors that could influence oral
health behaviors. Understanding these factors can inform the development of targeted

interventions to address specific barriers to oral health.

The findings from this PhD on oral health knowledge, attitude, and oral hygiene practices
underscore the importance of public health initiatives aimed at promoting oral health literacy,
improving access to dental care, and fostering positive attitudes toward oral hygiene. Educational
programs targeting both individuals and communities can play a critical role in raising awareness
about the importance of oral health and encouraging the adoption of healthy oral hygiene practices.
The ecological model posits that intrapersonal factors, such as biological and psychological

factors; interpersonal factors, such as social support from friends or family members;
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organisational factors comprise health system factors; community encompasses cultural factors or
norms and policy influence the behaviour of interest[ 12]. The use of ecological model for this PhD
conceptual framework has revealed that several factors can be linked together to influence better
health outcome[13]. The findings on oral health knowledge, attitudes, and oral hygiene practices
of adult participants in Nyarugenge, Rwanda are explained according to the conceptual framework
as follow:

At the individual level, education, socioeconomic status, personal beliefs, and attitudes
significantly influence oral health knowledge, practices, and attitudes. Those with lower education
levels or socioeconomic status may face barriers to accessing oral health information and
resources, resulting in inadequate oral health knowledge and practices. Likewise, individuals with
negative attitudes toward oral health may be less inclined to participate in preventive measures
like regular brushing and dental check-ups.

Interpersonal relationships and social networks also impact oral health behaviors. Family
members, friends, and peers can provide information, support, or encouragement for maintaining
good oral hygiene habits. Conversely, social norms within communities or social circles may
contribute to the adoption of unhealthy behaviors or attitudes towards oral health. For example,
cultural beliefs or social norms might discourage seeking dental care or prioritize other health

concerns over oral health.

The community environment includes factors such as the availability of dental care services, oral
health education programs, and other resources that support oral health. Communities with
restricted access to dental care or preventive services may see higher rates of poor oral health
outcomes due to obstacles inreceiving treatment and preventive care. Moreover, community -based
interventions, such as school-based oral health education programs, mobile health apps, and

community dental clinics, can enhance oral health knowledge and practices among the population.

Organizations such as schools, workplaces, healthcare facilities, and community-based groups
contribute to promoting oral health through various policies, programs, and services. Schools can
incorporate oral health education into their curricula, while workplaces might offer incentives for
employees to engage in preventive dental care. Healthcare facilities can provide accessible and

affordable dental services, especially for individuals in underserved communities.
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Government policies and regulations establish the broader socio-political framework affecting oral
health behaviors. Policies on healthcare financing, public health initiatives, community water
fluoridation, and regulations regarding oral hygiene products can influence population-level oral
health outcomes. Effective policies that emphasize preventive care and address social determinants

of health can help reduce disparities in oral health outcomes across different groups.

7.2.3 Oral health services and challenges faced by oral health practitioners

The findings of our study showed that OHPs found it almost impossible to provide oral health
education to every patient due to heavy workloads. This underscores a significant barrier to
preventive care provision by OHPs to individuals in the community. Adequate oral health
education is crucial for promoting good oral hygiene practices and preventing dental problems.
The inability to allocate sufficient time for education may result in missed opportunities to
empower patients with essential knowledge and skills for maintaining oral health. The shortage of
dental assistants and high OHP-to-patient ratio exacerbates the challenges faced by OHPs in
delivering dental care. Insufficient staffing levels can lead to increased workload, reduced
efficiency, and compromised quality of care. Addressing staffing shortages and optimizing OHP-
to-patient ratios are essential to improve the accessibility and quality of dental services provided

to the community.

The reported lack of necessary equipment, instruments, and materials poses a significant obstacle
to providing comprehensive dental care to the community. Lacking access to essential resources,
OHPs may struggle to perform necessary dental procedures effectively, which might compromise
oral health outcomes among patients. Adequate investment in dental infrastructure is essential to

address these resource constraints and ensure quality care delivery.

The low adequacy concerning the ultrasonic unit and inadequate ultrasonic scaler tips highlight
deficiencies in equipment maintenance and quality control. Proper maintenance and calibration of
dental equipment are crucial for ensuring accurate diagnosis and effective treatment. Additionally,
ongoing training and professional development are essential to equip OHPs with the necessary
skills and knowledge to use dental equipment effectively and safely. The limited availability of
demonstration models, toothbrushes, dental floss, and the absence of mobile applications for oral
health education signify gaps in educational resources and technological solutions. Access to

educational materials and innovative tools, such as mobile applications, can enhance patient
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engagement, promote self-management of oral health, and facilitate the delivery of tailored

educational content to diverse populations.

The Conceptual framework model used in this PhD is well aligned to these finding as follow:

At the individual level, heavy workloads hinder OHPs' ability to provide comprehensive oral
health education to every patient they examine. This constraint may lead to variations in the quality
and depth of education received by patients, impacting their knowledge and behaviors related to

oral health maintenance.

Interpersonal Level: Interactions between OHPs and patients are influenced by the availability of
resources such as equipment, instruments, and materials. The reported lack of sufficient resources
limits the scope and effectiveness of dental care services provided to the community, potentially

affecting patient satisfaction and treatment outcomes.

Community Level: The community context plays a crucial role in shaping the availability and
accessibility of oral health services. The shortage of dental assistants and OHPs-to-patient ratios
reflect broader systemic issues within the healthcare system, including workforce shortages and

resource allocation disparities, which may disproportionately affect underserved communities.

Organizational Level: Organizational factors, such as the adequacy of equipment and training,
directly impact the capacity of healthcare facilities to deliver quality dental care. The low adequacy
concerning the ultrasonic unit and inadequate scaler tips highlight deficiencies in equipment

maintenance and quality control, which may compromise patient safety and treatment efficacy.

Policy Level: Policy decisions related to healthcare financing, workforce planning, and resource
allocation shape the overall landscape of oral health services. The absence of mobile applications
for oral health education reflects a missed opportunity to leverage technology for improving health

literacy and promoting preventive care at the population level.

By considering these challenges through the lens of the ecological model, it becomes evident that
addressing systemic barriers to oral health requires a multifaceted approach that encompasses

interventions at multiple levels of influence.

Strategies to improve oral health education and care delivery may include:
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Implementing policies to address workforce shortages and improve staffing ratios, particularly in

underserved areas.

Investing in dental infrastructure and equipment maintenance to ensure the availability of

necessary resources for providing quality care.

Promoting the integration of technology, such as mobile applications, into oral health education

efforts to enhance accessibility and reach diverse populations.

Collaborating with community stakeholders to develop culturally sensitive and contextually

relevant oral health programs that address the unique needs of local populations.

7.2.4 The feasibility and acceptability of a mobile App for oral health education

The results indicating high acceptability (87.78%) and feasibility (84.44%) of a mobile App for
oral health education among participants suggest promising opportunities for leveraging
technology to improve oral health outcomes.

The high acceptability of the mobile App for oral health education suggests that participants are
receptive to utilizing technology as a means of accessing oral health information and resources.
This finding aligns with previous research indicating the growing acceptance of mobile health
interventions for promoting health behaviors and outcomes[14]. Factors contributing to the
acceptability of the mobile App may include its user-friendly interface, accessibility, relevance of
content, and perceived effectiveness in delivering oral health education. Additionally, the
convenience of accessing educational resources anytime, anywhere through a mobile device may

enhance its appeal to participants.

The high feasibility of the mobile App indicates that participants perceive it as a practical and
viable tool for delivering oral health education. Feasibility encompasses factors such as usability,
accessibility, scalability, and cost-effectiveness of the intervention. The feasibility of the mobile
App may be attributed to its ability to overcome barriers associated with traditional methods of
oral health education, such as limited access to healthcare facilities or oral health professionals.
The mobile App provides a convenient and accessible platform for delivering educational content
to a wide audience, potentially reaching individuals who may otherwise have limited access to oral

health resources.
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The findings underscore the potential of mobile health technologies in advancing oral health
promotion efforts. Mobile Apps can serve as effective tools for disseminating evidence-based oral
health information, promoting positive oral hygiene behaviors, and empowering individuals to
take proactive steps towards improving their oral health. Integrating mobile health interventions
into existing oral health programs and initiatives may enhance their reach, effectiveness, and
sustainability. By leveraging the ubiquity of mobile devices and the increasing digital literacy
among populations, healthcare providers and policymakers can capitalize on the potential of
mobile technology to address oral health disparities and improve population-level oral health

outcomes.

Linking the mobile App for oral health education with the conceptual framework model that
guided this PhD, we found that a mobile App for oral health education among participants align

well with various levels of influence on health behaviors and outcomes.

At the individual level, the high acceptability of the mobile App suggests that participants find it
personally relevant and useful for their oral health needs. Participants have perceived the App as
an accessible and convenient way to access educational resources and information about oral
health. The feasibility of the mobile App indicated that participants believed it is practical and
achievable to use the App for oral health education. This perception may be influenced by factors

such as the user-friendly interface, ease of navigation, and compatibility with their mobile devices.

Interpersonal relationships and social networks can influence individuals' attitudes and perceptions
towards health interventions. The high acceptability of the mobile App may be influenced by
positive word-of-mouth recommendations from peers, family members, or healthcare providers
who have used or endorsed the App. Interpersonal factors, such as social support and
encouragement, may contribute to the perceived feasibility of using the mobile App for oral health
education. Individuals may feel more confident in their ability to use the App if they receive

support or guidance from others in their social network.

Community norms and values regarding the use of technology and health promotion efforts can
impact individuals' acceptance of the mobile App. If the App aligns with community preferences
and expectations for accessing health information, itis more likely to be accepted and adopted by
a larger proportion of the population. Community resources and infrastructure, such as access to

mobile devices and internet connectivity, influence the feasibility of using the mobile App for oral
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health education. Communities with better access to technology and digital resources may perceive

the App as more feasible and accessible.

Organizational factors, such as the availability of funding and support for health promotion
initiatives, can influence the acceptability of the mobile App within healthcare settings. If
healthcare organizations endorse and promote the use of the App, it may increase its acceptability
among patients and providers. Organizational policies and practices related to technology adoption
and implementation impact the feasibility of integrating the mobile App into existing oral health
education programs. If organizations provide training and support for using the App, it enhances

its feasibility for both patients and healthcare providers.

Policy factors, such as the involvement of policymakers in decisions related to health information
technology and digital health initiatives, can shape the broader context in which the mobile app
operates. Supportive policies that prioritize investment in digital health infrastructure and
encourage the use of mobile apps for health promotion can enhance both the acceptability and
feasibility of the app.

In conclusion, the high acceptability and feasibility of the mobile App for oral health education
among participants reflect its alignment with individual preferences, interpersonal dynamics,
community norms, organizational practices, and policy priorities. By addressing factors at multiple
levels of influence, healthcare organizations and policymakers can maximize the potential of

mobile health technologies to improve oral health behaviors and outcomes within communities.
7.3 SCHOLARLY CONTRIBUTION OF THE PHD STUDY

7.3.1 Generating new knowledge

Study 1 has generated new knowledge on oral health knowledge, attitude, and oral hygiene
practices in Nyarugenge District, Rwanda[7]. This information is essential for prioritizing

resources and designing interventions to address oral health disparities.

Study 2 was the first comparative analysis of the healthcare facilities for the provision of
preventive oral health services offered in Nyarugenge District. Moreover. It generated knowledge
on perspectives and challenges faced by oral health professionals in rendering oral health

services in Nyarugenge District[8].
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Study 3 contribute new knowledge on the feasibility and acceptability of the use of mobile App
for oral health education on improving oral health knowledge, attitude, and oral hygiene practices

in Nyarugenge District of Rwanda. It was one of the first studies to be done in the country of Rwanda[9].

7.3.2 Methodological innovation

Studies 1 was among the first study to evaluate oral health knowledge, attitude, and oral hygiene
practices. The baseline data obtained can be used by the researchers and policymakers to tailor

interventions that address the specific challenges identified in the study population.

Study 2 is the first to evaluate oral health services and explore challenges facing dental professional
in offering oral health services in Rwanda. The findings can be used to improve management and

care.

Study 3 obtained data on feasibility and acceptability of mobile App for oral health education could
contribute to health policy and health care system intervention that can lead to improvements of
oral health self-care of individuals at home through the introduction of a mobile App for oral health

education.
7.4 RECOMMENDATIONS FROM THE PHD STUDIES

7.4.1 Recommendation for future research

e Evaluation of the feasibility and acceptability of the mobile App for oral health
education on a larger sample size that can be representative of the whole Rwanda.

e To evaluate the efficacy of the mobile Apps on a larger sample size using
implementation approach, as our study has indicated their feasibility and
acceptability within the community in Nyarugenge district.

e The use of implementation research approach is recommended for future studies.

e Development of a mobile App for oral health education within the context of the
Rwanda population.

e The Rwanda oral health surveys to incorporate of oral health knowledge, attitudes
and oral health practices of the population.

e Future studies should include studies for scaling the mobile app initiative, training
community health workers, and improving the oral health service infrastructure to

support preventive care

169



The reliability testing for the KAP tool is a limitation. The tool was used and
validated in a prior study and could have been tested for the current setting. The
future studies in the same setting are recommended.

7.4.2 Recommendations for policy and practice

Individual Level:

Recommend the Rwanda Dental Association to motivate dental professionals to provide
oral health education to patients.

Recommend the Ministry of Health (MOH) and hospitals to support mobile app-based oral

health education, as these apps are feasible and accepted by the community.

Recommend MOH to facilitate the inclusion of interdental cleaning and mouthwash in

insurance coverage.
Interpersonal Level:

Recommend health facilities to maintain regular community outreach to promote oral

health education.

Recommend the Ministry of Education to incorporate oral health education into the

curriculum to enhance knowledge from an early age.
Organizational Level:

Recommend hospital administration to ensure the availability of dental equipment and
materials on site and to involve dental professionals in the procurement process.
Recommend MOH to regularly conduct audits to assess the availability, functionality, and

adequacy of dental equipment and materials.

Recommend hospital administration to involve dental professionals in procurement of
dental materials.

Community Level:

Recommend the Ministry of ICT to support free access to trusted oral health apps to

improve community oral health.

Policy Level:
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e Recommend MOH to continuously oversee, contribute to, and facilitate oral health

education in the community.
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7.5 CONCLUSIONS

In conclusion, the results of this study reveal a multifaceted landscape of challenges and
opportunities in oral health education and care delivery. The findings underscore the prevalence of
poor oral health knowledge and practices among participants, indicating a need for targeted
interventions to address these gaps. Additionally, the study highlights significant barriers faced by
OHPs, including heavy workloads, inadequate resources, and staffing shortages, which hinder their
ability to provide comprehensive dental care to the community. The inadequacy of equipment and
educational resources, such as demonstration models and interdental cleaning tools, further
complicates efforts to promote good oral hygiene practices. Moreover, the low utilization of mobile
App for oral health education suggests a missed opportunity to leverage technology for improving

health literacy and promoting preventive care.

However, amidst these challenges, the study also identifies a promising avenue for innovation and
intervention because of the high acceptability and feasibility of a mobile App for oral health
education among participants. This finding highlights the potential of technology-driven solutions
in overcoming barriers to oral health promotion and education. By harnessing the power of mobile
App, healthcare providers can reach a broader audience, deliver tailored educational content, and

empower individuals to take proactive steps towards improving their oral health.

While the study highlights the significant challenges facing oral health education and care delivery,
it also offers hope for the future through technological innovation. It is recommended that health
system barriers be reduced to overcome disparities within the community, improve resource
allocation for oral health services and delivery, and leverage technology to enhance oral health
education outcomes. Collaborative efforts between healthcare organizations, policymakers, and
stakeholders are essential for realizing the vision of improved oral health for all in Nyarugenge,

Rwanda.
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Appendix 4: Participants Information Sheet on oral health knowledge, attitude and
practices

Title of the study: Oral Health in Nyarugenge District of Rwanda: The Role of Mobile Application in
Oral Health Education

Introduction
Good day,

My nameis Emmanuel Nzabonimana, and | am a Ph.D. student at the School of Oral Health Sciences at
the University of the Witwatersrand in Johannesburg. Professor Phumzile Hlongwa and Dr Yolanda
Malele-Kolisa supervise my research.
This information document will help you understand the study and why | am inviting you to participate. If
you choose to participate, you will confirm that you understand the study and are doing so voluntarily.
You will provide your approval by signing an informed consent declaration, and you will receive a copy
for your records.

Why are we doing the study?

The study aims to determine the knowledge, attitude, and oral hygiene practices in Nyarugenge District,
Rwanda. The information that will be collected will be used to create an effective guideline that will target

improving oral health in Rwanda.
How will we do the study?

The study will be conducted through an interview and the questionnaire will be completed directly on the
electronic device, and it will take about 10 minutes. We will ask you some of the questions related to oral
health knowledge, attitude and practices. Your response will be recorded directly on the electronic device.
Your name or your personal contact will not be recorded, and only general information will be needed for

this study.
Will there be any harm from participating?

Participating in this study has no risks or harm. Only a checklist form will be used to collect appropriate
data.

Will there be any benefits from participating?

There is no direct benefit from the study; only the general information gathered will be beneficial in setting

policy and raising advocacy for oral health services.
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Will I be paid?

There will be no payment upon participation in this study.

Voluntary consent

Participation is entirely voluntary. If you do not want to be part of this study, there will be no
consequences for you.

How do | know that the information 1 give will be kept confidential?

The collected information will be kept private and confidential. If the findings from this study

are published or presented at scientific conferences, your name and other personal means of
identification will not be mentioned. In addition, the data collection tools will use codes for
identification instead of names.

Confidentiality:

The confidentiality of the information you provide will be ensured asmuch as possible. Interviews

will take place in a quiet and secured room containing only the researcher and the participant. Your

consent form and your information will be kept in aresearch record created for you and they will be

only accessible for the researchers.

Outputs

The results of this research will be communicated directly to the health centers. In addition, the findings
will be shared with different policymakers in Rwanda. The results will be published in scientific journals.
Later, the results will be presented in a thesis that will be submitted to the University of the Witwatersrand,
Johannesburg, South Africa, for assessment. As per HPCSA guidelines, we will preserve the records of the
data for a minimum of two years after the study results have been published or six years if there is no

publication.

Who do | contact if | want to ask more questions?

We will be happy to answer any questions you have about this study. This research has been approved by the
University of the Witwatersrand Research Ethics Committee and IRB Ethical Committee Rwanda. If you have
any questionsabout your rights as a study participant, or questions or concerns about any aspect of the study, you
may contact the Chairperson of the Ethics Committee, Professor Clement Penny, telephone number 011 717 2301

or by e-mail at Clement.Penny@wits.ac.za. If you have questions about the research, you may also contact the

principal investigator: Emmanuel Nzabonimana telephone: +250783880746.

Thank you for your assistance with this study
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Appendix 5: Participants Information Sheet for Dental professionals _ Qualitative data to
explore challenges faced by oral health professionals in rendering oral health services to
the community of Nyarugenge District

Title of the study: Oral Health in Nyarugenge District of Rwanda: The Role of Mobile Application in
Oral Health Education
Introduction
Greeting,
My name is Emmanuel Nzabonimana, and I am a Ph.D. student at the School of Oral Health Sciences at
the University of the Witwatersrand in Johannesburg. I'm doing study to explore challenges facing dental
professionals in rendering oral health services to the community of Nyarugenge District. Professor

Phumzile Hlongwa and Doctor Yolanda Malele-Kolisa are supervising my research work.

This information documentwill help you understand the study and invite you to participate. If you accept
our invitation to participate in the study, you will be confirming that you understand the study and that you
actively chose to participate. You will provide your approval by signing an informed consent declaration.

You will receive a copy.

This interview will be recorded on audiotape and it will take about 30min to 45min. Your names will not
be required; only codes will be used. I assure you that all responses received will only be used for scientific

purposes within the framework of this survey.

Risks of being involved in the study

Participating in this study has no risks. However, during interview, you may feel uncomfortable with some
questionsand do not want to talk about them. In this event, you are not forced to provide information and
you are free to not respond.

Benefits of being in the study

There is no direct benefit from the study; only the general information gathered will be beneficial in setting
policy and oral guidance that will help the community in the future.

Payment for participation in research

There will be no payment made to the participant associated with this study.

Voluntary consent

Participation is entirely voluntary. If you do not want to be part of this study, there will be no
consequence to you.

Privacy and anonymity
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The collected information will be kept private and confidential. We guarantee that your voice will never be
shared with anyone. The recorded interview will be transcribe and analyzed without mentioning your name.
If the findings from this study are published or presented at scientific conferences, your name andother
personal meansof identifications will not be mentioned. In addition, the data collection tools will use codes for
identification instead of names.

Confidentiality:

The confidentiality of the information you provide will be ensured asmuch as possible. Interviews

will take place in a quiet and secured room containing only the researcher and the participant. Your

consent form and your information will be kept in aresearch record created for you and they will be

only accessible for the researchers.

Outputs

The results of thisresearch will be communicated to you at health centers. In addition, the findings will be
shared with different policy makers in Rwanda. The results will be published in scientific journals. Later,
the results will be presented in a thesis that will be submitted to the University of the Witwatersrand,
Johannesburg, South Africa for assessment. As per HPCSA guidelines, we will preserve the records of the
data for a minimum of two years after the study results have been published or six years if there is no

publication.

Who do | contact if I want to ask more questions?

We will be happy to answer any questions you have about this study. This research has been approved by the
University of the Witwatersrand Research Ethics Committee and IRB Ethical Committee Rwanda. If you have
any questionsabout your rights as a study participant, or questions or concerns about any aspect of the study, you
may contact the Chairperson of the Ethics Committee, Professor Clement Penny, telephone number 011 717 2301

or by e-mail at Clement.Penny@wits.ac.za.. If you have questions about the research, you may also contact the

principal investigator: Emmanuel Nzabonimana telephone: +250783880746.

Thank you for your assistance with this study
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Appendix 6: Participants Information Sheet for Patients aged 18 years and older on
feasibility and acceptability of a mobile application for oral health education among adults
in Rwanda

Title of the study: Oral Health in Nyarugenge District of Rwanda: The Role of Mobile Application in
Oral Health Education

Introduction

Good day. My name is Emmanuel Nzabonimana, and | am a Ph.D. student at the School of Oral Health

Sciences at the University of the Witwatersrand in Johannesburg. The research work is supervised by

Professor Phumzile Hlongwa and Doctor Yolanda Malele-Kolisa.

This information document will help you understand the study and why | am inviting you to participate. If
you accept the invitation to participate in the study, you will be confirming that you understand the study
and that you voluntarily chose to participate. You will provide your approval by signing an informed
consent declaration. You will receive a copy.

Why are we doing the study?

The purpose of the study is to determine the feasibility and acceptability of a mobile application for oral
health educationamong adults in Rwanda. The information collected will be used to enhance and adapt

the use of mobile applications in oral health education in Rwanda.
How will we do the study?

After installing the BrushDJ mobile app for oral health education on your phone, you will use the
app for a period of three months. At the end of the three-month period, you will receive an online
questionnaire via WhatsApp. If you do not receive the WhatsApp link, you can also provide
feedback via phone call. Please complete the questionnaire, which will take about 10 minutes to
fill out, on your electronic device. The questions will focus on the feasibility and acceptability of
the app. Your responses will be recorded directly on the device, and no personal contact
information will be collected—only general information will be used for this study.

Will there be any harm from participating?

Participating in this study has no risks or harm. Only a checklist form will be used to collect appropriate
data.
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Will there be any benefits from participating?

There is no direct benefit from the study; only the general information gathered will be beneficial in setting

policy and raising advocacy for oral health services.

Will I be paid?

There will be no payment upon participation in this study.

Voluntary consent

Participation is entirely voluntary. If you do not want to be part of this study, there will be no
consequences for you.

How do | know that the information | give will be kept confidential?

The collected information will be kept private and confidential. If the findings from this study

are published or presented at scientific conferences, your name and other personal means of
identification will not be mentioned. In addition, the data collection tools will use codes for
identification instead of names.

Confidentiality:

The confidentiality of the information you provide will be ensured as much as possible. Data
collected will be kept secured in the encrypted device accessible by Principal investigator. Your
consent form and your information will be kept in aresearch record created for you and they will be

only accessible to the researchers.

Outputs

The results of this research will be communicated directly to the health centers. In addition, the findings
will be shared with different policymakers in Rwanda. The results will be published in scientific journals.
Later, the results will be presented in a thesisthat will be submitted to the University of the Witwatersrand,
Johannesburg, South Africa, for assessment. As per HPCSA guidelines, we will preserve the records of the
data for a minimum of two years after the study results have been published or six years if there is no

publication.

Who do | contact if | want to ask more questions?

We will be happy to answer any questions you have about this study. This research has been approved by the

University of the Witwatersrand Research Ethics Committee and IRB Ethical Committee Rwanda. If you have

any questionsabout your rights as a study participant, or questions or concerns about any aspect of the study, you

may contact the Chairperson of the Ethics Committee, Professor Clement Penny, telephone number 011 717 2301
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or by e-mail at Clement.Penny@wits.ac.za. If you have questions about the research, you may also contact the

principal investigator: Emmanuel Nzabonimana telephone: +250783880746.

Thank you for your assistance with this study
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Appendix 7: Consent form

TITLE OF THE STUDY: Oral Health Status in Nyarugenge District of Rwanda: The role of mobile

application in oral health education

I, agree to participate in the study “Oral Health in

Nyarugenge District of Rwanda: The role of mobile application in oral health education”. IThave been well
explained about the risks and benefits of participating in this study; | am aware that participation in the
study is voluntary, and | am aware that I will not be paid for the participation. In addition, all information
provided will be treated with confidence, and that my anonymity will be maintained. | am aware that the
results of this study may be published, but I will not be identified as an individual. | reserve the right to

withdraw from the study at any time if | so wish without any penalty.

Signature of participant Date .../ .../ ....

Signature of the principal investigator

Emmanuel Nzabonimana
E-Mail: enzabonimana@cartafrica.org
Tel: +250 783880746

Kigali, Rwanda.
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Appendix 8 Consent form for audiotaping

Title of the study: Oral Health Status in Nyarugenge District of Rwanda: The role of mobile application in

oral health education

I, agree to participate in the study ““: Oral Health in

Nyarugenge District of Rwanda: The role of mobile application in oral health education”. I accept that the
interview will be recorded using an electronic recording device. | have been well explained about the risks
and benefits of participating in thisstudy; | am aware that participation in the study is voluntary, and | am
aware that | will not be paid for the participation. In addition, all information provided will be treated with
confidence, and that my anonymity will be maintained. | am aware that the results of this study may be
published, but I will not be identified as an individual. | reserve the right to withdraw from the study at any

time if 1 so wish without any penalty.

Signature of participant Date .../ ...../....

Signature of the principal investigator

Emmanuel Nzabonimana
E-Mail: enzabonimana@cartafrica.org

Tel: +250 783880746
Kigali, Rwanda.
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Appendix 9 : Covid 19 guideline protocol Rwanda by RBC

Karaba intoki buri gihe ukoresheje Ambara agapfukamunwa
amazi meza n'isabune cyangwa neza uhereye ku zuru, ugeze
alukoro yagenewe gusukura intoki munsi y'akananwa

Siga intera ya metero imwe Ishyura ukoresheje Telefone

hagati yawe n‘undi muntu cyangwa irindi koranabuhanga

Guhinda umuriro Guhumeka nabi

Uramutse ufite kimwe muri ibi bimenyetso, ihutire guhamagara inomero itishyurwa 114
cyangwa wohereze ubutumwa kuri whatsapp +250788202080

g2 callicenter@rbc.gov.rw (263 @RwandaHealth

—

A3) Repubulika y'u Rwanda ‘7:/» ‘ Rf“mh_ e : World Health Unlcef \ﬁg‘gy
@r J) Winisiteri y' Ubuzima (Y Z’;’:‘:"" %#¥ Organization

= Healthy People, Wealthy Nat ton kuri buri mwana

Source(78, 79)
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Appendix 10 KAP study data collection form

The data collection tool was adapted from previous studies that assess oral health knowledge, attitude, and
practices (25, 74, 75).

SECTION A: DEMOGRAPHIC CHARACTERISTICS OF THE PATIENTS
1. Participant Unique number: .......ccccceviiiiniiiiniiiininnnns
2. AZe N YearS: cicevveiieiiaiiniinisnisnisnssnsonsonses
3. Gender

4. Marital status
LiSingle...oooiiiii
2: Married......cooviiii
3:DIvVOrced....oiiiiie e
4. Other (I prefer not to say)

5. Do you have a smartphone?

6. If yes, what is the type of smartphone do you have?
1: Android
2: Apple
7. Are you able to read and understand any of the following language?
1: English
2: French
3: Both English and French
4: Only Kinyarwanda
8. | want to give you a mobile that give oral health education, if you accept please give me your
phone number so that | will be able to communicate with you after 4 weeks to ask you about the

mobile that | gave you.

9. What type of Health Insurance do you have?

1: Public health insurance
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2: Private
10. What is your level of education?
1: Primary
2: Secondary
3: University

4: No education/or other ...

SECTION B: ORAL HEALTH KNOWLEDGE

\Answer the following statements by choosing “YES” or “NO” or “DO | Yes No Do not
NOT KNOW?”:- know
/According to my understanding,
) To prevent tooth decay, | have to brush, especially on the
' crown covers of my teeth.
, Tooth-brushing should be done in the morning after waking
' up and before bed at night every day.
3. Dental plaque can cause gum diseases and tooth decay.
4. Gum bleeding is a sign of gum disease.
. In order to prevent gum inflammation, you also have to
' clean between your teeth.
A The hard deposit on your teeth can remove itself with tooth-
' brushing alone.
7 Bad breath can be caused by gum disease.
o \When my gum does not bleed while brushing my teeth,
' there is nothing wrong with my gum.
9 I know the cause of tooth decay.
10. /A regular dental checkup is necessary.
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SECTION C: ORAL HEALTH ATTITUDE Strongly disagree (1), Disagree (2), Do
Answer the following statements by choosing between 1to 5 :- not know (3), Agree (4), Strongly
I think... agree ()
1 2 3 4 5
L The hardness of bristles of the tooth-brush hasan effect on
teeth and gums.
Well cleaning of teeth can be done without using
2 toothpaste.
Dentists should be visited regularly, even without having
3 an oral problem.
I must perform oral self-care regularly to identify any
4, abnormality in my mouth, such as a hard deposit on my
teeth.
| cannot remove the hard deposit on my teeth with tooth-
> brushing alone.
\Waiting until | have toothache before visiting dentists can
> lead to tooth extraction.
. Caring for my mouth is as important as caring for other
parts of the body.

SECTION D: ORAL HEALTH PRACTICES- Choose one answer in each of the following questions:

Which method do you use to clean your teeth?
Tooth-brush and paste

Only toothpaste

Only tooth-brush

Finger

moowm» e

None

2. How often do you brush your teeth?
A. No brushing
B. Sometimes
C. Brushing once a day in the morning
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D. Brushing once a day at night

E. Brushing twice a day

~

moo®»w

mo o w» &

mo o w» o

moo®p» o

When do you brush your teeth?

Morning before breakfast

Morning after breakfast

Noon after lunch

Night before going to bed

Morning after breakfast and night before going to bed

How long do you brush your teeth?
Less than 1 min

One min

Two min

More than 2 min

Do not know

Which type of toothpaste do you use?
Non-fluoridated

Fluoridated

Do not know

Do not use toothpaste

I use something else ... give example...................

Which type of tooth-brush do you use?
Hard bristle

Soft bristle

Medium bristle

Do not know

Do not use tooth-brush

How often do you replace your tooth-brush?

A. One month

Three months
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Six months

D. When the bristles are worn out

m

moow>» ®

moomp©

| do not use a tooth-brush

How do you use your tooth-brush when brushing your teeth?

Vertical strokes
Horizontal strokes
Circular motion
Combination of the above

| do not use a tooth-brush

How often do you use dental floss to clean your teeth?
Once a day

Twice a day

Sometimes

Once a week

Never

. How often do you visit dental services?

Every 6 months

Every 12 months
Occasionally

Only when | have dental pain
Never visited

. What are the reason for visiting dental services?

Dental pain

Tooth cleaning

Oral checkups and advice
Gum problems

Rotten tooth

. Do you have any of the following regarding dental visits?

Fear of drill
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Fear of needle
High cost
Lack of time

Distance too far
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Appendix 11: Oral health services data collections tools

The questionnaire was adapted from a study conducted by Josephin et al., (2018) in Zambia(47).
QUESTIONNAIRE FOR QUANTITATIVE STUDY

FACILITY ASSESSMENT CHECKLIST FOR ORAL HYGIENE SERVICES

FACILITY Unique name and number:

BIH (1)
COH (3)
KBH (5)
KYH (6)
NYH( 9)
MUDH (11)
7. CKH (12)

In order to assess the availability and adequacy of oral hygiene services in the dental clinic. The item is

© o ~ wbdh P

divided into three dimensions

SECTION A: Dental equipment and instruments.

SECTION B: Essential dental material for polishing.

SECTION C: Oral hygiene instructions to patients.

Please fill in the columns; if the answer is yes, give a score of 1, and if the answer is no, give a score of 0.
Yes =1, No=0

SECTION A — Dental Equipment and Instruments

1. Essential equipment

Serial No Essential equipment Availability Functionality Adequacy

Dental chair

Dental light

Dental stool

Suction lines

1
2
3
4 Dental compressor
5
6

Benchtop sterilizing unit
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2. Diagnostic dental instruments

Serial No Essential equipments | Availability Adequacy

1 Dental tray

2 Mouth Mirrors

3 Explorers

4 Periodontal probes

3. Instruments for scaling and polishing

Serial No Essential Availability Functionality Adequacy
equipments

1 Ultrasonic scaler
unit

2 Ultrasonic tips

3 Manual scaling set

4 Suction tips
Instruments for
polishing

5 Prophylaxis
handpiece

6 Prophylaxis angle

7 Prophylaxis cup/
brush

4. Personal protective equipment

Serial No Personal protective | Availability Adequacy
equipment

1 Surgical gloves

2 Mouth mask

3 Protective eyewear
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SECTION B:

Essential dental material for polishing

Serial No Essential dental material | Availability | Adequacy
for polishing
1 Prophylaxis paste
SECTION C:

Oral hygiene instrument for the patients’ education

Serial No Materials for oral hygiene Availability
instructions

1 Model and tooth-brush

2 Dental floss or interdental tooth
cleaning

3 Specific mobile application for oral
health education
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Appendix 12: In-depth interview guide on challenges faced by oral health professionals in
rendering oral health services to the community of Nyarugenge District.

The questionnaire was adapted from a study conducted by Josephinet al., (2018) in Zambia(47).
Participant Unique Number:

Place of interview:

Time of interview:

This in-depth interview explores the various challenges that might be facing dental professionals

in providing oral hygiene services to the community.
Probe=P

Thank you for accepting that we have this conversation. This research is one of the requirements
for my fulfilment of a Doctor of Philosophy (PhD) in the School of Oral Health Sciences,
University of the Witwatersrand, Johannesburg. | want to request you to participate in the
interview that addresses the challenges you might face as dental professionals in offering oral
hygiene services to the community. This interviewwould also like to assess the impact of a mobile
App in oral health education. We would like to request your permission to record this interview so
that we don’t lose any information you will give us. We guarantee that your voice or your speech
will never be shared with anyone or stored online; it will be kept confidential and used for the sole
purpose of addressing the challenges. There is no wrong answer, all answers are important. So,

feel free and tell us everything as it is. Do you agree with the voice recording?

Q 1: How is your work currently? We would like that you tell us how it is for you. If you enjoy it,
if it is very exhausting, if sometimes you have to increase your speed in each procedure in order
to finish seeing all the patients, or if there are some challenges. Feel really free and tell us how it

is.

P1: Did you expect to treat so many patients in a day?
Q2: Tell us about giving oral health education to every patient that comesto you (Is it possible? If

you think that it is not possible or if that it is very challenging, could you explain the reasons?)
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P1: In case you manage to give oral health education to your patients, what are the main
components? (brushing technique demonstration, demonstration to every patient the proper

way to use a dental floss, dietary instruction...) Tell us.

P2: Which challenges have you experienced while providing oral health education to your

patients?

Q3: Tell us now about your ability to provide scaling and polishing treatment to all the patients
who need it (If there is a lot of need, how many patients need that treatment, if you face some
barriers in providing scaling and polishing treatment).

Q4: What about the sterilization of instruments for scaling and polishing? (is there any challenge

about that??

P: Has there been instances where you could not provide treatment due to lack of sterilized
instruments? (What had happened)?

Q5: What do you do after completing the treatment? (Do you get time to give oral hygiene

instructions to patients after a procedure?)

Q6: When considering the quality of treatment that you are offering to your patients, how do you

feel about it? (Are you satisfied with the quality of treatment offered to them?)

Q7: What happens when one of the equipment in the dental clinic stops working or needs repair?
P1: If the dental chair, ultrasonic scaler, or sterilizer needs repairing (Is it done
immediately? Is it neglected? Do they take a long time before repairing it?) Tell us about
it.

Q8: How about dental materials like polishing paste? What happens when they are finished? (is it

replaced immediately or?

Q9: Tell us about your safety while providing treatment. (Do you feel that you are at risk of being

contaminated while providing treatment? What about personal protective equipment like face

masks, gloves, protective eyes wear, etc., are there readily available?)

Q10: In your opinion, what would decrease your workload?

P1: More professional staff, more dental chairs, more instruments, etc.
P2: If there is a mobile application in phones that offers oral health education to patients,
what would be an added advantage for your work? (Do you think that a mobile application

200



in phones that offers oral health education to patients would help you reducing the time
you spent for educating your patients?
Q11: What are your suggestions to improve oral hygiene treatment facilities in the dental clinic?
(So that they became more user friendly for you?)

Q12: What suggestions can you make so that your work becomes much easier?
P: What about equipment, instrument, and other dental materials? Are they available? Are

they adequate? Tell us about that

RXXHXXXXXKXHHXXXXXXKXHKX XXX KKK HKK KX XKKHHKX XXX XKKHKXXXXKKKHKX XXX XKKXHXXXXXXX
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Appendix 13: Feasibility and acceptability Survey Questionnaire

Part A. Demographic variables

1. Gender: o Male; oFemale

2. Age, in years: o0 < 35; o 35-44; o 45-54; o 55-64; o 65 or older

3. Education level: o Less than high school; o High school; oCollege or university up to bachelor;

oCollege or university up to master or PhD

PART B: Habitual variables on oral hygiene

Yes No

1.1 brush my teeth when | wake up and before going to bed every day.

2.1 clean teeth (brush or rinse with water) after meals.

3.1 use floss to clean my teeth every day.

4.1 use an interdental brush to clean my teeth every day.

5.1 think regular oral cleaning (brushing and interdental cleaning) is important.

6.1 think | have good oral health.

PART C: Oral health app acceptability assessment

IAnswer the following statements by choosing between 1to 5 :-

Strongly disagree (1), Disagree (2), Do
not know (3), Agree (4), Strongly
agree (5)

1 2 3 4 5

1 | think that I would like to use this App frequently.

o |l found the App unnecessarily complex.

3 | thought the App was easy to use.

I think that I would need the support of a technical person to be able

4.
to use this App.
5 | found the various functions in this App were well integrated.
6 I thought there was too much inconsistency in this App.
. I would imagine that most people would learn to use this App very
" lquickly.
g | found the App very cumbersome to use.
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| felt very confident using the App.

10.

I needed to learn a lot of things before I could get going with this

App.

SECTION D: Oral health App preference assessment

Answer the following statements by choosing between 1to 5 :-

el S oG ly disagree (1),
Disagree (2), Do not know (3), Agree
(4), Strongly agree (5)

1 2 3 4 5
I like the oral care video, which makes me learn more about oral
L cleaning.

) I like the App pointing out the focal areas in my mouth that require

extra care.

I like the App showing the focal areas that require extra cleaning
> effort in the dental chart.

I like the App reminding me to use dental floss and an interdental
N brush to clean my teeth.
5, I like the App user manual, it makes the App easy-to-use.

I like the App rewarding with applause when achieving a tooth-
® brushing session.
7 I like the App providing important information about oral health.
8. I like the App allowing me to set reminders for tooth brushing.

I like the App reminding me to brush my teeth according to the time
° that is set.
10 I like the App reminding me to clean my teeth at least twice a day.
1 I like the App showing the progress of tooth brushing with an arrow,

which directs me to brush my teeth in the same order.
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I like the App making the red indicators disappear when | have

12
finished brushing the focal areas.

12 I like the background music played in the App during the tooth
brushing session.

14 The App was useful.

Source (77)
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Abstract

Introduction: oral diseases (OD), common dental
caries and periodontitis are a major public health
problem. Poor oral hygiene has been associated
with OD, causing tooth loss, which leads to
disability and compromised patients’ oral health.
In Rwanda, OD is among the leading causes of
morbidity at the health center level. Therefore, the
purpose of this study was to assess the knowledge,
attitude, and oral health practices among adult
participants in Rwanda. Methods: a descriptive
cross-sectional study was done among participants
attending public health facilities in Nyarugenge
District, Rwanda. Participants were interviewed
using a structured questionnaire. The data were
analyzed using frequency distribution, percentage
distribution, and bivariate and multivariate logistic
regression at a 5% significant level.
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Results: among 426 participants who were
interviewed, 39.44% (n=168) were 18-27 years old
and the majority, 61.5% (n=262) were female. Poor
oral health knowledge was found in 42% (n=179)
of the participants, whilst 12 44% (n=53) showed
poor oral health attitudes, and 67.37% (n=287)
were found to have poor oral health practice.
Participants with a high school level of education
were more likely to have better oral health
knowledge and the results were statistically
significant aOR: 1.79, 95% CI 1.14; 2.82; p = 0.011
Conclusion: the findings of our study showed that
almost half of the participants had poor oral
health knowledge. Oral health attitude and oral
hygiene practices were also locking. There is a
need to enhance oral health education in this
community to improve their oral health
knowledge, attitudes, and practices.

Introduction

COral diseases (0OD), commonly tooth decay and
periodontal disease, are a major public health
problem with 3.58 billion people reported to have
tooth decay, according to the Global Burden of
Disease Report conducted in 2015 [1]. Periodontal
diseases are prevalent in developed and
developing countries and effect about 20-50% of
the global population [2]. Some studies have
found a strong association between poor oral
hygiene and common dental diseases such as
dental caries and periodontal diseases [3,4].
Globally, the burden of oral disease is high among
older people and has a negative effect on their
quality of life [5]. Poor oral hygiene causes tooth
loss, which leads to disability and compromised
patients’ oral health [6]. In Africa, OD is a
significant public health problem [7]. The
prevalence of dental caries has increased in many
African countries and may further increase due to
increased sugar consumption and inadequate
exposure to fluorides [7]. The prevalence of
gingival inflammation is high in all age groups in
several African countries [B]. In a study from
Sudan, about 64.5% of participants considered
poor tooth brushing habits to cause gingivitis and

less than 20% of adolescents wisit dentists
regularly for a dental check-up [2]. In Tanzania, a
study found that 44 8% of the participants had fair
to poor oral hygiene status [10]. A Ugandan study
found that 56% of participants had not visited oral
health services in the last two years, and those
who did were due to pain [11].

In Rwanda, OD is among the leading cause of
morbidity at the health center level, with poor oral
hygiene, tooth decay, and periodontal disease,
have been reported [12-14]. The Rwanda National
Oral Health Survey in 2018 found that the oral
health status of the population was poor, with
70% of individuals not utilizing oral health services.
Adults aged 20 years and above from Rwanda
have been reported to present with oral debris,
and dental calculus [14]. Studies have associated
low health literacy with greater use of emergency
care and poor preventive health-seeking behavior
for oral health services [15,168]. A correlation
between limited oral health knowledge and poor
oral health beshavior has been reported [17],
however, there is a scarcity of information on oral
health awareness levels in Rwanda. Therefore, this
study evaluated knowledge, attitude, and oral
hygiene practices among adults in Rwanda. It is
part of a large doctoral study entitled "Oral Health
in MWyarugenge District of Rwanda: The Role of
Mobile Application in Oral Health Education.”

Methods

Study design and setting: a descriptive cross-
sectional study was conducted among participants
attending public health fadilities in Nyarugengs
District, Rwanda. Rwanda stands as of one of the
56 countries in the African continent. Rwanda is
divided into four provinces, plus Kigali City, the
capital city. The four provinces hawve 27 Districts,
while Kigali City has three districts (Gasabo,
Kicukiro, and Myarugenge) based on Government
data [18,19]. The study was conducted in July 2022
in Nyarugenge District, Kigali City, Rwanda.

Study population: adult patients aged 18 years
and above attending health services in
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Myarugenge District. Participant who wvoluntarily
agreed and signed informed consent to participate
were included in the study. Patients who were
hospitalised and mentally challenged were
gexcluded from the study. The seven urban health
facilities services in MNyarugenge District were
randomly sampled to obtain three health centres.
The participants were selected conveniently from
the three health centres. The sample size was
calculated based on the estimated oral health
knowledge prevalence of 50%, with 95%
confidence level and 5% level of precision to be
42 [20].

Data collection:data were collected by principal
investigator (EN) and four research assistants who
have dental background with adequate experience
in collecting guantitative data. The participants
were recruited conveniently and those who
consent were interviewed in Kinyarwanda local
language using a structured gquestionnaire which
Was adapted from previous reported
studies [21-23]. The questionnaire elicited the
demographic characteristics, oral health
knowledge, oral health attitude, and oral hygiene
practices of the participants.

Definition

Outcome variable: oral health knowledge, oral
health attitude, and oral hygiene practices.

Exposure wvariable: demographic characteristics
(age, gender, marital status, owning smartphone
and level of education).

Statistical analysis: the Stata software wversion 16
was used for analysis (StataCorp, College Station,
Tx). Descriptive  statistics frequency and
percentage distribution were used to analyze
demographic characteristics, oral health
knowledge, oral health attitude, and oral hygiene
practice. Bivariate and logistic regression was done
to assess factors associated with oral health
knowledge, oral health attitude, and oral hygiene
practices. The oral health knowledge questions
were analyzed by assigning the most correct

answer a score of "1", and wrong answers and
don't know a score of "0". The nine statements on
knowledge were summed up to a total score of 9,
equivalent to 100%. A score of less than 60% was
classified as 'poor oral health knowledge' and a
score of 60% and above indicated 'good oral
health knowledge'. The oral health attitude
questions were analyzed by allocating the positive
attitude a score of "1" and the negative attitude a
score of "0" while neutral responses were not
allocated any score and not used in computing the
total attitude score. The attitude responses were
summed up to a total score of 7 indicating 100%
good attitude. The attitude score of less than 60%
indicated a poor oral health attitude, and the
score of 60% and above showed a good oral health
attitude. In addition, the responses of attitudes
"strongly disagree” and "disagree” were combined
to "disagree” and "strongly agree" and "agres"
were combined and became "agree”, and neutral
responses were reported as it is in the frequency
tables. Oral hygiene practice guestions were
analyzed by allocating the most carrect answer a
score of "1", and the wrong answer a score of "0".
The response score was summed up to a total
score of 8, indicating 100% good oral hygiene
practices. A score of less than 60% were
categorized as 'poor oral hygiene practices’ and
scores of 60% and abowve indicated 'good oral
hygiene practices’.

Ethics consideration: the Human Research Ethics
Committee (HREC) (Medical) of the University of
the Witwatersrand, Johannesburg provided ethics
approval (M220213) to conduct the research.
Permission was also obtained from the relevant
healthcare authorities, Rwanda IRE ethical
committee (MNo234/CMHS IRB/2022), and the
Mational Health Research Committee (No
MHRC/2022/PROT/26). Informed consent was
signed by all participants.

Funding: “This research was supported by the
Consortium for Advanced Research Training in
Africa (CARTA). CARTA is jointly led by the African
Population and Health Research Center and the
University of the Witwatersrand and funded by
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the Carnegie Corporation of New York (Grant No.
5-19-57145), Sida (Grant No: 54100113), Uppsala
Monitoring Center, MNorwegian Agency for
Development Cooperation (Morad), and by the
Wellcome Trust [reference no. 107768/Z/15/Z]
and the UK Foreign, Commonwealth &
Development Office, with support from the
Developing Excellence in Leadership, Training, and
Science in Africa (DELTAS Africa) programme. The
statements made and views expressed are solely
the responsibility of the Fellow.”

Results

Demographic characteristics of the participants: a
total of 426 respondents participated in the study,
with majority in the 18-27 years old age category
(39.44%; n=168). The median age was 30,
interquartile range (ICQR) at 25 - 39. The majority of
the participants, (61.5%; n=262) were female
(Table 1).

Oral health knowledge, attitude and practice:
poor oral health knowledge was found in 42.02%
(n=179) of the participants. Oral health practices,
67.37%(n=287) and oral health attitude
12_44%{n=53) were also poor.

Frequency distribution of oral health knowledge
among the respondents: most of the respondent
knew the importance of tooth cleaning, even
though some had poor oral knowledge of the
cause of gingival disease. The majority of the
respondents 82.16% (n=350) new the importance
of cleaning between teeth in order to prevent gum
inflammation. Most of the participants knew the
importance of regular dental check 74.88%
(n=319), while 25.12% (n=107) of the respondents
did not know. Regarding tooth brushing 39.19%
(n=397) of the respondents knew that tooth
brushing should be done in the morning and at
night daily (Table 2).

Frequency distribution on oral health attitude
among the respondents: according to the
respondents’ attitude towards oral health, 56.19%
(n=227) do not believe that teeth can be cleaned

effectively without using toothpaste, while 43 81%
(n=177) agree with this statement. Believe on
dentists should be visited regularly, even without
having an oral problem 23.66% (n=97) disagree,
76.34% (n=313) agree. 3.33% (n=14) disagree and
96.67% (n=406) agree regarding oral health
attitude on performing oral self-care regularly to
identify any abnormality in my mouth, such as a
hard deposit on my teeth (Table 2).

Oral health practices among the respondents:
most respondents, 64.1%(n=273) brushed their
teeth twice a day, while 35.9% brushed them once
daily. The soft bristle toothbrush was used by
35.9%(n=153) of respondents, while 21.1% (n=20)
used a hard bristle toothbrush. 32.2% (n=137)
(32.2%) participants never visited dental services,
whilst 51.6%(n=220) only visited dental services
due to pain, and 3.1% (n=13)13 respondents
(3.1%) visited dental services every six months.
Most of the respondents 92.7% (n=395) had never
used dental floss to clean their teeth, and only
4{(09%) of the respondents used it twice
daily,2(2.11%) used it once a day and 15 (3.52%)
use dental floss sometimes and 0.7% (n=3) use
once a
week (Table 3).

Frequency distribution of the reason for visiting
dental services: the majority of the respondents
n=230 (79.58%) among 289 who visited dental
services in the past, had visited dental services due
to pain, while 12 (4.15%) respondents visited
dental services for teeth cleaning, 16 (5.54)
respondents visited dental services for oral check-
ups and advice, 8 (2.77%) visited dental services
for gum problems and 23 (7.96%) participants
sought dental services due to gum problems.

The association between oral health knowledge,
oral health attitude, oral health practices, and
demographic characteristics: aral health
knowledge was found to be significanthy
associated with oral health practices (P-value=
0.017), oral health attitude [P-value=0.000) and
level of education (P-value=0.0068). Owning a
smartphone was found to be significanthy

Emmanuwel Nzabonimana et al. PANMUI-CM - 14(4). 10 Jan 2024. - Page numbers not for citation purposes. 4

208



Article §

i1 PAMJ

=l Clinical Medicine

associated with oral  health  knowledge
(P-value=0.011), oral health attitude
(P-value=0.042) and oral health practice (P-
value=0.011) (Table 4).

Logistic regression for KAP and demographic
characteristics of the respondents: the variables
found being significant in the univariate analysis
concerning oral health knowledge were marital
status, smartphone ownership, and level of
education. Oral health practices showed
significant associations with smartphone
ownership and level of education in the univariate
analysis. In the multivariate analysis, individuals
with a high school education were more likely to
possess better oral health knowledge aOR=1.79,
95% Cl11.14; 2 .82 and p-value 0.011 (Table 5).

Discussion

Our study is among the first to report data on oral
health knowledge, attitudes, and oral hygiene
practices of adult participants in Myarugenge,
Rwanda. The study revealed that among
Myarugenge adults, more than 40% exhibited
knowledge deficits. The oral health attitudes and
oral hygiene practices were also found to be poor.
The findings showed that most of the participants
were young adults between 18 and 37 years old. A
similar age group has been reported in India and
Migeria where the participants evaluated dental
needs [24,25]. The current results showed that
most of the participants were women. Previous
studies hawve reported a similar gender
predominance, citing that women were more
proactive in seeking dental care [26]. Similar
gender differences were reported in Saudi Arabia
and India where it was found that women acted
more positively than men on oral health [27,2E8].

COur results showed that almost half of the
participants had poor oral health knowledge. COur
sample knowledge (58.0%) was lower compared to
62.2% reported in Nigeria, but it was similar to
that reparted in Spain with oral health knowledge
of 585% [29,30]. Although in our study
participants knew that they must brush their teeth

to prevent tooth decay (284.27%) and that to
prevent gum inflammation, it is also necessary to
clean between teeth (82.16%), most of them did
not feel that a regular dental visit was necessary.
Qur study participants’ knowledge of dental and
gum care was lower than in the results reported in
Cyprus at 97.3% and 96% respectively [31] and
Romanians at 95.3 and 88.3% [32]. The knowledge
of the participants in our study was stronghy
associated with the ownership of a smartphone
(P=0.011), secondary education (P=0.006), good
oral hygiene practices (P=0.017), and good oral
health attitudes [P=0.000). A study conducted in
Iran found an association between oral health
knowledge and financial status, which can be
reflected in our study as the ownership of a
smartphone [33]. In addition, a similar association
was reported between oral health knowledge and
a higher level of education among adult
populations in Spain [30]. More educated people
are more likely to use reading, social media, news,
and the internet to learn more. Bastani et al.
found that smartphone-delivered oral health
information enhanced knowledge [34]. The
association between oral health knowledge and
attitude was consistent with what was found in
China [35] but contrasting results were found in
the South Indian population [36].

These differences might be due to different
geographic location, sociodemographics of the
participants, and access to oral health care. The
knowledge of study participants also reflected on
their attitude, where 69.25% demonstrated a good
attitude. This overall attitude was better
compared to the South Indian, Saudi Arabian, and
Migerian populations where the attitude levels
were 33.3%, 48 3%, and 44 5%
respectively [36,37]. The differences could be
attributed to the different settings where the
studies were conducted. In our study, only 76.34%
of the participants agreed that dentists should be
visited regularly, even without having an oral
problem. The participants agreed that waiting until
they have a toothache before visiting the dentist
can lead to tooth extraction. Qur findings are
almost similar to the study with Libyan's parents,
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who agreed that regular dental check-ups are
important for the prevention of dental problems
at 79.5% [38). However, the attitude of Romanian
dental patients was better compared to our study
participants because 88.3% of them agreed that
regular dental check-ups can prevent dental
problems [32]. Qur study findings showed that the
participants attitudes were associated with oral
health knowledge (P=0.002). A similar association
between attitude and oral health knowledge was
also found among Iranian patients [18] and
Brazilian patients [39]. According to Rodrigues et
al. a patient's attitude is a key construct for
causing them to adopt a certain behavior and
maintain that behavior [39). The participants'
attitudes in our study were also associated with
ownership of a smartphone (P=0.043). The
relationship between the ownership of the
smartphone and the level of attitude could be that
smartphone users tend obtain  more
information online, which may improve their
attitude.

to

The knowledge and oral health attitudes levels of
our study participants did not translate to improve
their oral hygiene practices. Only a third of our
study participants displayed good oral hygiene
practices, in contrast to the Libyan study, where
78.7% of parents displayed good oral hygiene
practices [38]. Similarly, good practice findings
have been reported in the literature [32,33,35]
except in  Brazil where low oral health
literacy was associated with poor oral hygiene
practices [33,40]. Approximately 64.08% of our
study participants brushed their teeth twice a day,
compared to the Chinese dental patients who
reported that 77.4% brushed their teeth twice a
day [41].

Furthermore, 51.64% of our study participants
responded that they should visit dentists only
when they experience pain, as compared to 55%
of the Saudi Arabian participants [42]. The results
of our study found poorer oral hygiene practices in
contrast to the Indian study where 82.0% of the
participants went for routine dental check-up and
25 8% expressed that the reason for their last

dental wisit was only consultation and
advice [27,38]. Dental flossing was not popular
among our study participants because 92.7%
reported never using a dental floss. Similarly,
dental flossing was low in Romania at 27.9% [32].
Oral hygiene practices in our study were found to
be only associated with oral health knowledge.
The result of our study differed from what was
found in Brazil, where level of education was

associated with oral health practices [40].

One of our study's limitations is the use of a cross-
sectional design, which cannot establish causality.
However, we addressed this limitation by
conducting a regression analysis that adjusted for
confounding factors likely to influence the
outcomes. Additionally, our study's sample bias
arose from recruiting participants solely from
government facilities, limiting the generalizability
of results to those using private facilities.
Moreover, because the data was collected from
one district with a limited sample size, this study
cannot be generalized to the entire country.

Conclusion

Almost half of the adults in Nyarugenge district
had poor oral health knowledge, one-third of them
had poor oral hygiene practices despite showing
good oral health attitudes. The discordance
requires that oral health education and oral health
attitudes be improved. The association between
smartphone ownership and oral health knowledge
was identified among the participants. This
suggests an opportunity to utilize smartphones as
educational tools for oral health alongside
traditional methods to enhance knowledge and
promote better oral hygiene practices.

What is known about this topic

¢ QOptimal oral health is the gateway to
general health of all individuals;

¢ Oral health knowledge may influence oral
hygiene attitudes and practices;
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* Good oral hygiene praoctices depend on
several factors including individual level
community level, organisational level as
well as oral health policies.

What this study odds

« This is one of the first studies to report on
the oral health status, knowledge, attitude,
and proctices of adults in Nyarugenge,
Rwanda;

o The findings of this study will be useful in
planning the oral health educational in the
community;

# This is study show the relationship between
KAP and demographic characteristics.
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[Table 1: demographic characteristics of the participants

Demographic (n=426) Frequency Percentage
lAge

18-27 years 162 30.44%
28-37 years 124 30.28%
38-47 years 73 17.14%
|48-57 years 34 7.98%
58-88 years 2 5.16%
Gender

Male 164 35.5%
Female 262 61.5%
Marital status

Single 136 31.9%
Married 271 63.6%
Divorced 2 2. 8%
Cther 7 1.6%
Participant own smartphone

[fes 151 35.4%
Mo 275 54.6%
Level of education

Primary 189 44 5%
ISecondary 178 42%
University 31 7.3%
Mo education 26 6.1%
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Table 2: frequency distribution of oral health knowledge and oral health attitude
Oral health knowledge n=426 Yes (n %) Mo Don't know
ITo prevent tooth decay, | have to brush, especially on the crown

550 (84.27%) |36 (8.45%) [31(7.28%)
covers of my teeth
Toothbrushing should be done in the morning after waking up

397 (93.19 % 22 (5.16 %) [7(1.64%
and at night before going to bed every day ( *) ( o *)
Dental plague can cause gum diseases and tooth decay 390 ({91.55%) [|12(2.82%) [24(5.63%)
Gum bleeding is a sign of gum disease 376 (B8.26%) |26 (6.10%) [24(5.63%)
To prevent gum inflammation, you also have to clean between 350 (32.16 %) [21 (4.93%) |55 (12.91%)
your teeth
IThe hard deposit on your teeth can remove itself with 164

213 [50.00% M9 [11.50%
toothbrushing alone [ *) (38.50%) ( ¢)
Bad breath can be caused by gum disease 241 (56.57%) |97 (22.77%) [B8(20.66%)
Wh d t bleed while brushi teeth, there i

Er1 my gum -:_:esnc- eed while brushing my teeth, thereis | (76.06%) |60 (14.08%) }42(9.86%)

nothing wrong with my gum
14 regular dental check-up is necessary 319 (74.88%) |89 (20.89%) |18 (4.23%)
Oral health attitude n=426 Disagres Agree Meutral
Do you think the hardness of the bristles of the toothbrush 383

129 (7.04% 14 (3.29%
affects teeth and gums? ( ) (92.96%) ( )
Do you think well-cleaning of teeth can be done without using 177

227 (56.19 22 [5.16%
toothpaste? ( :I (43.81%) ( )
o you think dentists should be visited regularly, even without 313

97 (23.66% 16 (3.76
having an oral problem? ( g (76.34%) ( :I
Do you think you must perform oral self-care regularly to 406
identify any abnormality in your mouth, such as a hard deposit |14 {3.33 %) B (1.41%:)

(96.67%)

on your teeth?
Do you think you cannot remove the hard deposit on your testh 243

154 (38.79% 29 [6.81%
with toothbrushing alone? ( *) (61.21%) ( )
Do you think waiting until you have toothache before visiting 312

93 (22.96% 21 (4.93%
dentists can lead to tooth extraction? ( ¢) (77.04%) ( )
| think caring for my mouth is as important as caring for other 412

5 [ 1.44% I8 [1.88%
parts of the body 1 ) (98.56%) 1 *)
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Table 3: oral health practice

Oral health practice Frequency |Percentage
The method used [Toothbrush and paste 422 99.06
to clean Finger 2 0.47
Mone 2 0.47
When do you MMorning before breakfast 107 25.12
brush your teeth  |Morning after breakfast 37 8.69
Moon after lunch 5 1.17
Might before going to bed 4 0.94
Morning after breakfast and night before
o tfbed g 773 54.08
the duration of Less than 1 min 27 5.34
brushing teeth One min 122 28.64
Two min 28 20.66
More than 2 min 176 41.31
Do not know 13 3.05
Type of Hard bristle a0 21.13
toothbrush used  [Soft bristle 153 35.92
MMedium bristle 156 36.62
Do not know 21 4.93
Do not use toothbrush 1] 1.41
The duration of  [One month 121 28.40
replacing the Three months 141 33.10
foothbrush Six months 20 469
\When the bristles are worn out 140 32.86
| do not use a toothbrush 4 0.94
The type of Wertical strokes 31 7.28
motion used Horizontal strokes 276 54.79
during brushing  [Circular motion la 0.94
Combination of the above 110 25.82
| do not use a toothbrush 5 117
How often do you |[Every 6 months 13 3.05
wisit dental Every 12 months 56 13.15
services? Only when | have dental pain 220 51.64
Mever visited 137 32.16
Use of dental floss [Once a day a 2.11
Twice a day 4 0.94
Sometimes 15 3.52
Once a week 3 0.7
Mewver 395 92.72

*P-value <0.05
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Table 4: association between KAP and demographic characteristics
FPoor oral Jﬁood oral |Pvalue [Poororal |Goodoral [Pvalue|Poororal (Good oral |Pwvalue
knowledgelknowledge attitude n  jattitude n practice n practice n
n (%) n (%) (%2} (%2} (%) [%e)
lAge group
18-27 years |63 (35.2) [105 (42.51) |p.468 [18(33.96) [119 (40.34) [0.862 [104 (36.24)f54 (46.04) |0.344
28-37 years |60 (33.52) |69 (27.94) 18 (33.96 |91 (30.85) 5o (31.01) f20(28.78)
35-47 years |29 (16.2) |44 [17.81) 1018.87 |50 (16.96) 53 (18.47) [20(14.39)
45-57 years |16 (8.94) [18 (7.29) 5(9.43) |20 (6.78) 74 (8.36) [10(7.19)
55-88 years  [11(6.15) [11 (4.5) b (3.77) [15(5.08) 17 (5.92) 5 {3.6)
Tatal 179 (100) (247 (100) 53 (100) 295 (100) 287 (100) [139 (100)
Gender
Male 56 (36.31) |99 (40.08) |p.430 [ra(as.28) (117 (39.66) |p.4as [113(39.37)B1(36.69) |0.594
Female 114 148 (59.92) bo (54.72) [172 (60.34) 174 (60.63) B8 (63.31)
i63.69)
Total 179 (100) [247 (100) 53 bas 287 (100) [13% (100)
Own a
smartphone
Ves 51 (28.49) 100 (40.49) fp.11* |14 (26.42) [120 (40.68) |0.048* [30(31.36) |51 (43.88) |0.011*
Mo 128 147 (59.51) 59 (73.58) [175 (59.32) 197 (65.64) 78 (56.12)
i71.51)
Total 179 247 (100) 53 (100)  [295 (100) 787100 (139 (100)
Level of
education
Primary 575419 |92 (4458) [pos* [p1ssas  [121(4130) |p1z  [137(47.74)B2 (37.96) |0.054*
Secondary |60 33.52 [118 (48.16) 183396 [131 (44.71) 111 (35.68)[57 (48.91)
University 11615 |20 (8.18) b 377 bE (8.57) 18 (6.27) [13 (9.49)
Mo education [116.15 [15 (6.12) b 377 15 (5.12) 21(7.32) [ (3.65)
179100 [245 (100) 53 po3 287 (100) [137 (100)
Oral health
knowledge
Foor NA NA A 52(50.38) [102(34.58) |0.000* [132(45.93) #7(33.81) [0.017*
knowledge
Good b1{39.62) [193(65.42) 155(54.01()B2(66.19)
knowledge
Tatal 53(100)  [295(100) 287(100) [139(100)
*P-value=. 0.5 statistical significant
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Table 5: logistic regression for oral health knowledge, oral health attitude, oral health practice and
demographic characteristics

Oral health knowledge \Oral health attitude Oral health practice

Factors COR P- IAOR pvalue ICOR P-  [AOR (95%: |P- COR P_value AOR P-
(95%iC1) |value [[95%:C1) N95%:Cl) palue|Cl) value [[95%:C1) {95% CI) [value

Age 0.98 1.00 10.99 0.996 986 (0.96: 0.985
(0.97; 0.093 |(0.98; 0.759  [[96; I0.456((0.96; 0.830 ﬁ.DU4ﬁ- ‘0142 096 ; 018
1.00) 1.02) 1.01) 1.026) 1.007)

Gender

Male 1.00 1.00 1 1 1 1

Female 0.85 1.25 1.073
(0.57; 0.430 S'iz]‘D'5350.545 (0.69; |0.443 ;.iz][ﬂ.?ﬂ; 0.375 1?;22 2:.;;] 0.594 ({0.68; 0.754
1.26) ’ 12.26) ) T 1.67)

Marital

status

Single 1.00 1.00 1 1 1 1

Married 0.61 0.62 1.030 1.074 1.21(0.77: 152
(0.400; |0.026°((0.377; (0068 |054;, 0927(0.43 0.856 1'39# TUT|0.396  ((0.90; 0.11
0.94) 1.03) 1.94) ;2.34) . 257)

Divorced (051 I0.35 1449
(0.15; 0.267 [Dsj';l_?ﬁﬂ.zﬂ (0.081; ?DSSEE 15) 0.162 ii;?ﬂl 0.776 |({0.40; 0.545
1.67) ' 157) ! 5.48)

Other 0.38 5.064
(0.08; 0.222 g:;g]m'w;ﬂjs& 1 i;égfa 0.139 [{0.95; 0.057
1.78) 26.85)

Chavn

smartphons

fes 1.00 1.00 1 1 1 1

Mo 0.58 _ I0.523 0.565 0.584 0.703
(0.38; D.Dll'?:gg]m'qz'ﬂ.llﬂ (0.27; |0.052)(0.32; 0.272 [(0.38; 0.012* ({0.43; 0.147
0.88) 1.00) 1.37) 0_38) 1.13)

Lewvel of

Education

Primary 1.00 1.00 1 1 1 1

Secondary (2.07 1.86 1.670 1437
(1.35; D.Dﬂl'g:giltl'lq;ﬂ.ﬂll‘ (0.99; |0.053)(0.24; 0.143 ;:ig;l'm; 0.039* [{0.89; 0.135
3.16) 13.50) 3.31)3 2.31)

University |1.91 3.33 1.40
0.87; |0.105 ;':ilmm‘njﬁ [0.74; if;{gfsi 0.281 i-igpm-a?; 0.107 (059; |0.443
4.22) ’ 14.79) ) ) 3.31)

Mo 1.43 192 2.44 0.62

education  |(0.62; 0.390 ;'SZ]‘D'?D'U.EED (0.41; (0.503; 0.268 [DUG;;l ?530.3?3 (0.21; 0.379
3.29) ’ I8.54) 11 89) e 1.79)

Mote: COR: Crude odds ratio; AOR: Adjusted odds ratio; Cl: Confidence interval *p-value =0.05 statistically

significant
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Abstract
Objective

Oral healthcare professionals encounter considerable challenges while providing services
tocurb the oral disease burden. The aim of this study was to explore the challenges faced
by oral health practitioners providing oral health services in Nyarugenge, Rwanda and to
appraise the availability and adeguacy of oral hygiene equipment, instruments, and
materials.

Methods

This was a cross-sectional concurrent mixed methods study. The quanttative and qualita-
tive parts were inde pendent during data collection and analyses and merged during the
intepretation phase. All saven public health facilties and 14 dental professionals workingin
Myamgenge were included in the study. Datawere collected using an audit checklist and an
in-depth interview guide. Descriptive statistics were usedtoanalyze the quantitative data.
Theinterviews were analyzed using thematic content analysis.

Results

Most of the dental health professionals were dental therapists (n=11), women (n =98}, aged
3140 years (n =7), and with 11-20 years’ expenence as oral health practitioners (n = 6).
There were five health centers andtwo hospitals that were audited for equipment, instru-
ments, and materials. The audit of the facilties revealed that most facilities have dental
equipment and instruments, but none have adequate preventive dental instruments and
materials. Four broadthemes emerged from the interviews with the oral health practitioners,
namehy human resources, supply chain management, patients’ oral health awareness and
service rendering, and strategic management and administration. The most significant chal-
lenges oral health practitioners faced included high dental practitioner'patient ratios, lack of
adegquate and appropriate eguipment and materals, patients’ lack of oral health awareness,
and a lack of administrative support.
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Conclusions

Well-established community preventive interventions, such as a mobile oral health App,
could reduce the patient/provider ratio by increasing population aw areness of oral health
and encouraging healthy behaviours. The management of the health facilties should
address the human resource challenges and equipment supply chain issues.

Introduction

I their daily work, oral health professionals (OHPs) fight common oral diseases, especially
perodontal disease and dental caries, which are some of the most common non-communica-
ble diseases and are even more prevalent than cardiovascular disease [1]. However, in this
fight, either through prevention or treatment, OHPs encounter many challenges. The first
challenge identified by researchers is financial because dental services are expensive and con-
sidered among the most expensive healthcare treatments [2]. Consequently, dental services are
difficult o afford, especially in low-income countries and even in higher-income countries
among people with lower income, senior populations, and margi nalized communities such as
refugees, migrants, and people with disabilities [3, 4]. In the USA, more people complain of
financial barriers to accessing dental care, irrespective of age, income level, and insurance type,
than any other healthcare, Most treatments are not always covered by national insurance
schemes, and they cover only a small range of services [5, ). When confronted with the prob-
lem of financing, health professionals tend o focus on clinical procedures that provide them
with better renumeration instead of on risk assessment or prevention, and many prefer work-
ingin private dental clinics where they can earn better salaries [7]. This suggests that public
institutions are frequented by individuals who may be unable to afford costly dental treatments
[8]. Singh etal stated that most dentists target profit compared to patients’ dental problems
[9]. Therefore, some dental services are not offered in public institutions due to payment chal-
lenges and the expensive nature of some dental proced ures,

The provision of oral health services is further compromised by lack of infrastructure,
equipment, instruments, and materials. The lack of infrastructure at primary health centers
and community health centers is a major hindrance to oral health delivery in India, and this
may be due tothe lack of dentists that are appointed in government decision-making bodies
[9]. In care homes for the elderly in Germany dental professionals have requested that a dental
chair with alight should be available in every care home to facilitate dental treatment [10]. The
lack of OHPs has also been reported as a problem in South Africa [7]. The lack of infrastrue-
ture leads to few wo tking stations and few dental care providers, cansing long patient waiting
times, and the lack of equipment and materals impinges on the options and quality of treat-
ments [11, 12]. In Migeria, the lack of equipment and materials has been found to jeopard ize
the treatment options for patients and made OHPs o choose treatment procedures for which
instruments and materials are available, such as tooth extraction [6]. The Rwanda National
Strategic Plan for Oral Health 2019-2024 highlighted that in district hospitals and health cen-
ters, dental equipments, especially dental chairs, were either not available or not functioning
due to lack of maintenance and lack of space for oral health services [13].

The biggest challenge experenced by OHPs when offering services has been linked to lack
of human resources, which resulted to low dentist/patient ratios [14]. Different dental special-
ists are needed to collaborate in comprehe nsive oral examinations and treatment [15]. The
problem of a shortage of dentists has been raised in the USA [16], and the situation is even
worse in low- and middle-income countries. In Nigera, the dentist/patient ratio was reported
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to be 1:38 600, whilst in Tanzania it was 1:360 000 but in high-income countries, it was 1:2 000
[17]. Many health facilities in Nigeria have been found to have only one dental professional
who does not have colleagnes to consult about difficult cases [6]. OHPs' workload makes them
overlook important steps in the diagnosis process, such as comprehensive oral examinations,
comprehensive treatment care and oral health education. It is important to perform a compre-
hensive oral examination, including screening for eardy signs of all oral diseases, because it has
been observed that most patients consult only for pain and dental emergencies [17, 18], How-
ever, preventive measures are often neglected despite the goals of oral healtheare being a com-
mitment to prevention (7, 9].

Apart from the inancing of dental care, the availability of infrastrocture and equipment,
and the low dentist/patient ratio, the behavior of many patients has also been a challenge. The
lack of oral health awareness among the population concerning early signs and symptoms of
oral diseases, preventive measures, and regular dental checl-ups resulted in late dental care-
seeking behavior [6]. Even when patients have an infected tooth that can be conserved, it is
challenging to convinee them o comply with alternative treatments such as root canal treat-
ments because they visit the dentist only when the pain is unbearable and insist that the tooth
be removed [6 12]. All these challenges are mostly due to oral healtheare not being included in
the primary healthcare system. Oral healthcare should be integrated into primary healthcare to
make it available to all people [6]. The adoption of healthy oral health preventive measures
cannot take placeif patients and caregivers are not given oral health education by OHPs on
good oral hygiene practices such as frequent brushing, good brushing technique, interdental
cleaning, regular dental check-ups, diet, and smoking cessation for the prevention of both peri-
odontal diseases and dental cares [16].

The above-mentioned challenges can be addressed through good management. Some man-
apgerial barrers to good and equitable oral health identified in the literature are unelear goals,
inadequate organization and management, poor planning, little emphasis on evaluation, and
failure to plan for adequate manpower and use of auxiliardes [2]. It has been observed that den-
tal service is often neglected during recruitment and procurement processes [6, 8, 13]. Litera-
ture demonstrates that there is international neglect and a lack of political priortizing of oral
health [16, 20]. Many public policymakers do not understand or value oral health as part of
general health, making it a lower priority [2]. The affordability of dental services, the skills of
OHPs, and the a\‘ailabilit}' ufdn:nblnquiprm:ntand materials all pla}' important roles in the
provision of comprehe nsive oral care, and this is the responsibility of the management of
health facilities [17].

This study explored the challenges faced by OHPs in providing oral health services to the
community of Nyarugenge, RBwanda. In addition, the availability and adequacy of oral hygie ne
equipment, instruments, and materials were also appraised. This study formed part of a larger
doctoral study titled “Oral Health in Nyarugenge District of Rwanda: The Role of Mobile
Applications in Oral Health Education”™.

Methods

Study design

This study was a cross-sectional concurrent mixed methods study that used both qualitative
and quantitative methods. The qualitative part of the study aimed to explore the challenges
faced by OHPs when providing oral health services o the community of Nyarugenge Distriet,
and the quantitative part was an audit of oral health services in Nyarugenge District The quan-
titative and qualitative parts were independent during data collection and analyses but were
merged during the interpretation phase.
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Selting

Rwanda is one of 56 countries in Africa. Rwanda is divided into four provinces and Kigali
City. The four provinces each have 27 districts, and Kigali City has three districts, namely
Gasabo, Kicukiro, and Nyarugenge [21, 22]. The study was conducted in seven public health
facilities that offer dental services in Nyarugenge District Five health facilities are public and
two are managed conjointly by the government and the Roman Catholic Church, These health
facilities service all patients, including those using community-based health insurance (CBHI).

Study population and sampling strategy

The quantitative section of the study assessed the seven public dental health facilities in Nyaru-
genge District, and for the qualitative section, OHPs working in the seven dental health faeili-
ties were individually interviewed. No sampling was done. All seven dental health facilities in
Nyarugenge District (n = 7)and all OHPs working in these facilities were included in the
study. Fourteen OHPs were recruited for in-depth interviews.

Data collection

The data eollection tools for both the quantitative (observation checklist) and qualitative data
collection (interview guide ) were adapted from astudy conducted in 2018 by Josephin et al.
[23]. The data collection was started on 18 July 2022 and ended on 01 August 2022 The check-
list items for the quantitative data collection assessed the availability, adequacy, and functional-
ity of dental equipment The in-depth interview guide had 12 questions related to various
scenarios experenced by OHPs when providing oral health services o the community. The 12
questions asked during the in-depth interview were as follows: (1) How is your work now? (2)
What suggestions can you make so that your work becomes much easier? (3)Do you manage
to give oral health education to every patient that comes to you? (4)Are you able o provide
scaling and polishing treatment to all the patients who need treatment? (5)Do you get time to
sterilize and reuse instruments for scaling and polishing according to need? (6)Do you get
time to give oral hygiene instructions to patients after a procedure? (7) Are you satisfied with
the quality of treatment that you are offer ng to your patients? (8)What hap pens when one of
the equipment in the dental clinic stops working or needs repair? (9)When dental materials
like polishing paste finish, is it replaced immediately? {10)Do you feel that you are at risk while
providing treatment? (11)In your opinion, what would decrease your workload? (12)What are
your suggestions to improve oral hygiene treatment facilities in the dental clinic?

Following informed consent, the primary investigator (EN) conducted the interviews with
the OHPs in a private room. The in-depth interviews were conducted in English and inter-
preted in Kinyarwanda, the local language, when necessary. Each interview lasted around 30
minutes. The responses of participants were audio recorded, transeribed verbatim, and saved
as individual Microsoft Word documents soon after the interview. At the end of the interview,
an audit of the dental equipment was performed using the observation checklist

Data analysis

Descriptive statistics were used to analyze the quantitative data using percentages and fre-
quency distribution. The dichotomous responses, 1 equals yes and 0 equals no, to identify the
availability, adequacy, and functionality of the dental equipment, instruments, or material
needed for scaling and polishing were recorded. Data were entered manually on an Excel
spreadsheet and then imported into Stata version 16 (manufactured by StataCorp LLC in
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USA) for analysis. For the qualitative data, the recorded interviews were transeribed and
imported into NVIVO software (manufactured by QSR International) for a detailed analysis,

The interviews were analyzed using thematic content analysis [24]. The first step in the analysis
was Lo look at the participants’ own words and phrases without preconceived notions or classifica-
tions. We examined in deep the responses of esch participant’s answer to all the questions,

To enswre trustworthiness, two additional researchers, an experienced qualitative researcher
in health systems and a dental specialist, participated in the development of the codes by reading
the participants’ responses independently from the primary researcher to establish an inter-
coder agreement. Once the initial analysis was completed, the team liaised to discuss the codes
generated independently and to reach an agreement on the codes and themes.

Ethical statement

The research received ethical approval (M220213) from the University of the Witwatersrand
Human Research Ethics Committes (Medical). Additionally, permission was obtained from
the relevant healtheare authorities, including the Rwanda Institutional Review Board (IRB)
ethical committes (Mo, 234/CMHS IRB/2022) and the National Health Research Committes
(Mo, NHRC/2022/PROT/26). The written informed consent form was obtained from the
participants.

Results

Description of the study sample

Seven facilities were audited for the availability, adequacy, and functiomality of equipment for
preventative dental services. Furthermore, 14 OHP from these facilities were interviewed
about the challenges they face when providing oral health services to the community.

Frequency distribution of health facilities with essential dental equipment
and instruments

Table 1 shows that five health facilities had dental chaies but only four of these chairs were
fully funetiomal. Only two health Gacilities had adequate dental chairs, dental lights, and dental

Table 1. Preventive dental equipment, instrum ents amd material awdit availability.

Eguip ment /instrume nts Availability Functionality A v
Yes No Yes No Yes No
D rital chair 5 2 d 3 2 5
Drenital light 5 2 4 3 2 5
D il st 5 2 5 2 2 5
Dhenital compressor 5 2 5 2 5 2
Suction lines & 1 5 2 5 2
Steril tring wnit 7 [ 7 1] 7 1]
Ulirasoanic scaler wnit & 1 5 2 3 4
Ulirsmic tips & 1 5 2 1] 7
Manual scaling set 7 ] 7 1] 4 3
Suction Lips 5 2 5 2 4 3
[mstruments for polishing 5 2 5 2 4 3
P rophy ks handpiece 3 2 3 2 L 3
Prophylasdsangle 5 2 5 2 4 3
Prophylaods copibnsh 5 2 5 2 4 3
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stools. All health facilities had functional and adequate sterilizing units. The manual scalers
were available and functional in all seven health facilities, and five facilities had available and
functional equipment and instruments for scaling and polishing However, the adequacy was
low concerning the ultrasonic unit (n = 3) and ultrasonic scaler tips were inadequate, Fune-
tional prophylads handpieces, prophylaxis contra-angle, and prophylaxds cups/brushes were
found in four of the facilities. Polishing material was also inadequate in three facilities.

Frequency distribution of health facilities with essential dental material. The materials
for oral hygiene instructions, oral examination instruments and personal protective equipment
(PPE) availability and adequacy from the facilities were analysed. Only two health facilities out
of seven had a demonstration model, toothbrush, and dental foss for interdental eleaning dur-
ing oral hygiene instruction. None of the health facilities used a mobile application for oral
health education. All seven health facilities had dental probes, mouth mirrors, and dental
trays, but only six had periodontal probes. However, all these instruments were adeguate in
only four health facilities. Sixof the health facilities had all personal protective equipment and
they were adequate. The mouth masks were available and adequate in all the health facilities.

Demographic characteristics of OHPs. Owerall, the total number of OHPs was 14, with
five based in health centers, three in district hospitals, and six in referral hospitals. Most
respondents were dental therapists (n= 11), and the dental surgeon (n = 3). The females
(n =9) were predominant, and the majority of the participants were aged between 3140 years
(rn =7). The 41-50 age group included 4 OHPs, and in the 21-30 age group had 3 OHPs, The
years of practice of the OHPs revealed that (n = 6) OHPs had more than 10 years, 6-10 and
1-5 years of experience had 4 OHPs respectively.

Emerged themes. Although overlapping, four broad themes emerged from the responses of
OHPs in the in-depth interviews, shown in Table 2, and these themes are discussed in the fol-
lowing subsections.

Human resources

Apart from the OHPs working at the district hospital who reported that the patient/practi-
tioner ratio was manageable, all the other OHPs complained about patient overload. In five of
the health centers, there was only one dental therapist managing all the patients, The under-
staffing resulted in complaint-orented service instead of comprehensive holistic dental man-
agement Furthermore, the OHPs had to rush to elear the long queues and cannot not perform
other reatments such as scaling and polishing or dental fillings since many patients have acute
pain. In addition, ensuring good infection control can be challenging when the practitioners

Table 2. Themes that ¢ merged from OHPS experiences in Nyarugenge Didrict.

Theme Desiription
1. Human mesaaer e « Poor OHP /patient ratios
o Lack of denial asistanis
2. Supply chain management « Insufficient of equipment

« Insulificient instruments,

» Insufficient dental materials

3. Patient education and service m’.ulcrinﬁ . Lad&ol"puh]k.' AW DT 5

= Drelayed oral ]'.ﬂ]ﬂ'lﬂn:.tddnsprﬂsﬂ.im

» OHP workloads
I.Str;lq;ic nun#memand = Health system T Py b4
adminstration « OHPs attitudes and behavior fplﬂsarﬂ.. nnle.orﬂr'mﬁatﬁtmle];
- Minismm:ll of service Prm.'i:im; innlequ:leorhckol’
ol calion
W RETAT o A 2T 1002
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are working alone without a dental assistant. The following comments by the OHPs gave a
clearer picture of the situation:

“The number of patients is higher compared to the number of dental practitioners. Some-
times you have to rush in order to clear the line of patients.” (Participant 2)

“When thereare many, we sometimes don't do a dt:n:p intraoral examination and concen-
trate only on the chief complaint instead of doing a comprehensive oral exam.” (Participant
5)

“Sometimes [ am not happy due to the large number of patients. So T cannot satisfy all their
needs. We can skip doing some treatments like scaling and dental fillings due to that num-
ber.” (Participant 12)

“You understand that this is a big challenge, IF we have to work as four hands and you are
there alone, helping yourself, it is not correct.” (Participant 11)

Another challenge expressed by the OHPs working at the district hospital and the referral
hospital was thelack of specialists, The waiting list and time are long for patients who must be
seen by a specialist, and it was reported that some patients with oral cancer have died while
waiting for treatment. Furthe rmore, since there is no dental surgeon at the district hospital,
even patients requiring simple endodontic treatments and impacted teeth removal are referred
to the hospital. Unfortunately, when patients arrive at the referral hospital, they can be turned
back because of lack of dental material, and then they must get another referral to the Rwanda
Military Hospital. That was distressing for both the patients and the practitioners, as shown in
the following comments:

“Bring also dental surgeons so that more services would beoffered from here. Patients
would receive a bigg:r pad:agn: of dental care forms here; references would be reduced.”
(Participant 3)

“Tthink they should train more specialists. Currently, we have only one masdlofacial sur-
geon dealing with accidents and emergencies. You find that a patient with orofacial cancer
can die without even being examined by the specialist” (Participant 7)

Itis imperative W recruit more OHPs for primary oral healtheare services because if this is
not done, the quality of care offered in public health facilities will continue o be
compromised.

Supply chain management

The OHPs reported that they do not have sufficient equipment, instruments, or materials to
offer dental care to the community. Theaudit indings from the checklists showed that two
health centers did not have a dental chair, and of the five health centers that did have a dental
chair, only four had a fully functional one. At the referral hospital, only two chairs out of four
were available and could be used for ultrasonic scaling, The sitwation was similar at the district
hospital, where only one chair out of two was available, fully functional, and could be used for
ultrasonic scaling. Three health centers had one dental chair each, but only two of these chairs
could be used to Ptrfq.‘urn ultrasonic sc,ali.ng. In gl:m:rdl. nodental clinic had adt:qual‘.t: equip-
ment for the number of patients. As shown in the following comments, the OHPs expressed
that the lack of equipment, instruments, and materals impacts the oral healtheare they provide
to the community:
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“Concerning equipment, since we have many patients who need our services, it would be
much better if we had more equipment. Currently, we have only one dental chair. Tt would
be better if we had two of them. More equipment should be purchased to serve the popula-
tion better.” (Participant 8)

“Most of the time we don't have enough materials for all the patients. Some patients get
good service while the others get lower service because some materials have finished.” (Par-
ticipant 9)

Competing priorities in hospital settings between dental services and other services, such as
maternity or pediatric services, were cited by OHPs as reasons for the lack of dental resources.
The dental equipment could be damaged and not be repaired, and consumables were finished
and not procured, resulting in patients waiting a long time before receiving treatment. This is
achallenge at almost all the surveyed health Baeilities. Usually, in public health facilities, tender
and procurement processes take a long time, which means that some items that are received
are used immediately because the waiting time was so long, The following comments by partic-
ipants express this challenge:

“That is also a challenge. Tt doesn’t mean that the materials are nowhere to be found, only
that the process is long . . . sometimes you get them oo late when it is no longer possible to
help the patients. You can make a request today and wait a whole year for delivery.” (Partic-
ipant 9)

“The priority is given to the maternity, pediatric, and necnatology services. The dental ser-
vicelags in the process of supplying.. . . we always wonder if the dental service is futile or is
not generating money so that its revenues cannot belp to buy a scaler. Ifa scaler has been
functioning for like two years, it is not understandable that the money generated durng
that period cannot buy another one w replace the damaged one, That is always a challenge.”
(Participant 1)

Even though six of the seven dental elinies had ultrasonic scaler units, most of them did not
have enough scaler tips, which led to overuse until the tips were no longer efficient. In many of
the facilities, they can book only two patients per day, despite the need o book more patients.
The availability and functionality of the scaling instruments were optimal, but when compared
to the number of patients who needed this treatment, it was inadequate. The problem is wors-
ened by the fact that dental elinies are no longer allowed to have a sterilizer on the premises,
which would have allowed them to sterilize scaling instruments between patients. The new
protocol means sterilization can only be done at the main sterilization unit of the hospital or
the health center. These new protocols result in delays in the sterilization process and the avail-
ability of sterile instruments, negatively impacting services. The OHPs described the problem
as follows:

“These types of equipment and materials should be in enough because many patients are
having a lot of caleulus. Sometimes even when they haveanother chief complaint, you
might wish first to clean their teeth before proceeding with the lling or the extraction in
order towork in asafe oral environment.” (Participant 3)

“Ihad requested 30 scaler tips, but T have only two. But even those two are no longer func-
tioning perfectly because they are overused.” (Participant 11}
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“I become stressed because [ see patients who need (preventive) services. Telling someone
tir come back after one month is very frustrating. You would like to serve them immediately
but due to the shortage of equipment, you are obliged to give a rendezvous one month
later.” (Participant 11}

“We sterilize in a big container from the autoclave at the theatre and in the moming, they
bring them back and put them in small boxes.” (Partici pant 5)

After scaling, it is necessary to polish dental surfaces to prevent a rapid re-accumulation of
caleulus. However, only three sites had the necessary polishing paste, and most of it was of
poor guality and could not perform good polishing The service of polishing teeth posed
another challenge because it is not covered by the CBHI scheme, which is mostly used in pub-
lic health faciliies. Therefore, many patients attending public health facilities cannot afford to
pay for teeth polishing services. The resull is unpolished dental surfaces that attract dental pla-
que and caleulus more quickly, which discourages patients and makes them believe scaling is
more harmiul than beneficial t their oral health. The following comments by the participants
explain this problem:

“We would also like to get the polishing paste whenever we need to use it. People start to be
aware and to look for better oral hygiene.” (Participant 3)

“The request of consumables is done on time, but since we arein a public hospital, the pro-
cess of delivery is very long so at given times we stop doing some procedures because dental
materials are not there, That process causes us to experience stock-outs.” (Participant 2)

“The only consumables they care o avail are those linked to tooth extraction. But for the
others, the ad ministration is reluctant.” (Participant 12)

The adequacy of diagnostic dental instruments was low in all seven health facilities consid-
ering the number of patients received daily, except for personal protective equipment. The
COVID-19 pandemic improved the availability and adequacy of personal protective equip-
ment in all health facilities because administrators of health facilities realized the importance
of personal protective equipment in protecting patients, practitioners, and colleagues.

Patient education and service rendering

The heavy workload of OHPs leads 1o them overlooking important practices such as oral
health education. The OHPs said that it is almost impossible o give oral health education o
every patient they examine. The OHPs give superficial oral health education to patients with
halitosis or poor oral health status, but only OHPs working in two health facilities said they
found time for thorough one-on-one oral health education. This is possible because another
dental therapist was recently recruited at one health center, which means the district hospital
staff are no longer overloaded. This resulted in improved OHP/patient ratios. This proves that
the will to do oral health education is there but that the practiioner/patient ratio makes it
impossible. However, the OHPs confirmed they give postoperative instructions to every
patient after treatment regardless of their overload. The following comments by the OHPs
show the extent of the problem:

“It is not possible to give oral health education to every patient. Most of the ime, we do it
for patients with poor oral health status or with halitosis. That is when we tell them that
they have to brush their teeth.” (Participant 5)
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“We only tell them to remember to brush their teeth in the morning and at night before
going to bed, Only that” (Participant 7)

“Giving oral health education to every patient is challenging because patients are many.
You only tell them about theact itself you are about to do for them or, after completing the
procedure, giving them related instructions. Otherwise, itis very challenging unless you do
mass education, but they don't come at the same time.” (Participant 4)

“There are also some people who don't want to hear what you are telling them, thinking
that you are wasting their ime while you wanted them to acquire some awareness.” (Partic-
ipant 3}

Patients are unaware that it is better to prevent oral diseases than to cure them and that
teeth can be cleaned professionally. They often realize that there are some deposits on their
teeth and try to remove them with charcoal, which causes more dental problems like enamel
abrasion. Most of the patients seek dental services because of pain. Even when OHPs see the
need for scaling and polishing and gave them an appointment, the patients do not come for
the treatment According to the OHPs, most patients do not listen to the advice they are given
during individual or mass oral health education and consider it a waste of their time. One
OHP said that the reason for this is that there are no OHPs recruited in the community to
teach them oral hygiene measures and to sereen their mouths for early detection of diseases.
Community oral health prevention should be established and consolidated because it will
tackle the problem of oral health at the root, especially since individ ual dental seli-care by
teoth brushing, including interdental cleaning, is the most important preventive measure for
perodontal disease and dental caries. Furthermore, patients should cooperate with OHPs and
quit harmful habits such as smoking, aleohol, and drug abuse.

“There should be dental personnel affiliated in the community o educate people about oral
health, That would be very good”. (Participant 4)

Oral health education is also a challenge because of a lack of teachi ng aids and promotional
material. Only one health center, managed by sisters of the Roman Catholic Church, had all
the necessary didactic materials for oral health education. The feility had a big teaching
model and a big brush they could use o clearly show all the parts of the oral cavity and how o
clean them. Participant 8, who works at this center, said, “First of all, we have didactic materi-
als in our office. We have a big toothbrush and a big model that we use to show them the tech-
nigue for tooth brushing. We also show them the gum and the tongue on the model. You see
that this model is showing all the parts of the mouth”. The only other health facility with a
small dental model teaching aideis the distriet hospital. Atall the other centers, oral hygiene
measures are taught using gestures, and it is impossible to verify whether patients understand
what they are taught. The OHPs did not even have dental floss to show patients how to clean
interdental spaces and had to teach patients only in theory. The lack of time due to patient
overload and the lack of didactic materdals negatively affect oral health education, which is the
basis for oral disease prevention. Participant 5 explained it as follows:

“We don't have typodonts and materials which would help us to explain the technique for
dental brushing, When we do itonly in theory, we are not sure of the outeome. Didactic
materials should be available on our consultation tables, but we don't have them .. we
only give oral health education in theory, but we cannot verify if they understood well or
noL” (Participant 10)
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The large number of patients seeking dental care reflect the oral health status of the com-
munity. The poor oral health status of the community could be improved if oral health educa-
tion is improved throuwgh measures such as active, practical education through people’s mobile
phones. All the interviewed OHPs were amazed by such an idea and recognized that the appli-
cation would make their job much easier because patients would eome to them with some
knowledge about oral health and ask questions to clarfy the information they received on
their phones. If the information is updated regularly with clear audio-visual materials, it will
positively impact people’s oral health, even in remote areas. The following comments show the
OHPs reactions to the idea of a dental mobile application:

“People would be aware of when and how to perform oral hygiene and consequences of
poor oral hygiene” (Participant 14)

“That is where that application would play a role in raising the awareness of our clients
about oral health. The communication between dental patients and dental practitioners
would be smoother. That wouldn't take us a lot of time trying o convinee them about the
best treatment.” (Participant 1)

“That is why the application you were telling me about would be very useful because problems
start at the community level, not at the health faglity . . . since oral problans can be prevented,
and the application can hdp them in that, it would be good if it was installed in people’s phones
and was used. It would remind them how to dean the mouth.” (Participant 4)

An oral health education mobile application would promote community oral health aware-
ness, help children, youth, adults, and even old people maintain their oral health and show
them early signs of disease so they seek dental care in time. It would inform the population of
the importance of regular dental check-ups instead of waiting to get dental care only when in
pain. It would also improve people's oral health literacy, which would ease their communica-
tion with OHPs and increase their compliance with prevenlive measures,

Strategic management and administration

Many of the challenges faced by the OHPs could be addressed by management. Management
plays a crucial role in staff recruitment, motivation and the procurement of proper dental
equipment and materials. Management's role is also related w reducing patients’ waiting time
by increasing the number of working stations by supplying dental chairs and employing dental
assistants. A pood workplace should be a safe environment for both patients and practitioners,
and OHPs should feel valued by the ad ministration.

“Itis challenging to serve such a big number of patients while we don't have enough work-
ing stations so that each one might work from higther dental chair”, (Participant 9)

Poor strategic management and administration were particularly observed at two health
centers where OHPs backed basic equi pment such as dental chairs and basic instruments
despite constant requests. At one health center, dental extractions and manuwal dental scaling
are performed using archaic equipment. The OHP working there reported that requests sent
to the Ministry of Health can take long and that they often receive no response,

“Here, we don't have dental equipment. We have asked for them, but we haven't yet
received them .. . T would be happy if they bought for me new and modern equi pment”.
(Participant 6)
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Atanother health center, the dental chair had been taken during the COVID-19 pandemic
and given to another health center in a different district because the health center had become
an isolation center for COVID-19 patients. The participant explained that they have asked the
administration to return the equipment but to no avail:

“If the dental chair and all needed instruments, equipment, and matedals were available so
that when the patient comes and needs any treatment they might get it, this would satisfy
me”. (Participant 10)

The OHPs are frustrated because their requests for dental instruments and materials are
ignored by management. The OHPs believe that the lack of dental representatives in the pro-
curement committees is the reason their orders are not approved. Procurement and supply
chain committees/personnel are unfamiliar with dental jargon, instruments, consumables, and
requirements and do not consult the OHPs when they require information. The OHPs
explained the problem as follows:

“They don't supply us with dental materials on time so that we might serve our patients ina
good and satisfying way.” (Participant 3)

“Another thing, even when they provide, usually they bring a different item from the one
you requested. As a recent example, we requested drilling burs and they brought polishing
burs, while we needed inverted cone bars.” (Participant 2)

Only health facilities managed conjointy with the Roman Catholic Church seem to priori-
tize dental services and procure what was needed, as shown by the following comments:

“There is no problem here even for equipment. T can say that our administration is valuing
dental service even more than [ do.” (Participant 8)

“Concerning sterlization of instruments, we never lack instruments here. We are privileged
because this health center belongs o the Catholic Church so basic instruments are there,
Even though they cannot be enough for all the patients, we clean and sterilize them. Our
instruments are safe because we have a sterilizer in which instruments are ready in 45 min-
utes. We don't have any problem with that.” (Participant 8)

All dental equipment, instruments, and materials, including those for preventive services,
must be madea priority in managers’ demand and operational plans. It was found that when
the admini stration is supportive, the working environment is improved and OHP satisfaction
is high. This was confirmed by the staff at the referral hospital who reported that they benefit
from a supportive working environment. Their equipment was well-maintained and more
staff were being recruited to assistin the X-rays section. When dental equipment remains
unrepaired for a long period, it shows that the dental services, OHPs, and patients are not
valued.

“Our department has an appointed technician, a medical engineer charged with repairing
dental equipment. He is based in the department of mainte nance, but when we call him, he
immediately comes. He is skilled. Not many things are difficult for him.” Participant 13

During the interviews, the OHPs were asked what would ease their work. Firstly, they said
they would like the patient/practitioner ratio to be reduced by recruiting more dental staff and
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by increasing work stations. This will allow them to work the recommended hours instead of
working extra time. Secondly, they would like to have the necessary equi pment and materials,
a better salary, and tea or coffee breaks at work because even though they like their job, it is
hard work. Thirdly, although the organogram of the health centers plans for only one dental
therapist, they want it to be revised so that at least two OHPs are hired per facility because the
primary healtheare facilities are extremely busy.

Discussion

This study evaluated oral health services and the challenges faced by OHPs when providing
oral healthcare in Rwanda, The study found that there were vardations across the seven health-
care centers in terms of human resowrces, supply chain management, patients education and
service rendering, as well as sirategic management and administration.

When considering the results of the checklists and the interviews used in the current study,
it appears that one of the biggest challenges faced by OHPs while delivering preventive oral
health services was linked to human resources. There was a shortage of personnel, such as den-
tists, specialists and dental assistants, This impinges on oral health service delivery, which isa
factor in patient and practiioner satisfaction. This concern has also been raised by researchers
in Migeda and India, where it was found that there is a limited number of dentists compared
to the number of people who need dental care [6, 25, 26]. The challenge of understaffing has
also been identified in many other low- and middle-income countries, and this limits access o
oral healtheare [J_:'_]

In addition, most OHPs were dental therapists, and there is a scarcity of dentists and spe-
clalist OHPs. The situation is different in South Africa where oral health services are provided
by oral hygienists, dental therapists, dentists, and variouws dental specialists [7]. It was also dif-
ferent from what was reported by a study performed in 47 WHO African countries that found
that there are more dentists than dental assistants and dental therapists [5].

Another challenge highlighted in the present study was linked to supply chain manage-
ment, where it was found that there was a lack of adequate dental squipment, instruments and
materials, which was impacting the delivery of preventive dental care [27]. A study performed
in Fiji identified the same challenge where OHPs complained of a lack of proper equipment
and materials because the available materials were often of poor quality, and this prevented
them from performing good -quality worl. OHPs in Fiji revealed that they could not offer all
services within their scope of practice because they did not have the necessary resources [28].
Similarly, in India, public facilities have been reported to be poordy maintained or to have out-
dated dental equipment [25]. In the current study, many of the health facilities did not have
polishing paste, supposedly because it is not covered by CBHI and patients cannot pay for it
themselves, Apart from the polishing paste, pedodontal probes were alsoabsent in one health
facility and prophylactic prophy angles and prophy cups or brushes were inadequate in
general,

However, the results of the current study differ from the results of astudy conducted in
Tanzania, where only a quarter of facilities had fully functional dental units, OHPs felt that
their profession was being neglected [17]. This feeling of being unvalued was shared by the
participants in the current study, where most of the OHPs felt that dental services were not val-
ued, and therefore, there were often lags in the procurement process, particularly for preven-
tive equipment and materials. Similar results were reported in Migeria, where it was found that
in the allocation of health resources, decision-makers pay litle or no attention to oral health
prevention programs because oral healtheare is seen as insignificant compared to other health
areas [6]. Similarly, in India, it was found that when primary healthcare systems are
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implemented, dental health is not included, leaving dental healtheare far behind other health
services in the procurement process [25].

Patients' education and service rendering was another challenge identified in the present
study. In fact, participants revealed that it was very challenging and quasi-impossible to pro-
vide a full package of oral health education w every patient. They only managed to give postop-
erative instructions and do some chairside oral health education, especially related to the
treatment rendered. Needleman et al. highlights that postoperative oral hygiene instructions
may be more important than mechanical plague removal itself [23, 29]. However, oral health
education is vitaland it should be comprehensive, Tts importance was demonstrated in Hon-
duras, where it was proven that education can help prevent oral diseases because it is key to
behavioral change [30]. Communities should be encouraged to adopt healthier lifestyles o live
longer and healthier lives [31].

The patient’s lack of knowledge and awareness about oral health results in seeking dental
care only when they are in pain, and at that time, more invasive and expensive care is neces-
sary. This leads to periodontal problems often being discovered at a late stage when the teeth
have already become mobile. In fact, patients worry about their oral health when it becomes
painful, and they often visit OHPs with complications from dental caries [26]. The literature
shows that early check-ups and regular preventive care reduce the need for dental operative
services [32, 33]. Therefore, in the present study, when asked about the mobile dental applica-
tion, the participants were eager o seea mobile application installed on patients” mobile
phones o continuously offer updated oral health information to people, even in rural and
remote areas from which most patients come, In fact, itis believed that mobile phones offer a
promising strategy for dentists o reach the public and deliver low-cost oral health education
and promotion. A mobile application for oral health education has been proven to be effective
in teaching patients how to take care of their oral health at their convenience time and place
[34]. The application can be used to teach the population how to maintain good oral health,
proper diet and nutrition, and the importance of routine dental check-ups [35]. If people
know how to prevent oral diseases, there will be less dental patients, and patient/practitioner
ratios will improve [33]. The importance of oral health promotion and education has been also
highlighted in other studies. Interventional studies performed in different countries demon-
strated that the attitude of parents who were taught about the oral health of their children in
the intervention group improved and contributed to a significant increase in the oral health
status and oral hygiene of their children, while in the control group, children had more dental
caries on their deciduous molars [36-38]. This confirms that strong oral health promotion and
education is the basis for oral health solutions.

In the present study, the findings showed that another challenge faced by OHPs is linked to
strategic management and administration. In fact, it is the responsibility of health facility
administration w ensure the recruitment of enough staff and the procurement of dental equip-
ment, instruments and materdals. However, even the few dental personnel who are available
feel demotivated. Even though OHPs reported that they love their profession, they could not
deny that it is iresome, and therefore, they would appreciate and be more motivated if they
received financial bonuses and incentives such as tea breaks during work hours. Suga et al.
found that dentists are willing to provide dental caries preventive measures if their payment
schemes were fairer [33]. The management of public health facilities should review their plan-
ning system so that dental seevices are equipped with essential equipment, basic dental materi-
als and instruments, and proper human resowrces.

The management should also advocate for patients in insurance companies or provide stan-
dard required treatment regardless of the insurance cover. In this study, it was discovered that
the fact that dental polishing is not covered by CBHI discourages dental practitioners from
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providing dental polishing treatment, which hasten the dental plague accumulation on scaled
dental surfaces. The impact of medical insurance on dental service accessibility has also been
raised by Ramraj et al. and Uguru et al. because they found that not enly low-income groups
but also middle-income groups struggle to access comprehensive dental care because some
acts are not covered by medical insurance [6, 39]. Therefore, it is not enough to have health
insurance, and the insurance should also cover at keast all basic dental services, such as dental
polishing [40, 41]. The problem of health insurance covering only a few dental procedures was
also found in Migeria, where some treatments are not provided due to lack of insurance cover-
age [6]. The CBHI should be encouraged to cover polishing because it is not very expensive,
Basic oral healtheare coverage, including prevention, is patients’ rght. Efforts must be made
by the management to support and advocate for preventive oral health service coverage, such
as polishing, through the CBHL This is highlighted by Bastani et al, who emphasized that pol-
icymakers in low- and middle-income countries should aim to improve populations’ access to
oral and dental services through advocacy for comprehensive insurance packages because mil-
lions of people in developing countries cannot afford basic dental treatments [42]. Hayashi

et al. said that dentistry should move from an increasingly unaffordable curative model 1o a
cost-effective evidence-based preventive model [31].

Limitations

The limitations of this study were that participants were recruited from a single distrct and
only from government insti tutions, which means the results cannot be generalized to the entire
country or privale facilities. The quantitative data that was measured using an observation
checklist was not all-inclusive, and some of the equipment/consumables required (e.g Restor-
ative materials, airotors) were not included in the audit. The study checklist focused on preven-
tive oral hygiene services and required materials and equipment used for scaling and polishing.

Conclusion

The challenges faced by OHPs in Nyarugenge District were related to the following areas:
human resources, supply chain management, patients’ oral health awareness and service ren-
dering, and strategic management and administration. However, if one looks closely, it appears
that all these challenges can be addressed by proper mamagement of the health facilities. Proper
and optimal strategic management of public health faciliti es would make an effort 1o recruit
enough personnel which would free time for OHPs o provide oral health education and other
preventive measures and to do comprehensive oral examinations, which would allow eady
detection and, thus prevention, of oral diseases [43]. Furthermore, the management of health
facilities should ensure the availability of dental equipment, instruments and materials for oral
disease prevention and remember o prioritize community oral health promotion and educa-
tion in order to raise the awareness of the population towards oral health, Well-established com-
munity preventive interventions such as a dental mobile application would help improve
patient/provider ratios because it would raise awareness about oral health and help people
adopt healthy behaviors. Finally, the management of health facilities should also make advocacy
for the population so that more dental services would be covered by health insurance, especially
the CBHL which would allow OHPs to offer oral health services without constrai nts,
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Background: Mobile technology health application (mobile Apps) can assist people manage thewr health and wellness, encourage
T healthy hifestvles, and provide valuable mformation whenever necessary.

. Objective: This study amed to evaluate the feasibibiy and acceptability of a mobile App for oral health education among adults m
Foanda.

Methods: This was a descriptive cross-sectional stady. A total of 111 adult participants evaluated the acceptability and faasibility of
| the BrushDJ mobile App after wsing it for three months. At the end of this penod, an online survey was conducted using a struchured
; questionnaire consisting of questions on demographics, habituzal oral health assessing acceptability, and assessing the feasibality of the
mobile App. Descnptive stahistics were performed to analyse demograpluc charactensties, the feasiihty and acceptability of the
mobile App. Brranate analy=is using the Chi-square test was performed to detect sigmoficant associations amongst the variables.

» Results: The response rate was 81% (n=90) of 111 participants who took part in the study, with the majonty of participants 44.44%
'_- (=40} aged between 158 and 27 years old. Just over half of the participants were male 51.11% (p=46). The mobile App was found to
o be highly acceptable (87.78%; n=79) and considered highly feasible (84 44%: n=76) by mest of the participants. The differences in
g acceptability and feasibility across education levels were statisheally significant (p=0.000 for acceptability and p=0.03% for feasihility).
3 Conclusion: The study revealed that the mobile App for oral health sducation (BrushDJ) was highly acceptable and feasible among
] the paricipants. The mobile App had a user-fiiendly interface and comprehensive gmdance on oral hymene procedures facilitated by
A its diverse and well-mtegrated funchions.

Keywords: mobile tachnology application, oral health education, adults, feasibibity, acceptability, BrushDJ

Background
Oral health is an essential part of overall well-bemg. However, many adults lack adequate Imowledee and practice for
good oral hygiene. Patients have traditionally accessed adwvice about their oral health from the dental team, but this has
liniitations such as inequalities and disparities n oral health services, especially to remote and underservice populations
as well as lack of affordability to dental care. Mobile health applications that utilise mobile phones and other wireless
technologies offer a promising altemative for delivering oral health education in 2 convenient, accessible, and engaging
manner.' Mobile Apps have been shown to support education, business enterprise and service delivery. In health using
information technology, consultations and self-care can be performed, to promote patients” autonomy and independence *
Mabile Apps for oral health education have been found to promote regular tooth brushing, thus decreasing plague and
gingival index” as well as improving and enhancing oral hygiene * Mobile phones are among the tools through which
messages can be cascaded, including other electronic media such as emails as well as primted documents; news apers and
pamphlets. Patients and healthcare providers can now stay in touch from amy location to contmue their follow-up, ask
guestions, collect mformation, meuire about or provide test results, schedule appomtments, send reminders, and renew
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prescripﬁuns.s However, certain demographic factors, such as older age, living alone, having less education eammg a lower
salary. and residing in a rural area were found to be linked to low utilisation of eHealth services ®

The BrushDJ oral health App is designed to motrvate users to brush thewr teeth effectively to be used for both children and
adults. The App provides basic oral health education through videos, text, and pictures tailored for vanous age groups. Its
primary focus is to enhance users’ oral hygiene by demonstrating appropriate techniques.” The BrushDJ oral health App has
been reported to motivate the participants to brush * In a study conducted in Brazil, people who received oral health education
from a mobile oral health App have reported to retain the scquired knowledge better than those who received verbal health
guidance alone ® Mobile oral health Apps can offer oral health education in a fim way, which attracts children and youmgsters.
While playing, they can leam usefiil methods to promote their oral health '® Therefore, all levels of the population can benefit
from oral health education through smartphones. even in remote rural areas. provided there is infernet coverage and
availability of data to acoess the mobile App. Parents and caregivers can access information on how to mamtam good oral
hygiene for their children. thus helping to reduce early childhood caries.' Mobile Apps for oral health education have been
developed elsewhere, and some studies have shown that they can effectively improve oral health knowledge and practices.
Based on the literature findings above, mobile technology has the potential to help the comnmmity to mamtain their oral health.
However, there 15 scarcity of information regarding mobile oral health App usage in Africa for oral health promotion.

The Government of Ewanda has started to mvest more in information commmmication technology(ICT) to speed up the
delivery of online health services ™* Mobile phone penetration in Rowanda is high, with over 80% of the population owning
a mobile phone."* Mobile health mterventions have been successfully implemented in Rwanda for other health issues, such as
maternal and child health '*! Bwanda has adopted online health consulfations, allowing patients to receive expert advice from
health professionals through phone calls. In addition. Fwanda has started a project called Connect Brwanda, which focuses on
bringing one smariphone per family; many citizens have received their smartphones o access online services easily.'’ Despite
these encouraging strides. there are stll gaps in the delvery of online oral health education and mfommation to the commumities.
The widespread use of smartphones presents an opporiune moment to improve oral health education and promotion mterventions.

The aim of the study is to assess the acceptability and feasibility of using the mobile cral health Apps. BrushDJ, to
enhance patients” oral self-care at home in Nyarugenge Distnict of Ewanda. The study will contmbute new knowledze on
the feasibility and acceptability of a mobile oral health App designed to improve oral health. The null hypothesis (HO) 1s
that the mobile application was not acceptable and feasible to use for oral health education. The alternate (ELA} 1s that the
mobile application was feasible and acceptable for oral health education This study formed part of a larger doctoral
study titled “Oral Health in Nyamigenge District of Ewanda: The Fole of Mobile Applications in Oral Health Education™.

Methods

Study Design

This study mvolved a cross-sectional survey designed to evaluate feasibility and acceptability of mobile App for oral health
education This was done through a survey directed to indniduals attending public health facilites m Nyamgenge District,
Powanda.

Setting

Fswanda 15 one of Afiica’s 56 countries. It is divided ito four provinces and Eigali City, which serves as the capital The four
provinces are subdivided into 27 districts, while Kigali City itself comprises three districts: Gasabo, Kicukiro, and Nyamgenge,
according to government data "% The study took place m Fuly 2022 mn the Nyarugenge District of Kigali City, Bwanda.

Study Population and Sampling Strategy

The study participants were recruited from adult patients who are 18 years old and above who met inchision criteria such as
owning a smartphone and being able to understand English or French. These participants have been recruited in our previous
study which assessed oral health knowledge, attitndes, and practices (KAF) across three health centres m Fwanda. The KAP
study recnuited 426 parficipants. and the sample inclnded only indmiduals who were 18 years old or older and lived in
Nyarugenge District, Bwanda *° During sampling for the current study, some participants out of 426 were exchided (n=315)
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because either they did not own a smartphone, they did not sign the informed consent, or they were not able to inderstand
Enghlish or French Eventually, 111 participants constituted the total sample size of the current study.

Inclusion Criteria
The included participants were those who agreed to receive the mobile app, signed consent, those who could understand
English or French, and owned a smartphone capable to receiving the oral health education App.

Exclusion Criteria
The participants who did not sign the consent form, patients under 12 vears, and those having a learming disability.

Measurements

We evaluated the feasibility and acceptability of the BrushD] meobile App using a structured questionnaire. The
questionnaire was adapted from reported studies > The adaptations were done to make the questions applicable for
users’ perceptions of the App’s impact on their homecare oral health practices.

Demographic details were collected, with respondents being asked to provide information on their age, gender, and
education level as well as their oral health habits. Additional details regarding App usage were also assessed. This
mcluded their perceptions, expeniences and likeability of the App and its usefulness dunng the study period. A standard
S-pomnt Likert scale was employed to measure these items, with responses rangng from Strongly disagree (+1) to
Strongly agree (+5). The scoring was done on all questions and was analysed by combining all questions to obtain a total,
which was converted to a percentage. An arbitrary cut-off points were set, where a score less than 70% was classified as
“Less acceptable™ ~Less feasible”, and a score of 70% and above indicated “Highly acceptable™ “Highly feasible™ *

Ten items conceming the App’s likability and engagement (its acceptability) were evaluated using the Likert scale.
A composite variable was created by summing the scores of these ten items. The reverse scorng was done on five
questions, and then acceptability was analysed by combining all questions to obtain a total score of 50 (100%). A score
less than 70% was classified as “Less acceptable”™, and a score of 70% and above indicated “Highly acceptable™

Feasibility was assessed using a standard 3-point Likert scale, with response options ranging from Strongly disagres
(+1} to Strongly agree (+3). The analysis was done by combining all questions to calculate a total score of 65 (100%).
A score less than 70% was considered “Less feasible”, while a score above 70% was considered “Highly feasible™.

The items were pilot-tested with ten individuals. This invelved having participants complete the entire survey and
then discussing each item with them to ensure that the items were clearly wrntten, understandable, and mterpreted as
mntended The general Cronbach alpha for the entire sample on acceptability vanables was 0.712 and 0.961 for feasibility.

Procedure

A total of 111 adult participants received the BrushDJ mobile oral health App and were asked to use the app at home for a period of
three months. The BrushDJ oral health App is designed to motivate users to brush their teeth effectively. The App provides basic oral
health education through videos, text, and pictures tailored for vanous age groups. Its primary focus is to enhance users” oral hyziens
by demonstrating appropriate techniques. Once BrushDJ is downloaded, it can be used offtine without the need for a regular infermet
connection. However, during mstallation, particpants were given an intermet package for three months, even though they could
access the App regulardy without needing mtemet. At the end of the three months of using the App, an online smictured questionnaire
was used to collect data. The group who vsed Whats App received the questionnaire on their smartphone and filled m data m Google
form For those who were not available for the WhatsApp online follow-up data collection. a telephonic mnterview was conducted.

Data Analysis

Amalysis was conducted using Stata software version 16 (StataCorp, College Station, TX). Descriptive statistics, such as
frequency and percentage distnbutions, were employed to assess the feasibility and acceptability of the mobile oral health
App. Bivariate analysis using the Chi-square test was performed to measure the level of association between demographic
characteristics and the mobile oral health App acceptability and feasibility. The significance level was established at 0.03, with
a 95% confidence interval.
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Results

Demographic Characteristics of the Participants

The response rate was 81%, with 90 out of 111 participants taking part in the study. The age category 18-27 years was
predominant, and over half of the participants were male 51.11% (n=46). Most of the participants 68.89% (n=62) had
completed high school level of education (Table 1).

Table | Demographic Characteristics of the Participants

Demographics (n=%0) Frequency | Percentage
Age

18-27 years 40 44.44
28-37 years 8 LI
3847 years 13 14.44
48-57 years 7 778
58 and above 2 112
Gender

Male 46 ELII
Female 44 48.6%
Level of education

Less than high school 5 L&
High school 62 G369
College or university up to bachelor 2 2444
College or university up to master or PhD | | 1.1

Frequency and Percentage Distribution of Oral Hygiene Behaviour

The majority of the participants brush their teeth twice a day, in the moming and at night, before going to bed (38.89%,
=30). Just over a third of participants use dental floss every day (36.67%, n=33), and most of them thought that regular
oral cleaning, brushing teeth, and interdental cleaning are important (95.51%, n=85) (Table 2).

Table 2 Frequency and Percentage Distribution of Oral Hygiene Behaviour

Habitual Yariables on Oral Hygiene Yes n (%) | Mon (%)
| brush my teeth when | wake up and before going to bed every day. B0 (88.8%) | 10 (11.011)
| clean my teeth (brush or rinse with water) after meals. T(87.78) | 11 (1223)
| use floss to dean my teeth every day. 33 (3667) | 57 (63.33)
| use an interdenital brush to clean my teeth every day. 2% (3L12) | 61 (67.78)
| think regular oral cleaning (brushing and interdental cleaning) is important. | 85 (35.51) | 4 (4.4%)

| think | have good oral health. TI(7e.e%) | 19 (21.10)
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Oral Health App Acceptability Among the Participants

Ower half of the participants strongly agreed that they liked to use the App frequently, found the App not complex, thnk
that they would not need the support of a technical person to be able to use the App and imagime that most people would
learn to use the App very quickly (Table 3).

Table 3 Distribution of Oral Health App Acceptability Among the Participants

Oral Health App Acceptability Assessment (Usability) | Scrongly Disagree | Mewtral | Agree Stronghy
Disagree n (%) | n (%) n (%) n (%) Agree n (%)

| think that | would ke to use this App frequenty. 1 (L.ITy 5 {5.56) IN{NR)] 26 (2889 | 57 (63.33)

| founed the App unnecessarily comples. 45 (500 13 (25.56) | 3333 {1222y | 8869

| thought the App was easy to use. 7 (7.78) 6 (6.67) 6 (6.67) 32(3556) | 39 (43.33)

| think that | would need the support of a technical person to | 46 (51.11) 25 (27.78) | 4 (444 7 (7.78) 8 (8.8%)

b= able to use this App.

| found the wariows functions in this App were well integrated. | 2 (222) 0 B0 3B (4222) | 41 (45.58)

| thought there was too much inconsistency in this App. 36 (40) 35 (38.8%) | B (BA% B (B.E%) 3(333)

| imagine that most people would leam to use this App very | 3 (3.33) 7778 4 444 30(3333) | 46 (LI

quickly.

| found the App very cumbersome to use. 41 (45.56) 33 (3667 | 3(333) B (B.E%) 5 (5.56)

| felt wery confident using the App. & (6.6T) 1217 T8 34(3778) | 41 (45.58)

| needed to leam a lot of things before | could get going with | 34 (37.78) 19 3117 | 4 (444 13 (1444 10 (I

this App.

Oral Health Mobile App Feasibility Among the Participants
Most of the participants strongly agree that they like the oral care video in the App. which helps them leam more about

oral cleaning, and most of the participants confirm that the App 1s very useful (Table 4).

Table 4 Frequency and Percentage Distribution on the Feasibility of Cral Health App

Oral Health App Feasibility Scronghy Disagree | Meuwtral Agree Strongly
Disagree n (%) n (%) n (%) Agree
n (%) n %)
| like the oral @re video, which teaches me more abowt oral 0 o 2(123) 34 37.78) | 54 {8y
cleaning.
| likee the App pointing out the focal areas in my mouth, which 0 ] 5 (5.568) 47 (5111 | 38 (4212)
requires exira care
| like the App showing the focal areas that require extra deaning 0 ] 7778 47 (51.12) 36 (400
effort in the dental chart
| likee the App reminding me to use dental floss and an interdenal | 5 (5.56) I(LI) 18 (200 33 (36.67) | 33 (36.67)
brush to dean my teeth.
| likee the App user manual, it makes the App easy to use. 3 (1o 4 [444) 13 (25.56) | 201 (23.33) | 33 (3667)
| like the App rewarding with applause when achieving 1B (20} 3(333) B0 33 (36.67) 7 30
a toothbrushing session.
{Cantinued)
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Table 4 (Continued).

Oral Healch App Feasibility Strongly Disagree | MNeutral Agree Stronghy
Disagree n (%) n (%) n (%) Agree
n (%) n (%)
I likee that the App provides imporant information about oral 3333 1111y & [6.67) 2830111y | 52 (57.78)
health.
I like the App allowing me to set reminders for tooth brushing. 1y 12y & [6.67) 36 (40) 35 (38.8%)
I like the App reminding me to brush my teeth according to the 11 (1222) 2227 & (6.67) 30 (3444) | 40 (444
time that is set
I like the App reminding me to dean my testh at least twice a day. | 10 (1111) 121y 4 (4.44) 33 (3667 | 41 (4558)
I like the App showing the progress of tooth brushing with an ] L] & (6.67) 33 (3667) | 51 (566T)
arrow, which directs me to brush my teeth in the same order.
I like the background music played in the App during the 13 (14.44) 5 (5.58) & [(6.67) 3B (42322) | 28(3L.11)
toothbrushing session
The App was useful. I (1.1T1) 1 {111} 2213 23 (2558) | &3 (7O)

The Association Between Mobile App Acceptability, Feasibility and Demographic

Characteristics
Table 5 shows the association between the App acceptability, feasibility, age group, gender and level of education. In terms of
acceptability, the app was found to be highly acceptable by the majority across all age groups, though there were vanations.
Participants aged 13-27 years showed the highest rate of acceptability (92.3%), whereas those aged 48-57 vears had the
lowest (71.43%). The differences in acceptability among age groups were not statistically significant (p=0.415). However, the
app’s feasibility varied more notably by age. Younger participants (1827 years) reported higher feasibility (82.5%) compared
to older participants (4257 years), who found it less feasible (42.26%), with a statistically significant difference (p=0.013).
Gender did not significantly impact acceptability or feasibality, with both male and female participants showing
similar levels of high acceptability and feasibility (p=0.126 for acceptability and p=0.623 for feasibility). Education level
significantly mfluenced both acceptability and feasibility. Participants with less than a lugh school education found the
app less acceptable (20%) and less feasible (40%), compared to those with higher education levels, where acceptability
and feasibility rates were notably higher High school graduates showed an 90.32% acceptance rate, and those with
college or university education up to a bachelor’s degree had a 95.45% acceptance rate. The differences in acceptability
and feasibility across education levels were statistically significant (p=0.000 for acceptability and p=0.038 for feasibility).

Table 5 Crral Health App Cwverall Acceptability and Feasibility Among the Participants by Demographic Characteristics

Lass Highly F valua Lass Highly F valua
Acceptable Accaptable Foasibla Foasibla
n (%) n (%) n (%) n (%)
Age group
18-27 paars 175 37 (315) 0415 7(I75) 33 (52.5) 0oz
2837 years 5 (17.2€) 13 (E114) I {2.57) 7 (76.42)
3847 paars 17.£9) 1 {5230) 21538 11 (24.62)
4857 yaars 2 (2257) 5(71.43) 4 (57.14) 3 [42.2¢)
58 and sbova 0 2 100) o 2 (100}
Totl 11 {1223) 77 (B77E) 14 {15.58) TE [34.44)
(Continued)
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Table 5 (Continued).

Lass Highly F walus Lass Highly F value
Accepmable Acceprable Feasible Foasibla:
m (%) n (%) n (%) n (%)
Gandar
Mals B(17.29) 3B (22EN) 0l2s B{17.3%) 38 (BLE1) 06213
Famals 3 (622) 41 (72.18) E(l11e4) 38 (BE2E)
Total {1223 79 (27T 14 {1556) TE (B444)
Lawel of education
Lass than high school 4 (20} 1 {20 0000 3600 240y 0.03g
High scheol & (7.£8) 5 {9032) % {14.52) 33 (B3.48)
College or university up to bachslor | (#55) 1 (7545) 2{9.0% 20 (3091
College or univarsity up to master or FRD 0 il o 1§ 1006)
Total {122 79 (27T 14 {1556) TE (B444)

Discussion

This study was the first to evaluate the feasibility and acceptability of a mobile App for oral health education among the
adult population in Ewanda. The results of our study indicate strong support for the altemate hypothesis (H,), which
posits that the mobile application was both feasible and acceptable for oral health education among adults in Bwanda.
This study showed that the acceptability and feasbility of the mobile app were higher among younger participants and
were also infiuenced by education level, with those having less than a high school education reporting lower acceptability
and feasibility compared to those with higher education. The predominating age group in our study finding was contrary
to Underwood et al.* who reported higher participation of 7-12 years age group in their study. The age group differences
may be atimbuted to the sample selection of our study being limited to adults who were 18 years and above. Numerous
mobile applications focused on preventing tooth decay primanly emphasize the promotion of effective oral hygiene
habits and are tailored towards the voung adult population®* The younger age group in our study were the 18-27 vears
old, and different educational attainment measured by levels of education did influence the usage patterns of mobile App.
Different results were reported in India, where individuals” education level was not related to the usage of mobile
applications for assistance with oral health care.!! Hedge and colleagues have found that low literacy rates negatively
affected the ability to read the information channelled through mobile phones.® The study conducted in Kenya revealed
findings smnilar that low literacy rates negatively affected the ability to read the information chamnelled through mobile
phones. > Future larger studies are warranted to study how these exposure factors may influence the use of mobile oral
health App in this setting, more so that age and gender have been evidence to influence individuals’™ information
processing 2% The participants in the present study reported good oral hygiene behaviours and positive attitudes, although
there is room for improvement on some behaviours, such as use of interdental hygiene aides.

The participants in our study demonstrated a high level of acceptability of the mobile oral health App, which is
slightly higher than the 73.7% reported in Boston and 77% reported in Malaysia>™® High acceptability of the mobile
App implies intention to use the App as reported by Venkatesh et al*® thus, our finding signals hope for the App usage.
Low acceptability of the mobile App can indicate poor populanty, and has been reported that it can affect the
utilization  The high acceptability of the mobile App is commendable as it has resulted in frequent home use of the
App in other settings™ and, therefore, presents hope in oral health education and home care procedures to eliminate oral
disease.

Clinical, Cosmetic and nvestigational Dentistry 2024:16 rermpm 365

Do

244



INzabonimana et al Do

The strong agreement with frequent App usage aligns with research in the field of user acceptance of technology,
which emphasizes the importance of perceived usefulness as a key determunant of adoption. Studies based on the
Technology Acceptance Model have consistently found that users are more likely to adopt a techmology if they perceive it
as usefil.** The high proportion of participants expressing a desire for frequent App usage in our study suggests that they
perceive the App as valuable and relevant to their needs, which is consistent with Technology Acceptance Model. The
finding that participants did not find the App complex and believed they would not need technical support to use it echoes
the mportance of perceived ease of use in technology adoption. According to Technology Acceptance Model, perceived
ease of use infiuences users’ attitndes towards and intentions to use a technology ™' Research has shown that users are
more likely to adopt technologies that are perceived as easy to use. > Therefore. the absence of perceived complexity and
the belief that techmical support would not be necessary by the participants in our study suggests that the App is intuitive
and user-friendly, which are cnitical factors in encouraging adoption.

Participants in our study believed that most people would quickly become adept at using the App, indicating positive
perceptions of the App’s leamability. This aligns with research emphasizing the importance of perceived ease of leaming
in technology acceptance ** When users believe that a technology is easy to leam, they are more likely to adopt it and
perceive it positively. In our study, it was observed that participants expressed a high level of confidence in utilising the
mobile oral health App. The participants reported that the various features within the application were seamlessly
integrated and user-friendly. Our observations align with the previcusly reported study, which indicated that individuals
utilising oral health applications on their mobile devices exhibit great enthusiasm in endersing and discussing their
experiences ** This enthusiasm further extends to encouraging others to utilise the application, primarily due to its user-
fendly interface.

Almost 85% of the participants in our study found the mobile App for oral health education to be feasible and uzable.
These results are commendable because it mesns the participants were able to navigate the App, understand the
contextual meaning of the text and respond to the confents in the App. Feasibility of a programme or project is one of
the inifial steps necessary before a roll-out of a programme. According to Nicholas and Chinedum n 2017, feasibility
determination is important to determine if a proposed programme or, project, service or business will be successful **
The high feasibility findings in owr study reflect the positive reception of the mobile application among participants,
indicating its potential to deliver oral health education effectively. Sinular results were observed m a study involving the
elderly, where mobile-based video education programs were found to be beneficial and effective. These programs
improved patients” knowledge, satisfaction with education, and implementation of the educational content, ultimately
enhancing their oral health **

The overwhelming agreement regarding the oral care videos by the participants in our study suggests that the
participants found them informative and engaging. This aligns with previous research highlishting the effectiveness of
multimedia interventions, such as videos, in promoting health education and behaviour change ** The videos likely
served as valuable educational tools, providing visual demonstrations of proper oral hygiene practices and enhancing
participants” understanding of oral care techmigues. Participants in our study reported that they liked the remunders
within the App, which prompt them to brush their teeth twice a day and perform interdental cleaning using dental floss
or an interdental brush. The App reportedly conveyved valuable oral health information, and this creates hope that it
may be a great tool for oral health awareness. Mobile Apps for oral health education are useful for adults, adolescents,
and children because it has been shown that the mformation provided through smartphones by parents positively
impacts children’s oral health awareness *!*7 Feasibility determination is needed for the growth of the programme to
advocate for its contimuance.”* Since mobile Apps are useful, they should be promoted, and their messages should be
designed according to the end users. In addition, the content should be thecretically grounded and empirically
validated &

The limitations of cur study include its cross-sectional design and the fact that 1t focused exclusively on
a specific group of participants in Ewanda. As a result, the findings may not reflect the broader views of the entire
population of Pwanda regarding mobile Apps for oral health education. Therefore, it's essential to consider that
some people may be receptive to using mobile Applications, whereas others might opt to maintain with the
conventicnal clinical care offered in dental clinies. Moreover, the sample size and location do not represent the
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entire city, which limits the generalizability of the findings. Additionally, the feasibility data were exclusively
obtained through the survey questionnaire given to participants who used the BrushDJ App. Future extensive studies
should include a more direct evaluation of the preferences of different oral health practitioners regarding the App’s
features alongside other oral health outcomes experienced by patients receiving the interventioms to assess the
effectiveness of the App.

Conclusion

Onr study found that the acceptability and feasibility of mobile App for oral health education (BrushDJ) was high among
the study participants. The mobile App for oral health received positive reviews from the user-fnendliness nature. Cur
study findings have highlighted that the mobile App for oral health (BrushDJ) 15 a useful tool that might contribute to
behaviour change and the adoption of adequate oral health measures. Population groups of all ages and backgrounds,
even those m remote areas where the accessibility to dental services is challenging, can use the mobile App for ol
health education.
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