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Marula (Sclerocarya birrea)

This fruitful tree is what many of us associate 
with the creamy liqueur, Amarula. Another 
fabled African tree, marula trees have eight 
times as much as Vitamin C as oranges (and 
more than the baobab contains), and their 
nut-like seeds are edible and can be used in 
cooking. Some sources even claim you can 
substitute coffee for the dried skin of marula 
fruits. The funniest story you may have heard 
about marula trees and their fruit is the one of 
elephants, whose long trunks help them reach 
high up into trees to pick the fruit, getting 
drunk off the fermented fruits still hanging from 
the tree.
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Crafting the Future of Dental Education: 
Navigating the Nuances of Speaker 
Selection

A confluence of technological innovation and 
biotechnological discovery is setting the stage for an 
unprecedented evolution in dental care and education. 
Dentistry is witnessing a paradigm shift, driven by the 
relentless pursuit of excellence, precision, and patient-
centric approaches. This transformative era is characterized 
by the integration of advanced technologies such as 
nanotechnology, digital workflows, and artificial intelligence, 
alongside groundbreaking biotechnological advancements 
in regenerative medicine and personalized care. These 
developments not only promise to enhance the efficacy and 
efficiency of dental treatments but also aim to elevate the 
patient experience to new heights, offering solutions that 
are not just remedial but also preventative and restorative 
in nature.

The advent of these innovations marks a pivotal moment 
in dentistry, challenging traditional practices and redefining 
the boundaries of what is possible. From the microscopic 
precision of nanomaterials in restorative dentistry to the 
bespoke tailoring of treatments through genomic insights, 
the field is undergoing a renaissance that places a premium 
on innovation, research, and adaptability. As dental 
professionals and academicians, we stand at the threshold 
of this exciting frontier, tasked with the responsibility of 
harnessing these advancements for the betterment of oral 
health care. Through a rigorous examination of the current 
and potential impacts of these trends, we can chart a course 
towards a future where dentistry not only repairs but also 
regenerates, personalizes, and transcends the conventional 
limitations of care, promising a brighter, healthier future for 
patients worldwide.

The realm of regenerative dentistry, particularly through the 
exploration and application of stem cells, stands at the cusp 
of a paradigm shift in how dental professionals approach the 
treatment of complex dental issues. Stem cells, with their 
unique ability to differentiate into various cell types, hold the 
promise of regenerating not just damaged dental tissues 
but potentially facilitating the growth of entire teeth. Among 
the most studied are dental pulp stem cells (DPSCs), which 
are derived from the dental pulp of permanent teeth, and 
stem cells from human exfoliated deciduous teeth (SHED), 
offering a glimpse into the future where biological solutions 
could supersede traditional prosthetics and restorative 
materials. This biotechnological advance not only heralds 
a new era in dental care that leans more towards natural 
regeneration but also aligns with the broader medical field’s 
shift towards more personalized and biologically integrated 
treatments.

A notable reference that encapsulates the breadth of this 
research and its implications for the future of dentistry is the 
work by Ayala Escandón CL and Cortes Ramírez JM. Their 

review, “Dentistry facing the biotechnological advances 
of the 21st century,” delves into how stem cell research 
is pioneering the regeneration of dental tissues, offering 
insights into the practical applications and future directions 
of these technologies in clinical settings. The authors 
underscore the potential of stem cells to revolutionize dental 
treatments, moving towards a more regenerative model that 
not only enhances the body’s natural healing processes 
but also paves the way for groundbreaking advancements 
in dental care. The authors recommend a path forward, 
highlighting the critical role of biotechnology in shaping a 
future where dental care is as much about regeneration and 
restoration as it is about prevention and maintenance.

The dawn of personalized dental medicine marks a 
transformative era in the field of dentistry, where treatments 
are no longer a one-size-fits-all solution but are tailored 
to the unique genetic makeup of everyone. This bespoke 
approach to dental care leverages the vast advancements 
in molecular biology and genomics, enabling dental 
professionals to predict susceptibility to various oral 
diseases, customize preventative strategies, and optimize 
therapeutic interventions with unprecedented precision. 
Imagine a future where your dental care regimen is designed 
specifically for you, considering your genetic predispositions 
to conditions such as periodontal disease, dental caries, or 
even oral cancers. Personalized dental medicine not only 
promises enhanced efficacy of dental treatments but also 
heralds a new age of preventive care, where the focus shifts 
from managing oral health issues as they arise to preventing 
them before they can take hold.

A pioneering reference in this field is a piece by Guven 
titled “Scientific basis of dentistry” that delves into how the 
integration of genomic studies and proteomes into dental 
practice is setting the stage for this revolutionary shift 
towards personalized care. Guven’s analysis outlines the 
potential of genotherapy, gene mutation studies, and stem 
cell research to redefine dental care, moving it from an art 
to a precise science. This transition to personalized dental 
medicine is not just a testament to the technological and 
scientific strides made in recent years but also a beacon 
of hope for patients worldwide. It promises a future where 
dental care is more effective, less invasive, and tailored to 
the individual needs of each patient, ensuring optimal oral 
health outcomes and transforming the patient experience 
in dental healthcare. This exploration of personalized dental 
medicine not only excites the imagination with possibilities 
for the future but also challenges the dental community to 
embrace these innovations and redefine what is possible in 
dental care.

Nanotechnology in dentistry has emerged as a frontier field, 
redefining the limits of diagnosis, treatment, and materials 
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used in dental care with its microscopic precision and 
potential for innovation. At the heart of this technological 
revolution is the development of nanomaterials that promise 
to signifi cantly enhance the properties of dental biomaterials, 
making them more durable, aesthetically pleasing, and 
biocompatible. For instance, nanocomposites have been 
developed that offer superior strength and polishability 
compared to their traditional counterparts, alongside 
nanoparticles that are being employed in toothpastes and 
mouthwashes for their antimicrobial properties, offering 
a new dimension to oral hygiene and caries prevention. 
Moreover, the advent of nanotechnology has paved the 
way for the emergence of nanorobots, microscopic entities 
that could perform intricate procedures such as targeted 
drug delivery to cancerous cells or precise removal of 
plaque from hard-to-reach areas. The studies by Alam MK 
et al. and Khurshid Z et al. highlight the groundbreaking 
advancements nanotechnology brings to the dental fi eld, 
from improving the mechanical and physical properties of 
restorative materials to introducing novel diagnostic and 
therapeutic approaches that promise to elevate patient care 
to unprecedented levels of effi cacy and safety. Through 
these pioneering research efforts, nanotechnology is not 
just enhancing dental materials and practices but is setting 
a new standard for the future of dental care, making it a 
critical area of focus for ongoing and future dental research.

Emerging industrial trends in dentistry encapsulate a 
transformative shift towards digitalization and automation, 
heralding a new era where precision, effi ciency, and patient-
centred care become the cornerstone of dental practice. 
Beyond the advancements in regenerative dentistry, 
personalized medicine, and nanotechnology, the dental fi eld 
is witnessing a revolution in the adoption of digital workfl ows, 
such as 3D printing for prosthetics and orthodontic devices, 
digital impressions for enhanced accuracy, and computer-
aided design/computer-aided manufacturing (CAD/CAM) 
systems that streamline the creation of dental restorations. 
Artifi cial Intelligence (AI) and machine learning algorithms 
are being integrated into diagnostic tools, offering predictive 
insights into patient outcomes and personalized treatment 
plans. Moreover, the rise of teledentistry and mobile dental 

services since the COVID-19 pandemic has expanded 
access to dental care, breaking down geographical barriers 
and making dental services more accessible to underserved 
populations. These emerging trends not only refl ect the 
dental industry’s rapid evolution but also its commitment 
to adopting technologies that improve patient outcomes, 
optimize treatment processes, and enhance the overall 
patient experience. As the dental fi eld continues to evolve, 
these industrial trends will play a pivotal role in shaping the 
future landscape of dental care, making it more adaptive, 
innovative, and inclusive.

The fusion of technological and biotechnological innovations 
offers a beacon of hope and a roadmap for transformative 
care. The advancements we’ve explored, from the precision 
of nanotechnology to the promise of personalized dental 
medicine, and the effi ciency of emerging industrial trends, 
are not merely incremental improvements but are pivotal 
shifts that redefi ne the essence of dental practice. These 
innovations herald a future where dental care is more 
accessible, less invasive, and signifi cantly more effective, 
underpinned by a commitment to scientifi c excellence and 
patient-centric approaches. Embracing these changes 
requires not only adaptation but also a reinvigoration of our 
educational frameworks, research priorities, and clinical 
practices. As we chart this unexplored territory, our collective 
endeavor should be to harness these advancements to 
improve oral health outcomes, enhance patient experiences, 
and ultimately, elevate the dental profession to new heights 
of relevance and impact in the 21st century. This editorial 
serves as a call to action for the global dental community to 
engage with, contribute to, and lead the next revolution in 
dental care, ensuring a legacy of innovation and excellence 
for generations to come.

Further reading:
1.  Alam MK, Srivastava K, Khamis M, Husein A. Editorial: Recent advancements in 

the dental biomaterials applied in various diagnostic, restorative, regenerative, and 
therapeutic procedures. Front Bioeng Biotechnol. 2023;10:1116208.

2.  Ayala Escandón CL, Cortes Ramírez JM. Dentistry facing the biotechnological 
advances of the 21st century. J Oral Res. 2018; 7(7):276-278.

3.  Guven Y. Scientifi c basis of dentistry. J Ist Faculty Dent. 2017; 51(3 Suppl 1):S10-S18.
4.  Khurshid Z, Zafar M, Qasim S, Shahab S, Naseem M, AbuReqaiba A. Advances in 

Nanotechnology for Restorative Dentistry. Materials (Basel). 2015; 8(2):717-731.
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President Cyril Ramaphosa in his state of the nation address 
indicated that he was looking for the pen – a strong signal 
that he will sign the NHI Bill into an Act of Parliament. 

The National Council of Provinces (NCOP) voted in favour 
of the NHI Bill on November 29 2023. As the NCOP Select 
Committee on Health and Social Services moves forward 
with the NHI Bill, its recent decision to adopt the bill without 
amendments signals a setback for the private healthcare 
sector. Despite the sector’s hopes for MPs to reconsider 
certain provisions, the bill is now one step closer to fi nal 
approval by the NCOP. 

The impending vote, scheduled for next week, raises 
concerns, particularly as the bill proposes substantial 
reforms to South Africa’s healthcare system, emphasising 
a single NHI fund to procure services on behalf of eligible 
patients while diminishing the role of medical schemes. 
However, this development has not been without criticism, 
with the South African Dental Association (SADA) expressing 
disappointment that its submissions have seemingly gone 
unheard. In the face of the bill’s progression, it becomes 
crucial to examine 35 key points highlighting why the current 
form of the NHI Bill may face challenges and potential 
shortcomings which are organised into fi ve groups.

Group 1: Financial and Operational Challenges

South Africa lacks the physical and fi nancial capacity to 
sustain the current NHI model.

Increased taxes on a shrinking tax base will likely trigger 
mass emigration of taxpayers, reducing funding.

NHI implementation may lead to a signifi cant exodus of 
healthcare professionals, exacerbating challenges.
The OHSC struggles to inspect and accredit facilities 
promptly, hindering the accreditation of healthcare providers.
Only Western Cape and Gauteng have scored suffi ciently 
for accreditation under the NHI, leaving other areas 
underserved.

Group 2: Governance and Powers

The NHI grants the health minister extensive powers, risking 
an overreach into day-to-day fund operations.

Unvetted powers in the bill allow the health minister to make 
impactful health regulations without proper oversight.

Provisionally declared unconstitutional Certifi cates of Need 
(CONs), relied upon by the NHI, complicate the placement 
of service providers.

Lack of transparency in addressing skills shortages, 
particularly in remote areas, poses a signifi cant challenge.
NHI registration online overlooks millions without access to 
electricity, water and the internet, creating inequities.

Mr KC Makhubele – CEO, South African Dental Association

SADJ March 2024, Vol. 79 No.2 p67-68

35 critical points revealing potential 
pitfalls of the NHI Bill in its current form
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Group 3: Operational Inefficiencies and Impact on 
Healthcare

Insufficient feasibility studies post-Covid-19 regarding the 
financial impact of the NHI are a notable concern.

Centralisation under the NHI leads to a disconnect between 
government spheres, and worsening shortages in supplies.
The bill removes day-to-day hospital administration from 
provinces, violating the constitutional framework.

District Health Management offices strip provincial powers 
unconstitutionally, lacking feasibility studies.

Centralisation impedes OHSC targets, necessitating a move 
towards decentralisation for improved efficiency.

Underfunded hospitals face shortages exacerbated by the 
NHI, affecting infrastructure, equipment and staffing.

Group 4: Patient Access and Rights

NHI does not address critical skills shortages or the chaotic 
placement of community service personnel.
Fixed NHI Bill timeline dates are inaccurate and defunct, 
hindering effective implementation.

Referral pathways strain the system and may impede quick 
access to specific healthcare interventions.

Treatment protocols under the NHI may hinder the effective 
treatment of certain conditions and patients.

Maladministration of the NHI Fund could lead to a surge in 
medico-legal claims, impacting the health industry.

Group 5: Social and Ethical Considerations

NHI assumes the ability of poor individuals to travel for 
registration, dissuading people from seeking medical 
attention.

Lack of consideration for EMS equipment shortages in rural 
areas jeopardises timely access to medical services.

Public healthcare standards are already low, and the NHI 
may further abuse patients’ rights to quality healthcare.
No separation of powers within the fund can result in denied 
services and impact the success of appeals.

The bill aims to eventually remove medical aids, limiting 
individuals’ right to choose healthcare and associations.

Group 6: Systemic Risks and Lack of Clarity

Erosion of the private health sector and well-functioning 
public facilities may strain the current system.

NHI violations of constitutional rights to employment for 
health practitioners and doctors raise concerns.

The exclusion of asylum seekers despite constitutional 
provisions in the NHI Bill is a notable ethical lapse.

Poor definition of emergencies and lack of clarity on medical 
necessity in the NHI pose risks to patient care.

The lack of information on covered procedures and 
healthcare products raises uncertainties about NHI 
coverage.

Group 7: Organisational and Financial Integrity

The fund’s alleged autonomy is questionable, and its 
functions may be unachievable from the start.

Pooling funds makes the NHI vulnerable to theft and 
corruption, amplifying current supply chain mismanagement.
Lack of external audit and risk procedures increases the risk 
of corruption and looting.

Uncertainty about the NHI’s sharing of information and 
potential breaches of the Popi Act add to concerns.

NOTICE OF POSTPONEMENT OF THE SOUTH AFRICAN 
DENTAL ASSOCIATION (SADA) 2022 ANNUAL GENERAL 
MEETING
The SADA FYE 2022 Annual General Meeting (AGM), previously set for 25 April 2024, is postponed due to finalisation 
of the auditing procedures. The majority of the work has been finalised, but the last parts are only being finalised in early 
April 2024. A new date will be communicated soon. We apologize for any inconvenience.
 
Dr N Osman
 
SADA Board of Directors
 
2 April 2024
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ABSTRACT
Introduction
Globally, the number of people unaware of their HIV status, 
and the rate of transmission of the disease, remains high. 
Scaling up of HIV testing opportunities and settings, 
particularly in the dental clinical setting, is needed to address 
this major public health concern. 

Aim and objectives
This study assessed dental patients’ knowledge, attitudes 
and practices in voluntary counselling and rapid HIV testing 
(VCT) in the dental workplace in the eThekwini district, 
KwaZulu-Natal to determine their understanding and 
support for these services.

Methods
This was a cross-sectional, descriptive study. A total of 250 
questionnaires were distributed to dental patients located in 
private and public dental settings in the eThekwini district. 
Two hundred and fifty (n=250) completed questionnaires 
were retrieved, yielding a response rate of 100%. 

Results
More than half of the participants (n=134; 53.6%) indicated 
not to have heard of rapid HIV testing or were “unsure” of 
their knowledge regarding rapid HIV testing. The majority 
of participants (n=209; 83.6%) reported wanting the option 
to test for HIV at the dental workplace and 76.8% (n=192) 
indicated that rapid HIV testing should be routinely conducted 
by the oral healthcare worker. Participants (n=189; 75.6%) 
indicated to be less willing to partake in HIV testing should 
there be a cost implication. Some participants (n=104; 

41.6%) indicated that they did not want the oral healthcare 
worker to perform the test due to perceived incompetency 
in rapid HIV counselling and testing. More participants from 
urban (n=214; 85.6%) and rural (n=217; 86.8%) areas of 
living were keen on the option to test for HIV at the dental 
workplace, with only 46.8% (n=117) of the informal dwellers 
sharing the same sentiment.    

Conclusion
Participants reported inadequate knowledge and practice 
of VCT at the dental workplace. Participants had positive 
attitudes towards VCT implementation in the dental setting, 
provided that the cost of conducting of the test was free. 

Keywords
HIV/AIDS, rapid HIV testing, dental workplace, oral 
healthcare workers

INTRODUCTION  
South Africa is synonymous with the Human 
Immunodeficiency virus, as the country continues to inhabit 
the single largest population of 7.5 million people living with 
HIV. Almost 27% of the affected population is located in 
KwaZulu-Natal.1-4 Despite progress being made towards 
the UNAIDS-endorsed 90-90-90 targets, South Africa had 
attained below targets of 85-71-86, emphasising the dire 
need to get more individuals tested, for ARV treatment and 
virally suppressed.4-5 Alarmingly, studies have shown that 
individuals presenting with an acute stage of HIV infection 
are more likely to transmit the virus than in advanced stages 
of infection.6-7 Therefore, scaling up of HIV testing sites is 
pertinent in ensuring more individuals are aware of their 
HIV status and do not spread the disease unknowingly. 
Early intervention strategies such as VCT allow oral 
healthcare workers an opportunity to provide patients with 
a comprehensive package of care that includes: HIV oral 
manifestation recognition, prompt HIV detection, proper 
linkages to care, education and support.8 The dental 
workplace, however, remains an untapped yet universal 
access point for HIV service delivery.

Multiple international studies have showed great support 
and optimism regarding implementation of VCT at the dental 
workplace.9-12 Oral healthcare workers indicated a keenness 
to assist in the reduction of the disease transmission through 
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awareness campaigns as well as offering services such 
as VCT and supportive care.11-12 Locally, oral healthcare 
workers in eThekwini demonstrated positive attitudes 
towards VCT implementation in the dental setting, provided 
that adequate training and support was available from the 
KwaZulu-Natal Department of Health.13  

The public and private dental sectors in eThekwini offer a 
range of basic and specialised dental services to the vast 
public who visit the dental workplace to attend to their oral 
needs and ailments. Despite the high prevalence of oral 
disease and manifestations related to HIV/AIDS, there is 
limited evidence to suggest that HIV testing forms part of 
routine oral healthcare. The oral cavity serves as a gateway 
to ensuring overall health and therefore the incorporation 
of VCT into the spectrum of dental services could prove 
beneficial to the wellbeing of the public and provide a 
safe healthcare environment for conduction of VCT. Rapid 
HIV testing has not yet been implemented to the dental 
workplace in KwaZulu-Natal, thereby creating a significant 
prospect to be investigated further. To our knowledge, this 
is the first study conducted in KwaZulu-Natal to determine 
dental patients’ knowledge, attitudes and practices 
regarding VCT at the dental workplace and their readiness 
or disposition in partaking in this valuable service. 

METHODS
This was a cross-sectional, descriptive study that assessed 
dental patients’ knowledge, attitudes and practices 
regarding VCT services as part of HIV management in 
the dental setting. The study sample was drawn from the 
private and public sectors in eThekwini district. The study 
sites included private dental practices (n=60) and public 
health institutions (n=8) in eThekwini district. Purposive 
sampling technique was used to select dental patients. A 
total of 250 questionnaires were distributed to the identified 
study sites. 

The research instrument comprised a self-administered 
questionnaire which was validated by means of a pilot study 
which included (n=5) dental patients from eThekwini to clarify 
any ambiguity in the questions posed. The questionnaire 
included 22 items. The first part of the questionnaire 
focused on information such as gender, age group, level of 
education, employment status, monthly income and place 
of living. The second part included questions pertaining to 
practices such as frequency of dental visits, type of dental 
treatment undergone, referral for HIV testing, HIV testing 
undergone in lifetime, location of HIV testing and reason for 
preferred choice, HIV testing and counselling satisfaction, 
cost factor regarding HIV testing at the dental workplace 
and knowledge of rapid HIV testing. The third part of the 
questionnaire included questions related to dental patients’ 
attitudes and perceptions regarding extension of routine 
rapid HIV testing at the dental workplace. A Likert 5-scale 
format of responses was used: strongly agree (=1), agree 
(=2), not sure (=3), disagree (=4) and strongly disagree 
(=5) to elicit respondents’ attitudes related to fear and 
stigmatisation, costing, skills and training of oral health care 
workers conducting the HIV testing, convenience factor, 
seeking prompt medical assistance and confidentiality 
of results. The questionnaire consisted of closed-ended 
questions. 

Ethical clearance was obtained from the [information 
redacted to maintain the integrity of the review process]. 
Participation was voluntary and written informed consent 
was obtained from all participants. The questionnaire 
was administered in English and isiZulu. Confidentiality 
and anonymity were maintained. For data collection, 
the researcher first contacted the research sites and 
gatekeeper permission was obtained. A meeting was then 
set up with interested people and the informed consent 
document and the questionnaire were handed out to 
those who expressed interest in participating in the study. 

Table 1. Relationship between biographical data and option to test for HIV at the dentist 

Biographical data

Number of 
participants
(n)

Would you like to have the option to 
test for HIV at the dentist?
(n/%) P-value

Yes No

Gender
Male 117 96 (82.1%) 21 (17.9%)

0.535
Female 133 113 (85.0%) 20 (15.0%)

Age group

18-28 years 87 73 (83.9%) 14 (16.1%)

0.745
29-34 years 49 39 (79.6%) 10 (20.4%)

35-40 years 58 48 (82.8%) 10 (17.2%)

41> years 56 49 (87.5%) 7 (12.5%)

Level of education

Below grade 9 24 21 (87.5%) 3 (12.5%)

0.922
Grade 9 38 32 (84.2%) 6 (15.8%)

Matric 94 79 (84.0%) 15 (16.0%)

Tertiary qualification 94 77 (81.9%) 17 (18.1%)

Employment status

Employed 150 122 (81.3%) 28 (18.7%)

0.038*
Unemployed 68 57 (83.8%) 11 (16.2%)

Student 20 19 (95.0%) 1 (5.0%)

Pensioner 12 11 (91.7%) 1 (8.3%)

Area of residence

Urban 190 163 (85.8%) 27 (14.2%)

0.000*Rural 45 39 (86.7%) 6 (14.6%)

Informal dwelling 15 7 (46.7%) 8 (53.3%)

*statistically significant p<0.05
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The researcher also left the informed consent document 
and questionnaire with the practice manager (in the case 
of private dental practices) or with the dental manager 
(in the public dental clinics) to hand over to interested 
patients presenting for dental management. The researcher 
reiterated the voluntary nature of the study to these 
identified people. The researcher then made arrangements 
to collect the completed questionnaires. A follow-up visit 
was conducted after one month to retrieve any outstanding 
completed questionnaires. 

Data was analysed using SPSS version 24.0 (IBM Corp, 
USA). Univariate descriptive statistics such as frequency 
and mean distribution were conducted for all variables. 
The responses to the open-ended questions were grouped 
and emergent themes were examined and compared for 
possible associations. Inferential techniques included 
Pearsons chi-squared test to assess a possible relationship 
between the independent variables (gender, age) and the 
dependent variables (perspectives on rapid HIV testing 
services in the dental workplace). A p-value <0.05 was 
considered to be statistically significant. 

Results 
Two hundred and fifty (n=250) completed questionnaires 
were retrieved from dental patients, yielding a response rate 
of 100%. Dental patients’ biographical data and the option 
to test for HIV in the dental workplace are tabulated in Table 
1. Overall, the majority of the participants (n=87; 34.8%) 
were within the age group 18-28 years old with the lowest 
age representative within the age distribution of 29-34 years 
old (n=49; 19.6%). An equal number of participants (n=94; 
37.6%) indicated to have obtained matric and tertiary 
education qualifications. Thirty eight (15.2%) participants 
reported to have grade 9 level of education, while the 
minority of participants (n=24; 9.6%) indicated to have 
below grade 9 education qualification. 

Statistical significance was observed with respect to 
participants’ employment status (p<0.05). More than half 
of the participants indicated to be employed (n=150; 60%), 
while 27.2% (n= 68) reported to be unemployed. It was 
found that 8% (n=20) of the participants were students 
while 4.8% (n=12) were pensioners. The majority of the 

participants (n=80; 32%) earn less than R2000 a month, 
while (n=36; 14.4%) of the participants declined disclosing 
their monthly income.  Among the group of participants 
who declined to disclose their monthly income, more than 
half (n=146; 58.4%) were unemployed, 11.2% (n=28) 
pensioners and 30.8% (n=77) students.  The majority of the 
participants live in urban areas (n=190; 76%), 18% (n=45) 
live in rural areas, while very few of the participants (n=15; 
6%) live in informal dwelling areas. 

Relationship between biographical data and option to 
test for HIV at the dentist 

There were no statistical significant differences with 
respect to gender, age group and level of education of the 
participants and the option to test for HIV at the dental 
workplace (p>0.05). Statistical significance was noted with 
regard to employment status and the area of residence of 
the participants (p<0.001). More participants from urban 
(n=165; 85.6%) and rural (n=39; 86.7%) areas were keen on 
the option to test for HIV at the dental workplace; however, 
only (n=7; 46.7%) of the informal dwellers shared the same 
sentiment.   

Knowledge of rapid HIV testing
More than half of the participants (n=134; 53.6%) indicated 
to not have heard of rapid HIV testing and the majority were 
“unsure” of their knowledge regarding rapid HIV testing 
(Table 2).  

Previous HIV test done
The majority of participants (n=180; 72%) reported to have 
previously tested for HIV and participants (n=157; 62.8%) 
have indicated to have received counselling and support 
from healthcare workers. Of these participants, the majority 
(n=220; 88%) were satisfied with the counselling they had 
received. 

HIV testing location
The general hospital (n=95; 38%) was reported to be the 
highest frequented testing location, followed by public 
dental department in hospital (n=68; 27.2%), public dental 
department in clinic (n=40; 16%) and general medical 
practitioner (n=26; 10.4%) (Figure 1). Private dental 

Table 2. Knowledge of rapid HIV testing

Questions Total number of 
participants (n)

Knowledge (n/%) P-value

Yes No Unsure

Cheaper than 
the conventional 
testing?

250 84/33.6 20/8 146/58.4 0.000*

Quicker than 
the conventional 
testing?

250 107/42.8 17/6.8 126/50.4 0.000*

Less invasive? 250 46/18.4 18/7.2 186/74.4 0.000*

Useful in areas 
with minimal 
infrastructure?

250 45/18 19/7.6 186/74.4 0.000*

As accurate 
as ELISA and 
Western blot?

250 22/8.8 21/8.4 207/82.8 0.000*

*statistically significant p<0.05
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practices (n=13; 5.2%) as well as specialist physician (n=8; 
3.2%) recorded the lowest frequented HIV testing centres. 

Reasons for preferred HIV testing location
The majority of participants (n=126; 50.4%) indicated that 
the choice of HIV testing location was primarily infl uenced 
by proximity to their place of living (Table 3). Reasons 
for participants’ preferred choice of HIV testing location 
included: accuracy of conduction of HIV test (n=70; 28%), 
trust staff to conduct the test effectively and effi ciently 
(n=66; 26.4%), negligible cost of HIV test (n=60; 24%) and 
familiar HIV testing location (n=58; 23.2%).  

Option to test at the dental workplace
The majority of participants (n=209; 83.6%) indicated to 
want the option to test for HIV at the dental workplace. 
Furthermore, the majority of participants (n=204; 81.6%) 
reported that extending HIV testing to the dental workplace 
is a good idea. 

Potential dental HIV testing location  
The majority of participants (n=205; 82%) indicated to be 
willing to undergo a rapid HIV test at the dental workplace. 

The minority of participants (n=45; 18.0%) were not keen 
to be tested at the dental workplace and indicated that the 
general hospital (n=133; 53.2%) was their preferred HIV 
testing location. 
  
Cost factor
It was reported that the majority of participants (n=205; 
82%) were willing to undergo a rapid HIV test at the dental 
workplace, provided HIV testing was fully subsidised by the 
government or medical aid schemes.

Participant response regarding rapid HIV testing in the 
dental work lace
The majority of participants (n=192; 76.8%) indicated 
that routine testing for HIV should be conducted by the 
dentist, as the dental workplace is a convenient location. 
The majority of the participants (n=206; 82.4%) reported to 
support the idea of HIV testing at the dental workplace, as 
a means of seeking medical treatment sooner, if necessary. 
The majority of participants (n=152; 60.8%) indicated that 
fear and perceived rejection by the dentist following a 
positive HIV test result would not discourage them from 
testing at the dental workplace. Furthermore, 62.4% 
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Figure 1. HIV testing locations

Table 3. Reasons for preferred HIV testing location

Reason for havin g HIV test done at 
chosen location

Total number of participants
(n)

Value
(n/%)

Agree Disagree

It is close to my house so I do not have to 
travel far

250 126/50.4% 124/24.6%

I do not mind where I get tested, as long 
as it is done accurately

250 70/28% 180/72%

I trust the staff to carry out the test 
effectively and effi ciently

250 66/26.4% 184/73.6%

It is free or inexpensive to do the test at 
this place

250 60/24% 190/76%

I have always tested at this place 250 58/23.2% 192/76.8%
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(n=156) of participants reported to not feel ashamed or 
stigmatised against following a positive HIV test result at the 
dental workplace. More than half of the participants (n=142; 
56.8%), indicated to trust the oral healthcare worker to keep 
the results of the HIV test confi dential. 

Conversely, many participants (n=189; 75.6%) were not 
willing to participate in HIV testing at the dental workplace 
should they be fi nancially liable. Nearly half of the participants 
(n= 104; 41.6%) reported to feel that oral healthcare workers 
are not trained to test and counsel and therefore would not 
partake in HIV testing at the dental workplace. 

Frequency of visits to the dental workplace
More than half of the participants (n=130; 52%) had visited 
the dental workplace less than 2 times within the past year, 
while n=99 participants (39.6%) visited between 2 to 5 
times and few participants (n=21; 8.4%) visited more than 
5 times. Overall, less than half of the participants (n=120; 
48%) have visited the dental workplace more than twice 
within the past year. 

Type of dental treatment undergone
The majority of participants (n=169; 67.6%) reported having 
an extraction within the past year (Table 4). 

Referral for HIV test
The majority of the participants (n=212; 84.8%) indicated 
that they have never been referred for an HIV test by an oral 
healthcare worker. 

DISCUSSION
The study fi ndings indicated that half of the study population 
(n=136; 54.4%) were within the age group 18-34 years. 
Only a third of the study population (n=94; 37.6%) reported 
having matric and tertiary education qualifi cations while 60% 
(n=150) of respondents were employed. The relationship 
between employment status and area of residence was 
seen as being statistically signifi cant in terms of testing 
for HIV at the dental workplace. The study fi ndings also 
indicated that about 54% (n=134) of the study population 
were unaware of rapid HIV testing, while more than two-
thirds of the study population reported having being tested 
previously for HIV (n=180; 72%). This fi nding is consistent 
with a previous study which reported a relationship between 
participants’ monthly income and HIV/AIDS knowledge 
scores.14 The authors reported that a higher monthly 
income was associated with higher HIV/AIDS knowledge 
and that this collectively resulted in higher testing rates.14

Similarly, Lopez-Quintero et al. reported that patients’ HIV 
knowledge was linked to previous exposure to HIV testing.15

This reiterates the importance of HIV/AIDS-related dental 
education especially in areas of high infection rates. The 

study fi ndings are consistent with Joshi et al. who reported 
no difference between study participants’ educational 
status and “their willingness to undergo HIV test as a part of 
[the] dental visit”.16

The majority of study participants (n=126; 50.4%) reported 
using the public health facility and that this selection of 
HIV testing location was mainly due to easy access. Given 
the dependency on public health services in eThekwini 
district, as with the rest of the country, it is not surprising 
that participants also opted to access health services that 
are closest to them. This fi nding is consistent with other 
studies that highlight the need to increase access to 
improve uptake of HIV testing.17-18 Such strategies could 
include increased availability of HIV self-testing (HIVST) and 
community HIV testing (home-based testing).17 This further 
reiterates the importance of ensuring not only the availability 
and access of HIV testing services, but also ensuring the 
optimal utilisation of such services.

The majority of participants in this study (n=209; 83.6%) 
indicated that HIV testing should be made available in the 
dental setting. This fi nding is supported by other studies 
which also reported a high patient acceptance of HIV testing 
in the dental environment.19-21 Parish et al. further reported 
that patients who accessed other medical screenings in the 
dental environment were more likely to accept HIV testing 
in these settings.19 Similarly. Rosso et. al. reported that 
patient acceptability of HIV testing in the dental setting was 
infl uenced by a “positive patient-provider relationship”.22

This suggests that the trust that exists between the 
practitioner and patient is an important consideration for 
HIV testing services. This highlights the need for a paradigm 
shift in oral healthcare, where dental practitioners become 
more involved in the provision of other health screenings in 
addition to oral health services. This, however, will require 
a review of the undergraduate curriculum and to ensure 
that interprofessional education is adequately covered 
so that the dental graduate is better prepared to work in 
interdisciplinary and multidisciplinary health settings.

It is equally important to explore dental practitioners’ attitudes 
and beliefs regarding HIV testing services as part of dental 
clinical management. It is noteworthy that [information 
redacted to maintain the integrity of the review process] 
reported in an earlier study that oral health practitioners in 
their study had inadequate knowledge related to VCT but 
that they had positive attitudes towards the implementation 
of such services provided that there was adequate support 
and training available.13 Some participants in this study 
also expressed concern with the fi nancial burden of such 
tests as well as the dentists’ competence to conduct the 
tests. A point worth highlighting is that nearly half (43.3%) 
of the participants who had previously tested for HIV, were 

Table 4. Type of treatment undergone at dental workplace

Type of
treatment

Total number of 
participants
(n)

Value (n/%)

Yes
(n)

% No
(n)

%

Extraction of tooth 250 169 67.6 81 32.4

Check up and clean 250 80 32 170 68

Fillings 250 53 21.2 197 78.8

Other 250 19 7.6 231 92.4

www.sada.co.za / SADJ Vol. 79 No.2
https://doi.org/10.17159/sadj.v79i02.16751
The SADJ is licensed under Creative Commons Licence CC-BY-NC-4.0.



RESEARCH74 >

tested in a public dental department (clinic and hospital). 
This suggested that the costs of HIV testing in private dental 
settings could be a barrier if patients are expected to bear 
such a financial burden. 

The cost of HIV testing in the dental settings is an important 
consideration and more research is needed in this area to 
ascertain the responsible parties to bear the associated 
financial costs. This also requires ongoing advocacy and 
collaborative partnerships between the Department of 
Health, medical aid schemes, patients and oral health 
practitioners (in the public and private health sectors) to 
ensure that the offering of such services are not thwarted 
by a lack of clear roles and responsibilities of each player 
or stakeholder. It is thus important that memoranda of 
agreements are set up to clearly define the roles and 
responsibilities of each player as well as the responsible 
persons for bearing the financial costs of such services.

Strengths and limitations of the study
The study provided valuable insights into patients’ 
knowledge, attitudes and experiences related to HIV 
testing. However, several limitations were noted. The study 
was only conducted in one distract in KwaZulu-Natal, hence 
its generalisability is limited to the eThekwini district. The 
majority of study participants were located in the urban 
areas. Given the inconsistent availability of oral health 
services in the rural areas of KwaZulu-Natal, it is possible 
that participants from such areas could have a different 
perspective with regard to HIV testing in the dental setting.   

CONCLUSION
The study findings indicated that study participants had 
inadequate knowledge but positive attitudes towards VCT 
implementation in the dental setting, provided that the cost 
of conducting of the test was free. More research needs to 
be conducted in other parts of the province and in South 
Africa to ascertain public opinion on HIV testing and VCT 
implementation in the dental settings. Such information 
could add value to policy review related to increasing access 
to HIV testing services in the country.  
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section provides for twenty general questions 
and five ethics questions. The section provides 
members with a valuable source of CPD points 
whilst also achieving the objective of CPD, to 
assure continuing education. The importance of 
continuing professional development should not 
be underestimated, it is a career-long obligation 
for practicing professionals.
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ABSTRACT
The complexity of root canal morphology can influence 
cleaning and shaping of the root canal system and, ultimately, 
treatment outcomes. Undiscovered root canal morphology 
can greatly reduce the prognosis of endodontic treatment 
due to the preservation of offending organisms and their by-
products. The maxillary first molar has been identified as one 
of the most challenging teeth to treat endodontically due to 
its complex internal anatomy, the presence of additional and 
accessory canals and intricate root canal configurations. 
This paper is the second of two that provide a micro-
computed tomography (micro-CT)-focused overview of 
available literature on various aspects of the root and canal 
morphology of the maxillary first permanent molar. The aim 
of this paper is to provide an overview of relevant aspects 
of the internal root morphology in different populations. The 
content is supported by illustrative micro-CT images and 
clinical cases or images. 

Keywords
Accessory canals, apical deltas, chamber canals, MB2, 
MB3, micro-CT, root canals, root canal configurations 

Introduction
Root canal treatment implies the removal of irreversibly 
inflamed or infected tissues from the root canal system 
using mechanical and chemical disinfection techniques.1,2 
Cleaning and shaping the root canal are profoundly 
affected by the complexity of root canal morphology. 
Unsuspected root canal morphology may lead to the 
preservation of offending organisms and their by-products, 
which can cause treatment to fail.2 The morphological 
complexity of the human molar, in particular, often leads to 
root canal anatomy being missed in the diagnostic phase, 
perforations and fractured instruments in the preparation 
phase and incomplete disinfection and removal of necrotic 
or inflamed tissues in the chemical phase.3,4root canals per 
tooth, root canal configurations, and frequency of isthmi 
and apical deltas in mandibular first permanent molars 
in an Indian population. Hundred and fifty mandibular 
first permanent molars were collected and subjected to 
clearing technique. The cleared teeth were examined 
in a stereomicroscope under 7.5x magnifications. The 
canal configurations were categorized using Vertucci’s 
classification. Overall 94.6% of the mandibular first molars 
had two roots, and 5.3% had extradistal roots (distolingual 
root Maxillary molars can have a number of canals 
which are often challenging to locate without specialised 
equipment and proper magnification.2,5-9 

The maxillary first molar has been identified as one of the 
most arduous teeth to treat endodontically because of its 
complex internal anatomy and the presence of additional 
canals.5,7 One of these additional canals is a second 
mesiobuccal canal (MB2) located in the mesiobuccal 
root (MB).6,8-11and evaluate if there were any significant 
differences between initial treatments and retreatments. 
The teeth examined were 3578 first molars and 2038 
second molars treated consecutively over a 5-yr period 
by six endodontists. Overall the MB2 canal was found in 
2133 (60% The second mesiobuccal canal is often hidden 
by dentine ledges and sclerotic tooth structure, which 
makes it difficult to discover and treat and, unfortunately, it 
is often missed.12,13 Figures 1-3 show the suggested clinical 
procedure to remove the covering dentine ledge to discover 
the MB2 canal system on maxillary molars. 
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Figure 1: Access preparation and suggested instrumentation for dentine removal on a maxillary fi rst molar; (A) Access cavity preparation on a left 
maxillary fi rst molar after removal of a leaking amalgam restoration that resulted in secondary decay. Note the dentine ledge (black arrows) restricting 
the access into the MB canal and obscuring the canal orifi ce of the possible MB2 canal; (B) A size 010 EndoTracer bur (Komet) was used at a speed of 
1500rpm under microscope magnifi cation to remove the coronal aspect of the dentine ledge; (C) Dentine ledge removed until a smooth transition from 
pulp fl oor to root canal walls is visible.

Figure 2: Identifi cation and negotiation of the MB2 canal; (A) Improved access was obtained to the pulp fl oor revealing a groove (black arrow) running 
from the MB canal towards the palatal (P) canal orifi ce. A smaller size 008 EndoTracer bur (Komet) was used to through approximately 1.5mm deeper 
on the groove resulting in the appearance of the debris accumulation (white arrow) in the in MB2 canal orifi ce; (B) Size 08 C+ fi le (Dentsply Sirona) was 
used to start negotiation of the MB2 canal.

Figure 3: Cleaning and shaping the root canal system; (A) ProTaper Ultimate Orifi ce Opener (Dentsply Sirona) was used in a backstroke brushing motion 
to relocate the canal orifi ce in a more mesial direction to allow for easier canal negotiation; (B) Pulp chamber view after all the canal orifi ces were 
opened with the ProTaper Ultimate Orifi ce Modifi er (Dentsply Sirona). Note the mesial relocation of the position of the MB2 canal orifi ce (arrow); (C) 
Pulp chamber view after all the canals were prepared up to size F2 ProTaper Ultimate (25/07) (Dentsply Sirona). Note the fi nal position of the MB2 canal 
orifi ce is approximately 1.5mm-2mm more mesial from a line drawn from the MB and the P canal orifi ces. 
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Additional canals can also be present in the other roots 
and if any of these remain untreated it can greatly infl uence 
the long-term survival of a tooth.2,5 In addition, root canal 
confi gurations in maxillary fi rst molars can be some of the 
most complex ones in the human dentition.14 Apart from the 
main canals, a complex network of accessory canals can 
be located anywhere along each root canal.15,16 Main canals 
can also terminate in apical deltas and the pulp fl oor can 
contain chamber canals with the potential to connect the 
pulpal space with the furcation region of a tooth.2,17

Many of the complexities and anatomical variations of 
the roots and canals of molar teeth could not be seen 
using conventional two-dimensional radiographs.18 The 
introduction of micro-computed tomography (micro-CT) 
provided a non-invasive way to explore the morphology of 
roots and canal systems with accuracy and confi dence.19

Interestingly, the original use of micro-CT was not for dentistry 
but for industry.20 Nielsen et al19 were the fi rst authors to use 
this technology to describe the internal and external root 
and canal anatomy of a maxillary fi rst molar. It has since 

become the gold standard for morphological investigations 
and the most suitable method to study complex root canal 
morphologies to visualise fi ne detail.21,22 In addition, modern 
software (for example Avizo23) can allocate different colours 
to enamel, dentine and the pulp for differentiation and each 
component can be virtually extracted (by labelling and 
segmentation), magnifi ed and rotated (Figure 4).23-25

The aim of this paper is to provide an overview of available 
literature on clinically relevant aspects of the internal 
morphology of the maxillary fi rst molars supported by 
illustrative clinical cases and micro-CT images. Authors 
have used different investigative techniques when studying 
root and canal morphology in different populations. The 
fi ndings on various techniques are discussed in this paper, 
but special consideration is given to studies where micro-
CT was used. 

The second mesiobuccal canal (MB2)
Versiani, Sousa-Neto and Basrani14 conclude that the 
presence of a second canal in the MB root is on average 

Figure 4: Micro-CT illustration of a typical maxillary fi rst molar with three separate roots using Avizo software; (A) View from MB; (B) Rotation with a 
view from apical illustrating apical root canal exits and their apical foramen(s) (black arrow); (C) Virtually extracted pulp.

Figure 5: Different root canal confi gurations that may be present in maxillary fi rst molars; (A) Right maxillary fi rst molar that presented with only one MB 
canal; (B) Left maxillary fi rst molar that presented with an MB and MB2 canal system that joined in the apical third of the root; (C) Left maxillary fi rst 
molar that presented with an MB and MB2 canal system that had separate apical foramina in a severely curved MB root. 
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60.4%. Prevalence, however, can vary between populations. 
In a recent worldwide cone-beam computed tomography 
(CBCT) observation involving 21 regions, the average 
prevalence was 73.8% – ranging between 48% (Venezuela) 
and 97.6% (Belgium).10 In a Nigerian study, a group of 
authors used laboratory sectioning and direct observation 
on extracted fi rst molars of unspecifi ed individuals and an in 
vivo clinical investigation using radiographs of symptomatic 
patients. More MB2 canals were identifi ed using the 
laboratory and direct observational technique (23%) than 
with the in vivo clinical observation (3%) in this study.26 In a 
worldwide investigation, a prevalence of 62% was reported 
in Egypt using CBCT.10 In South Africa, three CBCT 
studies reported a prevalence of 60.5 %, 92% and 95.6% 
respectively,10,11,27age, side, and root configuration using 
in vivo cone-beam computed tomographic (CBCT but the 
population groups or backgrounds of the individuals were 
not specifi ed in either study. In micro-CT-focused studies, 
authors have reported a prevalence of MB2 ranging from 
60.5% to 100% (Table I). Figure 5 depicts three different 
clinical scenarios that were observed during clinical 
treatment of South African individuals. 

The  third mesiobuccal canal (MB3)
The MB root can contain an additional canal located 
between the MB1 and MB2.41 Versiani et al.14 reported 
an incidence of 0.1%, in all available literature reviewed. 
However, in the same year (2018) a global incidence of 
5% for this type of morphology was reported from 12,200 
maxillary fi rst molars.13 Focused research on this canal is 
limited with most fi ndings discussed as case reports or 
incidental fi ndings. Investigative methodologies also differ: 
for example, using a clearing and stereomicroscopic 
technique on extracted teeth, a high incidence of 11.3% 
was noted in Iranian individuals42 while in Africa, using a 
combination of clearing, dyes and visual observation under 
magnifi cation on extracted teeth of individuals from African 
descent, Rwenyoni et al.43 determined that 0.5% of an 
Ugandan population had an MB3. No studies reporting on 
the presence of the MB3 in South African individuals were 
identifi ed but Figures 6 and 7 show the clinical procedure 
that was followed to locate and treat the MB3 in a maxillary 
fi rst molar in a South African individual. 

Table I: Micro-CT studies reporting on MB2.

Author(s) Year Population Number of teeth 
investigated

Prevalence of MB2 
(%)

Park et al.28 2009 South Korea   46 80.0

Somma et al.29 2009 Italy   30 80.0

Gu et al.30 2011 South Korea 110 68.0

Verma and Love31 2011 New Zealand   20 90.0

Yamada et al.32 2011 Japan   90 55.5

Hosoya et al.33 2012 Japan   86 60.5 

Domark et al.34 2013 USA   13 100

Kim et al.35 2013 South Korea 154 61.0

Lee et al.36 2014 South Korea   18 100

Tomaszewska et al.13 2018 Poland 110 64.2

Zurawski et al.37 2018 Brazil     6 95.8

Alfouzan et al.38 2019 Saudi Arabia   35 80.0 

Camargo Dos Santos et al.39 2020 Brazil   96 87.5

Tonelli et al.40 2021 Brazil   90 69.4

Figure 6: A right maxillary fi rst molar that presented with an MB3 canal; (A) High-magnifi cation view of the pulp chamber fl oor. Note the evidence of a 
dentine ledge (black arrow) and necrotic pulp tissue in a canal orifi ce visible close to the P canal orifi ce (white arrow); (B) After removal of the dentine 
ledge with EndoTracer burs (Komet), three MB root canal systems (arrows) were discovered in the MB root.
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Micro-CT studies on the MB3 are limited but some have 
been identifi ed. Ordinola-Zapata et al.41 report a fi gure of 
10% in a Brazilian subpopulation using micro-CT. Other 
identifi ed micro-CT studies reporting on this type of 
morphology in different populations are summarised in 
Table II.

Additional canals in the DB and P roots
Most of the reports available mentioning additional canals 
in the DB and P roots used techniques which included 
clearing and staining, traditional radiographs with clinical 
investigation and CBCT,44-47 and fi ndings ranged between 
 0 and 9.5% for the DB root and 0 and 4.5% for the P root. 
A global study reported an incidence of 1.4% and 0.7% 
of additional canals in the DB and P roots respectively.14

In a CBCT study, Tian and co-workers48 found fi gures in 
agreement with the suggested global range; approximately 
0.2% of Chinese maxillary fi rst molars had an additional 
P canal and 0.4% had additional distal (D) canals. In 
Africa, specifi cally in Uganda, the researchers did not 
fi nd any additional canals in the P root but 2.3% of the D 
roots contained an additional canal.43 Similarly in Nigeria, 
Abiodun-Solanke et al.26 found an additional P canal in 
1% of their sample using visual observation and surgical 
loupes.  No studies could be identifi ed reporting additional 
canals in the DB or P root in South African individuals. 
Although South African studies are not available, clinicians 
have probably treated these challenging root canal 
morphologies on occasions.  Figure 8 shows a clinical case 
with an additional canal in the P root in a South African 
individual.

Table II. Micro-CT studies identifi ed reporting on MB3.

Author Year Population Sample size Prevalence (%)

Park et al.28 2009 Canada (Koreans)   46   6.5

Gu et al.30 2011 South Korea 110   8.2

Verma and Love31 2011 New Zealand   20 10.0

Kim et al.35 2013 South Korea 154 12.3

Briseño-Marroquín et al.21 2015 Germany 179   5.0

Alfouzan et al.38 2019 Saudi Arabia   35 17.1

Camargo et al.39 2020 Brazil   96   3.1

Figure 7: Clinical procedure for cleaning, shaping and obturation of a maxillary fi rst molar with three MB canals; (A) Pre-operative periapical radiograph 
of a non-vital, right maxillary fi rst molar that required root canal treatment; (B) High-magnifi cation view of the pulp chamber fl oor showing the 
location of three mesiobuccal canal systems in the mesial root after canal preparation with the F2 ProTaper Universal System (Dentsply Sirona); (C)
Postoperative periapical radiograph after obturation of the fi ve root canal systems. Note that the MB2 and MB3 canals joined in the midroot area to exit 
in a combined apical foramen next to the MB1 canal, which was a separate system. 

Figure 8: Right maxillary fi rst molar that presented with an additional 
canal in the P root (white arrow) that bifurcated from the main canal at 
the midroot level. Note the two separate MB root canal systems in the 
MB root. 
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Figure 9 depicts a clinical case where an additional canal 
was present in the DB root of a South African individual.

Global studies that reported on results on additional D or 
P canals using micro-CT exclusively are limited and there 
are none in African populations. Briseno-Marroquin et 
al.21 found an incidence of 1.2% for an additional D canal 
in a German sample. In a Burmese (Myanmar) study no 
additional P canals were found, but of the DB root 13.86% 
contained multiple canals in their sample of 101 fi rst 
molars.49 Matsanuga et al.50 also found no additional canals 
in the P root of a Japanese sample. A later study in Japan 
focusing on the DB root found that 2% of DB roots had 
additional canals. 

Variants of canal numbers
Apart from the MB2, MB3 or an additional DB or P canal, 
maxillary fi rst molars may contain more than fi ve canals in 
total. Variants that deviate from the expected three or four 
canals in these teeth where investigators used micro-CT 
exclusively are limited and none was identifi ed in African 
populations. Teeth with a single canal were reported in 
0.06% of a Chinese population using CBCT and a large 
sample (n=1,558).48 Two-canalled confi gurations were 
found by the same author in 0.8% of the sample. These 
authors also found 0.5% of teeth with six canals in total, 
made up of different combinations of MB, DB or P canals. 
A few reports are available on fi rst molars with six canals. 
By using radiographic observation and clinical treatment 
under magnifi cation, Albuquerque and co-workers51 treated 
a tooth with complex root canal morphology. Zheng et 
al.464,22]]},”issued”:{“date-parts”:[[“2010”,9]]}}}],”schem
a”:”https://github.com/citation-style-language/schema/
raw/master/csl-citation.json”}  used CBCT during their 
investigation and found 0.3% of teeth with six canals in a 
Chinese population. There are other reports on six canals 
available.52,53 Teeth with seven canals were clinically treated 
under magnifi cation assisted by using radiographs and 
CBCT technology.54,55 A report is also available of treating 

an eight-canal tooth.56 No micro-CT specifi c reports giving 
an account of fi rst molars with one, two or more than fi ve 
canals could be identifi ed in Africa or South Africa.

Accessory canals 
Ac cording to Ahmed et al.57 an accessory canal is a small 
patent, blind or looped canal leaving the main canal that 
usually (but not always) communicates with the external 
root surface or furcation area and encompasses what 
were previously known as lateral canals. The presence of 
accessory canals has been investigated for several years 
in different populations using a variety of techniques. In an 
Irish population, Shalabi et al.58 determined that the P root 
had the most accessory canals and these canals ranged 
between one to fi ve per root. Most were in the apical 
third. These authors used a clearing technique during their 
investigation. Sert and Bayirli44 used staining with dyes on 
extracted teeth in a Turkish population and found that all 
roots of all teeth in both males and females contained lateral 
canals. They were present in either the cervical, middle or 
apical third of the root. In Uganda it was determined that the 
MB root had the most accessory canals after using a similar 
staining technique on their extracted teeth.43

In micro-CT studies, Yamada et al.32 confi rm fi ndings 
from the Ugandan study: the MB roots of their Japanese 
population sample contained the highest number and the 
most diverse root canal morphology. A similar fi nding was 
by Briseño Marroquin et al.21 in a German population. In a 
Myanmar study the authors found 240 total lateral canals in 
101 maxillary fi rst molars, with 56.67% of these in the MB 
root, 23.75% in the DB root and 19.58% in the P root.49

These authors determined that the MB1 canal contained 
one accessory canal in 26.3% of cases, one accessory 
canal was present in 12.3% of cases in the DB canal and 
9.5% in the P canal. The same authors found that the MB2 
canal rarely had a single accessory canal.21 In one Brazilian 
study several accessory canals, isthmuses and foramina 
were noted in the apical region in particular of the MB root.41

Figure 9: Clinical management of a maxillary 
fi rst molar with an additional DB canal; (A) 
Pre-operative periapical radiograph of a left fi rst 
maxillary molar that presented with an emergency 
root canal treatment; (B) Axial slice on a CBCT 
scan revealed the presence of an MB, MB2, P, D 
and an additional distobuccal (DB) canal system; 
(C) Periapical radiograph to confi rm the working 
length of the fi ve-root canal systems; (D) High-
magnifi cation view of the pulp chamber showing 
the additional canal in the DB root (white arrow) 
after canal preparation; (E) Postoperative periapical 
radiograph after obturation with temporary 
restoration. 
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In a study on a Brazilian subpopulation also focusing on 
the MB root, it was noted that 47.9% of the sampled teeth 
contained accessory canals and the majority of these were 
also in the apical region (76%).39 A South Korean population 
had similar accessory root canal morphology in the apical 
region of the same root.28

In another micro-CT study on Brazilian individuals, it was 
found that the P root contained several accessory canals 
(25%).59 A Minnesota study investigating maxillary fi rst and 
second molars found that at least 40.4% of the P roots 
contained at least one accessory canal and most of these 
(74.1%) were in the apical 3mm. Unfortunately, the study 
did not make a clear distinction between fi rst and second 
molars.60 Similar fi ndings were reported in a Chinese 
subpopulation.61 A Japanese study focused on the DB root 
and found that 27% of the sample contained accessory 
canals and the vast majority were located apically (88.9%).62

Other authors in Brazil, Taiwan and Japan reported similar 
fi ndings by investigating either the P, MB or all roots.59,63,64

Micro-CT studies reporting accessory canals in African and 
South Africa populations could not be found. However, 
Figure 10 illustrates clinical cases of treatment of South 
African individuals with accessory canals in various roots.

Chamber canals
Accessory canals can also be present in the pulp chamber 
in the form of furcation canals in the furcation region, which 
can create a potential pathway between the pulp and the 
periodontal ligament space (PDL).17 In a Turkish study using 
a stereoscopic technique, the pulp fl oors of 50 maxillary fi rst 
molars were investigated and it was found that patent furcal 
accessory canals were present in 12 teeth (24%).65 Although 
investigations focusing on the presence of furcation canals 
using micro-CT are rare a more recent micro-CT study 
using extracted teeth from Egypt and Germany, furcation 
canals were identifi ed in 2.8% of the sample teeth (n=179). 
The authors distinguished between inter-radicular canals 
where the pulp chamber communicated with the PDL 
space and those with blind endings (diverticula). Inter-
radicular communications were found in 0.6% of the 2.8% 

and diverticula made up the rest (2.2%).17 To the best of the 
authors’ knowledge, the prevalence of chamber canals has 
not been reported in African populations.

Apical deltas
Ac cording to Ahmed et al.,57 an apical delta or an apical 
ramifi cation is a root canal network at or near the root 
apex where the main root canal divides into more than two 
accessory canals. The presence of apical deltas has been 
reported in various populations, Sample size and the use of 
newer modalities such as micro-CT did not seem to affect 
the prevalence of apical deltas in a predictable way. In a 
large sample comprising 2,800 teeth conducted in Turkey, 
deltas were observed in all the roots of both males and 
females using a staining technique, but a higher number 
were reported in females. In this study, it was determined 
that the P root contained the most, followed by the DB 
and MB roots.44 However, when also using a clearing 
and staining technique, in the Ugandan study already 
mentioned, an incidence of 5% was reported and 25% in 
an Indian subpopulation.66 The use of micro-CT, for instance 
in the study in Brazil, could not demonstrate apical deltas 
in all roots as only up to 12% apical deltas were observed 
in fi rst molars.67 In a Chinese micro-CT study, 15% of teeth 
had apical deltas and most were located in the MB root, 
compared to 11.2% of the DB (1.7%) and P (1.1%) roots.68

Unfortunately, in the Chinese study no distinction was made 
between fi rst and second molars, so one can only speculate 
on the incidences of each molar group. The prevalence of 
apical deltas in South African populations is not known and 
no investigations were found. 

Root canal confi gurations
Root canals can follow distinct paths within a root and 
calculating root canal confi gurations provides valuable 
information on the internal root and canal morphology of 
teeth.69 Although a number of classifi cations have been 
suggested, the Vertucci system is considered by many to 
be the most appropriate and several authors have used 
it to determine root canal confi gurations in the maxillary 
fi rst molar.27,43,7–-72 Similar fi ndings as initially described by 
Vertucci using a clearing and staining technique on molars 

Figure 10: Accessory root canals in maxillary fi rst molars; (A) Left maxillary fi rst molar that presented with two patent accessory canals (white arrows) in 
the P root branching off from the main root canal system in the apical third; (B) Left maxillary fi rst molar that presented with one patent accessory canal 
in both the MB and P root (white arrows), branching off from the main root canal system in the apical third; (C) Right maxillary fi rst molar that presented 
with two patent accessory canals in the MB root (white arrows), branching off from the main root canal system in the apical third.
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extracted from American individual, have been reported on 
various populations and modalities, including on a South 
African CBCT sample and in micro-CT studies.27,31,95,59,43,59,70

Vertucci determined that the root canal systems in the DB 
and P roots contain a type I confi guration (one canal from 
orifi ce to apex), while the MB root is more diverse. In the 
MB roots, Vertucci et al.70 described types I, II (two canals 
joining into one at the apex) and IV (two separate canals 
from orifi ce to apex), Kyaw Moe et al.49 found all the Vertucci 
confi guration types, Kim et al.35 all the Vertucci classifi cation 
types except type I, while Rwenyonyi et al.43 found all the 
Vertucci classifi cation types except type VIII (three separate 
canals from orifi ce to exit) while also types I, II and V in the 
D root. 

The Ahmed classifi cation system has recently been 
introduced.16 In this system, calculations are determined 
by following each root canal from the orifi ce to its pathway 
and eventual foramen (O-C-F). The system also allows the 
inclusion of complexities (Figure 11). 

Most studies identifi ed used CBCT as their investigative 
method on different teeth from various populations.73–75the 
root number and canal confi gurations were described 
using the classifi cation systems devised by Vertucci (1984 
However, studies reporting on this new classifi cation system 
in maxillary fi rst molars are scarce. Using CBCT and the 
Ahmed et al. classifi cation system, Mirza et al.76 determined 
that most of the molars in a Saudi Arabian sample contained 
either 3MXFM MB2-1DB1P1, 3MXFM MB2DB1P1 or 3MXFM 
MB1DB1P1 confi gurations. This indicates that most of the 
three-rooted molars had single canals from orifi ce to apex 
in the DB and P roots and had either two separate canals, 
two joining into one or a single canal in the MB root. No 
micro-CT studies were found in which the Ahmed system 
was used to calculate root canal confi gurations to include 
complexities, for example accessory canals and deltas in 
different populations. 

DISCUSSION
It is apparent that root and root canal morphology can 
differ between populations because of genetic and external 
factors.73,77the root number and canal confi gurations 
were described using the classifi cation systems devised 
by Vertucci (1984 It is important that clinicians are aware 
of any variations as they can greatly infl uence endodontic 

treatment outcomes. Any missed roots and root canals 
increase the risk of treatment failure as they can harbour 
infected or irreversibly infl amed tissues.2,78

Methodologies, study designs and sample sizes differ 
between investigations and care should be taken with 
interpretation.79,80 For example, one author found the MB2 
canal in all maxillary fi rst molars but the sample included 
only 13 teeth. Staining, CBCT and other techniques have 
been used to investigate root and canal morphology, but 
different results were noted depending on populations 
and the investigative techniques used. Micro-CT, the most 
commonly used methodology to investigate internal root 
morphology, has the ability to identify the fi nest detail, often 
missed with other methods.16,41,81 It can be speculated 
whether micro-CT would have provided different results in 
the studies where CBCT, staining, radiographs and other 
techniques were used. The clinical applicability of CBCT 
cannot be denied, but its use can be limiting in observing 
fi ne root canal morphology. However, it is suffi cient to report 
on external and internal root and canal morphology without 
relying on the inclusion of fi ne detail.15,57

Most maxillary fi rst molars contain three or four canals. 
Although fi gures vary, an estimated guide is that three 
canals can be present in roughly 30% to 40% of teeth and 
60% to 70% can have four canals.14 The presence of the 
MB2 canal has been identifi ed as one of the reasons for 
treatment failure, making the maxillary fi rst molar one of 
the most challenging teeth to treat endodontically.6,9 The 
MB2 canal is often hidden by dentine ledges and sclerotic 
tooth structure, which makes them diffi cult to discover, and 
unfortunately they are often missed. The presence of this 
canal is one of the main reasons why this tooth has the 
highest endodontic failure rate of all treated teeth.82,83 Dental 
practitioners may not have access to specialised equipment 
such as proper magnifi cation and illumination.41 Different 
fi ndings have been noted globally in different populations and 
the discovery of these canals has been a focus of research 
for years. Methods of investigation include radiographic84

clearing and staining,85supporting and complementing 
commonly applied clearing technique, using access cavity 
modifi cation and the pulpal groove deepening method. 
Three hundred and ninety eight extracted intact human 
maxillary fi rst molars were included in this study. Firstly, 
modifi ed rhomboidal shape access cavities were prepared 

Figure 11: Root canal confi guration 
calculation according to Ahmed et 
al.16,58; (A) Root canal confi guration 
of a right maxillary fi rst molar. In 
the illustrated images, all root canal 
systems have a single canal with a 
single orifi ce (O). All main canals also 
follow a singular pathway (C) on their 
way to the apex with a single apical 
foramen (F). In both the MB and DB 
systems, a single patent accessory 
canal is present in the apical third 
(A1). The confi guration for this tooth 
is 3MFM M1(A1) D1(A1) P1, indicating a 
three-rooted maxillary fi rst molar with 
its internal root canal morphology; (B)
Virtually extracted pulp from the same 
tooth displaying the root canal system 
including main and accessory canals. 
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then, the developmental groove between the mesiobuccal 
and the palatal canals was deepened 1 mm with a round 
slow speed bur. Indian ink was injected into both the canal 
orifices of mesiobuccal roots and into the groove between 
mesiobuccal and palatal canals, using a 22 gauge syringe. 
Then the clearing technique was applied. The incidence of 
one canal was 30.90 %, two canals was 62.07 %, three 
canals was 7.03 %. In twenty five (6.28 % CBCT10 and 
micro-CT, with incidences ranging between 23.3% and 
97.6%. 

In Africa, studies from Egypt10 and Nigeria26 report incidences 
of 62% for the MB2 canal using CBCT and a lower incidence 
of 23% using sectioning and magnified observation with 
surgical loupes. The number of MB2 canals may have been 
higher if three-dimensional techniques (CBCT or micro-
CT) had been used in the Nigerian study. It is interesting 
to note that three South African CBCT studies reported 
findings of 60.5% Witwatersrand (Gauteng)27, 92% Pretoria 
(Gauteng)11(100 female and 100 male patients and 95.6% 
Durban (KwaZulu-Natal)10 respectively. In all three, the teeth 
were collected from mixed populations. Genetic and/or 
external factors could have contributed to the difference in 
prevalence between different populations within one country. 

External factors could be associated with soco-economic 
status or geographic location. Differences between scan 
resolutions,0, experience of the researcher or the size of the 
sample in these three studies could also have played a role. 

Apart from the MB2 canal, the MB root can contain more than 
two canals in the form of a third, namely the MB3. Although 
not as common in most populations, the MB3 canal can still 
result in treatment failure if not negotiated. The incidence 
can range anything between 0.1% and 17%, according to 
reports available. In a Ugandan population the prevalence 
was 0.5%43 and in a Saudi Arabian sample it was 17%.38 
In the Saudi Arabian investigation the sample size was 
relatively small (35 teeth); a larger sample size could have 
revealed different results. The use of staining techniques 
can have certain disadvantages. It can be difficult to remove 
all blockages, debris and vital tissues from the entire root 
canal system during preparation of teeth to allow the flow of 
dyes, and this will hinder the identification of morphology.32 
Any additional root canals in the Ugandan study could have 
remained unseen, whereas Alfouzan et al.38 used micro-CT 
in their Saudi study. The smaller sample of the Saudi study 
might also have influenced results. 

Additional canals can also be present in the DB and P 
roots and incidences may vary between 0 and 9.5% for 
the DB root and 0 to 4.5% for the P root. In much rarer 
cases, one, two, six, seven and eight canals have been 
reported. Clinicians should be aware of the possibility of 
internal morphology outside the expected findings and 
careful clinical observation and radiographic investigation 
are required. The clinical application of CBCT has been well 
documented11,14,73(100 female and 100 male patients and it 
could allow proper pre-operative planning and diagnosis if 
available. Although the prevalence of root canals may vary, 
clinicians should expect to find additional canals until proven 
otherwise. Accurate predictions may also be impossible, 
but morphological studies can give clinicians a degree of 
predictability within populations. 

Between 74% and 80% of teeth diagnosed with apical 
periodontitis contained biofilms of organisms in the apical 

part of the root canals and in many cases within accessory 
canals.86 Reports confirm that accessory canals are 
present in most roots and most frequently in the apical 
portion.39,43,44,58 However, discrepancies have been noted in 
terminology referring to accessory canals. Authors mention 
accessory canals, lateral canals and secondary canals, 
which has created some confusion.87,88 For example, 
the description of the apical delta according to the AAE 
glossary is a root canal morphology where the main root 
canal terminates in multiple accessory canals at or near 
the apex.89 The question is how many accessory canals 
define an apical delta, and where exactly is “at or near the 
apex”? Recently, a group of authors suggested a standard 
description for accessory root canal branches (accessory 
canals, deltas and chamber canals) which encompasses 
other terminology.57 These authors defined an apical delta 
where more than two accessory canals are present in the 
proximity of the apex. The current consensus is that a delta 
includes three or more ramifications at or near the apex of 
a root.31,57,68,90

The presence of accessory canals and deltas can also play 
an important role in treatment outcomes. These additional 
types of root canal morphology are common in human 
dentition and connect the root canal system to the PDL 
space by encapsulating blood vessels during the Hertwig 
root sheet (HERS) development stage.61 They can also be 
very difficult to reach with root canal instrumentation and 
to disinfect with chemicals. This could prove problematic, 
as bacteria and their by-products can travel from infected 
root canals to PDL spaces causing disease, or periodontal 
disease can affect the pulpal space through these channels.86 
Apical deltas can provide multiple portals of communication 
between the root canal network and the PDL space which 
treating clinicians should take note of. Vigorous mechanical 
and chemical regimes should be followed to achieve proper 
disinfection. 

Investigative methodologies differ but the main methon 
used to observe apical deltas is the clearing technique.68 
Interestingly, apical deltas were noted in 5% of cases in 
Uganda but 25% in an Indian subpopulation using a similar 
technique of staining.43,66 Differences can be attributed to 
population group or even operator technique and sample 
size. Micro-CT studies focusing on apical deltas are not 
common. In one micro-CT study, it was determined that in 
Chinese individuals, the MB root can contain the highest 
number of apical deltas.68 Similar micro-CT observations 
were made by others in different populations and the MB 
root was also identified as the one with the most complex 
internal morphology, including the presence of accessory 
canals and deltas.29,31,41,91 

The other type of accessory canal that can be present is a 
furcation or chamber canal. These canals can be significant 
clinically and cause caries-free teeth to become irreversibly 
affected if periodontal breakdown is present. Causative 
micro-organisms can gain entry to the root canal space 
through these channels and vice versa.92 This type of 
morphology has been investigated using different methods 
which include radiographic,93 clearing and dyes94 and 
scanning electron microscopy,95 but micro-CT investigations 
are limited. One group of investigators conducted the first 
micro-CT study in 2022 and described the canals as either 
patent (inter-radicular) or blind ending (diverticula). Any 
of these can harbour organic material which can cause 
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inflammatory reactions.17 Treating clinicians should be 
mindful of the presence of these root canal morphologies. A 
proper three-dimensional seal of the pulpal space including 
the pulp chamber floor during endodontics is vital to close 
all possible portals of communication and avoid failure and 
a recurrence of infection. 

Through the years authors have incorporated root canal 
classification systems into their study designs to identify 
common root canal patterns and their variants. Knowledge 
of root canal configurations can be beneficial to treating 
clinicians for diagnostic and treatment planning purposes 
during endodontics. One of the earliest classifications 
was described by Weine et al.;96 it contained three basic 
configuration types and since then systems have evolved 
to include more complex configurations. It was clear from 
an early stage that not all complex configurations could fit 
into just a few simple categories. As a result, new systems 
have been suggested or additions made to current systems 
during investigations.21,44,70,97,98 Despite new classification 
types and modifications, shortcomings are still present, for 
example the inability to include detail.69 

The Ahmed et al.16 classification system is a welcome addition 
as it made it possible to include fine detail in calculations, 
such as accessory canals, apical deltas and complex 
connections between canals.15,16 Its clinical and academic 
applicability has also been described, including its merit in 
training undergraduate and postgraduate students.99,100 
However, the authors themselves mention that the inclusion 
of fine detail, while beneficial, adds complexity and the risk 
of confusion among researchers.81 It seems that the authors 
faced similar challenges during the development to those 
that other authors experienced in the past. The number 
of subjective viewpoints, which could make comparisons 
between studies inaccurate, should be reduced.81 The current 
study identified no micro-CT studies where authors included 
accessory canals, chamber accessory canals or apical 
deltas in their calculations on any tooth using the Ahmed et 
al. classification system. The authors therefore believe that a 
modification to the Ahmed classification system is required 
that allows the inclusion of fine detail in configurations without 
the risk of further confusion and complexity. Clear guidelines 
and reference to applicable landmarks are also required. A 
solution will allow standardisation of comparisons of complex 
configurations of various teeth in different populations. 

In conclusion, the internal root canal morphology of 
the maxillary first molar can be highly complex and the 
prevalence of the MB2, MB3, additional P and D canals, 
accessory canals, chamber canals and apical deltas varies 
across populations. Investigative studies using micro-CT 
could be beneficial in evaluating internal root and canal 
morphology for diagnosis and treatment planning. There is 
also a need to modify or revise classification systems using 
the Ahmed et al. criteria to include complex configurations. 
Studies within Africa and South Africa are limited and 
no micro-CT studies that indicated a prospect of future 
investigations were identified. 
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ABSTRACT
Background
Plants are increasingly explored for their potential as 
antimicrobial agents. Spondias mombin plants have been 
used in folkloric medicine in the treatment of dental health 
and general health issues. 

Aims and objectives
To compare zone of inhibition, minimum inhibitory 
concentration and minimum bactericidal concentration of 
S. mombin aqueous and ethanol stem bark, leaves and 
charcoal extracts on Streptococcus mutans. 

Material and methods
Twenty grams of each plant part was soaked in 100ml of 
ethanol and boiled in distilled water and left to stand for 24h 
with intermittent shaking until evaporated. The dried filtrates 
were diluted to obtain concentrations of 500mg/ml, 250mg/
ml, 125mg/ml and 62.5mg/ml in duplicates. The zone of 
inhibition, minimum inhibition concentration and minimum 
bactericidal concentration tests on S mutans were carried 
out using a standard procedure. 

Results
Ethanol and aqueous extracts of S. mombin displayed 
antimicrobial activity against Streptococcus mutans. The 
leaves and stem bark extracts demonstrated superior 
potency compared to charcoal extracts. Ethanol extracts 

(32.4mm) consistently exhibited stronger inhibitory effects 
than aqueous extracts (25mm). 

Conclusion
The salient feature of this study justifies the folkloric 
medicinal use of Spondias mombin plants in the treatment 
of toothaches and prevention of dental caries. 

Keywords
Streptococcus mutans, Spondias mombin, dental caries, 
dextran, zone of inhibition, minimum bactericidal

INTRODUCTION 
Streptococcus mutans is classified as a gram-positive 
facultative anaerobe. It is an important pathogen in dental 
caries formation. Streptococcus mutans can be isolated 
from active and non-active sites in the oral cavity.1 The 
pathogenicity of Streptococcus mutans is more associated 
with the presence of dietary sucrose. Streptococcus 
mutans produces complex extracellular polysaccharide 
(dextran) and glycoproteins from sucrose which helps 
Streptococcus mutans and other associated microbes bind 
tightly to the teeth and the surrounding structures leading 
to a large colony of Streptococcus mutans producing acids 
from sucrose. The acidic environment resulting from acid 
production from the metabolism of carbohydrate substrates 
on the teeth surface leads to the formation of lesions on the 
teeth enamel.2 Untreated dental caries can cause difficulties 
in chewing, sleeping, pain, systemic infections, stunted 
growth in children and absence from work and school, thus 
impairing quality of life.3 The breakdown of pulpal tissues 
can lead to intense pain. It can also cause halitosis, foul 
taste, sensitivity, discomfort when chewing, difficulty in 
facial movement, jaw pain etc.4

Several studies have revealed that dental caries can be 
prevented by eliminating and reducing the growth of 
Streptococcus mutans in the oral cavity by preventing 
formation of dental plaque inhabited by dextran-mediating 
bacterial aggregation. This can be achieved by mechanical 
means such as brushing, which may not be sufficient.5 
Chemical agents such as xylitol and chlorhexidine 
have proven to be effective in reducing the growth of 
Streptococcus mutans. However, prolonged use of 
chlorhexidine is associated with altered microbiodata, taste 
alteration, staining of teeth and restorations and mucosal 
desquamation.6,7

The folkloric medicinal plants have been suggested 
as an alternative to synthetic chemical agents since 
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they have little or no side effects on the oral tissues.8 
Spondias mombim is one such plant. Spondias mombin 
is a fructiferous tree growing in Nigeria and other tropical 
zones. It can be cultivated easily and is used for fencing 
and enclosures in eastern and western Nigeria.9 It is 
called “uvuru”/“ijinkara” in Igbo, “iyeye”/“akika”/“ebo” in 
Yoruba, “isada”/”“tsardamaster” in Hausa, “Chabbuh” 
in Fulani, “Oheegbe” in Edo, “Aginiran” in Ijaw, “Kaka” in 
Tiv, “Nuskakara” in Efik, “Bula” in Costa Rica, “Jobito” in 
Panama, “Jobo blanco” in Colombia, “Jobo corronchoso” 
in Venezuala, “Hoeboe” in Surinam, “Cja” in Brazil, “Ubo” in 
Peru and “Hobo” in Mexico.10

All parts of the Spondias mombin tree are medically 
important in folkloric medicine. The fruit decoction is used 
as a diuretic and febrifuge.11 Tea made of Spondias mombin 
leaves and flowers relieves stomachache, biliousness and 
inflammation. Decoction of young leaves is used to treat 
diarrhoea and dysentery. Crushed leaves and the powder of 
dry leaves are applied to wounds. They were also used for 
their antimicrobial, antiviral, abortifacient anti-inflammatory 
properties.12 The Ivorians use the roots as febrifuge. The 
stem is used as a purgative and local treatment for leprosy. 
The decoction of stem barks is used for the treatment of 
severe cough, serves as emetic, remedy for diarrhoea, 
dysentery, hemorrhoids, gonorrhea and leucorrhea.12 
The decoction of astringent stem bark is used to expel 
calcification from kidneys. The gum in the trees is used as 
expectorant and to expel tapeworms.13 The Igbos used 
the decoction of the leaves to wash swollen faces.11 The 
antimicrobial properties of parts of the Spondias mombin 
tree – leaves, stem bark and fruits – have been confirmed 
by numerous phytochemical studies.14. Plants and plant-
derived products have been used for centuries to improve 
human health, even before contemporary medicine.15 The 
medical use of Spondias mombin has been mostly through 
oral communication but there has not been any report of 
adverse effects through the use of the leaves.16 The purpose 
of this study is to determine the part of Spondias mombin 
plant that has greater antimicrobial activities against 
Streptococcus mutans in order to encourage developing 
countries to incorporate Spondias mombin in plant-based 
therapies in their healthcare systems for the prevention and 
treatment of dental caries. 

MATERIALS AND METHODS
Collection of plant materials
Fresh leaves, stem bark and wood of Spondias mombin for 
the charcoal were obtained from Eziobodo in Owerri, Imo 
State, Nigeria.

Preparation and extraction of Spondias mombin plant
The leaves, stem bark and wood were sundried. The leaves 
and stem barks were pulverised using a mechanical grinder. 
The dried wood was burnt to obtain charcoal which was 
pulverised using a mechanical grinder. Twenty grams of 
each plant material was weighed with a digital weighing 
balance and soaked in 100ml of ethanol and hot water 
in 250ml Uniscope flasks. The flasks were covered with 
a cotton plug and then wrapped with aluminum foil and 
allowed to stand for 24h in an electronic shaker. Filtration 
was done using Whatman 42 filter paper. The filtrates were 
allowed to evaporate to dryness in as many petri dishes that 
could contain the leaves, stem bark and charcoal solution 
and labelled accordingly on the base of the petri dishes. 
The ethanol and aqueous filtrates of the leaves, stem bark 
and charcoal extracts of S. mombin were scraped off the 

dish with a sterile scalpel into separate sterile containers 
labelled appropriately and covered, ready to be used. 80ml 
of Gentamycin infusion and mouthwash were used as the 
control to compare the effectiveness of the plant against 
Streptococcus mutans in zones of inhibition. The tests for 
each plant part and the controls were done in duplicate 
to obtain the standard deviation. Minimum inhibitory 
concentration and minimum bactericidal concentration 
were also done using the concentrations of plant parts.

Source of Streptococcus mutans isolate 
Tooth swabs were collected from the gum and cavity of a 
patient in a dental clinic using a sterile swab stick. The swab 
stick was immediately transported to the laboratory in an ice 
pack. The swab stick was transferred into a nutrient broth 
to resuscitate the organisms in the swab stick. One-tenth 
millilitre (0.1ml) from dilution 104 was inoculated into pre-
sterilised MS agar, and inocula spread evenly and incubated 
anaerobically in an anaerobic jar maintained at 37°C for 
48h. Streptococcus mutans was identified according to the 
method of Cheesbrough (2002). 

Antimicrobial susceptibility tests of Spondias mombim 
ethanol and aqueous extracts of the leaves, stem bark 
and charcoal
Susceptibility of Streptococcus mutans to the extracts of 
Spondias mombin leaves, stem bark and charcoal was 
done by means of agar well diffusion assay. Four wells 
6.25mm deep labelled A-D were made with a sterile cork 
borer on each four (4) Mueller Hinton Agar petri dishes 
previously seeded with the 24h old, standardised cultures 
(Streptococcus mutans). For this test, dried ethanol and 
aqueous filtrates of Spondias mombin leaves, stem bark 
and charcoal were each introduced into a test tube (labelled 
appropriately) with 1ml of distilled water using a pipette 
and then shaken. These were then used to obtain different 
concentrations of 500mg/ml, 250mg/ml, 125mg/ml and 
62.5mg/ml using 2-by-2-dilution method in duplicate 
for each plant part (labelled A-500mg/ml, B- 250mg/ml, 
C-125mg/ml, D-62.5mg/ml). The four wells on each petri 
dish (A-D) were filled with different concentrations (500mg/
ml, 250mg/ml, 125mg/ml and 62.5mg/ml) of ethanol 
and aqueous extracts of Spondias mombin leaves, stem 
bark and charcoal drawn with a pipette according to the 
alphabet. 80mg/ml of Gentamycin and mouthwash were 
introduced to two wells on the fourth petri dish as controls. 
This was done in duplicate. The plates were incubated 
for 24h at 37°C. Clear zones of inhibition were measured 
after incubation and recorded in millimeters (mm) using a 
transparent ruler.

Minimum inhibitory concentration (MIC) of Spondias 
mombin ethanol and aqueous extracts of the leaves, 
stem bark and charcoal
Serial dilutions of the ethanol and aqueous extracts 
of Spondias mombin leaves, stem bark and charcoal 
(representing different concentrations of 500mgml-1, 
250mgml-1, 1.25mgml-1 and 62.5mgml-1) were made in 
two-fold dilution in nutrient broth. 0.5ml of standardised 
Streptococcus mutans cultures were introduced into 
the broth containing the different concentrations of the 
extract and incubated at 37°C for 24h. The procedure was 
repeated for the extracts. Broth tubes that appear turbid 
are indicative of bacterial growth while tubes that remain 
clear indicate no growth. The MIC of the antibiotics/
antimicrobial agents is the lowest concentration that 
does not show growth. The overnight grown isolates in 
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the broth were further subjected to spectrophotometric 
reading to determine the optical density at 340nm. Each 
broth tube containing different concentrations of leaves, 
stem bark and charcoal extracts of Spondias mombin 
(labelled according to the plant parts and concentrations) 
was placed into a spectrophotometer (machine), which 
had its readings reset to zero, using distilled water. The 
spectrophotometer, when switched on, allowed the 
passage of light rays through the broth tubes. Readings 
of last figures on display were recorded. Broth tubes with 
clearer solution recorded higher figures on the machine. 
This also indicated no growth of test organism. Turbid broth 
tubes recorded lower figures on the machine, indicating 
growth of test organism.

Minimum bactericidal concentration of Spondias 
mombin ethanol and aqueous extracts of the leaves, 
stem bark and charcoal
A loopful of wire loop suspensions from MIC (with different 
concentrations of leaves, stem bark and charcoal extracts 
of Spondias mombin) were streaked equally on a freshly 
prepared surface of dried Mueller Hinton agar plates labelled 
according to the plant parts and concentrations (30 plates 
in all), and incubated overnight at 37°C. Each concentration 
of leaves, stem bark and charcoal extracts of Spondias 
mombin were in duplicate which resulted in 24 plates for 
ethanol extracts and 24 plates for aqueous extracts. The 
streaking with loopful of wire loop suspensions from MIC 
was carried out on all the plates. MBC was indicated as 
the plate/concentration with the least bacteria growth. The 
different concentrations were duplicated.

Data analysis
Using Statistical Package for Social Science (SPSS version 
29, IBM), paired sample t-test was applied to test the mean 
zone of inhibition (mm) effects between aqueous extracts and 
ethanol extracts for each of the concentrations. One-way 
analysis of variance was applied to compare the mean zone 
of inhibition (mm) for 500mg leaf extracts, Gentamycin (80mg) 
and mouthwash. All analysis was performed at α=.05.  

RESULTS
Antimicrobial activities of Spondias mombin against 
Streptococcus mutans
For each Spondias mombin ethanol and aqueous extracts 
of stem bark, leaves and charcoal, multiple concentrations 
were tested against Streptococcus mutans. The zone of 

inhibition values were recorded as the mean of duplicates, 
along with the standard deviation to show the variability 
within those duplicates.

The results in Table I revealed interesting patterns. At a 
concentration of 500mg, both Spondias mombin bark and 
leaves ethanol extracts exhibited substantial antimicrobial 
activity, with zone of inhibition values ranging from 
22.5±3.5mm to 32.5±3.5mm, respectively. The ethanol 
extract of Spondias mombin leaves showed the highest 
zone of inhibition (32.5±3.5), suggesting it had a stronger 
inhibitory effect on Streptococcus mutans compared to 
aqueous extracts (25±0.0). This difference is not statistically 
significant – ie t-test p-value=,102.

As the concentration of the extracts decreased to 250mg 
and 125mg, the zone of inhibition also reduced. However, 
the extracts still demonstrated noticeable antimicrobial 
activity, especially the ethanol extract of Spondias mombin 
leaves at 125mg concentration, which showed a zone of 
inhibition of 17.5±3.5mm against the aqueous extract of 
Spondias mombin leaves. 

The antimicrobial activities of the stem bark, and ethanol 
extracts of the leaves and charcoal, are nonexistent at the 
concentration of 65.2mg. The aqueous extracts of the 
leaves and charcoal show some antimicrobial activity, 7.5 
μg/mL ± 3.5 and 7.5 μg/mL ± 0.0 respectively.

Figure 1 depicts the antimicrobial activities of ethanol and 
aqueous extracts of Spondias mombin leaves, Gentamycin 
(an antibiotic) and mouthwash against Streptococcus 
mutans. The zone of inhibition was measured in millimetres 
(mm) to assess the extent of inhibitory effect of each extract 
on the growth of the test organism.

The Spondias mombin leaves ethanol extract exhibited 
a zone of inhibition of 32.5mm at 500mg/ml against the 
test microorganism. This suggested that the extract at 
this concentration had a significant inhibitory effect on the 
growth of the test organism.

The Spondias mombin leaves aqueous extract showed 
a slightly reduced zone of inhibition of 25mm at 500mg/
ml. While the inhibitory effect was slightly lower compared 
to the ethanol extract, it still demonstrated substantial 
antimicrobial activity against the microorganisms.

Table I. Diameter of the Zone of Inhibition of ethanol and aqueous extracts of Spondias mombin stem bark, leaves and charcoal against Streptococcus 
mutans

Zone of inhibition (mm)

Concentration 
(mg)

Spondias mombin stem 
bark

P value Spondias mombin
Leaves

P value Charcoal P value

Ethanol Aqueous Ethanol Aqueous Ethanol Aqueous

500 22.5±3.5 22.5±3.5 0.500 32.5±3.5 25±0.0 0.102 10±0.0 0.0±0.0 0a

250 15±0.0 15±0.0 0.374 22.5±3.5 16.5±2.1 0.144 6.5±0.0 0.0±0.0 0a

125 6.5±2.1 12.5±3.5 0.500 17.5±3.5 12.5±3.5 0.500 2.5±3.5 5±7.1 0.500

62.5 0.0±0.0 0.0±0.0 0a 0.0±0.0 7.5±3.5 0.205 0.0±0.0 7.5±0.0 0.500

Values are the mean of two duplicates ± standard deviation. P>0.05 (t-test), 0a= t cannot be computed because the standard deviation of the difference 
is equal to 0.
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Figure 1 shows that the ethanol extract of Spondias 
mombin leaves has a larger zone of inhibition compared to 
Gentamycin (32.5mm vs 30mm). Nevertheless, Gentamycin 
exhibited substantial zones of inhibition of 30mm at 80mg/
ml while the leaves extracts performed stronger at higher 
concentration. Mouthwash also showed zones of inhibition 
of 25mm at 80mg/ml than both ethanol and aqueous 
extracts of the plant parts at lower concentrations (250mg/
ml, 125mg/ml and 62.5mg/ml).

In summary, the results demonstrated that Spondias mombin 
leaves ethanol and aqueous extracts, at a concentration of 
500mg, exhibited notable antimicrobial activity against the 
test microorganism. However, the antimicrobial activity was 
stronger in the ethanol leaves extract. 

The data in Table II shows the Minimal Inhibitory 
Concentration (MIC) of different extracts from Spondias 

mombin bark, Spondias mombin leaves and Spondias 
mombin charcoal against Streptococcus mutans. The MIC 
is the lowest concentration of an antimicrobial agent that 
inhibits visible growth of a microorganism.

At the highest concentration of 500mg, the Spondias 
mombin bark and leaves extracts exhibited MIC values 
ranging from approximately 1.53 μg/mL to 1.98 μg/mL 
against Streptococcus mutans. Among these extracts, the 
ethanol extract of Spondias mombin leaves showed the 
most potent inhibitory effect, having an MIC of 1.46 μg/mL 
against Streptococcus mutans.

As the concentration of the extracts decreased to 250mg 
and 125mg, the MIC values generally increased, indicating 
that higher concentrations were required to achieve the same 
level of inhibition. However, the extracts still demonstrated 
considerable antimicrobial activity, with the ethanol extract 

Figure 1. Graphical representation of the zone of inhibition of ethanol and aqueous extracts of Spondias mombin leaves against test organism 
compared with the controls
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Table II. Minimum Inhibitory Concentration of ethanol and aqueous extracts of Spondias mombin stem bark, leaves and charcoal against Streptococcus 
mutans

Minimal inhibitory concentration

Concen-
tration 
(mg)

Spondias mombin bark
P 
value

Spondias mombin leaf
P 
value

Charcoal
P 
value

Ethanol Aqueous Ethanol Aqueous Ethanol Aqueous

500 1.5310±0.01 1.1145±0.05 0.065 1.9840±0.29 1.6560±0.71 0.470 0.3435±0.20 1.0585±0.18 0.097

250 1.4420±0.01 1.3050±0.07 0.181 2.03380±0.02 1.8790±0.18 0.420 0.3680±0.02 0.5120±0.06 0.244

125 1.4970±0.56 0.9825±0.19 0.409 1.4490±0.59 1.3720±0.22 0.248 0.4115±0.06 0.8805±0.52 0.458

65.2 1.0775±0.56 0.9180±0.24 0.603 1.4590±0.05 1.0590±0.26 0.228 0.8145±0.52 0.7285±0.26 0.729

Values are the mean of two duplicates ± standard deviation. P>0.05 
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of Spondias mombin leaves showing the highest MIC of 
approximately 2.04 μg/mL against Streptococcus mutans.

At the lowest concentration of 65.2mg, the MIC values 
decreased further, showing that the antimicrobial activity 
decreased at this concentration. However, the extracts 
remained effective against the microorganism, with the 
ethanol extract of Spondias mombin leaves having an 
MIC of approximately 1.46 μg/mL against Streptococcus 
mutans.

The charcoal extract showed varying MIC values across 
different concentrations and extraction medium but 
generally exhibited weaker inhibitory effects compared to 
the Spondias mombin bark and leaves extracts.

Overall, the data in Table III indicates that both Spondias 
mombin bark and leaves extracts possess notable 
bactericidal properties, with the ethanol extracts 
demonstrating stronger bactericidal effects compared to 
the aqueous extracts. The MBC values provide valuable 
information about the effectiveness of each extract and 
concentration against the tested microorganism. 

Indicates no growth of Streptococcus mutans.  + slight 
growth of Streptococcus mutans. ++ noticable growth of 
Streptococcus mutans. +++ overgrowth of Streptococcus 
mutans.

DISCUSSION
This study compared the zone of inhibition (ZOI), minimum 
inhibition concentration (MIC) and minimum bactericidal 
concentration (MBC) of ethanol and aqueous extracts of 
Spondias mombin stem bark, leaves and charcoal against 
Streptococcus mutans, which is a cariogenic organism. 
Many studies have shown that plants contain antibacterial 
and even antifungal substances. Spondias mombin is 
among the numerous plants of medicinal interest due to its 
use in folkloric medicine in the treatment of various ailments 
including dental health issues.17

In this study, Spondias mombin stem bark, leaves and 
charcoal ethanol and aqueous extracts all exhibited 
antimicrobial activities at varying concentrations (with the 
exception of 62.5mg/ml of ethanol and aqueous extracts 
of the stem bark and leaves extracts) in zone of inhibition 
assay. This result from zone of inhibition was similar to 
the research carried out by Garga, Garasin18 and Mada, 
Garba19 who reported that the higher the concentrations of 
both extracts, the higher the antibacterial activities against 
test organism. 

The stem bark extracts showed concentration dependent 
activity. The result contrasted the findings of Osuntokun11 
who reported that aqueous extracts of stem bark of 
Spondias mombin were less active against the test bacteria 
than ethanol extract. He attributed his findings to the partial 
dissolution of some of the active components by water. 
However, the result of these findings could be attributed 
to the use of hot distilled water instead of cold distilled 
water which could mean that hot water is a better solvent 
than cold water, and so justifies the use of hot water as 
extractant by traditional healers.20 

The result from this study revealed that ethanol leaves extract 
of Spondias mombin had higher antibacterial activities in 
zone of inhibition with mean value of 32.5mm at 500mg/
ml (higher than Gentamycin (30mm) and mouthwash 
(25mm). The present results confirm the finding from a 
study by Cordeiro, de Mendonca21 where they discovered 
that ethanol extracts of Spondias mombin leaves had more 
inhibitory activities against Streptococcus mutans while 
using chlorhexidine digluconate as gold standard. Further, 
this study supports the finding by Maduka, Okpogba22 who 
reported that ethanol extract of Spondias mombin leaves 
inhibited growth of Staphylococcus aureus more than hot 
and cold aqueous leaves extract of Spondias mombin. 
A study by Amadi, Oyeka23 did not notice any noticeable 
antimicrobial activities of Spondias mombin ethanol and 
hot water extracts against Streptococcus mutans in zone 
of inhibition diameter. However, they reported higher zone 
of inhibition diameter of the cold-water extracts of Spondias 
mombin leaves and Baphia nittida leaves combined than 
Baphida nittida alone against Streptococcus mutans. 
Kudi, Umoh24 suggested that plants extract with zone of 
inhibition of 6mm and above against a selected pathogen 
is considered to have antimicrobial activities while Adeleye, 
Omadime25 suggested 10mm and above. In this study, 
the stem bark, the leaves and charcoal ethanol extracts all 
demonstrated zone of inhibition diameter greater than 6mm 
and above, at varying concentrations. The aqueous extract 
of charcoal had a zone of inhibition diameter of 7.5mm at 
62.5mg/ml. The ethanol and hot water extracts of Spondias 
mombin charcoal had the least zone of inhibition diameter 
among the parts of Spondias mombin tree. The hot water 
extracts of charcoal were noticed to have some inhibitory 
diameter at lower concentration than ethanol extracts.

The spectrophotometric readings of minimum inhibitory 
concentrations of ethanol extract of leaves of Spondias 
mombin showed more inhibitory activity against test 
organism at higher concentrations (500mg/ml to 250mg/ml) 
but, at 125mg/ml, ethanol stem bark extract demonstrated 
slightly higher inhibitory activity. This result corroborates the 

Table III. Minimum bactericidal concentration of ethanol and aqueous extracts of Spondias mombin stem bark, leaves and charcoal on Streptococcus 
mutans

Minimal bactericidal concentration

Spondias mombin stem bark
Spondias mombin
Leaves

Charcoal

Ethanol Aqueous Ethanol Aqueous Ethanol Aqueous
- + - + + ++
- - - - + ++

+ ++ - ++ ++ +++
++ +++ + +++ ++++ ++++
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finding by Maduka, Okpogba22 who reported that stem bark 
and leaves ethanol extracts of Spondias mombin inhibited 
E. coli, Pseudomonas, Klebsiella and Staphylococcus. The 
ethanol and aqueous extracts of the leaves showed highest 
inhibitory activities at 500mg/ml, while aqueous extracts 
of the charcoal exhibited more inhibitory action against 
the test organism than ethanol extracts of charcoal. This 
finding confirmed the result by Cordeiro, de Mendonca21 
and de Lima, Alves26 who reported that the aqueous and 
ethanol extracts of Spondias mombin leaves exhibited 
bactericidal actions in the first two hours after initial contact 
with test organisms. It was suggested that hydroethanolis 
extracts of Spondias mombin leaves in clinical test as 
mouthwash. Chlorhexidine was found to exhibit bactericidal 
effect for up to 12h21. Bactericidal actions decreased with 
a decrease in concentration. However, aqueous extracts 
of stem bark exhibited bactericidal action at 250mg/
ml, barest growth at 500mg/ml and noticeable growth at 
decreased concentrations. The bactericidal activities of 
aqueous extract of the leaves reduced with decreased 
concentration. The aqueous extracts of the charcoal had 
the least bactericidal activities against test organisms. All 
the extracts exhibited concentration dependent bactericidal 
activities.19 These findings provide valuable insights into the 
antimicrobial properties of Spondias mombin leaves extract 
and the effectiveness of Gentamycin and mouthwash as 
antimicrobial agents. The study highlights the potential 
applications of Spondias mombin leaves extract in various 
contexts where inhibiting the growth of the Streptococcus 
mutans is desired, such as in the development of 
pharmaceuticals, oral care products and antimicrobial 
agents. Further research and analysis may be required 
to explore the mechanisms underlying the observed 
antimicrobial activities and to optimise the concentrations 
of the treatments for specific applications.

CONCLUSION
This study revealed that Spondias mombin plant parts 
possessed antimicrobial activities against Streptococcus 
mutans. The ethanol extract of Spondias mombin leaves 
showed significantly higher antimicrobial activities than 
aqueous and ethanol extracts of the stem bark, leaves 
and charcoal. This result justified the use of this plant in 
traditional medicine for treatment of dental and other health 
issues. These findings provide valuable insights into the 
antimicrobial properties of Spondias mombin leaves extract 
and the effectiveness of Gentamycin and mouthwash as 
antimicrobial agents. The study also highlights the potential 
applications of Spondias mombin leaves extract in various 
contexts where inhibiting the growth of the test organism 
is desired, such as in the development of pharmaceuticals, 
oral care products and antimicrobial agents. 

RECOMMENDATION 
The antimicrobial activities of ethanol and aqueous extracts 
of Spondias mombin plant can be used to inhibit the 
growth of Streptococcus mutans, the organism colonising 
the biofilm and implicated in dental caries formation. More 
research needs to be carried out on the use of Spondias 
mombin extracts in dental restorative materials such as 
dental cement, denture base materials, mouthwash and 
dentifrices to inhibit growth of Streptococcus mutans in 
biofilms and subsequently dental caries. Further research 
and analysis may be required to explore the mechanisms 
underlying the observed antimicrobial activities and to 
optimise the concentrations of the treatments for specific 

applications. Moreso, since dental treatment is expensive in 
most underdeveloped countries, Spondias mombin could 
be refined and employed in the primary health centres for 
preventive treatment of dental caries. This would greatly 
support the current trend of preventive dentistry. 
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SUMMARY
For many decades the literature has regularly reported that 
there is a discrepancy between what is taught in dental 
school and what is practised, especially in the field of 
removable partial dentures. Not only that, but for more than 
60 years reports from around the world have shown that, 
usually, the majority of clinicians abdicate their responsibility 
to design a removable partial denture (RPD) and instead 
leave this to the dental technician, who has no knowledge 
of the clinical condition of the patient and works only from a 
cast. Most patients around the world who require RPDs to 
improve aesthetics and chewing can only afford a removable 
prosthesis simply because the majority are poor. But RPDs 
can improve these aspects and contribute to an improved 
quality of life.

The purpose of this series of articles is to derive the basic, 
evidence-informed principles of partial denture design 
and to suggest a simplified explanation and application of 
those principles in the hope that clinicians will increasingly 
take responsibility for the design of partial dentures. 
Part 1 summarised studies revealing what can only be 
described as the malpractice of abdication of responsibility 
for design by clinicians, and then explained the evidence-
informed basic principles of design; Part 2 looked at the 
biomechanical basis of those principles in terms of support; 
Part 3 did the same for the biomechanical basis of retention; 
Part 4 provided a simple seven-step approach to design, 
applied to an example of an acrylic resin-based and a metal 
framework-based denture for the same partially edentulous 
arch; and, finally, this part will provide examples of designs 
for RPDs that have been successfully worn by patients, 
for each of the Kennedy Classifications of partially dentate 
arches. Much of this is referenced from an electronic book 
on the Fundamental of removable partial dentures.1 

Introduction to Part 5
The purpose of these design examples is not to be 
prescriptive about how a design should look, such as 
for a particular Kennedy classification. No clinical details 
have been given, so that some designs are only possible 
because of favourable occlusions: many times modifications 
have to be made, for example when an overbite exists. So, 
these designs are more to provide a suggestion for how 
a prescription to a dental laboratory might look, and how 
much information can be conveyed by means of a simple 
drawing. Although these designs have been produced with 
a computer drawing package, simple hand drawings are 
easier to produce and, with practice, clinicians can become 
very adept at making them quickly; or at least conveying 
what they need to the dental technician. For the metal-
based designs shown here, the darker shading represents 
the polished portions of the base, and the lighter shaded 
areas the sand-blasted portions which carry the acrylic 
base with the replacement teeth. Any cingulum rest seats 
beneath acrylic or metal are shaded darker. Designs will be 
given for each main Kennedy classification, with examples 
using both acrylic and metal bases. All are real-life examples, 
taken from dentures that are being successfully worn – and 
used – by patients.1 They do not preclude other appropriate 
designs, but it should be noted that if sensible and biological 
principles of design are adhered to, it turns out that there will, 
in fact, be limited options available for each clinical situation.

KENNEDY CLASS I
Mandibular
All mandibular distal extension base dentures require indirect 
retention as well as active retention in the form of clasps on 
the abutment teeth, as explained in Part 3 of this series.2 
A recent paper also found a positive  association between 
masticatory performance and the presence of indirect 
retention.3 There is no evidence that a mesial rest imparts 
any advantage, and as also explained in Part 32 there is no 
evidence for the use of the RPI clasp system. 

For acrylic bases, a lingual plate is unavoidable. It is possible 
to purchase stainless steel lingual bars for these cases, but 
they are unstable and the acrylic over the saddles must be 
quite bulky; even so, crazing and fractures are common. 
They are therefore not recommended. The lingual plate 
will rest against the inclined planes of the incisors, so it is 
necessary to place cingulum rests to prevent any untoward 
forward movement of the incisors. It is recommended that 
good cingulum rest seats be prepared on the canines and 
smaller ones on the incisors (as there is less enamel on 
these teeth). The rests on the canines also provide indirect 
retention. All this will apply also to a metal lingual plate or 
dental bar as a major connector. The rules for the possible 
framework-based major connectors are given in the box.
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Whatever the base material used, the evidence is that these 
dentures are not easy to use, but there is little evidence to 
explain why, and the few follow-up surveys have shown 
contrasting results. After 8-9 years, one study found that 
24% of mandibular Class I dentures were no longer being 
worn;4 whereas another study found that there was a 7% 
loss over 10 years and a 31% loss over 20 years (but the 
observation period was from 3 to 36 years).5 There is, 
however, some correlation between some features of these 
dentures when having been worn successfully, and which 
were important in preserving health, and those are:6 

• ��the presence of positive occlusal and/or cingulum rests

• �the presence of guide plane/guiding surface contact on 
the abutment teeth

• �extension of the distal extension base onto the retromolar 
pad and over the buccal shelf to the buccal vestibule

• �placing rests on 2 or more teeth adjacent to each distal 
extension. 

It is important to bear these features in mind, especially 
that of the denture base over the distal extension, as so 
many encountered are underextended. It is useful to think 
of the denture base that extends from the abutment tooth 
posteriorly as being the equivalent of what a complete 
denture would be in that same area.

RULES FOR FRAMEWORK-BASED MANDIBULAR MAJOR CONNECTORS

Lingual Plate
Location: The superior border is continuous with the cingulum areas of the anterior teeth, or at the lingual 
survey line of the posterior teeth. The inferior border is at or just superior to the level of the elevated lingual 
sulcus. The apron extends interproximally to the height of the contact.

Indications: As this covers all gingival margins, it should be avoided and is used only when there is insufficient 
space for a lingual bar, a Kennedy bar or the alignment of the teeth precludes the use of a dental bar. It may 
perhaps be useful if there is the possibility of future loss of anterior teeth, though in this case an acrylic base 
would be more sensible.

Lingual Bar
Location: Superior border at least 2mm from the gingival margin. Inferior border at the level of the elevated 
(functional) lingual sulcus.

Indications: Sufficient space between the elevated lingual sulcus and the lingual gingival tissues. This is the 
connector of choice if there is at least 8mm between the gingival margins and the lingual sulcus.

Shape and size: Half tear-drop shaped, bulkiest portion inferiorly; superior border tapered, at least 6mm in 
height. Very occasionally a short bar passing only two or three teeth can be thinner, but must be at least 4mm 
in height.

Kennedy Bar (Lingual Bar and Continuous dental bar)
Location: Lingual bar: superior border at least 2mm from the gingival margin. Inferior border at the level of 
the elevated (functional) lingual sulcus. Dental bar: continuous bar along the cingula of the anterior teeth and 
lingual surfaces of premolars.

Indications: When there is insufficient room for a normal lingual bar (ie less than 8mm), usually as a result of 
gingival recession. But there must be at least 6mm between the gingival margins and the lingual sulcus. The 
alignment of the teeth must allow for the use of a dental bar.

Shape and size: Dental bar 3mm in height, tapers to tooth superiorly and inferiorly. Because the lingual bar 
forms part of a double bar it can be thinner. It should still be the same shape (half tear-drop shaped, bulkiest 
portion inferiorly; superior border tapered) and 4mm in height.

Dental Bar
Location: A continuous bar along the cingula of the anterior teeth.
Indications: When there is insufficient room for a lingual bar or a Kennedy bar. Tooth alignment must be 
favourable.

Shape and size: 4-6mm in height, depending on the size of the teeth, tapers to tooth superiorly and inferiorly. 
Must be thick enough for adequate rigidity, depending on length.

Sublingual Bar
Location: Occupies the width and depth of the lingual sulcus. Of academic interest only, as the other 
alternatives always provide a valid solution. The impression is difficult to make and this connector requires 
high adaptability on the part of the patient.
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DESIGN EXAMPLES
Mandibular
Figures 1-2 show typical examples of acrylic-based and 
framework-based mandibular distal extension partial 
dentures.

If there is insufficient room for a lingual bar, then an alternative 
design well accepted by patients (again, if there is sufficient 
room) is the Kennedy bar, as in Figure 3. 

Maxillary
There are differing opinions, not often expressed in the 
literature, and certainly without evidence, as to whether 
indirect retention is required in maxillary distal extension 
bases. The issue is whether you believe the distal part of the 
denture will fall down either under gravity or during chewing. 

The answer may lie in what happens in a complete denture. 
Patients who wear and use complete dentures successfully 
appear to use their tongue quite differently: the posterior part 
rises to contact the posterior half of the maxillary denture, 
and the mandibular denture is controlled by the tongue 
sitting comfortably behind and in contact with the mandibular 
incisors. This has been shown to increase the retention and 
stability of the mandibular complete denture.7 It is reasonable 
to assume that the same will apply to distal extension bases. 
In general, then, the (albeit anecdotal, experiential) advice is 
that indirect retention is unlikely to be required in a maxillary 
distal extension base denture.

Design examples
Figure 4 shows a typical design for a maxillary Class I 
acrylic-based denture. There is a cingulum rest on the 13 

 Figure 1. The drawing, and the denture in the mouth for an acrylic-based denture. Note that there are rest preparations on the canines and all incisors. 
The undercut of 0.25mm is appropriate for the wrought wire clasps.

 Figure 2. The drawing, and the denture in the mouth for a metal-based denture. Cingulum rests are on the 33 and 32, which provides indirect retention, 
as does the mesial rest on 44. Wrought wire has been used for the clasps because of the their length; the wire is soldered or welded to the metal 
framework (depicted by the small cross-lines).

 
Figure 3. An alternative design for the case in 
Figure 2, using a Kennedy bar. Rest seats are 
on the canines and all incisors.
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which will be continuous with the guide plane. The clasps 
will, unfortunately, be visible if the patient has a high smile 
line. Where sufficient guide planes can be made, and the 
guiding surfaces are refined in the mouth, clasps may not 
be necessary, as shown in Figure 5.

The metal-based denture shown in Figure 6 does have 
indirect retention by extending onto the 14 and the 23. 

KENNEDY CLASS II
Mandibular
The principles elucidated above apply to unilateral distal 
extension bases as well, but the design requires cross-
arch stabilisation as well as retention, which makes acrylic-
based dentures a lot bulkier than their framework-based 
counterparts. When there is a modification space, that 
makes the design a little easier.

 

 

Figure 4. The drawing, and the denture in the mouth for an acrylic-based denture. Note that it is not necessary to festoon the denture around all the 
teeth – that would be unnecessary gingival coverage and potentially iatrogenic. Note also that the lone standing premolar has both mesial and distal 
rests. This ensures that this somewhat periodontally susceptible tooth is protected and is a good rule of thumb for all lone standing teeth.

Figure 5. The drawing, and the denture in the mouth for an acrylic-based denture without clasps.

 Figure 6. The drawing, and the denture in the mouth for the metal-based denture.
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Design examples
Mandibular
Figure 7 shows a typical design for a Kennedy Class II acrylic-based denture and Figure 8 shows a design when there is no 
modification space in the opposing arch. Figure 9 shows a typical metal-based design and Figure 10 shows a variation to reduce 
gingival coverage.

 

 

 

Figure 7. The drawing, and the denture in the mouth for an acrylic-based denture. As with the Class I situation, the lingual plate requires cingulum 
rests. If there is no modification space in the opposing arch, then a typical design would be as in Figure 8.

Figure 8. A design for a Kennedy 
Class II acrylic-based denture with no 
modification spaces. The decision has 
to be whether to engage the distal or 
mesial undercut. Because any rotation 
caused by lifting of the distal extension 
base needs to be counteracted, it 
seems sensible to engage the distal 
undercut. Note that the clasp also acts 
a rest, as it passes between the 45 
and the 46.

Figure 9. The drawing, and the denture in the mouth for a metal-based denture. As with the acrylic-based design with no modification space, the distal 
undercut is engaged. There is, though, gingival coverage of the 35 because of the need to place a rest on the 34 to ensure a distribution of rests for 
stability. This gingival coverage can be corrected as in Figure 10.

Figure 10. The design from Figure 9 can be modified 
to ensure no gingival coverage. In this case the 37 is 
clasped so that more than one tooth is uncovered – if 
just one tooth is left open there is the real danger of 
hyperplasia of the gingiva.
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Figure 11. The drawing, and the denture in the mouth for an acrylic-based denture. The cingulum rests (which also provide indirect retention) will 
be continuous with the guide planes. The clasp on 15 is necessary but may show depending on the patient’s smile. The clasp on the 14 will almost 
certainly show, and so a better aesthetic design is that shown in Figure 12.

Figure 12. An alternative design for the case 
shown in Figure 11. An additional benefit 
is that there is cross-arch reciprocation of 
clasps, with a mesial undercut engaged on 
the one side and a distal undercut engaged 
on the other.

 Figure 13. The drawing, and the denture in the mouth for a metal-based denture. Once again, cross-arch reciprocation of the clasps is an added 
benefit. No indirect retention was considered necessary.
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KENNDEY CLASS III
The design for these dentures should be comparatively 
easy and can be kept simple, though they are often overly 
complicated. Depending on the number of edentulous 
spaces, and the size and length of the guide planes, many 
Class III dentures can rely on guide plane retention without 
the need for clasps. 

Mandibular
As with all acrylic-based dentures, covering many gingival 
margins is unavoidable. Posterior spaces are often difficult 
because a lone standing distal molar is often left, and tends 
to tip mesially (because of the space) and often lingually 
(under the influence of the masseter). Therefore, there is 
usually no buccal undercut region and so these teeth can 
seldom be clasped; but they must of course receive a rest 
and will require slightly more modification than usual to 
create a guide plane.
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Maxillary
Once again, the same principles apply, as illustrated in Figures 11-13.



Figure 16. The drawing, and the denture in the mouth for a metal-based denture. This is a somewhat complicated design, but was necessary to avoid 
using lingual plates. The result is that no gingival margins are covered.
 

 
Figure 14. The drawing, and the denture in the mouth for an acrylic-based denture. The molars are not clasped because they are tilted and have no 
buccal undercuts.

 Figure 15. The drawing, and the denture in the mouth for an acrylic-based denture that was deemed to have sufficient number and size of guide planes 
as to obviate the need for clasps. The lone standing premolar must always receive both mesial and distal rests.

Maxillary
As with the mandibular designs, the maxillary Class III 
denture designs will depend entirely on the form and number 
of edentulous spaces. The more spaces there are, the more 
obvious the design will be because of the design principles 
such as the need for support on either side, the need for 
guide planes etc. 

Design examples
Single edentulous space examples have been chosen here 
because they illustrate the need to consider where support 
should be placed, and the need for active retention (Figures 
17-19).
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Design examples
Figure 14 shows a typical design for an acrylic-based denture and Figure 15 illustrates that with enough guide planes, 
clasps may not be necessary. Figure 16 shows a typical framework-based design.
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KENNEDY CLASS IV
Mandibular
As discussed in Part 32 the design of these dentures 
depends entirely on whether the clinician believes that the 
predominant displacing action is a rotation of the anterior 
part downwards and forwards from incising or upwards 
from chewing sticky foods. Once again there is only 
anecdotal and experiential evidence, and that advice is 
that these dentures tend to tip up posteriorly, not anteriorly, 
and hence the use of distal undercuts for the clasps. The 
designs are therefore straightforward, and once again the 
difference between an acrylic base and a framework base is 
the gingival coverage.

Design examples
Mandibular
Figures 20 and 21 show typical designs for acrylic-based 
and framework-based dentures.

Maxillary
The rotation of these dentures is always considered as 
downwards from the anterior generally because of the poor 
guide planes anteriorly. But when the guiding surfaces on 
the denture are developed in the mouth, the retention of 
the anterior segment greatly improves. The retention is also 
improved by using the mesial undercuts of the distal most 
appropriate tooth (Figures 22-23).

 Figure 17. The drawing, and the denture in the mouth for an acrylic-based denture. The saddle is mostly anteriorly placed, and so its rotation must be 
considered, hence the use of mesial undercuts for the clasps, which also act as rests as they pass over the embrasures.

 Figure 18. The drawing, and the denture in the mouth for a metal-based denture. The rest on the 24 is necessary for stability. Even though the rests on 
the right side and on the 26 form a tripod, it should be clear that it will not be as stable as including a rest on the 14.

Figure 19. The drawing, and the denture in the mouth for a metal-based denture without clasps.
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Figure 21. The drawing, and the denture in the mouth for a metal-based denture.

 Figure 20. The drawing, and the denture in the mouth for an acrylic-based denture.

 

 
Figure 22. The drawing, and the denture in the mouth for an acrylic-based denture. Note that it is not necessary to festoon the acrylic around all the 
teeth, but only the teeth with cingulum rests (the lateral incisors in this case) and the teeth being clasped, to provide reciprocation. The clasps also act 
as rests as they sit in the embrasure.

Figure 23. The drawing, and the denture in the mouth for a metal-based denture for a similar case as Figure 22, with two missing central incisors.
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DISCUSSION AND CONCLUSION TO THE 
SERIES
There are, of course, many more aspects to the design 
and use and making of removable partial dentures, but 
these papers were intended to try to simplify many of the 
somewhat confusing aspects of partial denture design to 
be found in the literature, and deliberately concentrated 
on the basic forms of acrylic-based and framework-based 
dentures, with no other support such as from implants. 
These are the partial dentures that are available to most 
patients worldwide. There is a paucity of evidence for any 
specific design features, and in fact there is evidence to the 
contrary for some long-held beliefs such as that torquing 
forces and clasp assemblies result in the loss of teeth. 

There are many factors that contribute to the increased 
rate of tooth loss among partial denture wearers, but if 
simple and hygienic designs are used, the denture itself is 
unlikely to contribute. Although it has been shown that the 
amount of bone support prior to receiving an RPD was not 
a risk factor,8 this has been contradicted by other studies 
investigating the crown-root ratio of abutment teeth;9,10 
all such studies, though, point to what are really multiple 
biological factors such as occlusal support, root canal 
treatment and alveolar bone density. There is little doubt, 
though, that the greatest single contributor to tooth loss in 
RPD wearers is insufficient plaque control, and it should be 
a sine qua non that no prosthesis should be placed in a 
patient who cannot control biofilm through their own oral 
hygiene measures as well as with professional help.

There is also little doubt that RPDs contribute to patients’ 
quality of life, especially when they fulfil the needs for 
aesthetics and improved chewing, and even in the presence 
of periodontal disease.11 As discussed in Part I12 there may 
be some association between chewing and cognition and 
a recent study suggested that the use of dental prostheses 
might be a protective factor for cognitive decline.13 It has 
even been suggested that the use of RPDs may have 

long-term benefits in reducing mortality, although it was 
acknowledged that further research is necessary.14 

The majority of partially edentate people in the world will not 
be able to afford a fixed or implant-supported prosthesis 
merely because the majority of people in the current world 
order are poor. The removable partial denture will continue 
to have a place in the therapeutic regimen and it is hoped 
that this series of papers will encourage better designed, 
non-iatrogenic prostheses for everyone who needs them.
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The Continuing Professional Development (CPD) 
section provides for twenty general questions 
and five ethics questions. The section provides 
members with a valuable source of CPD points 
whilst also achieving the objective of CPD, to 
assure continuing education. The importance of 
continuing professional development should not 
be underestimated, it is a career-long obligation 
for practicing professionals.

CPD questionnaire on page 120
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INTRODUCTION
Children and adolescents with special healthcare needs 
(CWSHCN) may experience disproportionately poorer 
general and oral health than healthy children.1-3 They are 
more at risk of common conditions such as dental caries 
and gingivitis resulting from poor oral health.4 They comprise 
of children and youth “with or at risk of chronic physical, 
developmental, behavioural or emotional conditions”,5 
including, inter alia, intellectual disability (ID), cerebral palsy 
(CP), learning disability (LD), autism spectrum disorder (ASD), 
hearing impairment (HI), Down Syndrome (DS), physical 
disabilities (PD), visual impairments (VI) and epilepsy (EP). 
Globally, the prevalence of disabilities is increasing, even in 
developing countries such as South Africa (SA), resulting in 
a greater burden on healthcare systems.6 

The 2011 World Health Organisation (WHO) report estimated 
that 15% of the global population had a disability. There was 
a slightly higher prevalence of individuals with disabilities in 
developing countries than in developed countries.7 Among 
children aged 0-14 years and those above 15 years, 5.1% 
or 93 million and 19.4% or 892 million had a moderate or 
severe disability, respectively. Due to the lack of current 
epidemiological data, there are no accurate figures of 
children with disabilities in SA. However, the 2011 census in 
SA found that about 609,671 children aged between 5-14 
years had a disability.8 

Individuals with developmental disabilities such as ASD 
are more likely to develop oral diseases compared to 
typically developing children.9 Poor dietary choices and 
between meal consumption of sugars increase the risk for 
dental caries,10 while inadequate oral hygiene additionally 
increases the susceptibility for gingivitis. Children with ID 
may lack the cognitive and/or manual dexterity to perform 
oral hygiene independently, while uncooperative behaviour 

makes routine oral hygiene practices difficult for the parent/
caregiver. Furthermore, medication such as phenytoin, an 
anticonvulsant drug used in children with epilepsy, may 
predispose to gingival hypertrophy11 and impede proper 
plaque control. Caries risk also increases in the presence 
of developmental defects of enamel and enamel hypoplasia 
that may be present in young patients with CP.12

Poor oral health can negatively impact general health, 
especially in children with disabilities.13 When left untreated, 
dental caries leads to chronic pain, infection, sleep 
disruption, premature tooth loss and poor weight gain as 
the child cannot feed properly, which may impact growth 
and development.14 Dental infections resulting from poor 
oral health also pose a risk for bacteraemia and potential life-
threatening septicaemia, especially in immunocompromised 
children.15 Mostly, the oral health management of CWSCHN 
is performed under general anaesthetic. The time and cost 
associated with treatment under general anaesthesia puts 
additional strain on the healthcare system, especially in 
developing countries.16 Furthermore, there is an associated 
economic burden on families related to the cost of treating 
oral diseases,17 more so for CWSHCN with additional 
healthcare needs.

Despite the adverse consequences of poor oral health, 
globally CWSHCN are likely to encounter barriers to dental 
care services.18 In addition, factors related to the severity 
of the child’s disability and the family’s socioeconomic 
level may limit access to non-preventative dental care.19 In 
SA, the lower socioeconomic groups suffer from a greater 
burden of ill-health and disability and are less likely to use 
health services.20 
Understanding the characteristics and status of oral 
health among CWSHCN helps to reveal their needs more 
specifically and address any barriers to dental care. In the 
area of oral health for individuals with disabilities, only a few 
studies have been conducted in SA, a country which has 
significant health inequalities.21 Thus, the aim of this review 
was to describe the characteristics and status of oral health 
among CWSHCN in SA. The study forms part of a PhD 
programme for the principal investigator (NN). 

MATERIALS AND METHODS
Search strategy
A literature review was conducted based on the PRISMA 
2020 statement for systematic reviews.22 An internet-based 
search was performed for the articles published between 
January 1 2002 and August 31 2023. This period was 
chosen as the last SA National Children’s Oral Health survey 
(NCOHS) was conducted two decades ago (1999-2002).23 
Notably, CWSHCN were not included in the survey. The 
keywords used were: oral health, dental caries, children/
adolescents and South Africa. The following electronic 
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databases were searched for studies that met the eligibility 
criteria for this review: MEDLINE, PubMed, SCOPUS.

Eligibility criteria
The eligibility of potential studies was determined by 
reading the title and abstracts of each article identifi ed by 
the search engine. All articles that appeared to meet the 
inclusion criteria based on their abstracts were selected and 
collected. Full-text articles were obtained for manuscripts 
with missing abstracts or those in which insuffi cient 
relevant information was found in the published abstract. 
Reference lists of the included studies were also screened 
for potentially relevant research. The fi nal selection was 
independently carried out by the principal investigator (NN) 
and the co-authors after reading the complete articles 
and the results were compared for agreement. Studies 
were eligible for inclusion if they met the following criteria: 
(a) performed in SA, (b) children and/or adolescents with 
special health needs/disability, (c) assessed oral health by 
quantitative measurement or qualitatively as reported by a 
parent or caregiver, (d) the decayed, missing and fi lled teeth 
index (dmft for primary and DMFT for secondary teeth) was 
used to assess caries severity. Only articles published in 
English were included. Unpublished manuscripts and grey 
literature were excluded. The results of the search, selection 
process and the number of studies included and excluded 
at each stage are shown in Figure 1.

Table I: Data extraction tool

Author(s)

Year of study

Study objective

Study setting

Study design

Study population and sample size

Type of SHCN/disability 

Key fi ndings

Critique

Ethical considerations
Approval to conduct the study was obtained from the 
University of Witwatersrand Human Research Ethics 
Committee (Clearance number M220266).

STUDY FINDINGS
Characteristics of the identifi ed studies
A total of 26 articles were retrieved, 20 of which did not meet 
the eligibility criteria. The reasons for excluding these articles 
were (i) participants were not CWSHCN, (ii) the study was 
conducted outside the review period or (iii) outcome other 
than dental caries. The six studies that were included in this 
review were cross-sectional in design and most participants 

Identification of studies via databases 

Records identified from
Databases (n = 26)

Records screened
(n = 26)

Records excluded
(n =20)

Reports sought for retrieval
(n =6)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n =6)

Reports 
excluded:

Reason 1 (n 
=did not
include 
children with 
special 
needs)
Reason 2 (n 
= outside the 
review 
period)
Reason 3 (n 
= outcome 
other than 
dental caries)

Studies included in review
(n = 6)
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Figure 1. PRISMA 2020 statement22 fl ow diagram for selection of studies.
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Figure 2. Types of disabilities among CWSHCN.

were from public special needs schools. The studies were 
conducted in urban and peri-urban settings except for one in 
a rural setting, thereby representing different socioeconomic 
backgrounds of the study participants in SA.25 

Characteristics of the study participants
A total of 2,402 individuals with special healthcare needs 
were included in the review, 59.7% (n=1,433) of whom 
were male and 40.3% (n=969) were female. The age of the 
children ranged between 0 and 20 years. One study used 
caregivers of CWSHCN as a proxy of their child’s oral health 
status.26

Types of disabilities
The types of disabilities varied across the studies. Among the 
disabilities included, inter alia, ID/MD n=787, CP n=205, LD 
n=182, ASD n=218, HI n=110, PD n=67, DS n=62, severe 
HI=47, EP n=20, “complex/multiple disabilities” n=31, VI 
n=7, ED n=15 and other health disorders n=22 as shown 
in Figure 2. The type of disability among the 629 children 
with special needs in one rural setting was not recorded. A 
descriptive summary of the articles is presented in Table 2.

Oral health status of CWSHCN 
Poor oral health among CWSHCN was observed in all 
studies presenting as caries and/or gingivitis. The prevalence 
of caries among CWSHCN ranged from 22.5% to 85.2%.27, 

28 The mean dmft/DMFT scores ranged from 0.95 (SD 2.36) 
to 5.51 (SD 2.1)25, 27 and 0.67 to 10.24 (SD 2.97)25, 29 for the 
primary and permanent dentition, respectively. The studies 
reported high UTNs and mostly constituted untreated 
caries among the study participants of between 68%30 and 
100%,26 attributed to low restorative care. 

One study found that over half of the parents (56.7%) 
of CWSHCN rated their child’s oral health status as 
average,26 despite the high UTNs among the study sample. 
Furthermore, most caregivers (61%) of CWSHCN did not 
perceive the oral problems in their child as having an impact 
on overall health. 

Two studies included a gingival health assessment 
and reported between 46% and 69% presence of 
gingival inflammation among children with ASD and ID, 
respectively.28,30 One study reported plaque index as visible 
plaque in 43.6% of children with ASD.28

Other notable oral findings included mild loss of enamel (47%) 
and soft tissue trauma (lip biting) (25%) among children with 
ASD.28 Orthodontic need for the correction of malocclusion 
were reported in 29% of children with ID.30 However, the 
study did not elaborate on the types of occlusal disharmony 
in the study sample.

DISCUSSION
The characteristics and status of oral health among CWSHCN 
in SA between 2002 and 2023 were reviewed. Only six studies 
among CWSHCN were relevant, highlighting the paucity of 
data in SA. However, our review shows that the status of oral 
health for approximately 2,402 CWSHCN, aged between 0 
and 20 years, were evaluated in the past two decades. Of 
the total sample in the six studies reviewed, 59.7% were 
male and 40.3% were female. According to the 2011 census, 
the prevalence of disability in SA was 7,5%31 and more than 
600,000 children aged between 5-14 years had a disability. 
Notably, due to the lack of current epidemiological data, the 
number of children with disabilities in SA is largely unknown. 
The NCOHS conducted between 1999-200223 reported that 
39.7% of the 6-year-old age group were caries-free; however, 
this survey did not include CWSHCN. Furthermore, the figure 
was below the 50% goal set by the SA Department of Health 
(DoH) for the year 2000.32

Our study findings showed that the types of disabilities 
included, inter alia, intellectual disabilities (ID), Down 
Syndrome (DS), autism spectrum disorder (ASD), cerebral 
palsy (CP), epilepsy (EP), learning disabilities (LD), hearing 
impaired (HI), physical disabilities (PD), visual impairment (VI), 
emotional disorders (ED) and “complex/multiple disabilities”. 
This list, however, did not include all CWSHCN defined as 
“...living with or at risk of chronic physical, developmental 
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Table II: Descriptive summary of the studies reviewed

Author Year Objective Design Sample (n) Type of SHCN/
disability

Study setting Results

Yengopal 
et al

2012 To determine 
the caries 
prevalence 
and UTN of 
children with 
special needs 
and compare 
with data from 
NCOHS

Cross- 
sectional 
analytic 
study

882 children 
(3-18 years) 
(65% male)
mean age 
10.5 years 

Cerebral palsy 
(CP) (18.5%) 
hearing impaired 
(HI) (11.2%), 
learning 
disabilities (LD) 
(19.4%) and 
mental disability 
(MD) (51%)

Five special 
needs schools 
in Johannesburg 
(urban)

• �Prevalence of caries: 
primary dentition – 27.55%, 
permanent dentition – 
33.56%

• �More than 80% UTNs
• �dmft score 1.35 (LD) – 3.4 

(CP)
• �DMFT score 0.67 (HI) – 1.27 

(MD)

Nemutandani 
et al

2013 To determine 
the prevalence 
of dental caries 
among disabled 
individuals 
attending special 
schools in 
Vhembe 
districts.

Cross-
sectional 
descriptive 
study

629 
individuals 
with special 
needs (46% 
males)
0-6, 7-10, 
11-18 and 
19+ years 

Disability not 
specified

Four special 
schools in Vhembe 
district, Limpopo 
(rural)

• �Prevalence of caries – more 
than 80% in all age groups. 

• �dmft score under 6 years – 
5.51 (SD 2.1) 

• �DMFTs of the 11-18 years – 
7.38 (SD 3.22) and above 19 
years –10.24 (SD 2.97). 

• �High UTNs, < 1% restorative 
care

Roberts et al 2016 To assess the 
dental needs 
of a group of 
children with 
intellectual 
disability (ID) 
attending 
six special 
educational 
facilities in Cape 
Town, SA

Cross-
sectional 
study 

157 children 
with ID (67% 
males) mean 
age 10.1 
years 

Intellectual 
disability (ID)

Six special 
educational 
facilities in Cape 
Town (urban)

• �Prevalence of dental needs: 
• �Gingival disease (69%) 
• �Untreated dental caries 

(68%)
• �Malocclusion requiring 

orthodontic correction (29%)

Naidoo and 
Singh

2018 To investigate 
the oral health 
status of children 
with ASD 
aged between 
7-14 years in 
KwaZulu-Natal, 
SA

Investigative 
cross-
sectional 
quantitative 
study

149 children 
with ASD 
(71.1% 
males), 7-8, 
9-10, 10-11 
and 12-14 
years

Autism spectrum 
disorder (ASD)

Special needs 
schools in 
KwaZulu-Natal 
(78% peri-urban)

• �Overall caries prevalence – 
85.2%.  

• �DMFT score – 3.42 
• �Molars – 50% of score
• �UTNs – 68.5% 
• �Soft tissue trauma with lip 

biting –25%. 
• �Mild gingival inflammation – 

46.3%

Nqcobo et al 2019 To assess how 
caregivers of 
CWSHCNs 
perceived the 
contribution of 
OHRQoL to the 
quality of life of 
these children

Survey of 
caregiver 
OHRQoL 
and child’s 
oral health 
status

Convenient 
sample 
of 150 
caregivers 
(mean age 
39.5) and 
child pairs 
(mean age 
8.7) years 
(59.3% 
males) 

Down syndrome 
(DS) (41%), 
CP (28%), 
ASD (10%), 
epilepsy (EP) 
(10%), complex 
disabilities (10%) 
and unknown 
(1%)

Down Syndrome 
Association (DSA) 
outreach sites in 
Johannesburg 
(urban)

• �Overall caries prevalence – 
42%

• �56.7% of caregivers rated 
child’s oral health as average 

• �Untreated caries (93-100%) 
regardless of disability type 

Gumede et al 2023 To determine 
the prevalence 
of dental caries 
among learners 
with disabilities 
attending 
special schools 
education in 
the eThekwini 
district

Cross-
sectional 
descriptive 
study 
design

435 children 
with 
disabilities 
(62.3% male) 
mean age 13 
years

ID (41.8%), 
physical disability 
(PD) (15%), ASD 
(12.4%), severe 
HI (10.8%), HI 
(2.5%), multiple 
disabilities (3.7%), 
LD 2.5%, visual 
impairments (VI) 
1.6%, emotional 
disturbances 
(ED) 3.4%, 
other health 
impairments 6.2%

22 special schools 
in eThekwini (60% 
peri-urban and 
27.1% urban)

Prevalence of caries:
Primary dentition – 22.5%, 
permanent dentition – 53.6%,
DMFT –1.97 (SD 2.36)
D-88%, F-4%, M-9%
dmft-0.95 (SD 2.36)
Decay component – 99%
Highest caries prevalence in ID 
–46.4%
dmft/DMFT increase with age 
(p=0.01)

CWSHCN: children with special health care needs OHRQoL: oral health related quality of life UTN: unmet treatment needs dmft/DMFT: decayed, 
missing, filled teeth for deciduous and permanent teeth respectively
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and behavioural conditions...”.5 Our study did, however, 
reflect the categories of disabilities provided in the 2011 SA 
census where the International Classification of Functioning 
Disability and Health33 was used to categorise disability 
according to six functional domains: sight, hearing, 
communication, remembering/concentrating, walking and 
self-care. Using census data may have some limitations, for 
example parents are used as proxies to report on children 
with disabilities,34 leading to possible underreporting. In 
addition, the use of functional domains may have resulted 
in the exclusion of children living with milder disabilities 
or chronic medical conditions who also form part of the 
diverse group of CWSHCN. 

Our review found that caries prevalence among CWSHCN 
ranged between 22.5% and 85.2%. In addition, the caries 
severity reported by the dmft/DMFT scores varied across 
the disability groups and age categories. Caries severity 
appeared to increase with the age of the child in keeping 
with the impact of increased exposure to fermentable 
carbohydrates on dental caries development over time, and 
inadequate oral hygiene. Maintenance of oral hygiene is 
challenging for CWSHCN. For example, children with ASD 
display behavioural problems during routine tooth brushing 
while children with severe ID may lack the cognitive and 
manual dexterity to perform tooth brushing and rely on 
the parent/caregiver for assistance. Caregivers may be 
overburdened by the demands of caring for such children 
especially with poor support which is common in low 
resource settings.35 Although the severity of the disabilities 
was not recorded in the studies reviewed, it is likely that SA 
children with more severe cognitive or behavioural problems 
may have had higher dmft/DMFT scores in keeping with 
the results of a study in India where children with severe 
ID had higher DMFT scores.36 Identifying CWSHCNs who 
are at greater risk of dental caries and instituting early 
preventative measures may prevent the cumulative burden 
of dental caries over time.

Dental caries in children largely remains untreated. In 
2010, untreated caries in the deciduous dentition was the 
10th most prevalent condition affecting 9% of the global 
population.37 Furthermore, the condition is even more 
prevalent in many low- and middle-income countries 
(LMICs).17 In SA, more than 80% of caries in children in the 
last NCOHS was not treated.23 More than two decades 
later, our review has shown significant UTNs among 
CWSHCN as reflected by the high “decay” component 
of the dmft/DMFT scores. Similarly, high UTNs have been 
reported among CWSHCN in other LMICs such as Brazil, 
India, Nigeria and Rwanda.38-41 Some of the reasons for 
high UTNs were low utilisation of oral healthcare services,40 
transportation difficulties,42 financial constraints of parents, 
reluctant dental providers and behavioural challenges of 
CWSCHN in the dental setting.43 In a systematic review 
of the determinants of dental caries among children 
residing in North Africa and the Middle East, the interplay 
of child characteristics, family background, diet and oral 
hygiene habits influenced oral health in children.44 Thus, 
barriers related to the child’s special need/disability, 
family socioeconomic status and the environment may 
hinder access to preventative and restorative treatment 
for CWSHN, especially in LMICs. These barriers suggest 
that a multifaceted approach is required to address the 
oral health inequalities and improve access to dental 
care. All stakeholders involved in children’s health need 

to prioritise oral health for CWSHCN, especially for those 
from disadvantaged backgrounds. Policy guidelines need 
to address contextual issues related to poor oral health for 
this population group in both developing and developed 
countries. To this end, the South African government 
has shown a commitment to provide universal health 
coverage through the National Health Insurance (NHI) Bill, 
and improve access to quality healthcare to previously 
disadvantaged groups.45

Two studies in SA reported poor oral hygiene among 
children with ID and ASD.28,30 Similar findings were 
reported in Nigeria among 5- to 19-year-old children where 
significantly poorer oral hygiene was found in children with 
special needs compared to healthy children.40 Globally, 
poor oral hygiene has been reported among children 
with ID,2 resulting in gingivitis.46 Gingivitis can resolve with 
improved oral hygiene; however, when left untreated it may 
progress to periodontitis, a chronic inflammatory disease 
of the dental supporting structures. Periodontitis, in turn, 
increases the risk for the development of noncommunicable 
diseases such as diabetes and cardiovascular diseases.47 
Thus, it is vitally important to maintain good oral health in 
CWSHCN for both oral and general health. 

In this review, other reported oral health problems among 
CWSHCN in SA included malocclusion (29%)30 and soft 
tissue trauma (25%)28. A 1994 SA study found that 74.5% 
of the 381 children with disabilities needed orthodontic 
treatment.48 Similarly, a high prevalence of malocclusion 
was found among children and adolescents with mental 
disabilities in India.49 Occlusal disharmony may be more 
prevalent among certain groups of CWSHCN such as 
spastic CP, in whom an imbalance of the orofacial muscles 
may result in constriction of the dental arches, a posterior 
cross bite and an anterior open bite.11 Furthermore, 
patients with malocclusion characterised by protrusion of 
maxillary permanent incisors are more prone to traumatic 
dental and soft tissue injuries.50 Among the risk factors 
associated with malocclusion in children with CP include 
mouth breathing and lip incompetence.51 Thus, there is a 
need to incorporate orthodontic treatment in children with 
milder forms of disabilities to improve their quality of life. 

The oral health status of CWSHCN may affect their overall 
quality of life.52 Untreated dental caries may affect the 
ability to eat, drink and sleep without discomfort or pain.53 
Developmental delay may affect speech and cognition 
making it difficult for the children to express discomfort or 
the feeling of pain.54 However, despite evidence pointing 
to the negative impact of poor oral health such as severe 
dental caries on the quality of life among CWSHCN,55 one 
study in SA reported contradictory findings where 61% of 
caregivers of CWSHCN did not consider the oral condition 
in their child to impact overall health.26 The chronic medical 
condition of the child or disability may be more of a 
priority due to its impact on morbidity. Dental caries in the 
absence of pain, discomfort or sleep disruption may not 
be perceived as negatively affecting the child and needing 
attention. Caregivers’ perceptions may be related to their 
socioeconomic status (SES) as children from families 
with high SES and parental education had better oral 
health-related quality of life.56 Hence, contextual factors, 
especially in resource constrained settings, may influence 
the extent to which untreated dental caries among 
CWSHCN is perceived to impact overall quality of life.
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Access to healthcare is a key global goal on the development 
agenda. The United Nations Millennium Development Goals 
(MDGs) in 2000 and later the Sustainable Development 
Goals (SDGs) and, more specifically, SDG3, committed 
to “ensure healthy lives and promote wellbeing for all at 
all ages”.57 Among the goals of the National Oral Health 
Policy in SA is the promotion of oral health and increased 
access to services. However, the policy is outdated and in 
need of review based on current epidemiological data.58 
The inclusion of CWSHCN, who may be more at risk for 
dental diseases, would be important to provide specific 
strategies for the prevention and treatment of oral diseases 
and increase access to services in line with the NHI Bill. 
In addition, an integrated maternal and child oral health 
policy aimed at increasing access to oral health services 
for mothers and children could reduce the oral disease 
burden among children and those with special needs.59 SA 
has been successful in creating an enabling environment 
for policy development work in the field of disability.60 
However, policy implementation has faced challenges of 
capacity constraints, low resource allocation and lack of 
government commitment. In a review of the National Oral 
Health Policy in SA, Mukhari-Baloyi et al58 noted that the 
policy goals were clear but strategies for implementation 
were not well understood. Hence, more needs to be done 
to translate policies on people with disabilities to accessible 
and comprehensive healthcare that includes oral health, in 
developing countries such as SA, to promote equity and 
reduce inequalities. 

Despite significant socioeconomic reforms in SA in the past 
two decades,61  inequalities in health, including oral health, 
for people with disabilities persist.61 Factors related to 
poverty such as unemployment, low literacy and inadequate 
access to healthcare have a greater negative impact on 
South African individuals living with disabilities.62 In SA, 
children with disabilities, particularly from low-resource 
settings, may face challenges accessing basic services 
such as health and education. For example, in a group 
of 156 children with disabilities from a small town near 
Soweto in SA, few were able to access basic education, 
assistive devices and social grants.63 The situation appears 
not to have improved significantly in post-apartheid SA. In 
one qualitative study, caregivers of children with ID from a 
small town in SA reported financial difficulties, poor care 
networks and community stigma as barriers to utilisation 
of specialised hospital services.64 Apart from individual 
caregiver and community barriers, system level barriers 
have been cited. For instance, a scoping review found 
that among children with disabilities living in LMICs in sub-
Saharan Africa, poor policy implementation, lack of physical 
access and inadequately trained health professionals were 
barriers to healthcare access.65 These factors may affect the 
quality of life of not only the children with disabilities but also 
their families. Therefore, addressing the wider social and 
economic disparities affecting health and healthcare access 
may lead to better oral and general health for children with 
disabilities in SA.

STRENGTHS AND LIMITATIONS OF THE 
STUDY
Our review focused on the status of oral health among 
CWSHCN in SA over the past two decades. Among the 
limitations were, first, the availability of only a few studies. 
The exclusion of unpublished studies may have resulted in 
publication bias. Second, the exclusion of studies that did 

not report dental caries as an outcome may have led to 
selective outcome reporting bias. Among the strengths of 
the review was the use of a standard literature review method 
and DET, thereby decreasing the risk of bias. In addition, the 
review included participants with various special healthcare 
needs and not individual categories of disabilities, thereby 
increasing the sample. Finally, the studies were conducted 
in different geographical and socioeconomic settings in SA, 
possibly providing different contextual factors related to the 
oral health of CWSHCN and enhancing generalisability of 
the results within SA.

Despite the limitations, the review offers useful insights into 
the lack of data related to the status of oral health among 
CWSHCN in SA. In addition, the review has consolidated 
data on the characteristics and status of oral health among 
CWSHCN in SA over the past two decades. The data are 
important  in understanding the oral health needs of this 
vulnerable group and to plan strategies to improve oral 
health, oral health outcomes and reduce inequalities in line 
with the SDGs call to “leave no one behind”.57

CONCLUSION
Poor oral health and high UTNs were prevalent among 
CWSHCN in SA, with little evidence of preventative and 
restorative care. There was insufficient published data on 
the status of oral health among CWSHCN in SA. 

RECOMMENDATIONS
There is a need for a nationwide survey to determine 
the oral health status of CWSHCN in SA, to enable 
proper planning of preventative and comprehensive oral 
healthcare. Future research should focus on identifying 
the barriers to accessing early preventative and restorative 
care. Increasing awareness of the importance of good oral 
health for CWSHCN among all stakeholders involved with 
children could facilitate early referrals for preventative and 
restorative care.
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The Continuing Professional Development (CPD) 
section provides for twenty general questions 
and five ethics questions. The section provides 
members with a valuable source of CPD points 
whilst also achieving the objective of CPD, to 
assure continuing education. The importance of 
continuing professional development should not 
be underestimated, it is a career-long obligation 
for practicing professionals.

CPD questionnaire on page 120
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1. �INVESTIGATING THE POTENTIAL 
CLINICAL IMPACT OF PERIODONTITIS 
ON THE PROGRESSION OF 
ALZHEIMER’S DISEASE: A 
PROSPECTIVE COHORT STUDY

Alzheimer’s disease (AD), which is characterised by 
insidious onset and progressive deterioration in behavioural 
and cognitive functions, is a neurodegenerative disease 
that commonly affects the central nervous system (CNS).1 

The prevalence of AD increases with advancing age and, 
after the age of 65, the risk of AD doubles every five years. 
It is more common in women than men.1 It is thought that 
chronic inflammatory diseases and conditions in peripheral 
organs such as cardiovascular disease, diabetes and 
periodontitis can affect the inflammatory state in the CNS 
and exacerbate the molecular pathology of AD.1 

The current literature shows that periodontal disease can 
affect AD via multiple ways. It is thought that understanding 
the causal relationship between periodontal disease and 
AD may be effective in preventing the incurable AD or in 
reducing cognitive decline1. Karaduran and colleagues 
(2023)1 reported on a study that sought to investigate the 
relationship between the current periodontal and occlusal 
relationship status and the rate of AD progression in 
individuals with AD. Their hypothesis was that periodontitis 
may accelerate the rate of AD progression. 

METHODOLOGY
This study was designed according to the STROBE 
(STrengthening the Reporting of OBservational studies in 
Epidemiology) statement. 

Systemic anamnesis of the participants were taken at 
their initial appointment in a neurology department. Their 
diagnosis and medical records were reviewed, and dental 
anamnesis was obtained to ensure all participants met the 
inclusion criteria. Ninety participants who met the National 
Institute of Neurological and Communicative Disorders 
and Stroke-Alzheimer’s Disease and Related Disorders 
Association (NINCDS-ADRDA) and DSM-V diagnostic 
criteria for probable Alzheimer’s disease were divided into 
3 groups as Stage I (mild), Stage II (moderate) and Stage 
III (severe) according to the Clinical Dementia Rating Scale. 

Those who have been diagnosed with probable AD in 
the age range of 50-89 years, not having dementia other 
than Alzheimer’s-type dementia, not having psychiatric 
disorders affecting cognitive status, not using regular 
anti-inflammatory, corticosteroids and drugs that affect 
cognitive status, and non-smokers were included in the 
study. Patients who received any dental treatment in the 

past year, had systemic disease not under control other 
than AD (diabetes and cardiovascular disease) and had 
less than 10 with the edentulousness was not prosthetically 
rehabilitated were excluded from the study.

All participants were found eligible for cognitive status 
assessment, and cognitive status was assessed using 
Standardised Mini-Mental Test (SMMT) scores. With 
SMMT, it is possible to understand the process of AD in 
the individual. In this test, which lasts for 10 minutes in 
total, 30 questions are asked to evaluate the individual’s 
time, recording memory, attention and calculation, recall 
and language. The score obtained by the individual with 
SMMT varies between 0 and 30. The SMMT score was 
determined at the participants’ first appointments in the 
neurology department and at the six-month follow-up 
appointments. The change in the SMMT score (∆SMMT) 
between the follow-up periods was calculated.

Participants were referred to the periodontology 
department at the six-month follow-up appointment in the 
neurology department. Dental anamnesis of the patients 
was taken and intraoral examinations were performed in 
the periodontology department. Periodontal examination 
of all existing teeth of all participants with at least one 
remaining tooth (excluding third molars) with a Williams-
marked periodontal probe and all molars and maxillary first 
premolars with Nabers probe was performed. Percentage 
of dental plaque (P%) and percentage of bleeding on 
probing (BOP%), clinical attachment level (CAL) and 
probing pocket depth (PPD) were recorded. PPD and CAL 
were measured at six sites/teeth (excluding third molars). 
The current occlusal relationship status of all patients was 
evaluated using the Eichner Index and classified as Type 
1 (A1-A2-A3-B1), Type 2 (B2-B3) and Type 3 (B4-C1-
C2-C3). Also, the current C-Reactive Protein (CRP) value 
of Alzheimer’s patients, measured within the six months 
before the date of participation, was retrospectively 
determined and recorded.

RESULTS
When comparing the ages of Alzheimer’s patients 
according to the stages, there was no significant difference 
between Stage I and Stage II groups, although Stage III 
patients had a significantly higher mean age than Stage 
I and Stage II patients (p<0.05). There was no significant 
difference between the groups in terms of gender and the 
presence or absence of systemic disease that is under 
control (p>0.05).
The initial (T0), the sixth month (T1) and the ∆SMMT 
scores were analysed based on the current toothed/
edentulousness status of the patients. ∆SMMT was 
significantly higher in Stage III than in Stage I (p=0.000) and 
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Stage II (p=0.001) Alzheimer groups. Furthermore, it was 
determined that the SMMT0 and SMMT1 scores of the 
Stage III edentulous Alzheimer’s patients were significantly 
lower than those of the Stage I Alzheimer’s patients 
(p<0.05), and there was no difference between the Stage 
I and Stage II Alzheimer’s patients (p>0.05). In addition, 
it was determined that there was no significant difference 
between the groups in the ∆SMMT (p>0.05).

Ninety Alzheimer’s patients consisted of 25 edentulous 
individuals without periodontal disease and 65 toothed 
individuals diagnosed with periodontitis. Accordingly, 
initial SMMT, six-month SMMT and ∆SMMT of the study 
population were also analysed according to the presence 
of current periodontal disease. When the initial and six-
month SMMT score values were evaluated according to 
the presence of periodontal disease, T0 and T1 SMMT 
scores did not differ between the groups (p>0.05); 
however, ∆SMMT scores in patients having periodontitis 
were higher than those not having current periodontitis 
(p<0.05).

Although P% and number of teeth were not statistically 
different between groups (p>0.05), BOP% was significantly 
higher in the Stage III Alzheimer’s group than in the other 
groups (p<0.05). In addition, CAL and PPD values were 
found to be significantly higher in Stage III than in Stage I 
Alzheimer’s patients (p<0.05).

All participants included in the study were also evaluated 
based on their occlusal relationship and classified as 
Type 1, Type 2 and Type 3. The scores of initial (T0) and 
six-month (T1) SMMT and the change in evaluated time 
periods (∆SMMT) were not statistically different between 
types which was determined according to the occlusal 
relationship (p>0.05). According to the occlusal relationship 
type, periodontal parameters were not statistically 
significant in patients with toothed Alzheimer’s (p>0.05); 
on the other hand, as expected there was a significant 
difference in the number of teeth (p<0.05).

The serum CRP level was found to be significantly higher 
in the Stage III Alzheimer’s group (4.46±3.68) than in the 
Stage I Alzheimer’s group (2.22±2.53) (p<0.05). When 
the individuals were assessed according to their toothed/
edentation status, serum CRP levels were found to be 
significantly higher in toothed Stage III Alzheimer’s patients 
(5.36±3.65) than in toothed Stage I Alzheimer’s patients 
(1.78±1.84) (p<0.05). Serum CRP levels did not differ 
between the Alzheimer’s stages in edentulous patients.

Correlation analysis was performed between the clinical 
and biochemical parameters of the study population. 
Age was positively correlated with BOP% and CAL and 
negatively correlated with SMMT0, SMMT1 and number 
of teeth (p<0.05). Furthermore, ∆SMMT scores were 
positively correlated with BOP% (r=0.308, p=0.013) and 
PPD (r=0.275, p=0.027) and the number of teeth (r=0.291, 
p=0.005) negatively correlated with SMMT0 and SMMT1 
scores (p<0.05). Serum CRP levels were positively 
correlated with BOP% and negatively correlated with 
SMMT0 and SMMT1 scores (p<0.05).

Linear regression models showed that the individuals 
in the Stage II and Stage III Alzheimer’s group, the age 
and presence of periodontitis variable had a statistically 
significant effect on ∆SMMT (p<0.05). Consequently, 

being in the Stage II group increased ∆SMMT by 0.249 
units and being in the Stage III group by 0.673 units. It was 
determined that an increase in age by 1 unit decreased 
∆SMMT by -0.040 units in Alzheimer’s patients. In addition, 
presence of periodontitis was found to increase ∆SMMT 
by 0.425 units. The effects of female gender, presence of 
systemic disease under control and CRP level on ∆SMMT 
were not statistically significant (p>0.05).

CONCLUSION
The researchers found that the presence of periodontitis 
may accelerate the progression of AD. The occlusal 
relationship has no significant clinical effect on AD 
progression when the partial/total edentulism was 
prosthetically rehabilitated. 

IMPLICATIONS FOR PRACTICE
These results once again highlight the link between systemic 
disease and oral health and also show the importance of 
good oral hygiene in slowing the progression of AD. 
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2. �IS CONE-BEAM COMPUTED 
TOMOGRAPHY (CBCT) AN ALTERNATIVE 
TO PLAIN RADIOGRAPHY IN 
ASSESSMENTS OF DENTAL DISEASE IN 
MEDICALLY COMPROMISED PATIENTS?

Patients who are about to undergo treatment due to 
head and neck malignancies, generalised tumour spread, 
organ transplant or severe infection are generally more 
thoroughly examined both clinically and radiographically 
to diagnose oral disease.1 In Sweden, for example, health 
programmes have been designed to make, for example, 
cancer treatment nationally standardised – ie equal and 
efficient. Therefore, these patients may be excluded from a 
more individualised approach as regards the extent of the 
radiographic examination, ie the principles of ALARA (As 
Low As Reasonably Achievable) or ALADAIP (As Low As 
Diagnostically Acceptable being Indication-oriented and 
Patient-specific).

Due to their medical condition, these patients are more 
vulnerable than a healthy population. They may suffer 
from generalised fatigue due to reduced lung capacity, 
medication and the stress of their situation. Some of the 
patients with intraoral tumours suffer from intraoral pain, 
and others may have difficulties opening their mouth. All 
these conditions may influence their capability to cooperate 
in an intraoral radiographic examination (IO), thus impairing 
the image quality and the possibility of performing a correct 
diagnosis.

A dental radiographic examination is a crucial component 
to the clinical examination to diagnose dental diseases, 
monitor illness over time and choose the most appropriate 
treatment available and its effect in a long-term perspective. 
Still, a radiographic examination using intraorally placed 
detectors is the recommended radiographic technique 
in diagnosing the most common dental diseases. It may, 
however, require at least 18-20 images to fully cover the 
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dentate areas and adjacent bone in an individual with 
a complete dentition (32 teeth). This procedure is time-
consuming and not always pleasant for the patient. 
Sometimes a panoramic radiograph (PX) is needed 
to complement the IO, for example when the intraoral 
technique is not feasible due to anatomical variants, 
reduced capacity to open the mouth, or pain secondary to 
intraoral tumours. When correctly performed, PX provides 
valuable information.

Since its introduction in the late 1990s, cone-beam 
computed tomography (CBCT) has gradually changed 
the concept of dental radiographic imaging with its 
availability and excellent tomographic images of the 
dentomaxillofacial region at a relatively low radiation dose 
compared to medical computed tomography (CT). These 
new CBCT devices perform, besides CBCT acquisition, 
panoramic and cephalometric imaging. This expanded 
range of applications has made them more accessible in 
general dentistry and may be an alternative radiographic 
method for patients who cannot tolerate intraorally placed 
detectors.

Lindfors and colleagues (2024)1 from Sweden reported on 
a study that sought to compare the diagnostic agreement 
(unit of measure of agreement used was a Kappa score) 
of three radiographic modalities – IO, PX and CBCT – for 
diagnosis of dental disease in medically compromised 
patients.

METHODS
Three hundred medically compromised patients who were 
referred for a dental radiographic examination were invited 
to participate in the study. To be included, the patient had 
to be dentated or rehabilitated with dental implants, be 
able to sit in a chair without the support of a high neck rest, 
comprehend the patient information either by themselves 
or through an interpreter, and accept to participate.

All patients were referred to the Department of Maxillofacial 
Radiology to undergo radiographic examination. All 
patients were examined with IO and PX radiographs, 
according to the local standard protocol for this patient 
population. All patients who fulfilled the criteria for inclusion 
were then thoroughly informed of the study: the purpose, 
the increased radiation dose, how data would be stored 
and results presented. An additional CBCT scan was 
performed on those patients who accepted participation 
by signed confirmation.

The intraoral radiographic examinations (IO) were 
performed applying a parallel technique using a Focus, 
Instrumentarium radiographic equipment together with 
Sirona Schick 33 sensors (Sirona Dental). Exposure 
parameters used were 60kV, 7mA and exposure time 
varying between 0.16 and 0.25 seconds depending on 
dental region and patient size. The PX were obtained 
with an Orthophos XG 5 (Sirona Dental Systems). Scan 
time was 14.1 seconds and exposure settings varied 
between 8-15mA and 62-73kV depending on patient 
size. The CBCT examinations were performed using 
Veraviewepocs® 3D R 100 with a field-of-view (FOV) of 
100mm × 80mm enclosing the complete dentition. The 
exposure settings were 85kV and 5mA and the scan time 
of 9.4 seconds was optimised for the diagnostic yield. 
The voxel size was 0.160mm. Quality assessment of 
radiographic examinations was continuously performed 

by an oral radiologist according to clinical procedures for 
the different imaging modalities, ie image area, projection 
geometry as regards intraoral imaging and panoramic 
radiographs, as well as FOV, and eventual presence of 
motion artifacts in CBCT-examinations. Retakes were 
made when necessary.

The observers were four senior board-certified specialists 
in dentomaxillofacial radiology in Sweden. The patients 
were divided among the observers as follows: observer 
1 was allotted the first 60 consecutive patients, observer 
2 the next consecutive 60 patients, and so on. Observer 
4 (principal investigator) evaluated the 120 remaining 
consecutive patients.

The radiographic images were digitised and the images 
were displayed on two 21.3-inch colour LCD monitors. 
The CBCT examinations were viewed using software 
i-Dixel-3DX and the observers were able to use the 
software program to align the image planes to obtain the 
best visualisation for each diagnostic task and tooth/root. 

No clinical data was available for the observers. Initially and 
prior to the evaluation, the observers were calibrated. For 
each observer, the images on all the allotted patients were 
evaluated separately, ie first the intraoral radiographs on all 
patients, then the panoramic and, finally, the CBCT images 
on all patients. The assessment of the different imaging 
modalities was separated in time by at least 1 month.

To facilitate the recording of findings, a template was made 
using Microsoft Access Office 2010. Each observer had 
three different Access files – one for the basic number 
of patients (60 or 120 individuals) and two additional for 
calculating inter- and intra-observer agreement. Each 
Access file consisted of templates with all 32 teeth positions 
available with a corresponding square below for scoring. 
In every Access file, there were nine different templates, 
one for each modality and for the three different diagnostic 
tasks (periapical radiolucency, marginal bone level and 
caries lesions). For each patient, an overall assessment 
of the image quality for each radiographic method and all 
diagnoses was made. In total, 63,310 (63,198 teeth + 112 
implants) scores were set in the main study and 432 to 
calculate inter- and intra-observer agreement.

The following variables were evaluated: 
Periapical lesions: The unit was the tooth regardless of the 
number of roots. Impacted teeth were excluded and scored 
missing: 1, no disease (including widened periodontal 
ligament); 2, disease (periapical lesion irrespective of size 
and/or location); 3, not possible to evaluate due to artifact; 
4, not possible to evaluate due to not depicted; 5, missing 
tooth.

Marginal bone level (Tooth): The unit was the tooth: 1, no 
disease (marginal bone level ≤ 5mm from the cemento-
enamel junction (CEJ)); 2, disease (marginal bone 
level > 5mm from CEJ); 3-5 see periapical evaluation.

Marginal bone level (Dental implant): The unit was the 
implant: 6, no disease (marginal bone level ≤ 3mm apical to 
the reference point; 7, disease (marginal bone level > 3mm 
apical to the reference point); 8, not possible to evaluate 
due to artifact; 9, not possible to evaluate due to not 
depicted.
Caries lesions: The unit was the tooth: 1, no disease (no 
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caries lesion including the enamel); 2, disease (caries in the 
dentin and/or root surface and secondary caries); 3-5 see 
periapical evaluation.

For each patient and modality, regardless of diagnostic 
task, all observers evaluated the image quality according 
to a score: excellent (1), good (2), acceptable (3) and poor 
(4).

RESULTS
The highest agreement represented by the Kappa value 
was found diagnosing periapical radiolucency, comparing 
IO and CBCT (0.76). This sample group was also the largest 
with 6,856 assessments which means that 97.7% of all 
7,020 teeth were assessable for diagnosis in this group. 
Diagnosing marginal bone level, the Kappa value varied 
between 0.58 and 0.60 comparing the different modalities. 
This group consisted of 6,534 assessable teeth (93.1%). 
When assessing marginal bone level at dental implants, the 
Kappa values when comparing CBCT and PX and IO and 
CBCT were low, 0.18 and 0.29, respectively, representing 
“none to slight agreement” and 0.43 comparing PX to IO 
representing “moderate agreement”. In diagnosing caries, 
only 44.4% of all teeth were assessable in CBCT when 
compared to IO (Kappa value 0.68). The Kappa value for 
PX and IO and CBCT and PX in diagnosing caries was 
0.54 and 0.57, respectively.

The intra-observer agreement, for all modalities and 
diagnoses, was for one of the observers an “almost perfect 
agreement” (Kappa values between 0.87 and 0.93). For 
the other observers, the agreement was considered 
“moderate” or “substantial” (Kappa values between 0.5 
and 0.73).

Overall inter-observer agreement for each modality and 
diagnosis showed a variety from “moderate” to “almost 
perfect agreement” (Kappa value between 0.51 and 0.87).

CONCLUSION
The researchers concluded that intraoral radiography was 
the first-hand choice for diagnosing dental disease. For 
some rare cases where intraoral imaging is not possible, a 
dedicated panoramic image and/or CBCT examination is 
an alternative.

IMPLICATIONS FOR PRACTICE
IO radiography is available at almost all practices and 
should be the primary source of radiographic investigation 
for the presence of dental disease. 
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INTRODUCTION
In South Africa, the right to healthcare is not explicitly 
guaranteed in the Constitution. However, the Constitution 
does protect the right to life, which has been interpreted 
by the Constitutional Court to include a right to access 
healthcare services. 

A dentist’s duty to a patient is to provide complete and 
competent dental care. Practitioners often wonder whether 
they are required to accept everyone who presents 
themselves to their office for treatment as a patient. No, 
you’re not!
 
Dentists are not “innkeepers” and need not open their 
doors to all who seek their services. Dentists also have the 
autonomy to decide which persons to accept as patients or 
to terminate an existing dentist-patient relationship subject 
to what is stated below. 

Practitioners are, however, prohibited from discriminating 
against and refusing services to any person solely based on 
discriminatory grounds such as their race, religion, gender, 
sexual orientation, national origin, handicap, disability etc. 

In emergencies the principles of beneficence and 
nonmaleficence apply, regardless of the patient’s ability to 
pay – the dentist must stabilise the patient before referral, 
as the Constitution states that nobody may be refused 
emergency medical treatment. In non-emergency cases, 
the dentist is still required to do good for the patient, and 
avoid harm, for example by referral to the public sector 
or, if the doctor charges private fees and does not submit 
claims to patients’ medical schemes, refer the patient to a 
colleague who would accept the patient’s medical scheme 
coverage. 

The National Health Act 2003 provides that health 
establishments must implement measures that minimise 
injury or damage to the person or property of healthcare 
workers. This means that practitioner employers are under 
a general duty to provide a safe and healthy workplace free 
from hazards and that their employees are protected from 
physical harm, their working environment made safe and 
free from any hazardous incidents. 

In the case of a patient who is known to be or has a 
history of violent and abusive behaviour, the management 
and treatment of that patient may be characterised as a 
workplace hazard. An employer who fails to take steps to 
control the risk posed by such a patient may have breached 
their obligation to protect the health and safety of their 
employees. 

In addition, it may not only be employees who may be at risk 
from violent or abusive behaviour, but other patients in the 
practice could also be injured by another patient, or even 
suffer an adverse health outcome as a result of witnessing 
the behaviour of another patient. 

FINANCIAL STRAIN
Financial issues are a routine challenge in dental practices. 
The financial limitations of patients or reduced benefits 
provided by their schemes are often the main barriers to 
accessing the required treatment and negatively affect 
health outcomes. 

Patients also often have unrealistic expectations that 
require the practitioner to know the extent of benefits, 
limitations or exclusions of the patients’ medical scheme 
plan. Practitioners are also often required by their patients 
to obtain pre-authorisations for procedures from patients’ 
medical schemes.

Some practitioners are uncomfortable about discussing 
financial issues with their patients for various reasons, such 
as the patient will consult with another practitioner if fees 
are considered unaffordable or the practitioner cannot 
estimate costs as external contractors or materials need to 
be sought.

Many of the treatment plans are rejected simply because 
the patient cannot afford to pay either at the time or even 
over the duration of treatment.  

Some practitioners also believe if they began to accept 
requests for a fee reduction, it would gradually raise other 
patients’ expectations, which may result in unfavourable 
consequences. Others are of the view that rejecting 
patients’ requests to make a reduction would damage their 
reputation and would be harmful to the dental profession in 
the long term.

DISMISSING A PATIENT 
Just like in any relationship, nearly all dentists will need to 
dismiss a patient at some point in their careers. Dismissals 
can be upsetting for patients and stressful for dentists.

Although the list is not exhaustive, the dismissal of a patient 
can be for many reasons, such as:

• �Treatment nonadherence: The patient does not or will 
not follow the treatment plan or the follow-up instructions 
or discontinues medication or therapy regimens prior to 
completion.

Terminating dentist-patient relationships: 
balancing ethics and practical 
considerations
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• �Follow-up noncompliance: The patient repeatedly cancels 
follow-up visits or fails to keep scheduled appointments with 
the practitioner or consultants.

• �Verbal abuse or violence: The patient, a family member or a 
third-party caregiver is rude, uses disparaging or demeaning 
language, or sexually harasses office personnel or other 
patients, visitors or vendors; exhibits violent or irrational 
behaviour; makes threats of physical harm; or uses anger to 
jeopardise the safety and wellbeing of anyone present in the 
office.

• �Display of firearms or weapons: The patient, a family 
member or a third-party caregiver wields a firearm or weapon 
on the premises.

• �Inappropriate or criminal conduct: The patient exhibits 
inappropriate sexual behaviour toward providers or staff or 
participates in drug diversion, theft or other criminal conduct 
involving the practice.

• �Nonpayment: The patient owes a backlog of bills and has 
declined to work with the office to establish a payment plan 
or has discontinued making payments that had been agreed 
on previously.

The termination of a dentist-patient relationship is justified when:
• �Both parties agree to end it (such as when the patient’s medical 

scheme changes and the dentist is not a member of the plan 
or when the patient moves out of town). 

• �When a course of treatment is completed and the patient is 
made aware that the treatment has been completed. 

• �When the patient decides to terminate the relationship 
unilaterally, typically over either unhappiness with the results 
of the treatment or over administrative, management or 
personality conflicts.

Exceptions and special circumstances
A number of situations may require additional steps or a delay 
before ending the patient relationship. Examples include the 
following situations:
• �If the patient is in an acute phase of treatment, delay ending the 

relationship until the acute phase has passed. For example, if 
the patient is in the immediate postoperative stage, it is not 
advisable to terminate the relationship.

• �If the provider is the only source of dental care within a 
reasonable driving distance, care may need to continue until 
other arrangements can be made.

• �When the provider is the only source of specialised medical 
dental care, treatment may need to continue until the patient 
can be safely transferred to another provider who is able to 
provide appropriate care and follow-up.

Patients should be given some indication of the financial 
requirements when they make an appointment for treatment to 
prevent them from delaying making other arrangements for care 
while waiting for an appointment at which they will receive no 
treatment. While it has not been clearly established that making 
an appointment creates a dentist-patient relationship, it would 
be difficult to explain why someone in urgent need of care or 
pain was turned away after having waited for an appointment.

Abandonment of patients
One of the biggest areas of concern when a dentist decides to 
terminate a patient relationship is abandonment.

A patient is abandoned when a doctor ceases treatment before 
the patient has recovered or has terminated his or her contract 
with the doctor, and the doctor does not refer the patient to 
another practitioner or institution that can continue such treatment. 

A doctor who abandons a patient without referral to another doctor 
or arranging for their further treatment will be liable for damages. 
Therefore, if a doctor undertakes treatment for a patient, such 
treatment may not be abandoned if it would harm the patient – 
unless the patient makes it impossible for the doctor to treat him 
or her. For example, an inability to pay may make it impossible for 
a doctor to prescribe a treatment regimen. The treatment may 
be terminated, but the patient should then be referred to a public 
health facility or another practitioner for treatment.

Doctors who deal with patients’ medical schemes and refuse to 
treat patients who cannot afford to pay for treatment in advance 
will escape liability for abandonment if they refer such patients to 
a public health facility or a colleague prepared to treat them at 
medical scheme rates.

Abandonment may occur when a dentist refuses to complete 
a patient’s treatment for no justified reason or when a dentist 
refuses to see a patient for a follow-up visit.

If the patient chooses not to return to the office for the 
remainder of their treatment, be sure to inform the patient of 
any currently diagnosed oral condition, as well as any treatment 
recommendations and risks of not seeking further care.

How to terminate the relationship
Any dentist contemplating the termination of a dentist-patient 
relationship should notify the patient of the dentist’s intention to 
terminate the relationship.

The dentist should provide a specific timeframe, often defined by 
state law, during which the patient should seek a new dentist, 
such as 30 days.

This timeframe may vary depending on whether the dentist is 
a generalist or specialist, as well as on the availability of other 
practitioners in the area. During this timeframe, the dentist should 
be available for emergency care.

A dentist is not required to make a specific recommendation to 
a subsequent treatment provider. The dentist is only responsible 
for helping the patient find a subsequent provider if the patient 
requests it. The dentist should inform the patient that copies of 
his or her records are available to them or will be forwarded to a 
subsequent treatment practitioner.

Document any concerns that may suggest a breakdown in the 
dentist-patient relationship, as well as any efforts made to save 
this relationship in the patient’s records. As with all recordkeeping, 
documentation should be timely and accurate.

Review outstanding balances. You can discuss any financial 
balances the patient may still owe, or you may waive the patient’s 
outstanding fees as a gesture of goodwill. Each situation is unique, 
and your decision will depend on a number of factors such as 
the success of the treatment provided, the financial situation of 
the patient, the underlying reason for dismissal and the patient’s 
history with the practice.

Elements of the written notice
Include the following information in the written notice:

Reason: Although stating a specific reason for ending the 
relationship is not required, it is acceptable to use the catchall 
phrase “inability to achieve or maintain rapport”, state that “the 
therapeutic provider-patient relationship no longer exists” or assert 
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that “the trust necessary to support the relationship no longer 
exists”. If the reason for ending the relationship is patient 
noncompliance/nonadherence, that may be stated as well, 
along with your attempts to obtain patient compliance.

Effective date: The effective date for ending the relationship 
should provide the patient with a reasonable amount of 
time to establish a relationship with another practitioner. 
Although 30 days from the date of the written notice is 
usually considered adequate, review each case. 

The relationship may be ended immediately under the 
following circumstances:
• �The patient has ended the relationship. (Acknowledge this 

in writing with a letter from the practice.)
• �The patient or a family member has threatened the 

provider or staff with violence or has exhibited threatening 
behaviour. Practitioners are legally obliged to provide a 
safe working environment for their employees.

• �The patient participates in drug diversion, theft or other 
criminal activity involving the practice.

• �The patient exhibits inappropriate behaviour or sexual 
misconduct toward the provider or staff.

Interim care provisions: Offer interim emergency care prior 
to the effective date. 

Continued care provisions: Offer referral suggestions for 
continued care. 

Patient records: Offer to provide a copy of the office record 
to the new practitioner or the patient. 

Transition of care: Indicate willingness to speak with the 
patient’s new provider if requested to help ensure a smooth 
transition.

Patient responsibility: Specify that the patient is personally 
responsible for all follow-up and for continued dental care.

Medication refills: Explain that medications will be 
provided or prescribed only up to the effective date that the 
relationship ends.

Draft patient termination letters

Dear Patient,

While it has been a pleasure treating you over the 
past few months/years*, it has come to my attention 
that your account with our practice is in arrears. The 
current balance on your account is R________. We have 
previously notified you of the outstanding amount but 
without resolution. 

Unfortunately, we must terminate our dentist-patient 
relationship with you due to the lack of compliance with 
our practice’s stated financial protocols. Of the items 
on your original treatment plan, we have completed the 
following ___________________. You still require ____
_____________________________________________. 
Failure to promptly seek examination and care from your 
next dentist could result in ______________________.

Sincerely,
Dentist’s Signature

Date
Patient Name
Street Address
City, Code

Dear (insert patient’s first name),

We have contacted you on several occasions with 
monthly statements, telephone messages and a 
personal letter concerning your outstanding balance with 
our practice. 

We have determined that due to your noncompliance 
with our practice’s financial policy we must terminate our 
dentist-patient relationship.

In order to allow you adequate time to find another 
dentist, we will be available for the next 30 days for 
emergency treatment only. If you need assistance 
in finding another dentist, you may contact 
____________________________at: __________ or utilise 
other resources (eg the internet).

We will forward a copy of your dental records to you 
or your new dentist upon receiving a signed written 
authorisation request. Please clearly indicate whom you 
wish to receive a copy and where you wish us to send 
the records. Please allow five business days from receipt 
of your request for duplication and mailing.

Sincerely,
Dentist’s Signature

[Date]
[Insert Patient Name]
[Insert Patient Address]
[Insert Patient City, Province, Code]

Dear (Patient):

Thank you for selecting (dental group) as your dental 
care provider. It has become apparent because of a 
breakdown in our doctor-patient relationship, which is 
necessary for optimal care, your dental needs would be 
better met elsewhere.

This letter is to inform you that as of the date of this 
letter, I (we) will no longer be able to provide you with 
your dental care and treatment. Should an emergency 
arise within the next 30 days, I(we) will be available to you 
during our regular office hours.

Dental conditions tend to worsen with time if they are not 
addressed. Therefore, I recommend you seek another 
dental care provider as soon as possible.
 
My office will be happy to forward your records to you or 
your new dental care provider upon receipt of a written 
release. Your new provider can help you with this release.
I appreciate the opportunity to have been of service to 
you as your dental care provider and wish you the best 
of luck moving forward.

Sincerely,
[Doctor’s Signature]
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Dear Patient

It has become apparent to me that our professional 
relationship has deteriorated over the past several 
{weeks/months}. A healthy dentist-patient association 
is based on mutual trust, respect and understanding, 
which are lacking between us. Without assessing blame 
to you, my team or me, it seems now is the appropriate 
time to end our relationship.

You should know several things about your oral condition. 
There presently is no dental work pending. If you have 
an emergency situation within the next 30 days, please 
contact us and we will do our best to accommodate 
you. Thereafter, we ask that you seek all dental treatment 
elsewhere.

You also should select a new dentist soon. If you or your 
new dentist require copies of your dental records, please 
send us a written release and we will be happy to forward 
them to the appropriate person.

My team and I regret that this situation had to occur. We 
wish you good health in the future.

Very truly yours,
{Dentist Name}

After patient termination

Avoid any further contact. The office staff of a dental 
practice should be fully aware that a particular dentist-
patient relationship has been terminated. Office staff must 
be aware that an appointment should not be scheduled for 
a particular patient after the specified termination date.

Where patients have exhibited or threatened violence, office 
personnel should develop protocols to manage unexpected 
patient visits, especially if there is a potential safety risk. 
Once the timeline for emergency care has ended, and the 
patient is fully dismissed from the office, the dentist is under 
no obligation to accept the patient back into the office for 
future care.

In addition, if a potential subsequent treatment dentist 
contacts a dental office in order to ascertain the reason 
behind the patient seeking a new dentist, office staff must 
be trained how to properly handle the discussion.

No member of the dental staff should malign the patient; 
a member of the office staff, preferably the office manager 
or the treating dentist, should merely state that there were 
administrative differences on which the treating dentist and 
the patient could not agree.

Once a patient has been dismissed from a practice, the 
patient should not be accepted back to the practice.

It is important to appreciate that when you are attempting 
to terminate the doctor/patient relationship, it may not 
be prudent to place a financial stumbling block such 
as a records duplication fee in the patient’s way. This 
is particularly prudent when the doctor is attempting to 
unilaterally terminate the relationship. Also, while the patient 
may reticently accept being dismissed from your practice 
because of his/her actions or inactions, attempting to 
collect a fee for record duplication may be sufficient impetus 
for him/her to consider retaliatory litigation for any perceived 
wrong that, up to this point, was not that important.

This brings us to a tangential factor relating to what should 
and should not be done when a potential subsequent 
treating practitioner contacts your office to find out the 
reason(s) behind the patient seeking a new doctor. Neither 
you nor your staff should bad-mouth the patient regarding 
such matters as his/her financial status with your office, his/
her behaviour while a patient, his/her level of cooperation, 
etc. In other words, you don’t want to say negative things 
about the patient, even if truthful, because these facts 
might, in and of themselves, interfere with the formation 
of a new substitute doctor/patient relationship. Prudent 
risk management dictates that you merely state that there 
were administrative differences to which you and the patient 
could not agree on, sans the details.

Unfortunately, not all dismissals go as smoothly as we hope. 
Should there be a complaint with the regulator or legal 
proceedings, seek advice from your professional indemnity 
provider. 

CONCLUSION
Dentists have an ethical obligation to care for patients, 
but are permitted to terminate the difficult dentist-patient 
relationship, provided an alternative is available. There is no 
duty incumbent on dentists to treat people who are not their 
patients, except in medical emergencies.

The Continuing Professional Development (CPD) section 
provides for twenty general questions and five ethics 
questions. The section provides members with a valuable 
source of CPD points whilst also achieving the objective 
of CPD, to assure continuing education. The importance 
of continuing professional development should not be 
underestimated, it is a career-long obligation for practicing 
professionals.

CPD questionnaire on page 120
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INTERPRETATION
Foreign body ingestion is often seen in children, the elderly, 
alcoholic individuals, or the mentally impaired, and may 
intentionally occur in psychiatric patients and prisoners.1 

Dentures and small orthodontic appliances are the most 
common objects to be accidentally ingested in adults.1

In the gastrointestinal tract (GIT), many ingested objects 
will pass within a few days to a month without any 
intervention, with a small amount requiring non-surgical or 
surgical intervention.2 In general, objects less than 60mm 
in length and 25mm in diameter have a 90% chance of 
passing through the pylorus and the ileocecal valve.3

Sharper objects are unlikely to pass through the curvatures 
of the intestine and may often result in intestinal puncture, 

oesophageal perforation, or haemorrhage, all of which can 
be fatal.4

Dental practitioners must be able to recognise the 
signs and symptoms of air and gastric obstruction if a 
dental object was ingested. The need for proper patient 
communication if this problem were to occur is crucial. If 
the patient isn’t showing any signs of gagging, coughing, 
choking, dysphagia, abdominal pain, wheezing, stridor or 
chest pain, the oral cavity must be thoroughly examined 
for the foreign object.5 Once it is clear the object has 
passed the oropharynx, a radiographic examination should 
be performed to determine if the object has entered 
the GIT or respiratory tract. Posteroanterior and lateral 
chest radiographs, as well as abdominal radiographs, are 
recommended for the detection of a foreign object.2,4 For 
radiolucent objects, additional diagnostic aids such as 
computed tomography (CT), magnetic resonance imaging 
(MRI), endoscopy and diagnostic bronchoscopy may aid in 
detecting their anatomic location.2

As soon as a patient starts showing signs of a compromised 
airway and cannot dislodge the object by forcibly coughing, 
the Heimlich maneuvre should be performed to dislodge the 
laryngeal obstruction.5 If abdominal thrusts are ineffective in 
dislodging the object, basic emergency life support should 
be carried out until proper medical intervention is attained.3
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CASE
A 75-year-old female presented for a follow-up appointment for the construction of an implant-retained prosthetic nose.
During the appointment, a prosthetic pin unintentionally dislodged into her nasopharynx. The following serial radiographs (Fig 
1-3) were taken to determine the location of the pin, with a main concern of dislodgement into the patient’s lungs.

In Fig 3, the pin (black arrow) can be seen in the colon. This is an indication that the pin was not aspirated but ingested, 
implying that no further medical intervention was necessary. 

Fig 1: Lateral C-spine radiograph Fig 2: Posteroanterior chest radiograph
Fig 3: Posteroanterior abdominal radiographFigure 1: Lateral C-spine radiograph Figure 2: Posteroanterior chest radiograph Figure 3: Posteroanterior abdominal radiograph
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Objects lodged in the oesophagus usually require surgical 
intervention and are often removed endoscopically.4 

However, if there are signs of impaction, perforation, or 
sepsis, a laparotomy or open surgery may be indicated.1 
If patients ingested blunt objects less than 60mm in length 
and 25mm in diameter, conservative management is 
advised. Weekly radiographs are recommended to observe 
the object passes safely. Failure of the object to pass will 
result in endoscopic removal or laparoscopy.4 

Inhalation of a foreign body can be much worse and is 
regarded as a medical emergency.2 Aspiration of foreign 
bodies tend to be more often trapped in the right bronchial 
tree; this is due to the right bronchus being more vertical.2 
Perforation and pneumothorax can occur if the foreign body 
is sharp or pointed. Signs of pulmonary aspiration could 
include acute dyspnoea, asphyxia, laryngeal oedema, and 
cardiac arrest. Recommended treatment is the immediate 
retrieval of the foreign body by laryngoscopy.

To prevent the inhalation or ingestion of dental objects, 
dentists should ensure the use of rubberdam during 
endodontic and restorative procedures. Attachment of 
dental floss to files is recommended in case they are 
dropped. Additional preventative measures that could be 
considered are high vacuum suctions, gauze throat packs, 
customized impression trays, high-viscosity impression 
material, and placing the patient in a more upright position 
in the dental chair.3
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Root and canal morphology of the maxillary first molar: 
a micro-computed tomography-focused observation 
of literature with illustrative cases: Part 2: Internal root 
morphology.

1.  	� Select the CORRECT answer. The discovery of the MB2 
canal can be challenging due to: 

	 A. 	 Unclear radiographs
	 B. 	 Close proximity to other canals
	 C. 	 Dentine ledges
	 D. 	 Lack of specialised endodontic instrumentation

2. 	� Select the CORRECT option. Which of the following has 
been suggested as the most suitable method to identify 
and describe fine root canal anatomy: 

	 A. 	 Radiographs
	 B. 	 The clearing and staining technique
	 C. 	 CBCT
	 D. 	 Micro-CT

3. 	� Which answer is CORRECT. The global incidence of the 
MB3 canal has been determined as: 

	 A. 	 3%
	 B. 	 0.5%
	 C. 	 5%
	 D. 	 4%

Dental patients’ knowledge, attitudes, and experiences 
related to Voluntary Counselling and Testing for HIV in the 
dental setting in eThekwini district, KwaZulu-Natal.

4. 	� Choose the CORRECT statement from the information 
found in this paper: 

	 A. 	� Less than half of the participants reported to have 
heard of the rapid HIV testing method 

	 B. 	� The majority of the participants indicated to have heard 
of the rapid HIV testing method

	 C. 	� Almost all participants were unsure regarding their 
knowledge on the rapid HIV testing method

	 D. 	� All participants reported to have heard of the rapid HIV 
testing method

5. 	� Based on this paper, choose the CORRECT statement:
	 A. 	� The majority of participants reported not to want to test 

for HIV in the dental workplace because of fear and 
rejection by the dentist following a positive result.

	 B. 	� The majority of participants reported not to want to test 
for HIV in the dental workplace because of fear and 
stigmatization following a positive result. 

	 C. 	� The majority of participants indicated to not to want to 
test for HIV in the dental workplace because they did not 
trust the oral healthcare worker to keep the results of the 
HIV test confidential. 

	 D. 	� The majority of the participants reported to want to 
test for HIV in the dental workplace because it was 
convenient and meant that they could seek medical 
attention sooner. 

6. 	� Which of the following statements is CORRECT based on 
the text in the article:

	 A. 	� The majority of participants visited the dental workplace 
less than twice a year

	 B. 	� The majority of the participants visited the dentist more 
than 5 times a year

	 C. 	� Almost all participants reported to visit the dentist twice 
a year

	 D. 	� Very few participants indicated to visit the dentist once a 
year

A simplified and evidence-informed approach to designing 
removable partial dentures. Part 5. Design examples for 
Kennedy classifications.

7. 	� Select the CORRECT answer. When communicating with 
the dental technician it best to:

	 A. 	 Phone through a design
	 B. 	 Send a prescription as written or drawn or both
	 C. 	 Inform the technician of the material only
	 D. 	 Ask the technician to design the denture

8. 	� Select the CORRECT option. What is the main design 
feature that a Kennedy Class I denture would have that 
would not be necessary in a Kennedy Class III design?

	 A. 	 Rest seats on either side of the saddle
	 B. 	 More than one clasp on each side
	 C. 	 Indirect retention
	 D. 	 None of the above

9. 	� Which answer is CORRECT. How far from the gingival 
margins must a lingual bar be?

	 A. 	 4 mm
	 B. 	 6 mm
	 C. 	 At least 2 mm
	 D.	 Depends on the sulcus

10. 	� Choose the CORRECT answer. What is the minimum 
distance from the lingual functional sulcus to the 
gingival margins to be able to prescribe a lingual bar?

	 A. 	 4 mm
	 B. 	 5 mm
	 C. 	 6 mm
	 D. 	 8 mm

11. 	� Select the CORRECT statement. A maxillary Class IV 
denture should have clasp that that engage:

	 A. 	� The distal undercuts of the last molars on each side
	 B. 	� The mesial undercuts of the last molar that can also 

receive a rest
	 C. 	� It does not matter as long as there is a clasp on each 

side
	 D. 	 None of the above
	
Oral health in children and adolescents with special 
healthcare needs in South Africa: A narrative review

12. 	� Select the CORRECT option. Children with special 
health care needs (CWSHCN) comprise of children and 
youth with or at risk of 

	 A. 	 Physical
	 B. 	 Developmental
	 C. 	 Behavioural 
	 D. 	 Emotional 
	 E.. 	 All the above

13. 	� Choose the CORRECT answer. The most common type 
of disability reported in South African children

	 A. 	 Intellectual disability
	 B. 	 Cerebral palsy
	 C. 	 Autism spectrum disorder
	 D. 	 Hearing impairment
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14. 	� Which of the following is CORRECT. Risk factors that may 
contribute to poor oral health in CWSHCN include A. 	
�Poor dietary choices and between meal consumption of sugars

	 B. 	 Inadequate oral hygiene
	 C.  	 Enamel hypoplasia
	 D. 	 Chronic medications
	 E. 	 All the above

15. 	� Select the CORRECT statement. Access to dental care for 
CWSHCN may be related to 

	 A. 	 Child’s special need/disability 
	 B. 	 Family socio-economic status
	 C. 	 Environmental factors
	 D. 	 All the above

Radiology corner

16. 	� Which option is CORRECT. What are the important signs and 
symptoms of air and gastric obstruction if a dental object 
were to get lost in the oropharynx?

	 A. 	 Blurred vision, fatigue, hunger, and tingling in the feet
	 B. 	� Abdominal pain, headaches, blurred vision, and chest pain
	 C. 	� Wheezing, nausea, vomiting, a skin rash, and nasal 

congestion
	 D. 	� Gagging, coughing, choking, dysphagia, abdominal pain, 

wheezing, stridor, or chest pain 

17. 	� Select the CORRECT answer. Which radiographs are 
recommended for the detection of a radiopaque foreign 
object?

	 A. 	� Posteroanterior and lateral chest radiographs, as well as 
abdominal radiographs

	 B. 	 Abdominal radiographs, CT, and MRI
	 C. 	� Posteroanterior and lateral chest radiographs and lateral 

C-spine radiographs
	 D. 	� Posteroanterior chest radiograph and lateral C-spine 

radiograph

What’s new for the clinician – summaries of recently published 
papers

18. 	� Choose the CORRECT answer. In the Karaduran  et al study 
on AD, which of the following statements best describes the 
finding when comparing the ages of Alzheimer’s patients 
according to the stages:

	 A. 	� There was a  significant difference between Stage I and 
Stage II groups

	 B. 	� There was no significant difference between Stage I and 
Stage II groups,

	 C. 	� There was a  significant difference between Stage I and 
Stage III groups

	 D. 	� There was no significant difference between Stage I and 
Stage III groups

19. 	� Which option is CORRECT. In the Karaduran  et al study on 
AD, Correlation analysis showed that: 

	 A. 	 Age was positively correlated with BOP% only 
	 B. 	 Age was positively correlated with CAL only
	 C. 	 Age was positively correlated with BOP% and CAL 
	 D. 	� Age was positively correlated with SMMT0, SMMT1, and 

number of teeth 

20. 	� Choose the CORRECT option. In the Lindfors et al study, 
the Kappa value found diagnosing periapical radiolucency, 
comparing IO and CBCT was:

	 A. 	 0.21
	 B. 	 0.51
	 C. 	 0.76
	 D. 	 97.7 %

Ethics. Terminating dentist-patient relationships: balancing 
ethics and practical considerations

21. 	� Dentists Autonomy. Select the CORRECT statement. 
According to the article, what is the dentist’s autonomy in 
deciding whether to accept or terminate a dentist-patient 
relationship?

	 A. 	 Dentists must accept every patient who seeks their services.
	 B. 	� Dentists have the autonomy to reject patients but based on 

good grounds permitted by law.
	 C. 	� Dentists are required to terminate relationships based on 

financial constraints.
	 D. 	� Dentists can terminate relationships only in emergency 

cases.

22. 	� Workplace Safety. Which of the following is CORRECT. What 
obligation does the National Health Act, 2003 impose on 
practitioner employers concerning the treatment of patients 
with a history of violent and abusive behaviours?

	 A. 	� Employers are obligated to immediately terminate the 
dentist-patient relationship.

	 B. 	� Employers must refer such patients to colleagues within the 
practice.

	 C. 	� Employers are required to take steps to control the risk 
posed by such patients.

	 D. 	� Employers are not responsible for the actions of patients 
within the practice.

23. 	� Discussing Financial issues with patients. Select the 
CORRECT option. According to the article, why do some 
practitioners express discomfort discussing financial issues 
with patients?

	 A. 	 Fear of damaging their professional reputation
	 B. 	 Inability to accurately estimate treatment costs
	 C. 	 Concerns about patients’ unrealistic expectations
	 D. 	 Resistance to accepting fee reduction requests

24. 	� Written Notice. Which option in NOT CORRECT. According to 
the article, what is NOT required in the written notice when 
terminating the dentist-patient relationship?

	 A. 	 Specific reason for termination
	 B. 	 Effective date of termination
	 C. 	 Recommendation to a subsequent provider
	 D. 	 Interim care provisions

25. Reasons for Patient Dismissal. Select the CORRECT answer. 
According to the article, what is a justifiable reason for terminating 
the dentist-patient relationship?
	 A. 	 Patient dissatisfaction with treatment results
	 B. 	 Patient’s inability to afford immediate payment
	 C. 	 Patient’s refusal to follow treatment plan
	 D. 	 Patient’s disagreement with administrative decisions
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Indications1

For the treatment of fungal infections of the
mouth (oral candidiasis or thrush) and for
fungal stomatitis occurring in association with
dentures.

Dosage and Directions for Use1

• Can be used from the age of 4 months. 
• Spread evenly over the affected areas

of the oropharyngeal mucosa
and tongue. 

• Apply four times a day, after meals.
• Continue using for another two

days after the infection
has cleared.

Your patient needs…

Proven Efficacy2

Miconazole gel is significantly superior to 
nystatin suspension with regard to efficacy, 
rapidity of achieving cure and oropharyngeal 
yeast eradication.
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Pineapple flavour1

Recurrent Oral Thrush?

Adapted from Hoppe J, et al.2


