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Dr Per-Ingvar Brånemark 
- The father of osseointegration

Dr Per-Ingvar Brånemark 
Per-Ingvar Brånemark was ultimately recognised as the “father of osseointegration”… re-
ceiving the Swedish Engineering Academy medal for technical innovation and the coveted 
Swedish Society of Medicine Soederberg Prize in 1992… at the time of his death in 2014,  
he held more than thirty honorary positions at Universities through Europe and North America… 
and had been declared the European Inventor of the Year in 2011 in the category Lifetime 
Achievement. 
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Dentistry and our patients had the great fortune that Dr 
Brånemark stumbled inadvertently on the principle of 
osseointegration …the stumbling may have been inadver- 
tent but the genius was in the recognition and application 
of the  discovery. 

Per-Ingvar and his team at Gothenburg were in 1952 
studying blood flow during healing and chose titanium to 
encase optical devices which were inserted into the tibia 
and fibula of rabbits. At the end of the project the re- 
searchers discovered to their surprise that the titanium 
had fused into the bone and could not be removed.

The immediate recognition of the potential of this disco- 
very to provide an anchor for artificial teeth was followed 
by a protracted period of safety testing before Brånemark 
felt confident to introduce the technique to the world. 

The dental world was, however, just not ready to accept  
challenges to the long-held belief that foreign bodies  
introduced into human tissue would always result in  
inflammation and probably rejection. 

The tentatious Dr Brånemark endured rejection of repea- 
ted applications for research grants… but at last the 
Swedish National Board of Health and Welfare in the  
1970’s approved the implants. By then the good doctor 
had accumulated considerable evidence including a pa- 
tient who had for decades effectively relied on four 
mandibular implants to support his denture. 

Experiments had also been carried out on human sub- 
jects …some 20 laboratory researchers had implants 
inserted into their upper arms... some still bearing the 
scars!

It was at a meeting in Toronto in 1982 that a signal re- 
cognition was given to the discovery… osseointegration 
had finally arrived and of course since then millions of 
patients have benefitted from the technique. 

The profession acknowledged “the extensive and weighty 
documentation of implant efficacy” and “early replication  
by reliable independent researchers”.

Whilst the concept became known as the Brånemark 
system, and was widely accepted, there have been other 
developers who have produced the specialised titanium  
or titanium-coated implants and today the option is rea- 
dily available for numerous applications, for example to 
support external hearing aids, prosthetic ears and noses.  
Temporary anchorage using small titanium screws has 
taken over in many aspects of Orthodontics… patients 
happily accepting the technique in place of headgears  
and other cumbersome appliances.

South Africa was in fact one of the first countries to em- 
brace osseointegration. Professors Slabbert and Lownie 
from Wits travelled to Sweden to be “inducted into the  
clan” and returned to introduce the clinical procedures  
to the profession here.

Per-Ingvar Brånemark was ultimately recognised as the 
“father of osseointegration”… receiving the Swedish En- 
gineering Academy medal for technical innovation and  the 
coveted Swedish Society of Medicine Soederberg Prize 
in 1992… at the time of his death in 2014, he held more 
than thirty honorary positions at Universities through  
Europe and North America… and had been declared the 
European Inventor of the Year in 2011 in the category 
Lifetime Achievement.
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Radiograph of Brånemark's initial rabbit specimen, showing the titanium 
optic chamber fixed to the rabbit's tibia and fibula.
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“Shortage” has become a central and recurring theme 
during the COVID-19 pandemic, whether reflected in  
materials or consumables that include personal protec- 
tive equipment (PPE),  or  in  human  resources. 

The effects that resulted from shortages of essential 
consumables and materials demonstrated the influence 
supply-and-demand has on costing, on planning, and on 
our service-delivery efficiency in the past three months. 

In various practices and clinics, this theme has high- 
lighted the benefits of creating redundancy in systems 
and in different resource types. Redundancy has bene- 
fits that extend to infection control, to materials and 
consumables management, to the communication be- 
tween the patient and practitioner and between staff 
members, to time management, and to the overall 
management of human resources. 

Redundancy in systems can be structured to benefit 
different dental settings. An example is the way in which 
some clinics use a rostering and/or rotational staffing 
system during the COVID-19 pandemic. Redundant and 
semi-redundant systems in terms of short-staffed sce- 
narios can see an improvement of service delivery by 
overlapping shifts for rotating staff, thus ensuring shorter 
shifts for the same number of staff members, achieving  
the desired service levels and achieving treatment goal, 
but at the same time minimizing the risk for poten- 
tial exposure to SARS-CoV-2. 

Layering of such semi-redundant systems can compen- 
sate for staff shortages in case one or more are unavai- 
lable to  perform their  essential  services. 

Similarly, data-redundancy ensures security and accuracy 
in communication, in information access and in delivering 
outcomes. This creates efficiency in the clinical setting, 
whether writing a referral letter, performing a procedure,  
or even billing a patient.

By layering redundancy into practice systems, the con- 
sistency of service delivery is reinforced. Consistency 
provides both the patient and clinician with a sense  
of security and does not leave either vulnerable to un- 
certainty. The trust-relationship between clinician and pa- 
tient will benefit from consistency and security, especially 
when the practitioner is able to focus on the service 
they provide and is not distracted by any shortage or 
unnecessary risks.

Patients will require access to oral healthcare during the 
pandemic. The availability of the dental practitioner to 
treat patients is therefore vital. Patients who present with 
pain and sepsis often require assessment and treat- 
ment outside of normal working hours. 

Performing this essential treatment will only be possible 
if there are no voids in systems and resources. Layering 
redundancy into communication systems for example, 
ensures that no patient is left unattended. It addition-
ally ensures that all staff are aware of current situation/ 
status of the clinic  or practice.

Redundancy in systems and in resources therefore 
increases professionalism and the ability to perform our 
duty with accuracy. In the time of COVID-19, we want  
to do so safely, knowing that the safety-net of re- 
dundancy will be there to compensate for unforeseen  
eventualities  making it deliberate and essential.

Redundancy: 
when plenty is just enough  

Neil H Wood: Managing editor. Email: neil.wood@smu.ac.za
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South African Oral Health Care (OHC) providers, just like 
all over the world, are considered essential services and  
are tasked with addressing the challenges of provid- 
ing treatment during and after the COVID-19 pandemic.  

OHC is an essential need, which, if left unattended 
could lead to crises that are life threatening or even fatal.  
Thus, continued care is vital to safeguard the (oral and 
systemic) health of our patients, prevent serious com- 
plications and sustain the profession.  

The fights against the pandemic if further compounded  
by factors such as: the lack of water in rural areas and  
the escalation of PPE cost.

SADA has noted with great concern that life-saving 
protective equipment is running critically low in facilities 
across South Africa, and the world, due to increased 
demand created by the COVID-19 pandemic. The PPE 
stock continues to be affected in light of export re- 
strictions, increased costs and disruptions in logistics.  

Many of our OHC have not been able to procures the 
necessary PPE. SADA is becoming increasingly frustra- 
ted that as well as its members not being to procure  
PPE, suppliers are unable to give answers as to when  
PPE stocks would be available.

Since COVID-19 we have noted a more than 1000% 
increase in costs for required personal protective equip- 
ment since the deadly virus started its rampage in the  
South Africa. This increase continues. The increase is 
attributes to supply-and-demand factors, as well as the 
increased number of items mandated for safety, and  
the call for frequent changes. The government seems to  
be heading the call and we hope to see the escalation  
curtailed.

We equally also concerned about the lack of water in 
rural settlement and health facilities across the country. 
These areas are the most vulnerable and may become 
key centers on the spread of the coronavirus. We how- 
ever remain hopeful that Minister of Human Settlements, 
Water and Sanitation, Lindiwe Sisulu, will fulfill her pro- 
mise that that water provisions, such as tanks and  
stand pipes, for rural and informal areas would be drasti- 
cally increased as a means to further fight the pandemic. 

The very close proximity of the OHC providers to their 
patients as well as the massive generation of aerosols 
during routine and emergency procedures increases the 
risk of COVID-19 contamination and cross infection.  

The case for infection control measures to be 
provided for by third party funders 
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For years, OHC workers have adopted, extensive pre- 
cautions against numerous blood borne viral illnesses  
such as HIV and hepatitis, and fungal and bacterial 
challenges. The current trends in infection control and 
use of personal protective equipment (PPE) have been 
adequate to meet this challenge. However, the advent  
of COVID-19, with a different vector of infection, has 
made our current cross infection control strategies en- 
tirely inadequate.

The production of aerosols leads to extensive contam-
ination of our surgeries, surgical scrubs and our PPE.  
This significant contamination requires that we efficiently 
disinfect our surgeries and appropriately disinfect or 
dispose of some of the PPE.  

As a response to the current crisis, the SADA protocols 
committee developed a document that provides scientific 
guidelines for safe practice for all OHC workers and 
especially for their patients. 

We refer to Dental Clinical Protocol in Response to  
the COVID-19 Pandemic 2020: A South African Per- 
spective, which has been widely adopted by all OHC 
workers in South Africa, academia and the HPCSA.

In addition to the standard PPE required, SADA ad- 
vocates for the use of Rubber Dam as an Essential 
Protection Measure. Not only is the use of rubber dam 
considered critical in the reduction of infectious patho- 
gen transmission, but scientific reports highlight why the 
use of rubber dam should be considered mandatory for 
all routine endodontic and restorative dental procedures. 

The advantages include but not limited to: 

 • The prevention of cross contamination.

 • Protection of both operating staff as well as the patient.

 • Improved effectivity and longevity of dental treatment. 

The protective nature of rubber dam for both patient 
and operating staff in conjunction with its many clinical 
advantages is largely underestimated and undervalued  
and should therefore be classified as essential and stan- 
dard protocol for dental procedures.

This requires extra-ordinary measures in the dental en- 
vironment to protect patients, employees and practitio- 
ners, and they must be carried out in accordance 
with the latest international and SADA guidelines and 
protocols. The use of PPE, routine use of rubber dam  
(for both endodontic and restorative procedures) as well  
as thorough disinfection and sterilisation procedures  
cannot be relaxed until a vaccine or cure has been  
developed or herd immunity has  been achieved.

These measures result in a significant increase in the  
costs of providing of dental services, which are not cater- 
ed for in the current reimbursement system, and many 
practices will be unable to fund them without support. 
However, this cost is small compared to that of losing  
a life. Our priority is the safety and wellbeing of our pa- 
tients and their families, our staff and their families and 
ourselves and our families.

SADA is currently engaged with third party funders to 
ensure they support the infection control measures adop- 
ted by the profession.
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South African adolescents consume relatively low fruit 
and vegetables in spite of the development of food- 
based dietary  guidelines  for  South Africa.

The aims and objectives of the present study were  
to investigate parents’ perception of their role in the  
prevention of the health compromising behaviour of in- 
adequate consumption of fruit and vegetables among  
adolescents in South Africa. 

The study design was qualitative and exploratory and 
the research strategy used was inductive, deductive and 
abductive. 

Using a guiding question schedule data were collected  
from five focus group interviews. A non-probability purpo- 
sive theoretical sampling method was utilized and the  
sample size of 37 determined by theoretical saturation.  
Data analysis was performed using the grounded theory 
approach.

The findings of the study suggest that children should 
be introduced to fruit and vegetables as early as possible. 

The study recommends that infants should be exposed  
to the taste of locally available fruit and vegetables fol- 

lowed by the gradual introduction of fruit and vegetables 
into their diet together with a variety of other nutrient-
dense foods when solid foods are  being introduced.      

Qualitative research, adolescents, taste buds, inade- 
quate fruit and vegetables, interventions, oral health, 
South Africa.

The perception that nutrient-based dietary guidelines are  
not effective in promoting appropriate diets and healthy 
lifestyles has motivated a number of countries including  
South Africa to develop food-based dietary guidelines 
(FBDGs) in accordance with the recommendation of Food 
and Agriculture Organisation/World Health Organization  
(FAO/WHO). 

The South African FBDGs were satisfactorily tested for  
comprehension, appropriateness and applicability in con- 
sumer groups of different ethnic backgrounds in both 
rural and urban areas.1 Consuming a diet high in fruit and 
vegetables is associated with a decreased risk of many 
chronic diseases, including periodontal disease because 
fruits and vegetables are good sources of many impor- 
tant nutrients such as potassium, vitamin C, folate, fiber, 
and numerous phytochemicals.2

Even though the composition of the family unit has un- 
dergone considerable change in recent decades due to 
a variety of socio-economic developments, it remains the 
first learning environment for the child. The influence of  
the family continues throughout adolescence and indeed 
throughout the life-course of the individual to varying de- 
grees because parents are powerful role models and 
influence.3 Consumption of fruit/vegetables among adole- 
scents is a healthy behaviour consistently related to higher 
parental socio-economic status (SES).4 

Foods high in fat and sugar are cheaper per unit energy 
when compared with foods rich in protective nutrients 
such as fruits and vegetables.5 This is also the reason  
why social support correlates positively with fruit/vege- 
table intake.6 
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The most important predictor of fruit and vegetable con- 
sumption is suggested to be gender7, and this differ- 
ence is also evident in children as young as four years  
of age.8 A Norwegian study involving adolescents, found 
that boys ate less fruit and vegetables than the girls be- 
cause they like them less. However, the reasons for this  
are yet to be identified.9 

Rovner et al.10 indicate that the availability of fruits and 
vegetables in the school environment is positively asso- 
ciated with the consumption of these foods by younger 
learners. A Minnesota study on the other hand, indicates 
that snack vending machines availability in schools are 
associated with a decrease in the consumption of fruits 
among seventh graders.11

South African adolescents consume relatively low fruit 
and vegetables in spite of the development of food- 
based dietary guidelines.1 There is need to understand the 
role of specific psycho-social factors associated with low 
fruit and vegetables consumption among adolescents in 
South Africa and to provide scientific evidence that may 
lead to the development of health promotion strategies, 
targeted interventions that are appropriate and effective 
from the perspective of parents. 

This is because unhealthy lifestyles in adolescence in- 
cluding the low intake of fruit and non-starchy vege- 
tables may predict the occurrence of adult chronic sys- 
temic conditions which may include or determine risk  
for poorer oral/general health  status in adults.12 

The present study was therefore, designed to provide 
an opportunity to generate new knowledge and improve 
the understanding of pathways to oral health inequalities 
among adolescents through the investigation of parents’ 
perception of the psycho-social factors associated with 
inadequate consumption of fruit and non-starchy vege- 
tables among adolescents in South  Africa.

 

The study design was a Double-Layer Design, which 
had geographic areas as the first layer and the different 
audiences as the second layer. It was qualitative explo- 
ratory and the research strategy used was inductive, 
deductive and abductive. The sampling method utilized 
was the non-probability purposive theoretical sampling 
method.

The number of participants recruited was 37; mean age 
46.3 years [95% CI = 43.0-49.5]. They were homoge- 
neous in the sense of shared experience of residing in  
one community but diverse in terms of their professions.  

No attempt was made to achieve a provincially repre- 
sentative sample but in order to ensure that the data  
was not skewed the study endeavoured to accommo- 
date participation from both the urban and semi-rural 
areas. This was also the reason why the four racial 
groupings in South Africa (Black, Coloured, Asian/Indian 

and White) were recruited and the perspectives of the  
two major global religious groupings (Christianity and 
Islam) obtained.

Five focus group interviews of subjects who met the cri- 
teria of the study, of being a past/current parent or care- 
giver to an adolescent were conducted between months 
of March and November, 2015. The interviews were  
conducted in venues acceptable and accessible to all  
the invitees. 

The researcher used the following opening question to 
ensure that the participants meant the inclusion criteria: 
Please, has any adolescents between the ages of 10 to 
19 year lived with you or living with you at the moment?” 

Consent was obtained and the participants were then 
requested to complete a short questionnaire on demo- 
graphic characteristics.

A semi-structured interview guide developed for this  
study was used to ensure consistency in data collection 
from the focus group interviews while at the same time, 
allowing the interview sessions to be flexible enough to 
optimize the natural flow of discussion. In order to allow 
the participants to freely express themselves and reduce 
the chance of priming the discussion, the interview guide 
included a series of open-ended questions. 

These questions were designed to stimulate discussion 
among the participants regarding their perception of 
their role in the prevention of inadequate consumption of 
fruit and vegetables among adolescents in South Africa.  
The use of the layperson’s language for the benefit of all 
participants was encouraged so as to reduce the odds  
of inhibition. The participants took turns. This was to 
ensure that they all had equal opportunity to contribute  
to the discussion.

This study applied the grounded theory methodology in 
the data analysis. Data analysis of the transcripts began 
with Open (Substantive) and Axial Simultaneous Coding 
method (First and Second Cycle coding processes) which 
was employed right from Initial Coding up to integrated 
data analysis. A specialist in Community Dentistry was 
engaged as an  independent coder to reduce bias.

This study was approved by the Senate Research Ethics 
Committee of the University of the Western Cape, South 
Africa (Ref No. 11/1/55). Details of the sample proce- 
dure of this study have earlier been published.13,14 In brief, 
five focus groups interviews (minimum of six participants 
each) were conducted between the months of March  
and November,  2015.

Participants were past/current parents or caregivers to 
adolescents. Pseudonyms were used to ensure confi- 
dentiality was maintained throughout the study by not 
revealing the true identities of the participants. 

MATERIALS AND METHODS

Study design and sampling procedure

Profile of participants

Data collection

Data analysis

Ethical considerations
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The purpose of the study was explained by researcher 
to the understanding of the participants and were shown  
the ethical approval for the study before they read and 
signed the informed consent forms. 

Permission to use the audio recorder was obtained from 
each participant at the commencement of every interview. 
The participants were informed that their participation in 
the interview was entirely voluntary and that anyone may 
decline to answer any questions. 

The researcher made it clear that any of them was at 
liberty to withdraw from the interview at any time without 
consequences.

The sample size of 37 which was determined by theore- 
tical saturation included 23 fathers, one grandfather, 10 
mothers and three grandmothers. Thirteen of them had 
tertiary education while 14 had matriculated and 10 did 
not have matric. Overall, 25 Blacks, seven Coloured, three 
Indians and two Whites were recruited. Thirty of these 
participants were Christians while the remaining seven  
were Muslims.

The results of the data analysis using the grounded theory 
methodology were articulated in the two substantive cate- 
gories below:

1. Adolescent inadequate consumption of fruit and 
vegetables.

2. Parents’ perception regarding their roles.

The study participants were unanimous regarding the 
important role of good upbringing of children starting at 
a very young age and the importance of the home envi- 
ronment in the formation and retention of the healthy 
behaviour of consuming fruit and vegetables. 

There was complete agreement among the participants 
that a parent’s healthy behaviour had a significant effect  
on their adolescent children’s tendency towards that be- 
haviour because parents are powerful role models that  
their children emulate. 

Therefore, parents should be positively exemplary. The 
participants also, opined that different races eating differ- 
ently; some consuming more vegetables than others. 

Children reject foods that do not taste “nice” such as cer- 
tain vegetables and they are also choosy. Below are some 
excerpts from the participants’ discussions:

Vegetables and fruits - that’s based on the way you  
grew up. If you grew up eating a lot of vegetables and  
fruits then you eat a lot. 

…these kids when they growing up they …don’t eat fruits  
or veggies… they are very choosy...

…people from certain cultures eat much more fruit or 
vegetables and stuff like that…

You have to be a right role model from when the child is  
small they look up at you as the parent. They imitate 
everything you do. So, if you do the right stuff the child 
 will remember...

What I can say is with that kids eating behaviour… it 
depends on the home environment that they were grow- 
ing  up in. 

The participants expressed their concern regarding ado- 
lescents’ preferences mainly on account of the taste of 
fruit and vegetables in comparison with confectionaries.  

If an adolescent grew up eating fruits and vegetables,  
the adolescents were likely to remain so. Some excerpts 
below illustrate their concern:

I think with vegetables, some of these ……are not very 
nice…they don’t taste nice. So, you can’t tell a child to eat 
them because they are not as nice as burgers…

The wife, the mother trained that child from small, they 
never exposed the child to sweets and that child eats 
vegetables, that child eat raw food and vegetables with 
every meal. And for the child that is a normal thing be- 
cause they don’t know anything else. So, all the other 
cousins come and look, and, they shocked to see the  
child eating so much vegetables…

The study participants highlighted the significant influence of 
the school environment on adolescents’ attitudes towards 
the healthy lifestyle of consuming fruit and vegetables as 
illustrated by the excerpts below:

Now at school they don’t sell veggies. I mean the school 
food kiosk. They sell only sweets and chips, Doritos what  
do you call them. They sell coke …no fruit salad, not 
vegetable salad…
 
I don’t think the schools teach children about the im- 
portance of fruits and vegetables. Even the midday meals 
don’t have fruits and veges. They give fruit juice because  
it can go round when water is added… 

Advertisement and marketing of healthy behaviours and 
products attract adolescents to such behaviours but no- 
body advertises fruit and vegetables asserted the par- 
ticipants. Below are some contributions:

…no-one advertises fruits or vegetables like sweet things…
what’s advertised is what attracts people.

If you advertise a cucumber in TV and you explain the 
goodness of it and what I’m getting from it, may be, I will 
consider buying it but you don’t see that. Because there is 
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no-one that is going to benefit from advertising cucumbers 
in the TV…

The participants lamented that fruits are not as cheap as 
sweet things but they also indicated that eating unhealthily 
is also a matter  of  priority not affordability  only. 

Some of their responses were: 

May be the affordability. Fruit and vegetables are not very 
cheap. To buy an apple maybe is three rand. Now fifty  
cents can buy sweets.

There is some families which are disadvantaged but with 
families that can afford it, it may be all about priorities.  
Some people rather buy clothes and other things than  
buy fruit. You know, they look at fruit, they say it is expen- 
sive. But if you compare fruit and a pair of shoes, they will 
rather go and buy a pair shoes.

 

This section is conceptualised as a multifaceted construct 
grounded in the interview data and it had the following 
components:

The participants in the present study appeared to be 
knowledgeable regarding the benefits of consumption of 
fruit and vegetables, including the nutritional/health values 
and the cleansing effects on the oral cavity.

If you eat vegetables and fruits you become healthy be- 
cause they add vitamins, nutrients, all the carbohydrates, 
proteins. You grow up healthy. Your teeth will be strong  
and clean. You have calcium and everything. But if don’t 
take them you  are  not that  healthy. 

For example, carrots have a cleaning effect in your mouth 
but if you don’t know that… you will, you keep eating  
sweets and what not. You leave things that are healthy…  
so the disadvantage is that you are not eating something 
that is keeping you alive, that is keeping your sight func- 
tional well, that is cleaning you, that is giving you a good 
body, a good system. You know because some fruits,  
some vegetables,  they  help clean your  body.

The challenges parents face include children’s general 
dislike for vegetables, peer pressure and outside influences 
so parents cannot raise their children alone.

I think we need help as parents with each other to, to  
raise kids. We can’t raise these children alone.

Ah, yea, these days kids don’t like, love vegetables. They 
hate it, whoa.

You see we can try to do our best by our home. Outside, 
they at school, the other ones, eating those sweet  
things, chocolates …so they will share as kids.

While the development of affordable, positive, practical, 
sustainable and culturally sensitive FBDGs to help South 
Africans, aged five years and over is commendable, South 
African adolescents still consume relatively low fruit and 
vegetables.2 This is likely because children as young as 
four years of age8, perhaps much younger have already 
formed their taste preferences for fruit and vegetables.  
The main concern of this study was adolescents’ prefer- 
ence for sweets and confectionaries mainly on account  
of the perceived lack of  taste of fruit and vegetables. 

The important role of good upbringing of children when 
they are infants and also of the home environment in the 
formation and retention of the healthy behaviour of con- 
suming fruit and vegetables was highlighted by the pre- 
sent study. There was also the opinion that different races 
eating differently; some consuming more vegetables than 
others and that if an adolescent grew up eating fruits  
and vegetables, the adolescents was likely to continue into  
their adulthood. 

This opinion is supported by a recent study conducted in 
the United States of America, which found that older Black 
and White women eat differently although the dietary pattern 
within each racial group varied considerably depending on 
factors such age, socio-economic status and neighbour-
hood.15 Apart from different races eating differently, the 
interview outcome of the present study did not perceive race 
has a dominant influence on adolescent’s attitude towards 
fruit and vegetables. However, with both acculturation and 
globalization there are changes in preferences for certain 
foods and these changes may differ by ethnic groups.  
For example, in one study, first-generation Asian and 
Latino adolescents consumed higher fruit and vegeta- 
bles and lower soda than the American white population. 
With succeeding generations, the consumption of these 
items by Asians remains stable. In contrast, fruit and 
vegetables consumption by Latinos decreased while their 
soda consumption increases, so that by the third genera- 
tion their nutrition has become poorer than that of the 
American white population.16 

Although, culture is a dynamic construct because it changes 
over time, it still remains a significant influence over what 
adolescents consume because of familiarity, and perceiv- 
ed healthfulness. Culture has food beliefs around certain  
meals and food has indeed, been both an expression of 
cultural identity and a means of preserving family and 
community unity.17,18  The present study also identified 
parents’ healthy behaviours to have significant effect on 
their adolescents’ tendency towards such behaviours 
because parents are powerful role models, as their children 
emulate them. Parents should therefore, be positively 
exemplary. 

There are two main ways parents’ modelling can increase 
a child’s consumption of fruit and vegetables. Observation 
could change behaviours directly or frequent provision of 
fruit and vegetables at meals could increase the possibility 
of consumption by promoting liking through increased 
taste exposure.19 Parents therefore, need to be active and 
positive role models by eating a wide variety of foods  
and fruit/vegetables regularly. Parents should also ex- 
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Parental knowledge
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pose their children to fruit and vegetables through movies,  
books, or gardening to stimulate their interest in them.20  
Consistent with previous studies the present study high- 
lighted the significant influence of the school environment 
on adolescents’ attitudes towards the healthy lifestyle of 
consuming fruit and vegetables.1,10,11 Schools should not 
only teach the value of fruit and vegetables but should 
encourage their availability within the school premises 
in favour of snack venting machines10 and also, include  
them in midday meals where  such are  provided.21

Adolescents are continuously exposed to a constant bar- 
rage of advertisements for sweetened drinks, fast foods 
and high-caloric snacks on television commercials.22 The 
parents in this study continually referred to the perva- 
siveness of fast foods in today’s daily life. Another area of  
concern is that fruits are not as cheap as sweet foods 
although it was also recognized that eating healthy is 
a matter of priority not affordability only. In situations 
where affordability is an issue, parents should be creative; 
preparing attractive and tasty meals using vegetables.21 

Vegetables are even more likely to provide optimum 
nutrients and protection because they are usually  
prepared fresh for meals preferably immediately after  
harvest, especially, in the rural areas; unlike fruits that 
are often eaten many days after harvest. Availability and 
lower cost of vegetables when compared with fruits that 
are also highly contingent on seasonal fluctuations is 
therefore, a great advantage.23

The parents in the present study appeared to be know- 
ledgeable regarding the benefits of consuming fruit and 
vegetables. The perception of some of them regarding 
adolescent inadequate fruit and vegetables consumption 
was that in spite of the nutritional/health values and the 
cleansing effects on the oral cavity, children of this age do 
not like consuming fruit and vegetables because they do 
not taste nice when compared to the fast foods that are 
available. 

This confirms the assertion of Vorster et al. that South 
African adolescents consume relatively low fruit and vege- 
tables despite the development of food-based dietary 
guidelines.2 This situation is partly dependent on how the 
adolescent was brought up and that it may improve if 
parents consumed fruit and vegetables regularly at home. 
Besides gender,7 parents’ fruit and vegetable consump- 
tion is one of the strongest predictor of a child’s con- 
sumption of these foods because a parent’s healthy be- 
haviour has significant effect on their adolescents’ ten- 
dency towards that behaviour.3 Whereas some parents 
understand quite well what they should be teaching 
and feeding their children, they do not know how to en- 
courage their children to eat healthily and avoid unhealthy 
behaviours. They lack practical strategies on how to  
achieve this.24

Infants are known to naturally have intrinsic preferences 
towards certain taste qualities and dislikes for others.  
They are also choosy and prefer sweet-tasting foods and 
reject foods that do not taste nice such as certain 
vegetables.25 They are also reluctant to try new foods. A 
reluctance to try new foods is called neophobia.20 Neo- 
phobia seems to be minimal around the age of 140-180 
days, so infants may be more willing to try new foods at  

this age26, making it the ideal time to help them acquire  
a taste for vegetables.

However, neophobia can often be overcome in children  
who have positive role models. Children are more likely  
to try unfamiliar foods if they have observed someone  
else eating them, parents (and sometimes siblings).27  
When parents take a bite of their children’s food and  
show signs of delight or enjoying it, children are more 
likely to try the food.19 Parents therefore, may see better 
results from offering their children a variety of healthy  
foods containing fruit and vegetables from a young age  
and also from repeated exposures to these foods even if  
the child does not like them at first.27 

It is important to note here that fruit juice are not as  
healthy as solid or whole fruits and therefore should  
be discouraged. Solid or whole fruits not only contain  
less sugars (approximately 35% less sugar), the intrinsic  
sugars in them are healthier than the extrinsic sugars  
produced when cell membranes rupture during the juic- 
ing process. Solid or whole fruits also provide a lot 
more fibres and nutrition usually lost during the juicing  
process.28 

Some of the parents reported that allergies to certain  
fruits and vegetables could be one of the reasons why  
they are not eaten. While this claim may be true, it  
is uncommon. A food allergy is an abnormal immune 
response to food. The signs and symptoms may range 
from mild to severe which may include itchiness, swelling 
of the tongue, vomiting, diarrhea, hives, trouble breath- 
ing, or low blood pressure. This typically occurs within 
minutes to several hours after exposure. When the symp- 
toms are severe it is known as anaphylaxis.29 Food in- 
tolerance (e.g. lactose intolerance) and food poisoning  
are different from food allergy. A type of food allergy  
known as oral allergic syndrome is characterize by a  
cluster of allergic reactions in the mouth in response to 
eating certain (usually fresh) fruits, nuts, and vegetables  
that typically develops with hay fever.30

It is pertinent to state here that WHO Fruit and Vegetable 
Promotion Initiative had concluded that up to 2.7 million 
lives could be saved annually with adequate fruit and ve- 
getables consumption, and that a low intake of fruit and 
vegetables is among the top 10 identified risk factors for 
global mortality. Promoting adequate (>400 g/d) con- 
sumption of fruit and vegetables should therefore be a  
key dietary goal.31 Most adolescent oral health behavi- 
ours are initiated in infancy and childhood and are likely  
to track into adulthood with their health implications.32 

As previous documented1 it takes a whole community 
including the schools and on-going efforts of parents to 
provide the enabling environment for the development  
and retention of the healthy behaviour of consuming fruit 
and vegetables. This is not a task for one parent alone  
and here lies the huge challenge. However, findings of 
the present study should be considered in the light of 
the following limitations. The generalizability of its findings 
is limited by the qualitative nature of the study because 
of the use of non-probability, purposive sampling stra- 
tegy and also because of the small number of research 
participants.  
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Despite the limitations stated above the conclusion 
of the study is pertinent and weighty. It suggests that 
targeting South Africans five years and older has not  
been adequately effective in promoting appropriate con- 
sumption of fruit and vegetables. The study therefore, 
recommends the introduction of infants as early as 
possible to the taste of locally available fruit and vege- 
tables as well as the gradual introduction of these fruit 
and vegetables and a variety of other nutrient-dense 
foods when solid foods are being introduced, in order to 
promote their liking through increased taste exposure. 

This practice has the potential to facilitate the mitigation  
of the adolescent unhealthy behaviour of inadequate 
fruit and vegetables consumption. In addition, parents 
and schools should provide enabling environments that 
encourage consumption of fruit and vegetables. The 
study also suggests future investigation of the effects of 
the introduction of infants very early to the taste of locally 
available fruit and vegetables as well as the gradual 
introduction of these fruit and vegetables in their meals 
when solid foods are being introduced on adolescent 
healthy behaviour of fruit and vegetables consumption.
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Cross infection in the dental clinical environment remains 
a low priority in conversations around oral health care 
despite the high risk of exposure to blood and airborne 
infections. 

The aim of this study was to determine the presence of 
selected pathogens after use of disinfectants on specific 
dental environmental surfaces at a public oral health faci- 
lity in KwaZulu-Natal.

This was a cross-sectional descriptive case study with a 
non-experimental design. The dental clinical environment 
was divided into four zones and 9 dental units were sys- 
tematically selected. 

Swabs were collected from the 26 identified areas at  
specific time intervals (7.00, 9.00, 11.00, and 16.00) after  
the use of chlorine, ethanol (70% in water) and glutaral- 
dehyde (2%) as surface disinfectants. The collected swab 
samples were cultured in nutrient agar media for two days 
at 37°C. The colony forming units were then examined  
and characterized using the MALDI-TOF spectrometer. 

Out of the 312 samples taken, 262 (84%) were shown  
to be bacterial culture positive. The most contaminated 
areas in the dental environment were around the chair 
area (86.53%) and the area away from the chair (92%).  

Glutaraldehyde was found to be more effective than 
chlorine and ethanol.

The study suggests an association between the fre- 
quency of cleaning, the type of disinfectant used and the 
bacterial microbial count on the specified dental environ- 
mental surfaces at  the identified oral  health  facility. 

Infection control, disinfectants, dental environment, 
bacteria, cross-infection (contamination).

Cross-contamination in the dental clinical environment 
should be a major public health concern given the high  
risk of exposure to blood and airborne infections how- 
ever this remains a low priority in conversations around 
oral  health care.1 

The greatest potential for cross-infection is among dental 
operators, assistants and patients, due to the presence 
of a combination of blood, saliva and contaminated in- 
struments.1 Apart from these possible sources of cross 
contamination, the environmental work surfaces and water 
lines of dental units could pose a potential risk unless 
optimal infection control  measures are in  place.2 

Patients have the right to access oral health care in a  
safe and healthy clinical environment.3 Universal precau- 
tions in infection control include hand washing/disinfec-
tion; use of personnel protective equipment (e.g. gowns, 
protective eye wear, and gloves); use of disinfectants for 
clinic surface cleaning; and appropriate handling and 
disposal of contaminated sharp instruments and other 
clinical waste.4,5
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bacterial pathogens from dental 
environmental surfaces after use of 
disinfectants - A case study at a public 
dental clinic, in KwaZulu-Natal



Ideally all vegetative microbes should be destroyed using 
heat sterilization procedures, however, it is neither cost 
effective nor practical to sterilize dental working surfaces 
or instruments that are heat sensitive.6 Disinfection pro- 
vides a more practical solution for ensuring prevention 
of cross contamination.1 Disinfection is characterized by 
killing, destroying or removal of all pathogenic microbes, 
except spores.6,7 

There are various disinfection methods, which include 
physical disinfection, heating and chemical disinfection.8 
The disinfectants used in most hospital settings include 
aldehyde, alcohol, Iodophors, quaternary ammonium com- 
pounds, alcohol ammonium and peroxygenated com- 
pounds.9 The effectiveness of a disinfection solution 
is dependent on factors such as the type of microbes 
present, the concentration of the chemical used, and  
its exposure time to the affected microbes.10

Environmental surfaces are classified as clinical (medical) 
contact and housekeeping surfaces.11 Clinical contact 
surfaces are those that comes in contact with contamina- 
ted devices, instruments, hands, or gloves, while house- 
keeping surfaces are not touched directly during the  
delivery of dental care.11 Damp dusting is a common  
disinfection procedure in the dental clinical environment.12 

This study arose of the need to investigate the effective- 
ness of commonly used surface disinfectants on dental 
environmental surfaces. There is paucity of published  
literature that specifically examined the efficacy or effec- 
tiveness of commonly used surface disinfectants in oral 
health clinical settings in South Africa.13 The aim of this  
study was thus to determine the presence of selected 
pathogens after use of disinfectants on specific dental  
environmental surfaces at a public oral health facility 
in KwaZulu-Natal.

 

This was a cross-sectional descriptive case study using  
a non-experimental design. Ethical clearance was ob- 
tained from the UKZN Biomedical Research Ethics 
Committee (BREC reference number: 068/16) and the 
KZN Department of  Health.
(Reference number: 26/16 KZ-2015RP12-306). 

Systematic random sampling was used to select 9 den- 
tal units for the study. All dental units in the oral health 
facility (n =17 ) were considered and those numbered:  
1, 3, 5, 7, 9, 11, 13, 15, 17 were selected for the study.  
The dental clinical environment was divided into four 
zones: 

1. Working area around the dental operator/assistant 
(chair head rest, arm rest, foot rest, dental hand pieces, 
overhead light source, air water syringe tip, spittoon, 
suction hose, base of dental chair, dental chair, foot 
pedal/control, instrument counter and handle).

2. Area behind the dental chair (wash basin, window, 
wall, table top, dust bin, taps).

3. Area away from the dental chair (computer processing 
unit, computer monitor, telephone, floor).

4. Reception area (patient chairs, reception table top). 

All of these areas added up to 26 surfaces that were 
sampled at each of the nine units. Swabs were collected 
from the identified areas at 7.00 in the morning prior to the 
normal infection control and cleaning procedures that are 
conducted in the clinic (pre-disinfection).

Disinfectants such as Chlorine, ethanol (70% in water) 
and Glutaraldehyde (2%) were applied respectively as 
indicated below.

Day 1: Chlorine:
Chair 1: 26 swabs at 7.00 am after cleaning and 
 at 9.00 am.
Chair 3: 26 swabs at 11.00 am.
Chair 5: 26 swabs at 16.00 pm. 

Day 2: Ethanol:
Chair 7: 26 swabs at 7.00 am after cleaning and 
at 9.00 am.
Chair 9: 26 swabs at 11.00 am.
Chair 11: 26 swabs at 16.00 pm.

Day 3: Glutaraldehyde
Chair 13: 26 swabs at 7.00 am after cleaning and 
at 9.00 am.
Chair 15: 26 swabs at 11.00 am.
Chair 17: 26 swabs at 16.00 pm.
  
This was done by using a spray method, as per the 
manufacturer’s instructions on the 26 sites and wiped 
with a cloth for one minute. The procedure of obtain- 
ing the swab samples was done by dipping cotton 
tipped swabs in sterile water using hand-held applicators  
(Sterilin, England), which were pre-moistened with sterile 
normal saline. These applicators were gently agitated/
rotated over the desired environmental surface. 

A pilot study was conducted on dental units that were  
not a part of the identified clinical area so as to address 
any challenges in the data collection process.

The swabs were stored below 23°C, after which they 
were taken to the microbiology laboratory for plating 
on nutrient agar and incubated at 37°C for 24 hours  
to enable microbial growth. 

Colony forming unit (C.F.U.) counts on plates were 
checked for the highest number of different colonies 
after use of the disinfectant. This resulted in 104 swabs 
being collected after use of one disinfectant, with a  
total of  312 swabs for  the three disinfectants.

The microbial colonies were differentiated by obser- 
vation and sub-culturing was done either in bacterial  
or fungal species and other criteria such as growth  
on the specific growth media used, in addition to the 
MALDI TOF (Becton Dickinson Diagnostic Instrument 
System, Sparks, MD). All bacterial isolates were stored 
at very low temperature i.e. at -80°C in Trypticase  
soy broth with 10% glycerol and recovered at 37°C in 
Nutrient Agar  medium prior  to  use. 

METHODS

Areas of sampling

Disinfectants used

Procedure for culture growth and assessment
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Primary subcultures were used for MALDI-TOF MS 
analysis. The mass spectra were deposited in triplicate 
batches for each new strain. The same experiment  
was repeated the following day to ensure reliability 
of the test. A main spectrum (MSP) of the standard  
control strain was created to ensure correct identifica- 
tion of all peaks between the genera and the recom- 
mended score of 2.9 was used as the ideal detection 
score for the genus and species detection.

The first step of the analysis involved visual assessment of 
the colonies on the agar plates. This involved identifying 
the morphology of the different bacterial growths and  
the presence of C.F.U counts. The second step of the 
analysis involved sub-culturing of a specific CFU colony. 
The colony with the highest healthy C.F.U. count was 
selected for sub-culturing.

The identified colony was picked up using the tip of a 
toothpick. Subculture colonies were grown on selective 
media such as MacConkey agar for Gram-negative 
bacteria. S. aureus was isolated using Manitol salt agar. 
Enterobacter species was isolated using Bile salt agar. 
The third step of the analysis was the species identifica-
tion of the unknown isolates through the use of MALDI 
Biotyping.

The bacterial growth in the samples was checked before 
the application of the disinfectant, and this became the 
control measurement. This data was compared with the 
four selected areas (chair side area, area behind chair,  
area away from chair and reception area).

The colonial growth on the MALDI-TOF machine was 
checked and compared with the experimental bacterial 
spectra with the regulator group spectral bacteria (Bruker 
Bacterial Test Standard (BTS) and E. coli DH5 alpha).  
The microbial count was determined and compared 
after use of disinfectant at a specific time interval (the 
7.00 am data was compared to the 11.00 am results).  

The viable colony forming unit count (C.F.U.) in the  
range of 10 to 100 was considered to create infection. 
The key quality assurance process was the identifica-
tion of each colony forming unit’s molecular mass which 
was then compared to the bio-information repositories  
in MALDI-TOF.

Univariate descriptive statistics such as frequency and 
mean distribution were conducted for all variables. An 
inferential technique such as the Pearson chi-squared  
test was used to determine a relationship between the  
use of the specified disinfectants and positive bacterial 
growth. A level of p<0.05 was established as being  
statistically significant.

Altogether 312 swabs samples were collected from vari- 
ous sites and 262 samples (84%) were found to be cul- 

ture positive.  Almost ten different species of bacteria and 
fungi were isolated, with Staphylococcus and Bacillus spp 
being the most commonly isolated. 

The most frequently isolated bacteria were Gram-posi- 
tive cocci (CoNS, Enterococcus spp and S. aureus),  
and Gram-negative enteric bacilli (Escherichia coli and 
Klebsiella pneumoniae). Other strains such as Bacillus 
megaterium, Neisseria species and Enterobacter cloacae 
were confirmed by the MALDI-TOF.
 
In total, 78 samples were taken pre-disinfection and all 
samples (100%) showed bacterial growth. After use of 
chlorine 68 samples out of 78 (87%) showed bacterial 
growth. Six different bacterial strains were observed 
(Staphylococcus, Bacillus Enterococcus spp, S. aureus, 
Escherichia coli and Klebsiella pneumoniae). 

After the use of ethanol, 61 samples out of 78 (78%)  
showed bacterial growth and two different bacterial  
strains were observed (Bacillus and Staphylococcus spe- 
cies). After the use of Glutaraldehyde, 53 samples out 
of 78 (68%) showed bacterial growth and only one  
bacterial strain was observed (Staphylococcus species). 

The contaminated areas in the dental clinical environment 
included the working area around the dental operator/as- 
sistant where 135 out of 156 samples (86.5%) had posi- 
tive bacterial growth. This was followed by the area be- 
hind the chair where 59 out of 84 (70.2%) had positive 
bacterial growth. Alarmingly, the area away from the dental 
chair had higher levels of positive bacterial growth (92%).  

The microbial count (CF.U.) for the identified areas of the 
dental clinic are presented in Table 1. The microbial count 
in the reception area before the application of disinfectants 
was high, and remained high despite the application of 
disinfectant at different time periods in the day. All samples 
in the reception area (n=24; 100%) showed positive bac- 
terial growth, which suggested that the reception area  
was more contaminated than the dental operating area. 

The percentages of microorganism growth after disinfec- 
tion procedures at specific time intervals are indicated in 
Table 2. Glutaraldehyde was the most effective disinfec-
tant at all tested times (mean=17.66, p=0.01) followed  
by Ethanol (mean = 20.33). Chlorine was the least effec- 
tive at all  tested times (mean=22.66).

The results of this study indicated that the microbial count 
on dental environmental surfaces (pre and post disinfec-
tion) was fairly high. Staphylococcus species were found  
on various surfaces of  the dental clinic. 

These findings are in contrast with Umar et al. who 
reported that Staphylococcus aureus and coagulase- 
negative Staphylococcus (CONS) constituted only 6% and 
5% respectively of  their  isolated  bacterial  strains.14

Microbiological analysis

Statistical Analysis

RESULTS
Types of pathogens identified in dental clinic 

Most contaminated areas of the dental clinic  
post-disinfection 

Level of contamination at different time intervals

DISCUSSION
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Although this study focused on surface microbial count, 
these findings are similar to those reported in studies 
that examined airborne microbial load within the dental 
operating area.15,16 The use of high-speed dental hand 
pieces (including those combined with a water spray) 
could potentially create aerosols which could increase risk 
for cross infection in the dental clinic.17,18 The presence of 
Staphylococcus species in  this study could be attributed 
to its presence in the human body and it may suggest poor 
hand hygiene procedures or disinfection procedures.19 
Mehtar et al. further observed in their study that infection 
control practices were sub-optimal despite the availability 
of related information on universal precautions for dental 
personnel.20 

This study findings also indicated that colonies of Es- 
cherichia coli and Klebsiella pneumoniae species were 
isolated. This is consistent with Umar et al. who reported 
that almost 40% of their study samples were contaminated 

by bacterial colonization and included nosocomial spe- 
cies such as Staphylococcus aureus, Klebsiella pneu- 
monia, and Enterococcus species.14 

The authors suggested that use of mobile phones by den- 
tal practitioners in the clinical environment could be re- 
sponsible for the spread of these nosocomial pathogens.14 
The fact that these microorganisms can survive in the 
hospital environment increases the risk of cross infection  
in  immuno-compromised and other patients.21 Additionally 
Molepo et al. reported Escherichia coli as the least com- 
monly isolated organism present in their study post dental 
treatment while coagulase-negative staphylococci (84%) 
was most predominant microorganism found on conta- 
minated dental  bib chains.22 

Laheij et al. pointed out that more research is required to 
assess risks of cross infection associated with viral and 
bacterial infections in dental settings.23 However Kannan 

Table 1. Microbial count (C.F.U. count) present at different surfaces after use of disinfectants.

Chlorine Ethanol Glutaraldehyde

Area/Time

Chair side area: 135 out of 156 samples (86.5%) positive for bacterial growth

Head rest 20 60 30 60 50 20 30 50 >100 1 50 50

Arm rest 30 25 >100 25 40 10 >100 70 10 50 50 50

Foot rest 20 100 >100 >100 25 25 >100 90 20 0 50 50

Air-rotor 25 0 40 20 40 0 0 20 50 0 0 3

Light source 3 0 4 40 3 0 60 20 3 5 50 10

Air water syringe tip 1 0 >100 40 3 0 50 60 20 0 20 5

Spittoon 20 20 60 20 30 30 0 30 100 10 50 60

Counter top 20 >100 0 10 30 0 0 30 10 0 0 0

Suction hose >100 0 0 >100 >100 0 20 >100 50 0 20 50

Chair base 30 >100 10 20 30 30 >100 50 50 50 10 20

Dental stool 30 20 15 30 30 25 20 20 50 10 0 10

Foot controller >100 30 70 >100 >100 20 60 >100 >100 25 20 50

Handle 4 >100 10 16 4 30 30 30 40 0 0 10

Area behind chair: 59 out of 84 samples (70.23%) positive for bacterial growth

Wash basin 25 50 50 50 30 40 20 30 10 4 10 20

Window 20 0 0 0 24 0 0 30 30 0 0 0

Wall 2 5 9 5 2 0 0 5 28 0 - 50

Table top 4 20 10 20 6 0 >100 30 50 3 - 10

Dust bin >100 20 >100 20 >100 0 >100 90 20 - 5 50

Tap 20 5 >100 5 30 0 0 50 50 0 0 10

Area away from chair:  44 out of 48 samples (92%) positive for bacterial growth 

CPU 30 40 >100 40 36 0 10 30 >100 0 5 5

Computer Screen 50 30 >100 30 50 0 10 20 50 0 0 0

Telephone 70 15 3 5 50 10 10 20 50 - 5 50

Floor >100 150 >100 150 >100 100 >100 >100 70 10 50 50

Reception area: All samples (24, 100%) positive for bacterial growth

Chair >100 40 80 >100 >100 10 60 >100 100 50 60 100

Reception table top 20 20 60 >100 20 12 50 >100 >100 60 100 60
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Table 2. Bacterial growth after use of disinfectants.

Frequency of disinfection Chlorine 70% Ethanol 2% Glutaraldehyde

7.00 am (pre-disinfection) 26 (100%) 26 (100%) 26 (100%)

9.00 am 21 (80%) 15 (56%) 13 (52%)

11.00 am 23 (88%) 21 (80%) 19 (74%)

± 16.00 pm (end of the working day) 24 (92%) 25 (96%) 21 (82%)
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et al. postulate that aerobic and anaerobic spores will 
exist in the dental clinic despite stringent disinfection  
procedures.24 Thus more research is required to isolate 
the various microbial strains that could contaminate the  
dental workplace.

Glutaraldehyde and ethanol had more effect on the iden- 
tified in vitro bacteria. Glutaraldehyde appeared to control 
most of the bacteria, except staphylococcus species.  
These findings are consistent with Almeida et al., who 
reported that 2% glutaraldehyde was the only efficient 
method in their study to control microbial growth on 
orthodontic pliers when compared to ethyl alcohol 70% or 
soap and water.25 

Ethanol also controlled most of the bacteria, except Ba- 
cillus and staphylococcus.26,27 Ethanol could therefore be a 
low-level or intermediate surface disinfectant. This finding  
is supported by Ribeiro et al. who reported that ‘disin- 
fection of semi-critical products (such as mouth mirrors  
and amalgam condensers) with alcohol 70%, or in an ap- 
proximate concentration, may be reached for both pro- 
ducts that are previously cleaned and for the ones which  
are not.28:750 

Chlorine® was not active against many bacteria, since  
six different bacterial species were isolated, which was 
higher than ethanol and glutaraldehyde. Chlorine can thus 
be considered the weaker disinfectant for bacteria, with  
its possible resistance being attributed to its prolonged  
use in  the hospital. 

Although there is much debate around the efficacy of 
Chlorine® as a disinfectant, a recent study concluded 
that surface cleaning with 0.5% chlorine solutions (using 
a 15-min exposure time) could be effective in reducing  
risk of  viral  transmission.29

Thus the selection of a disinfectant must include other  
factors such as its toxicity, chemical content, stability,  
cost, degree of microbial killing required, potential damage  
to instrument and ability to kill microorganisms rapidly.30  
More research is required to further unpack these other  
considerations.

 

In this study, almost 87% of clinical surfaces were con- 
taminated. It should be noted that the area around the  
chair had high levels of contamination levels despite the 
existing infection control procedures. 

This finding is supported by Castalia et al. who also 
observed high levels of microbial load at the beginning  
of the working day.31

This study findings indicate that disinfection processes 
at the identified oral health facility is inadequate, sub- 
optimal and could actually be contributing to the infec- 
tion chain. There is an urgent need to review the current 
infection control procedures and protocols, including a 
review of the type of surface disinfectants used. 

The frequency of disinfection (damp-dusting and house- 
keeping) should be reviewed, given the number of pa- 
tients seen at the facility. It is also imperative that simple 
procedures such as awareness of hand hygiene prac- 
tices are implemented and prioritized. In addition, there 
should be dedicated infection control monitoring and 
evaluation processes. 

Although the study provided interesting insights into the 
comparative effectiveness of surface disinfectants against 
identified bacterial growth, some limitations were noted. 
The study focused only on bacteria that were identified  
on the MADI-TOF database. 

The study did not investigate any other resistant strains 
of bacteria. The use of blood agar media to support in 
vitro pathogenic bacterial growth could be explored in 
future studies.32 The study also focused exclusively on 
bacteria and did not investigate other microbes that 
could contribute to the cross-infection chain. More re- 
search is needed to explore this  relationship further.

The study suggests an association between the frequen- 
cy of cleaning, the type of disinfectant used and the  
bacterial microbial count on the specified dental envi- 
ronmental surfaces in the identified oral health facility. 
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of this study. Adeola Shobo for his technical assistance  
with the MALDI-TOF machine.
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1. The protocols for infection control in the dental clinic 
needs to be reviewed.

2. The frequency of cleaning and the type of disinfectant 
used, needs to be reviewed.

3. Further research is required to identify other types of 
microbial activity on dental environmental surfaces. 

4. Infection control procedures should be further empha- 
sized in the undergraduate training programme.

5. Likewise, all members of the dental team (clinical and 
non-clinical staff) should have ongoing training in in- 
fection control.
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Maxillofacial and oral surgeons (MFOS) are trained to 
manage hard and soft tissue conditions affecting the 
orofacial region. They, therefore, play an essential role in 
the health care of cleft lip/palate (CLP) and craniofacial 
deformities (CFD) patients. 

The complex and lengthy nature of CLP and CFD 
management requires collaboration between different 
disciplines. Consequently, it becomes increasingly im- 
portant that the academic education available to MFOS 
provides in-depth knowledge, multidisciplinary partici- 
pation and adequate clinical exposure provided by field 
experts.

This study aimed to investigate the exposure and know- 
ledge level of MFOS regarding the management of CLP  
and CFD. A second objective was to obtain an opinion  
from practising MFOS about the academic educational 
needs of those working with CLP and CFD.

An online survey and telephone interviews (using a structured 
questionnaire) were used to investigate the level and scope 
of the MFOS academic education and to determine their 
academic needs.

The questionnaire was completed by 53 (of 121) of 
practising MFOS on the Medpages health care provider 
database, 64.8% of whom had more than 10 years of 
professional experience. 

Of the respondents, 60% showed a good general know- 
ledge of CLP and CFD. However, 66.5% acknowledged 
that they had received only limited clinical training and 
exposure, which prevented them from providing ade- 
quate services to CLP/CFD patients. Only 41% of the 
respondents offered primary and/or only secondary treat- 
ment for both CLP and CFD patients, and 53.8% of 
them had participated in multidisciplinary teams. 

All the respondents agreed on the need for a dedicated 
training programme(s) in CLP and CFD management,  
and the majority recommended a subspecialty training 
either by degree courses or clinical fellowship and / or 
certification.

This study demonstrates that postgraduate academic 
training and clinical exposure are limited in the CLP 
and CFD fields. All the respondents agreed that an 
educational strategy to meet the needs of MFOS 
providing CLP and CFD care should be established.  
Participants suggested that part-time clinical and/or 
degree courses should be developed.

Maxillofacial & oral surgeon, cleft lip and palate, cleft lip, 
alveolus and palate, multidisciplinary, education, survey 
for dental professions.

Surgical care for cleft lip/palate and craniofacial de- 
formities (CLP and CFD) contributes to the global cost 
of disease, making many patients unable to access 
adequate surgical care.1 A shortage of human resour- 
ces for surgical care, and inadequate surgical capacity 
and finance in developing countries (including South 
Africa), have been reported in the  literature.2
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Consequently, CLP and CFD surgery has been ident- 
ified as one of the essential surgeries that need to be 
performed consistently around the world.3 The maxillo-
facial and oral 'surgeon's (MFOS) role is essential in 
caring for children born with CLP and CFD deformities.4 

These surgeons are trained to manage both hard and 
soft tissue conditions affecting the orofacial region in 
order to achieve optimal functionality and aesthetically 
pleasing outcomes5 and to avoid midfacial dysgnathia 
as far as possible.6 Consequently, dental professionals 
prefer that MFOS manage CLP and CFD deformities.7  

For many years, researchers and practitioners have 
understood the need to gain educational and clinical 
experience of treating all segments of society in order 
to provide quality management and improved access 
to care for all patients.8 One of the earliest attempts  
to assess the exposure of medical and dental students 
to CLP treatment was done by Lass et al.9 using a survey 
questionnaire. The main finding was that students 
lacked clinical exposure and basic theoretic education.9 
Spriestersbach et al.10 acknowledge the effects of limi- 
ted training in CLP management and advise that 
a clinician with limited training should not manage 
individuals with CLP.

These patients normally have challenging health issues 
because of additional complexities related to their ske- 
letal, soft tissue and facial problems. This makes it  
more difficult to handle such patients as a single dis- 
cipline cannot make all  treatment decisions.11 

Close collaboration between different disciplines is an 
integral part of the multidisciplinary team approach  
for the management of patients and has been ad- 
vocated by practitioners.12 Therefore, practitioners in- 
volved in CLP and CFD should be educated not only 
in their own fields but also in the treatment provided 
by other disciplines involved in multidisciplinary care.13  

As a result, the training and development of an efficient 
multidisciplinary team member should be based on a 
pedagogical model for successful skills transfer and co- 
operation within the team model.14 Not only is academic 
education essential for a multidisciplinary team member, 
but it must be combined with research in order to  
monitor and improve treatment outcomes.15

The value of treatment management relies on the train- 
ing and exposure which the student received at university 
and the knowledge gained throughout the practitio- 
ner's career. Subsequently, feedback on the education  
rceived, and further training needs is necessary to pro- 
vide a foundation for the improvement of educational 
courses, which will lead to the provision of better health 
services.16

 

1. Measure the exposure and knowledge level of MFOS  
in the management of CPD and CFD.

2. Obtain an opinion from MFOS about the current CLP 
and CFD academic educational needs.

Ethical permission was obtained from the Humanities and 
Social Sciences Research Ethics Committee reference 
(HSS/0235/017D), of the University of  KwaZulu-Natal.
The research survey was completed by South African 
MFOS who consented to participate in the study, using  
an online questionnaire to investigate the academic  
education provided to CLP and CFD practitioners. 

A quantitative research method, using a 51-item struc- 
tured questionnaire, was developed. Qualtrics Research 
Suite survey software was used to capture and analyse  
the data. The questionnaire was designed to collect  
quantitative data using a Likert-type scale, which was 
explained telephonically to each practitioner. 

Consent for participation was obtained from each res- 
pondent prior to their completing the questionnaire. The 
data was collected either online or during a telephone 
interview, according to the preference of the participant. 

The questionnaire consisted of a statement of consent  
to participate, followed by four sections: the first de- 
termined whether the participants were accepted for 
inclusion in the study. The second section collected  
their level of knowledge and experience. In the third 
section, their needs and preferences regarding further 
education were determined. The last section collected 
demographic data, which included a title, gender, age, 
degree(s) and location by region.

A random sample of MFOS was obtained from the 
Medpages active practitioners' database list.17 The 
sample was randomly selected from the list using 
Microsoft Excel (2013). On the advice of a statisti-
cian, the number of participants selected represented 
all MFOS in South Africa, with a sampling error of ap- 
proximately 15%.

Before distribution, the questionnaire was piloted by a 
convenience sample of practitioners and subsequent-
ly revised based on their responses in order to ensure 
appropriate capturing of data. The researcher then 
approached the South African Society of Maxillofacial 
and Oral Surgeons to distribute the survey by e-mail.  
Initially, the questionnaires were to be distributed by 
the Qualtrics online survey platform twice during the 
first week, then weekly afterwards. This was ultimately 
not necessary, as the targeted participant number was 
achieved by randomly contacting 56 MFOS on the 
Medpages database.  

The data was captured using Excel 2013. This was  
later converted into Stata 15 format. The analysis under- 
taken was descriptive summary statistics presenting 
frequencies and associated percentages. No further 
analytical tools were used because no hypothesis was 
being tested.

OBJECTIVES

METHOD

Questionnaire design

Selection of participants

Data analysis
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The questionnaire was completed by 46.3% (n= 53) of 
the MFOS practitioners listed in the Medpages data- 
base, representing most South Africa provinces, with the 
highest participation from Gauteng (44.2%), Western  
Cape (19.2%), KwaZulu-Natal (17.3%) and Eastern Cape 
(7.6%) (Fig. 1). 

The distribution of participants according to years of 
experience showed that 64.8% had more than 10 years, 
20.3% had 5 -10 years and the rest had less than five  
years of professional experience (Fig. 2). 

When asked general questions about the incidence and 
distribution of CLP, only 62% showed good general 
knowledge. 

 

Regarding CLP/CFD academic education, the partici- 
pants noted that, during their postgraduate studies,  
38.8% had received some clinical exposure, and 40.7%  
had participated in CLP/CFD multidisciplinary and dis- 
cussion meetings. A total of 61.1% gained their know- 
ledge from textbooks, and 57.4% received their infor- 
mation by means of lectures (didactic input) (Fig. 3).

Concerning services to CLP/CFD patients, 57.4% of the 
professionals did not offer surgical treatment for CLP or 
CFD patients. When asked to name the factors which 
prevented them from treating CLP and CFD patients, 
66.7% acknowledged that it was due to their limited clini- 
cal experience and training, 12.5% mentioned the long 
duration of the treatment, 10.4% cited lack of interest, 
and 10.4% mentioned the need for multidisciplinary treat- 
ment (Fig. 4). 

All the respondents agreed on the need for dedicated 
academic training programmes for CLP/CFD management. 
Of the respondents, 42.1% suggested degree (certifica-
tion) courses, while 36.8% proposed non-degree clinical 
fellowships and the rest recommended continuing pro- 
fessional education (Table 1).

For degree and non-degree postgraduate CLP/CFD cour- 
ses, the respondents suggested that admission require-
ments should include at least one professional degree.  

RESULTS

Multidisciplinary meetings
Discussion groups
Textbook reading

Clinical experience
Didactic (Lectures)

Did your postgraduate programme include any of the 
following in the management of CLP/CFD?

Respondent distribution  
according to clinical experience

Less than 5 years
5-10 years
More than 10 years

Figure 1. Respondent distribution according to clinical experience.

20.4%
n=11

64.8%
n=34

14.8%
n=8

Respondent distribution  
according to province

Eastern Cape
Gauteng
KwaZulu-Natal
Mpumalanga

Northern Cape
North West
Western Cape

Figure 1. Respondent distribution according to province.
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n=9

20.0%
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2%
n=1

4%
n=2

Figure 3. Did your postgraduate programme include any of the following in 
the management of CLP/CFD?.
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Figure 4. Reasons preventing MFOS from adequately treating CLP and 
CFD patients.
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A total of 85.2% said that health professional full regi- 
stration as a specialist was essential, whereas 44.4% 
placed emphasis on years of clinical experience and  
22.2% suggested writing an admission examination  
(Fig. 5). 

When the participants were asked about their motives for 
enrolling in such a programme, 46.2% identified interest 
and passion, 20.1% liked the idea of joining a multidis-
ciplinary team, 14.8% mentioned alleviating community 
needs, 12.4% wished to receive a degree, and only 5.9% 
wished to improve their income (Fig. 6). 

The participants had various views regarding the essential 
aspects of the goals and objectives of training program- 
mes, but the majority agreed that diagnosis and treatment 
planning, clinical skills and multidisciplinary exposure are 
important. 

Teamwork skills were valued by 79.6%, whereas 68.5% 
proposed special needs care, 44.4% recommended some 
research experience and 31.5% suggested participation  
in charity missions (Table 2). 

Regarding the form of evaluation, 88.8% recommended 
keeping a logbook of clinical hours, 79.6% suggested 
a written/oral examination, 49% suggested assignments  
and 29.6% proposed publication in a scientific journal as  
an important evaluation method (Fig. 7).

To our knowledge, no survey has been undertaken in South 
Africa to investigate the opinion of MFOS about academic 
education in the field of CLP/CFD. However, such surveys 
have been conducted among other specialities in other 
parts of the world.9,18

Other surveys studies, of health professionals, used samples 
from the national bodies similar to the Health Professional 
Council of South Africa database.19,20 In this study, par- 
ticipants were obtained from a list of active MFOS practi- 
tioners in a privately managed Medpages healthcare  
database, which is regularly updated.17 The sample was 
randomly selected from the Medpages list and included 
practitioners from different locations and places of emplo- 
yment, in order to overcome limitations and to obtain 
general opinions from all clinicians.

It is recognised in the literature that it is difficult to receive 
adequate response rates in surveys of medical practi-
tioners.21 Some researchers have used e-mail, or postal 
questionnaires and others have used incentives to im- 

DISCUSSION

Table 1. Type of course recommended.

Course recommended % N

Degree course, diploma, master’s  
and fellowship certification

42.1% 31

Non-degree course fellowship training (only) 36.8% 28

CPD courses 21.0% 16 Table 2. The goals and objectives of postgraduate training programmes.

Goal & objectives %

In-depth knowledge 98.1%

Diagnosis and treatment planning 100.0%

Clinical skills 98.1%

Multidisciplinary approach 88.9%

Research 44.4%

Special needs care 68.5%

Teamwork skills 79.6%

Participation in charity missions 31.5%

Admission requirements

Professional degree(s)
Number of years of  
clinical experience

HPCSA registration
Admission exam

Figure 5. Admission requirements.
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Figure 6. Candidates' reasons for enrolling in a CLP/CFD 
postgraduate course.
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prove the response rate.22 In this study, the 46.3% res- 
ponse rate was achieved by using a mixed method of  
data collection using both telephone interviews and e-mail, 
which provided a wide distribution not limited by e-mail 
access, in line with recommendations by Flanigan et al.23 

Regarding the sample size the author used the literature 
information as a guide for an acceptable response rate.19,25 

In agreement with the findings of other disciplines in regard 
to CLP/CFD academic education26,27, this study found a 
limited emphasis on clinical training and multidisciplinary 
exposure during academic graduate programmes, mean- 
ing that graduate students may leave with limited edu- 
cation in the CLP and CFD fields.27 Accordingly, this sur- 
vey revealed a strong desire among South African MFOS 
for professional development and the need for a dedi- 
cated educational programme(s) in the CLP/CFD field. 

CFD surgery programmes are available in different parts 
of the world as a subspecialty obtained by a clinical 
fellowship residency.29 Responses in this study show that 
79.9% recommended a fellowship and certificate pro- 
gramme. Concerning the length of such a programme,  
the respondents are equally divided between one or 
two years, which is partially in line with the minimum 12  
months of fellowship residency recommended by Silvestre 
et al.30 

Similar to the current recommended structure of fellow- 
ships in different parts of the world31,32, the majority of  
the respondents recommended that the training should 
place more emphasis on discussions and clinical contact, 
with evaluation by means of formal examinations and a 
clinical hours logbook.

The respondents agreed with the findings of other stu- 
dies that participation in a multidisciplinary team is vital in 
order to produce surgeons who are capable of providing 
safe, efficient and effective care for those affected with 
CLP/CFD.29 Therefore, such comprehensive training can 
only be offered by a multidisciplinary centre where a high 
volume of craniofacial surgical procedures are performed  
by experts in the field.33 

As stated by Egro et al.34, candidate selection criteria 
should include professional degrees, the number of years 
qualified and possibly even an admission examination. 
But the respondents did not consider other require-
ments such as research experience and publications in 
candidate selection. This is in contrast with Grewal et al.35, 
who state that scientific publication is a good indicator of 
those who will be willing to provide fellowship mentoring 
and education. However, the respondents in this survey 
recommended that the selected candidates must have 
interest and passion and should be planning to join an 
established craniofacial team. These could be important 
factors in building much-needed educational capacity.

There is a need to establish an educational strategy for  
MFOS in CLP and CFD surgery to ensure they are com- 
petent and can, therefore, provide multidisciplinary servi- 
ces for CLP/CFD patients. This study revealed that many 
practitioners are enthusiastic about and willing to enrol  

in training programmes to prepare them to deliver the  
best clinical care in CLP/CFD management. 

This study also provided information about candidate 
selection criteria, education objectives and evaluation 
of such programme(s). Our findings are that, to be able 
to offer such education programme(s) in South Africa,  
MFOS, academicians, practitioners and professional so- 
cieties need to collaborate in order to maintain and  
develop craniofacial centres where a high volume of  
CLP/CFD surgical procedures are performed and where 
enough experts are employed. 

All this will provide sufficient training for the candidate 
not only to be able to provide ideal and comprehensive 
services for CLP/CFD patients but also to undertake 
leadership positions in a multidisciplinary team.
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Removable partial denture (RPD) designs may differ based 
on types of materials used. 

The aim of the study was to investigate how a sample of 
non-metal clasp (NMC), acrylic and metal RPD designs 
complied  with biomechanical design principles.

This cross-sectional study examined 60 clinical designs 
of NMC, acrylic and metal RPDs at 3 commercial dental 
laboratories in the Cape Town Metropole, at the stage 
when the dentures were ready for transport to dentists.  
Retention, indirect retention, support, soft tissue cover,  
and cross-arch design features were recorded and com- 
pared with “ideal” control designs developed by 2 experts 
in the specialty of prosthodontics.  

Fifty five % of the clinical designs had no rests, hence  
were mucosa supported. None of the NMC and only 
35% of acrylic RPDs had some rests. A total of 35 clinical 
designs required indirect retention, but it was only provi- 
ded in 14 (40%) of them.  Eighty five % of acrylic RPDs had 
no clasps; metal RPDs had more clasps than required 
while NMC RPDs had slightly less clasps than required. 

Ratio teeth covered/replaced was most favourable for 
metal (0.91), followed by acrylic (1.83) and NMC (1.80) 
RPDs. Cross – arch stabilization was absent in 22% of 
clinical designs, all of them from the NMC group.

Of the 3 types of RPDs, metal RPDs complied best with 
requirements in terms of tissue support (mostly tooth  
and mixed tooth/mucosa), retention, cross-arch stabi- 
lization and “open” design. Acrylic RPDs provided cross-
arch stabilization but were lacking in all other aspects.  
Except for direct retention, NMC RPDs did not conform  
to any of the agreed biomechanical requirements for  
RPDs assessed in this study.       

In industrialised countries, edentulism decreased due to 
improved oral hygiene, patient health and dental care, 
with many people retaining some of their natural dentition 
into old age, and an increased desire by patients to re- 
tain their teeth.1 A shift from total to partial edentulism,  
has led to a greater need to replace missing teeth for 
partially edentulous patients.1

One of the options for tooth replacement in partially 
edentulous patients is RPDs. Removable partial dentures 
have to comply with biomechanical aspects of support, 
retention and stability as well as limit damage to intraoral 
hard and soft tissues.2-5 

The Academy of Prosthodontics publishes and regularly 
updates its principles, concepts, and practices in pros- 
thodontics, including those for RPDs based on feedback 
from members and working committees of several  
Academies.6 However, there appear to be variations in  
how these principles and concepts are applied.7 In addi- 
tion, there is little evidence that adhering to these  
principles leads to improved treatment outcomes or pa- 
tient satisfaction.8

Many studies have reported on the adverse effects of 
RPDs on oral tissues. They may be associated with  
higher plaque (PI), gingival (GI) and calculus indices (CI), 
increased probing depth (PD), gingival recession, root 
caries and mobility of abutment teeth.9-16 However, with 
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Conformity of removable partial  
denture designs to agreed principles 
based on materials used
- A preliminary study



high level of patient cooperation and motivation, the  
number of teeth lost, decayed and filled due to RPD 
wearing, can be limited. Wilson (2009) proposed that  
acrylic RPDs can be considered definitive prostheses 
provided that proper patient selection and design prin- 
ciples are followed.17 Hence, it is the clinician’s respon- 
sibility to plan and design each RPD in such a way  
that the balance between benefits and risks of plac- 
ing a RPD is in the patient’s favour.18 

Several materials may be used to fabricate RPDs. Cobalt 
chromium alloys and polymethyl methacrylate resin are  
the traditional materials. Newer materials, known as  
“thermoplastic” or “flexible” materials have been deve- 
loped. These materials include a variety of polymers: 
polyethylene glycol, methyl methacrylate, aryl-ketone  
polymers, polyamide resins, polycarbonate resins, poly- 
ethylene terephthalate resins.19 Dentures fabricated from 
these materials are referred to as non-metal clasp (NMC) 
dentures.19 Physical properties vary considerably among 
of this group of new materials.20,21 

It is claimed that NMC RPDs lead to improved patient 
comfort and satisfaction compared to acrylic RPDs, blend 
better with oral tissues hence are aesthetically more 
pleasing than some of the traditional materials and are 
hypo-allergenic.22 Even though long-term evidence and 
guidelines for the use of NMC RPDs has been lacking, 
they attracted interest from practitioners. 

This led to the development of a “position paper” based  
on “expert opinion” by the Japan Prosthodontic Society, 
wherein NMC RPDs were not recommended as defini 
tive prostheses, except in case such as metal allergy or 
when rigidity can be provided by incorporating a rigid  
framework.19,20,23 A major disadvantage of NMC RPDs  
includes clasps covering the cervical area of the tooth, 
marginal gingiva and mucosa - as opposed to metal 
clasps which do not come into contact with the gingi- 
val margin - hence may cause caries and periodontal 
disease.20 In addition, if NMC RPDs do not have rigid  
rests and frameworks, their clasps can traumatize mar- 
ginal gingiva.20

It has been the impression of the authors that application 
of RPD design principles differ based on the types of 
materials used. Therefore, the aim of the study was to 
assess how a sample of clinical NMC, acrylic and metal 
RPDs comply with accepted biological and mechanical 
design principles. The null-hypothesis was that there is 
no difference among RPDs made from different materials 
in complying with biological and mechanical design 
principles.

 

The research proposal was approved by the biomedical 
research ethics committee of the University of the Wes- 
tern Cape (BM/16/5/12). The project is a cross-sectional 
study using a convenience sample. Three dental labo- 
ratories in the Cape Town Metropole, known to fabricate  
NMC RPDs, were identified and invited to participate in 
the study. Their participation required of them to email 
photographs of completed NMC, acrylic and metal RPDs 
and their casts prior to sending them to practices for 

delivery to patients. The following views of the RPDs  
were requested: occlusal, left lateral, right lateral, frontal 
and any other view to enable the researchers to identify  
all RPD components on the photographs. Specimens  
were collected until 20 metal, 20 acrylic and 20 NMC  
RPDs were received. Data collection took place during 
2018.

For each RPD, the actual design as well as an “ideal”  
design was drawn, using the image of the cast. This was 
done independently by two observers, who are expe- 
rienced members of staff in the Department of Resto- 
rative Dentistry (Prosthetics). 

The ideal designs from both observers were later com- 
pared for similarity. Differences in designs were resolved  
by means of discussion until agreement was reached. 
Each ideal design served as the control for its clinical 
design. 

Prior to designing the ideal RPDs, for the sake of con- 
sistency, the following  agreements were made:

 • Mandibular lingual major connector for control design 
was kept the same as the clinical RPD design (plate 
vs. bar).

 • Number of replaced teeth on ideal denture was kept  
the same as number of teeth replaced on the clinical 
RPDs.

Prior to recording data from the RPD and ideal designs, 
for the sake of consistency, the following agreements were 
made:

 • The number of rests was counted and was given as 
a numerical value: 1, 2, 3, 4, >4. The configuration of 
rests was given as 0: no configuration because there 
were no rests or only one rest; 2: line; 3: triangle; 4: at 
least a quadrangle.

 • Type of support for the RPD was indicated as: hard 
(exclusively tooth-born), soft (exclusively mucosa-born) 
or mixed (both tooth and mucosa support). 

 • Number of clasps was counted and was given as a 
numerical value: 1, 2, 3, 4, >4.

 • Presence of indirect retention was given as: yes, no 
or not applicable. An indirect retainer helps to stabilize 
a distal extension RPD. The requirement of indirect 
retention for Kennedy Class III and IV were also identified 
where applicable. The indirect retention  component is 
usually located on the opposite side of the retentive 
fulcrum line from the mucosa supported base.24

 • Number of teeth with gingival margin cover as well as 
number of replaced teeth were given as a numerical 
value: 1, 2, 3… These values were used to match 
replaced/covered teeth to calculate a “coverage” score 
to give an indication of a biological price to tissue. 

 • Presence of cross-arch stability: yes or no. A 'no' 
was allocated to a unilateral RPD. A unilateral RPD 
is sometimes used to restore short-span, bounded 
edentulous spaces with the advantage of avoiding 
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extensive palatal or lingual major connectors. This de- 
sign may result in easy dislodgement and other 
complications because it does not provide cross- 
arch stabilization. RPDs with cross-arch stabiliza- 
tion are generally preferred to prevent these com- 
plications.25

 

Compliance to the ideal design was rated as 'Accep- 
table' or 'Not acceptable' according to the following 
general  rules:

 • For support, for Class II, III and IV RPDs a minimum 
of 3 rests in a triangle configuration was considered 
acceptable, less than 3 rests or 3 rests not in a tri- 
angle configuration was considered not acceptable. 
For Class I RPDs a minimum of 2 rests was consi- 
dered acceptable, less than 2 rests was considered  
not acceptable. 

Soft tissue support was not acceptable for any of the 
classifications. Mixed support was accepted for Class I, 
II and other classifications where long saddles covered 
arch bends; for all other designs, only hard support  
was acceptable. 

 • Absence of indirect retention for designs where it was 
indicated was scored as not acceptable.

 • Absence of cross-arch stability was scored as not 
acceptable.

Two observers rated acceptability independently. Where 
differences occurred, these were debated until consen- 
sus was reached. Results are presented descriptively 
using frequency and ratio tables. Because of the nature  
of the data, statistical analysis was not indicated.

The features of all clinical and control designs are 
summarized in Table 1. The majority of the 60 RPDs were 
for the maxilla (n=42; 70%). Kennedy Class III designs 
occurred most frequently with a total of 44 (73%) RPDs.  
There was only one Class IV design, belonging to the  
acrylic RPD group.

Thirty-three (55%) clinical designs had no rests, 8 (13%) 
had only 1 rest, 8 (13%) had 2 rests, 4 (7%) had 3 rests, 
and 7 (12%) had 4 or more rests. All NMC RPDs (100%) 
had no rests at all. The control designs all had rests, with  
57 (95%) designs having at least 3 rests. There were no 
control designs with 1 or zero rests (Table 1).

A total of 33 clinical designs were mucosa supported 
(Acrylic clinical=13, Metal clinical = 0, NMC clinical = 20), 
21 were of mixed support (Acrylic clinical = 6, Metal cli- 
nical 15, NMC clinical = 0) and 6 had hard tissue sup- 
port  (Acrylic clinical = 1, Metal clinical = 5, NMC clinical 
= 0).

All the control designs had either hard tissue (n=45) or 
mixed support (n=15) (Table 1).

Total and mean number of clasps for each RPD group, 
clinical and control, are shown in Table 2. The clinical 

acrylic and NMC RPDs had fewer clasps than their  
controls. Seventeen (85%) of clinical acrylic RPDs had  
no clasps at all.

A total of 35 designs (including distal extension bases  
and maxillary Class IV dentures) required indirect reten- 
tion and in only 14 designs indirect retention was provi- 
ded (40% compliance rate). (Figure 1) Compliance rate 
per RPD materials group was as follows: metal 83.33%,  
acrylic 6.25%, NMC 42.86%.

The number of teeth whose gingival tissue was covered 
versus the number of teeth replaced is shown in Table 1 
and the  ratios are shown in Table 4.

All control designs had cross-arch stabilization, as had  
the acrylic and metal groups. The NMC group only had 7 
out of 20 designs with cross-arch stabilization (Table 1). 
Acceptability of designs according to mechanical and  
biological principles is shown in Table 4. 

Differences in compliance with biological and mechanical 
principles were found among designs of RPDs made from 
different base materials. Therefore, the null-hypothesis is 
rejected.

The rejection of the null-hypothesis implies that there is 
disparity between the teaching of generally accepted 
RPD design principles according to the literature and 
what is happening in private practice. A survey on a  
group of dentists that graduated at the dental school of  
the University of the Witwatersrand alluded to a similar 
situation.26

At the University of the Western Cape open, hygienic 
designs, an appropriate number of clasps and rests, and 
other essential RPD components to ensure adequate 
support, retention and stability, are taught for RPDs. 

This survey showed that the disparity between design 
principles and clinical practice was generally smaller for 
metal, and larger for acrylic and NMC RPDs. This may 
be, to some extent, due to limitations of the material and 
not to a gap between knowledge and practice. In addi- 
tion, NMC RPDs are not taught at the dental school of  
the UWC.

RESULTS
DISCUSSION

Indirect retention provided per  
RPD group and its control designs

Control Clinical

Figure 1. Indirect retention provided per RPD group and its control designs.
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Table 1. Summary of different features of the RPD designs according to material groups.

Acrylic Metal NMC

Clinical Control Clinical Control Clinical Control

Number 20 20 20 20 20 20

Class I 3 3 2 2 1 1

Class II 2 2 4 4 3 3

Class III 14 14 14 14 16 16

Class IV 1 1 0 0 0 0

Mandibular 5 5 9 9 4 4

Maxillary 15 15 11 11 16 16

Total no. of rests 12 88 57 78 0 80

No of RPDs without rests 13 0 0 0 20 0

RPDs with 1 rest 6 0 2 0 0 0

RPDs with 2 rests 0 1 8 1 0 1

RPDs with 3 rests 0 1 4 4 0 2

RPDs with 4 or more rests 1 18 6 15 0 17

RPDs with no rest configuration 19 0 2 0 20 0

RPDs configuration in line 0 1 8 1 0 1

RPDs configuration of rests in triangle 0 1 4 4 0 2

RPDs configuration of rests in square or more 1 18 6 15 0 17

Mucosa support 13 0 0 0 20 0

Mixed tooth/mucosa support 6 5 15 6 0 4

Tooth support 1 15 5 14 0 16

Total no. of clasps 6 51 71 64 43 52

RPDs without clasps 17 0 0 0 0 0

RPDs with 1 clasp 0 0 0 0 1 0

RPDs with 2 clasps 3 11 2 4 16 9

RPDs with 3 clasps 0 7 5 8 2 10

RPDs with 4 clasps 0 2 13 8 1 1

Cross-arch stabilization present 20 20 20 20 7 20

Number of teeth covered (replaced) 159 (87) 63 (87) 85 (93) 61 (93) 81 (45) 61 (45)

No of teeth covered & (replaced) Class I 19 (21) 16 (21) 9 (10) 9 (10) 8 (5) 8 (5)

No of teeth covered & (replaced) Class II 12 (12) 5 (12) 13 (19) 13 (19) 24 (12) 20 (12)

No of teeth covered & (replaced) Class III 120 (50) 42 (50) 63 (64) 39 (64) 49 (28) 33 (28)

No of teeth covered & (replaced) Class V 8 (4) 0 (4) - - - -

RPD = Removable partial denture; NMC = Non-metal clasp; Class I, II, III, IV = Kennedy Class I, II, III, IV; No = Number.

Table 4. Acceptability in % of designs according to mechanical and biological principles.

Acrylic 
(Control)

Acceptability % NMC 
(Control)

Acceptability % Metal  
(Control)

Acceptability %

Number of dentures with rests (Min. 2 rests) 1 (20) 5% 0 (20) 0% 18 (20) 90%

Support 7 (20) 35% 0 (20) 0% 20 (20) 100%

Rest configurations 1 (20) 5% 0 (20) 0% 20 (20) 100%

Indirect retention 1 (16) 6.25% 3 (7) 42.86% 10 (12) 83.33%

Direct retention 3 (20) 15% 9 (20) 45% 20 (20) 100%

Teeth covered 159 (71) 92 extra  
teeth covered

81 (63) 18 extra  
teeth covered

85 (71) 14 extra  
teeth covered

Ratio teeth covered/teeth replaced 1.83 (0.72) - 1.8 (1.36) - 0.91 (0.66) -

No. of RPDs with acceptable ratios 3 (20) 15% 3 (20) 15% 9 (20) 45%

Cross-arch stabilization 20 (20) 100% 7 (20) 35% 20 (20) 100%

Table 2. Number of clasps in clinical and control designs.

Denture group Total number of designs Clinical designs 
- Total number of clasps (mean)

Control designs 
– Total number of clasps (mean)

Acrylic 20 6 (0.30) 51 (2.55)

NMC 20 43 (2.15) 52 (2.60)

Metal 20 71 (3.55) 64 (3.20)

NMC = Non-metal clasp.



For this study, coverage of periodontal tissues of the 
remaining natural teeth by RPD components was used 
as a benchmark for rating the biological acceptability of  
each denture. Mean coverage ratios were lowest for  
metal RPDs. With mean coverage ratios of <1 for both 
clinical and control designs, the metal RPDs replaced  
more teeth than there were teeth covered by design  
components.

The difference in the coverage ratio between clinical and 
control designs was also the lowest of the 3 denture  
groups. Hence, the biological price for replacing teeth in  
this group was least. Mean coverage ratio for the clinical 
acrylic RPDs was the highest.

The difference in coverage ratio between clinical and 
control designs was also the largest. Hence, in this study, 
it may be assumed that design principles were not ade- 
quately followed and the biological price paid by tissues 
to have teeth replaced by acrylic RPDs was the highest.  

Coverage ratios for clinical and control NMC designs  
were both high. This may be explained by, that in  
this study, the NMC RPDs restored short-span edentu- 
lous areas. The difference in mean coverage ratio of clini- 
cal and control NMC RPDs was low, indicating that, in  
terms of biological price, the clinical design resembled 
optimal design conditions.

Metal RPDs scored best in terms of “open” hygienic 
designs. (Table 3) This was expected, since the strength 
of the material allows it to be used in thin sections.  
In terms of “open” designs, acrylic RPDs and NMCDs  
were rated as unacceptable (Table 4). However, due to 
material limitations, it may not be possible to improve  
their coverage ratios substantially. Hence, it may be ex- 
pected that the use of acrylic or NMC RPDs will have a 
negative effect on PI, GI, PD and root caries unless patients 
are carefully selected and follow a strict maintenance 
routine.9-15

  
Properly placed occlusal rests on abutment teeth mini- 
mizes iatrogenic soft tissue damage.27 Hence, a mini- 
mum number of rests in an appropriate configuration  
was also considered a benchmark for assessing the  
biologic acceptability of the designs. Optimal conditions  
for vertical support differ according to Kennedy classi- 
fication. Each clinical design was compared with its  
optimal control design. Within the acrylic RPD group, 
only one of the clinical designs had enough rests in  
an appropriate configuration to be judged acceptable  
(Tables 1 and 4). 

All the other acrylic RPDs had either one or no rests, 
hence, had mucosa or mixed tooth/mucosa support, 
where it could have been mixed tooth/mucosa or tooth 
support respectively. Therefore, it was decided that  
acrylic RPDs designs in this study sample were not 
acceptable regarding vertical support and they were 
potentially harmful to the supporting tissue of the re- 
maining natural teeth. None of the NMC RPDs had rests.  

The result is that all the NMC RPDs were considered 
mucosa supported and none of the 20 designs in  
this group was acceptable regarding support (Table 4).  

In contrast with the acrylic and NMC RPDs, none of  
the metal-frame RPDs were mucosa supported. Fifteen  
clinical metal RPDs had mixed tooth/mucosa support 
where there should only have been 6 with mixed support 
according to the control designs. It was concluded that 
only 9 (45%) of the metal RPDs were acceptable in  
terms of vertical support. However, compared to the 
acrylic and NMC groups, the metal RPD group perfor- 
med best in complying with the principle of support. 
 
For stability and support, the selection of at least 3  
rests, widely spaced, is advised.28 For the metal RPD 
group, the clinical designs complied on 11 of the 20 oc- 
casions in terms of number and configuration of rests. 

For the remaining 9 designs, there support and stability 
was not optimized. For the acrylic RPDs, there was only 
1 of the 20 designs with more than 3 rests. The other 
designs had either no or only 1 rest. This would not  
allow transmission of chewing forces along the long  
axis of the abutment teeth.  

Therefore, it was concluded that the acrylic RPD group 
did not conform to this bio-mechanical requirement. 
For the NMC group, none of the 20 designs had any  
rests. The clinical consequence of these findings is that  
for the metal and acrylic RPDs, the integrity of the 
abutment teeth is at risk due to inadequate transfer 
of occlusal forces along abutment teeth and stability of 
the RPDs is in the majority of cases not optimized.

Direct or active retainers or clasps are critical compo- 
nents of an RPD, exerting a force on abutment teeth  
when the prosthesis is lifted from its support in the 
opposite direction as its path of insertion, hence provi- 
ding retention for the prosthesis.28 More clasp assem- 
blies lead to higher PI and TM scores, hence too many 
clasps are to be avoided. For the acrylic group, a total of 
6 clasps were provided for the clinical designs, as com- 
pared to 51 given to the corresponding control designs.  

This is a mean of 0.3 clasps per clinical design. For the 
control, the mean number of clasps per design was 2.6. 
It was concluded that the provision of direct retention  
was generally inadequate for acrylic RPDs hence reten- 
tion would be poor. The NMC group had 43 clasps  
(mean 2.2 per RPD) compared to the 52 (mean 2.6 per 
RPD), of the control. Based on these results, it was 
concluded that in terms of providing retention, most  
NMC RPDs would be acceptable. For the metal RPDs,  
71 clasps were given (mean 3.6) against their control 
designs of  64 clasps (mean 3.2). 

This is the only group where the clinical designs were  
given more clasps than their control group. While this  
may have a positive impact on retention, it may have  
a negative effect on PI and GI. It should be noted that  
the presence of guide planes on teeth and guiding  
surfaces on tooth-bound saddles was not assessed in  
this study. These features may reduce the need for  
direct retention29, and have a further positive effect on  
the health of soft and hard tissue. It should also be  
noted that the type of material, shape and position of  
the clasps also have an influence on their retentive force. 
This was not examined in this  study.
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Indirect retention prevents tipping of the RPD around a 
horizontal axis. Where applicable and needed, the pre- 
sence or absence of indirect retention was recorded  
for the sample of RPDs in this study. Sixteen of the  
acrylic RPDs required the incorporation of indirect re- 
tention, with only 1 design complying (6.25%). In the  
NMC group, 7 needed indirect retention with only 3 
complying (42.9%). 

The metal group had 12 designs that needed indirect 
retention with 10 complying (83.33%). The metal group 
had the highest compliance rate. Poor compliance was 
noted in the acrylic group, followed by the NMC group.  

It should be noted that the number of designs requiring 
indirect retention differed considerably among the three 
groups. The clinical significance of these findings is that 
the retention of the majority of the acrylic RPDs and half 
of the NMC RPDs is compromised by failing to provide 
acceptable indirect retention.

For cross-arch stabilization, the following findings were 
made: All the acrylic and metal RPDs had a bilateral 
design and complied with this design principle. The NMC 
group had only 7 bilateral designs. Hence, this group was  
65% non-compliant in terms of cross-arch stability. In a  
unilateral RPD design with no cross-arch stabilization, 
the denture may tilt and dislodge causing complications  
such as aspiration or swallowing of the prosthesis.30

Biological and biomechanical criteria were identified in  
the methodology of this study and potential clinical  
translations made. However, these translations need 
to be confirmed by means of clinical trials. The impact of  
the quality of the designs of different materials group  
was not measured using patient based outcomes. This 
should be studied further.

The purpose of this study was to identify potential pro- 
blems in terms of RPD design. Hence, a preliminary sur- 
vey using a convenience sample was done. This sample  
might not be representative of the total RPDs delivered  
in the Western  Cape. 

Since issues with compliance with accepted biomechan-
ical principles for RPD design were encountered among 
the different groups under investigation in this pilot study, 
further investigations can be launched to examine the 
influence of training, dentist-technician communication 
including presence or absence of prescriptions of de- 
signs by dentists, pricing of the different types of RPDs 
and third party payment schemes. Material limitations 
may influence design features. These design limitations 
may impact on oral tissue health and patient satisfaction. 
Not all design flaws illustrated in this survey were attri- 
buted  to materials limitations.

The investigator relied on commercial laboratories to pro- 
vide the designs; the sample may have been biased  
based on selection of designs by the laboratory technician. 
It is assumed that, by human nature, selection was biased 
towards the “better” designs. The process of designing in 
terms of communication and identity of the RPD designer 
(dentist or technician) was not requested in order to reduce 
selection bias by the technician.

Within the limitations of this pilot study, it may be con- 
cluded that:

 • The metal RPDs scored better for support, direct and 
indirect retention, and open design than the acrylic 
and NMC RPDs. For cross-arch stabilization, metal 
designs scored equally with the acrylic group and 
better than the NMC group.

 • The acrylic group scored poorly for support, direct  
and indirect retention and open design.

 • The NMC group scored poorly for support, indirect 
retention, open design  and cross-arch stabilization.
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Amelogenesis imperfecta (AI) comprises a vast group of 
developmental alterations in the quantity and/or quality of 
enamel, unaffected by systemic disorders. 

In this case report we describe the typical clinical and 
radiographic features of AI with multiple impacted teeth 
and altered eruption pathways. Patients with AI benefit  
from early diagnosis and treatment to prevent tooth 
loss and loss of vertical dimension. 

Optimal management of these patients requires a multi- 
disciplinary approach and regular dental recall appoint- 
ments. Therefore it is the oral health clinician’s responsi- 
bility for the timeous  identification of this condition.   

Amelogenesis imperfecta, impactions, altered eruption 
pathways, gubernacular canals.

Amelogenesis imperfecta (AI) comprises a vast group of 
developmental alterations in the quantity and/or quality 
of enamel, unaffected by systemic disorders. To date 
over 15 genetic mutations have been identified in cases 
of non-syndromic AI.1-6 A recent publication hypothe- 
sised that gene mutations in ENAM and AMELX leads  
to endoplasmic reticulum stress in ameloblasts which  
in turn activates an unfolded protein response as a  
pathogenic mechanism for AI.7 

Additionally, for reasons not yet fully understood, defects 
in acid phosphatase and RELT, have been implicated in 
AI.8 -11 Several other mutations have been identified 
in syndromic cases with AI, including DLX3 (tricho- 
dento-osseous syndrome) and FAM20A (enamel-renal  
syndrome, amelogenesis imperfecta-gingival fibromato- 
sis syndrome).12-14

Four phenotypic subtypes of AI are recognised; hypo- 
plastic, hypocalcified, hypomatured and mixed hypoma- 
tured/hypoplastic in combination with taurodontism.15-17 

In the hypoplastic subtype, the disruption occurs in 
the deposition of the enamel resulting in a thin band of  
fully mineralised enamel or pits and grooves dispersed  
in normal enamel thickness. 

The hypocalcified subtype encompasses presentations 
where the full thickness of enamel is deposited but  
no mineralisation occurs. Only partial mineralisation oc- 
curs in the hypomatured subtype.17,18 This classification 
is however limited, as both qualitative and quantita-
tive enamel defects may co-present within the same  
patient.18,19

The diagnosis of AI is largely based on characteristic 
clinical and radiographic findings.17,20  In normal circum-
stances enamel has a higher radiographic density when 
compared to dentine due to the higher mineral content.21  
In the hypoplastic subtype, a thin band of radiopaque 
enamel can be distinguished from the less radiopaque 
dentine. With hypomatured AI the radiographic density  
of enamel and dentine is alike, whereas in the hypo- 
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calcified subtype the enamel will have a lower density  
than that of the dentine and may not be evident on  
a radiograph.17 

The primary clinical concerns of AI include increased 
dentinal sensitivity, altered aesthetics, loss of vertical  
dimension, malocclusion and increased caries suscep- 
tibility.17,22 Other dental features that have been reported 
in association with AI include pulpal calcifications, root 
malformations (including taurodontism) and impactions 
of permanent teeth.20,23,24 In this case report we de- 
scribe a patient that presented with all the typical radio- 
graphic features of AI, and additional interesting findings. 

A 26-year-old male patient presented with the main 
complaint of small and sensitive teeth. His dental history 
included the recent construction a maxillary partial den- 
ture for improved functionality and composite veneers  
on the maxillary anterior teeth for aesthetics.  

No familial history of similar conditions were reported.  
Extraoral examination revealed recurrent Herpes labialis 
on the right bottom lip. Intraorally, generalised tooth 
wear and numerous retained primary teeth were present.   

The maxillary central incisors showed veneer prepara-
tions while both maxillary lateral incisors had composite 
veneers. The permanent first molars displayed a rough 
and yellow appearance with no visible enamel (Figure 1).   
The mandibular right second incisor had a distal uncom- 
plicated coronal fracture. The patient’s oral hygiene was 
satisfactory with non-inflammatory gingival enlargement.  
The patient was referred for radiographic examination. 

The panoramic radiograph (Figure 2) revealed a full com- 
plement of teeth however only the incisors and first per- 
manent molars were erupted. All the remaining teeth were 
impacted and no supernumerary teeth were detected.  
Pulpal calcifications could be seen in some of the erupted 
and a few of the unerupted teeth. The mandibular right  
first molar and left second deciduous molar were carious.   

The carious mandibular right deciduous molars were  
associated with periapical radiolucencies. A residual  
root was visible in the maxillary left first premolar area.  
Radiographically, there was no distinction between the 
enamel and dentine in the erupted and unerupted teeth.   
The impacted teeth demonstrated corticated radiolu- 
cent tubular or canal-like structures connecting the  
dental follicle to the alveolar ridge which resembled 
eruption pathways.

CASE PRESENTATION
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Figure 2. Panoramic radiograph. Presence of numerous impacted teeth showing no visible enamel. Corticated canal-like structures connecting the  
dental follicle to the alveolar ridge (black arrows).

Figure 3. A: Ground section of the mandibular right second deciduous molar show- 
ing dentine with dentinal tubules, pulp with pulpal chamber and minimal representation 
of enamel. B: Haematoxylin and Eosin section of the crown showing the enamel  
(arrow head).

Fig. 3A Fig. 3B

Figure 1. Intraoral photograph showing a lack 
of enamel and a rough and yellow appearance 
of the maxillary first molars (black arrows) and 
multiple missing teeth.

2 mm

Fig. 1

Fig. 2
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The mandibular right deciduous molars were extracted  
and submitted for histological examination. The ground  
sections (Figure 3) showed molar teeth with minimal 
representation of enamel. The dentine was of normal 
architecture with a straight dentine-enamel junction.    
Both teeth  showed focal  external  root resorption. 

These features were in keeping with AI. The patient was 
referred to the post-graduate prosthodontics department 
for further management and dental rehabilitation. Genetic 
testing was declined by the patient. The patient was 
also referred to a physician for renal analysis to rule out 
enamel-renal syndrome.

The most apparent features observed on the panoramic 
radiograph were the numerous impacted teeth and the 
presence of canal-like eruption pathways connecting the 
dental follicle to the alveolar ridge. Patients with AI are  
six times more likely to have impactions of permanent  
teeth and associated anomalies such as dentigerous 
cysts.19,23

Tooth eruption is a complex developmental process in- 
fluenced by genetic regulation and growth of the jaws.25  
The dental follicle orchestrates tooth eruption through the 
regulation of specific genes regulating bone resorption 
coronally and deposition apically.26,27 Disturbances in this 
process can be attributed to follicular enlargements or 
disruptions in the molecular signals of the eruption pro- 
cess itself.19,23

Gubernacular canals are bony canals thought to occur  
as a result of the gubernacular cord. This cord is a fi- 
brous strand remnant of the dental lamina that con- 
nects the reduced enamel epithelium surrounding the  
developing tooth, with the overlying oral epithelium.  
It secretes epidermal growth factor mediator that pro- 
motes osteoclastogenesis, thereby directing tooth erup- 
tion through the eruptive pathway.28-31 

The gubernacular cord was initially only described in 
association with permanent teeth that have a primary 
predecessor but later found to also be associated with 
permanent molars that do not have primary predeces- 
sors.28,32,33 However, the existence of the gubernacular 
cord and canal remains controversial. Nishida et al. 
reported the gubernacular canal as “corticated tracts  
of low density, contiguous with the dental follicle of an 
unerupted tooth”.34

A recent study on cone beam computed tomography 
investigated the presence and morphology of these 
canals in relation to eruption disturbances and patholo- 
gic conditions associated with impacted and unerupted 
permanent teeth. They found that a disturbed eruption 
pattern could occur with either the absence or an alte- 
ration in the shape  of  the  gubernacular canal.29 

These eruption pathways have also been observed in 
cases of primary failure of eruption disorder where a  
fault in the eruptive mechanism, with no mechanical 
obstruction, results in impaction.27,35 The panoramic 
radiograph of the presented case shows evidence of 

altered eruption pathways, suggesting a fault in the 
eruptive process. 

In this case report the patient had presented with non- 
inflammatory gingival enlargement. This finding has pre- 
viously been reported in the literature as an association  
with AI.36,37 From 1990 to 2014, there have been 8 AI  
case reports (5 of which originated from South Africa) 
with dental follicular-like harmatomas and generalised  
gingival enlargement.24,38-44 These reported cases de- 
monstrate a form of AI together with enlarged dental fol- 
licles associated with numerous impacted teeth.24,36,38-44 

Some of these cases with enlarged follicles were diag- 
nosed as dentigerous cysts36 or odontogenic fibromas.38  

However, one should consider that the latest WHO  
classification states that pericoronal radiolucencies with  
central odontogenic fibroma features associated with  
impacted teeth, should be considered hyperplastic folli- 
cles rather than neoplastic.45

In this case report, the patient presented with AI, gin- 
gival hyperplasia, multiple impactions, hyperplastic  
follicles and diffuse intrapulpal calcifications. These fea- 
tures have previously been reported in association with  
FAM20A mutation.13,46 However to our knowledge this 
is the first reported case showing altered eruption path- 
ways of impacted teeth in AI.

Patients with AI benefit from early diagnosis and treat- 
ment to prevent consequences of tooth loss and loss 
of vertical dimension. The increased dentinal sensitivity 
is caused by the exposed dentinal tubules and can be 
managed with fluoride application or coverage depend- 
ing on the extent of enamel disruption. The patients also 
present with increased caries susceptibility that require 
preventative dental procedures and regular follow up 
appointments. The altered aesthetics can be managed 
with crowns or veneer preparations. Bond strength to  
the altered enamel should be evaluated on a case to 
case basis. Direct resin restorations have shown suc- 
cess in the improvement of aesthetics but long term 
follow-up is needed to validate the longevity of the 
treatment success.47 A recent review found that indirect 
restorative techniques have a better prognosis in the  
case of AI as compared to direct restorative techniques.48 

The optimal management of these patients requires  
a multidisciplinary approach and regular dental recall 
appointments.49 Therefore, it is the oral health clinician’s 
responsibility for the timeous identification of this con- 
dition. A limitation of this study is that the true nature 
of the dental follicle and associated canals can only be 
speculated, as there was no indication for surgical re- 
moval of the impacted teeth. These lesions will be 
monitored going forward.
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The aim of root canal treatment is to eliminate bacteria 
from, and prevent their further entry to the root canal 
system. Successful root canal therapy depends on tho- 
rough chemomechanical debridement of pulpal tissue, 
dentin debris, and infective microorganisms.1 

Irrigants can augment mechanical debridement by flush- 
ing out debris, dissolving tissue, and disinfecting the  
root canal system. Chemical debridement is especially 
needed for teeth with complex internal anatomy such as  
fins or other irregularities that might be missed by in- 
strumentation. 

A large number of substances have been used as root 
canal irrigants, including acids (citric and phosphoric), 
chelating agents (ethylene diaminetetraacetic acid EDTA), 
proteolytic enzymes, alkaline solutions (sodium hypochlo- 
rite, sodium hydroxide, urea, and potassium hydroxide), 
oxidative agents  (hydrogen peroxide), etc. 

Sodium hypochlorite (NaOCl) in a variety of strengths 
has been used by dentists for many years, but concerns 
have been raised about its toxicity and the occasional 
report of pain when higher concentrations are used.1  

Chlorhexidine, an antimicrobial, has also been used in 
a variety of concentrations as either a solution or gel.  
Combinations of antibiotic and a detergent (MTAD) have 
been recently developed and are being used increasingly.  

Ulin and colleagues (2020)1 reported on a trail that sought 
to test the hypothesis that in a daily routine setting, root  
canal preparation with irrigation using 3.0% NaOCl will  

result in fewer postoperative root canal samples with  
cultivable bacteria prior to root filling than irrigation with  
0.5% buffered NaOCl but, at the same time, will not result 
in a higher frequency of postoperative pain.

The study was designed as a single-blind quasi-ran- 
domized control trial. Patients who required endodontic  
treatment after screening (n=298) were considered for 
inclusion. 

Exclusion criteria were severe systemic disease, no endo- 
dontic diagnosis, the need for a language interpreter, the 
decision to postpone the treatment decision (wait and 
see), the decision to not perform any treatment, extrac- 
tion or endodontic surgery treatment selected.

If a patient was referred for more than one tooth, only 
the first treated tooth was included in the study. After 
informed consent was obtained, the patient was ran- 
domly assigned to have the root canal treatment per- 
formed with 0.5% or 3% NaOCl irrigation during canal 
preparation. 

If the patient’s first visit was on an even-numbered 
date, the concentration was 0.5%; if the visit was  
on an odd-numbered date, the concentration of the irri- 
gant was 3%. 

The patients and those assessing outcomes were blind- 
ed after assignment to the intervention. After entering 
the study, preoperative factors such as gender, age, 
jaw, tooth, diagnosis and preoperative symptoms were 
recorded. 

From the patient records, the data concerning which 
treatment was carried out, who made the treatment and 
the number of treatment sessions until the treatment  
was completed were retrieved.
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Root canal treatment was standardized but the treat- 
ments were not restricted to a single protocol. However, 
the following procedures were common for all cases:  

An operating microscope was available and used during 
all the treatment procedures. After the removal of the 
temporary or defective restoration or crown and, if ne- 
cessary, excavation of caries, each tooth was isolated  
with a rubber dam, ensuring the absence of saliva leak- 
age, and the operative field was disinfected with 30% 
hydrogen peroxide following by 10% tincture of iodine. 

Pulp chamber access preparation was performed, and 
working length was established using an electronic apex 
locator. The working length determination was confirm- 
ed radiographically with a diagnostic file. The working 
length was ideally determined as equal to or slightly  
shorter (usually 0.5 mm shorter) than the root apex tip. 

Canal shaping was performed with rotary instruments,  
and the technique was chosen by the operator. The 
instruments available for use included K-flex files, Hed- 
ström files, the rotatory ProTaper instrument system, the 
WaveOne instrument system and the BioRace instru- 
ment system which meant that operators could choose 
any system that suited the clinical case that they had  
to complete.

The recommended minimum apical size of canal pre- 
paration was size 25. All the operators were asked to 
perform the root canal treatment as they would normally.  

The only variation during treatment was the concentra-
tion of the NaOCl solution for irrigation of the root canal.  
One group was irrigated with buffered sodium hypo- 
chlorite 0.5%, and the other group was irrigated with 
NaOCl 3%.

The operators were free to choose any additional irrigant 
as perceived necessary clinically. The irrigants available 
were 15% ethylenediaminetetraacetic acid (EDTA) and 5% 
iodine-potassium-iodide (IPI) used as a short-duration anti- 
microbial agent and intracanal medication for 10 minutes. 

Calcium hydroxide was the standard inter-appointment 
medication. The inter-appointment medicament was re- 
moved prior to root filling using irrigation with 15% EDTA 
and 0.5% or 3% NaOCl, depending on which group the 
case had been allocated to. 

Passive ultrasonic activation was optional. After the 
sampling procedures, gutta-percha and AH plus were  
used for root filling. The access cavity was filled with IRM  
after each appointment. A permanent restoration was  
placed by the referring dentist.

Root canal bacterial sampling was taken immediately  
before the root filling. The sodium hypochlorite solution 
and iodine-potassium-iodide were inactivated with 5%  
sodium thiosulfate solution for 30s. The canals were then 
filled with a sterile solution and dentinal shavings were 
produced with size 25 H-files.

The entire canal content was absorbed using sterile 
paper points and was transferred to sterile solution. The 

samples were processed at the laboratory and were 
transferred onto growth media and these were checked 
daily for 14 days or until the signs of microbial growth.  

To evaluate postoperative pain and swelling, each patient 
was instructed to complete a questionnaire after each 
treatment. The questionnaire contained seven identical 
visual analogue scales (VAS) to assess the pain daily for 
seven consecutive days postoperatively. 

The VAS was constructed as a 10-cm line with end- 
points 0 and 10, where 0 was set to no pain and 10 the 
worst imaginable pain. The patients were also asked  
to register whether swelling had occurred during the 
treatment period.

Of the 298 patients enrolled, one hundred fifty-three 
patients were allocated to receive root canal treatment 
with 0.5% NaOCl irrigation, and 145 were allocated to 
receive root canal treatment with 3% NaOCl irrigation.  

The patients allocated to the 3.0% NaOCl group repor- 
ted preoperative symptoms more frequently than the 
patients in the 0.5% NaOCl group but the difference  
was not statically significant (P= 0.067). 

In the respective groups, 139 (90.8%) and 132 (91.0%) 
received the allocated intervention. During the follow- 
up and analysis, the lost to follow-up varied amongst  
different outcome measures. 

For the microbiological samples and cultures, the ana- 
lysis was available from 134 teeth (96.4%) in the 0.5% 
group and from 129 (97.7%) teeth in the 3% group. 
To evaluate postoperative pain, 106 (76.2%) patient 
questionnaires in the 0.5% group and 105 (79.5%) in  
the 3% group were  available. 

Regarding the analysis of postoperative swelling, the 
data were available from 98 (70.5%) and 101 (76.5%) of 
patients in each group, respectively. 

Eighteen (13.4%) of the root canal samples were posi- 
tive in the 0.5% NaOCl group, and 24 (18.6%) were 
positive in the 3% NaOCl group. The mean difference 
−5.2% (95% confidence interval (CI): −14.8 to 4.4) was 
not significant (P= 0.33). 

Fifty-seven (53.8%) patients reported some pain in the 
0.5% NaOCl group, and 56 (53.3%) reported some pain  
in the 3% group. The mean difference 0.4 (95% CI: −14.0  
to 14.8) was not statistically significant (P=1.0). 

No significant difference was detected between the two 
groups when comparing the maximum postoperative  
pain or amount of pain over all days. 

In the 0.5% NaOCl group, 5 (5.1%) patients reported 
swelling; in the 3% NaOCl group, the corresponding 
number was 18 (17.8%) of patients. The mean differ- 
ence was 12.7 (95% CI: 3.1–22.4), which was signifi- 
cant (P= 0.0084). The RR was found to be 3.49 (95%  
CI: 1.35 – 9.04). 
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Clinical assessment of both root canal treatment and 
coronal restoration is fundamental when evaluating en- 
dodontic treatment. There is a large body of published 
evidence that has evaluated factors that can affect the 
outcomes of the endodontic treatment procedure. 

These  include variables such as short filled (>2mm), long 
filling (extruded beyond apex), flush filled root fillings, 
voids in the root filling materials, issues around cleaning 
efficacy of canals, etc. However, there is still some  
controversy when it comes to the level of impact of the 
coronal restoration on the success rate of the endo- 
dontic treatment. 

Much is known about the effect of permanent coronal 
restoration on the treatment outcome. Some studies, 
including reviews have reported a link between the  
quality of the coronal restoration and the overall success 
of the endodontic procedure for that particular tooth 
whilst others have reported no association. 

Some studies have reported that the quality of the root 
canal procedure (the sealing of the root system) was 
more important determinant of overall success than 
the placement of the coronal restoration. 

Kumar and colleagues from India (2020)1 reported on a  
trial that sought to  evaluate  the effects of an additio- 
nal orifice barrier, the coronal extent of root filling and 
periodontal status on the healing of Apical periodontitis 
after root canal treatment. The primary objective of this 
study was to assess the effect of an additional coronal  
barrier on endodontic success. The null hypothesis was 
that there is no difference in periapical healing with  
or without additional coronal barriers.

Patients who met the following inclusion criteria were 
invited to participate in this trial: permanent mandibular 
first or second molars with pulp necrosis and periapical 
radiolucency on radiographs were selected. Both occlu- 
sal and proximal cavities were included. 

Exclusion criteria comprised the following: pregnant wo- 
men and patients with diabetes, immunocompromising 
conditions, positive history of antibiotic intake in past 1 
month, unrestorable teeth, teeth with apicomarginal de- 
fect, pocket depth > 6 mm, previously initiated root canal 
treatment, root filling or procedural  errors.

The patients were randomly assigned to one of the three 
groups: intraorifice barrier (GIC filling placed in coronal 
part of root canal and at the base of the restoration),  
base (root canal filled and sealed off at base of pulp 
chamber and then GIC placed as a base for the res- 
toration) and control (root canal filled and sealed off at 
base of pulp chamber and then restoration placed over 
this [no base]). 

For randomization, equal proportion allocation ratio was 
followed. Opaque envelopes with concealed assignment 
codes were handed sequentially to all the participants. 
Envelopes were opened by the primary investigator only 
after filling of the root canals.

Endodontic procedures in all the teeth were performed 
by a single operator using a standardized approach. 
After preparation, the root canals were irrigated with 
5 ml of 17% EDTA for 1 min followed by final irrigation 
with 5 mL 5% NaOCl. The root canals were dried using 
paper points and filled with laterally condensed gutta- 
percha and zinc oxide eugenol sealer 0-2 mm short of 

ABSTRACT MATERIALS AND METHODS

2. The effect of an intraorifice barrier and base  
under coronal restorations on the healing of apical 
periodontitis: A randomized controlled trial

G Kumar, S Tewari, P Sangwan, J Duhan, S Mittal. The effect of an intraorifice barrier 
and base under coronal restorations on the healing of apical periodontitis: A randomized 
controlled trial. International Endodontic Journal 2020; 53 (4): 298- 307. 

It was found that preoperative symptoms (OR = 3.73; 
P=0.021) and the diagnoses of symptomatic apical peri- 
odontitis (OR =2.86; P = 0.021) were significantly positive 
predictors of postoperative swelling, whilst the pre-ope- 
rative diagnosis of asymptomatic apical periodontitis  
tended to be a negative predictor (OR= 0.42; P=0.064)  

The authors concluded that replacing 0.5% NaOCl 
irrigation with a 3.0% NaOCl solution did not result in 
fewer postoperative samples with cultivable bacteria nor 
higher frequency or magnitude of postoperative pain. 
However, the number of patients reporting postoperative 
swelling was significantly higher in the 3% NaOCl group. 

This trial has provided evidence of the safety and effi- 
cacy of lower concentration 0.5% NaOCl used as a root  
canal irrigant compared to the stronger 5.0% NaOCl  
concentrate. 

There were additional benefits of significantly less post- 
operative swelling associated with the use of the lower 
concentration NaOCl  solution.
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the radiographic apex. The access cavity was restored 
with a resin-reinforced ZOE cement (Kalzinol). In the  
next visit after 48 h, the intermediate restoration was 
removed from the coronal access. The sealed envelope 
containing the concealed assignment code was opened 
by the operator, and the access cavity was restored 
accordingly as per group assignment. 

For the Intraorifice barrier group: after removal of 3mm  
of gutta-percha from the coronal portion of the root 
canals using a heated plugger, excess root canal sealer 
was removed with sterilized alcohol-wet cotton pellets.  

The entire surface was conditioned using Ketac Molar 
liquid for 30s, rinsed with water and air-dried. GIC (Ketac 
Molar) powder and liquid were dispensed in the ratio 
of 3:1 on the paper pad and mixed with plastic cement 
spatula for 45 s. GIC was then placed inside the orifice 
and condensed with the plugger over the root filling. 

A 2-mm-thick uniform base of the same material was 
applied on the floor of the pulp chamber and condensed 
with the plastic instrument. A final composite resin (Tetric 
EvoCeram) restoration was placed in increments of 2 mm 
according to the manufacturer's instructions. Finishing 
was done with fine diamond points. 

For the Base group, gutta-percha was left at the level of 
orifice. A 2-mm-thick GIC base was placed on the pulp 
chamber floor and the cavity restored with composite 
following the same procedure described above. In the 
Control group, only composite resin was used to seal  
the access cavity leaving gutta-percha up to the orifice. 

The adequacy of coronal restoration and extent of canal 
filling was verified radiographically. Additional periodontal 
therapy was administered to patients with compromised 
periodontal health. Clinical and radiographic follow-up 
was done at 3, 6, 9 and 12 months. All radiographs were 
obtained at  standard  exposure  parameters.

The primary treatment outcome was healing, evaluated 
using clinical and radiographic findings. The coronal 
portions of the teeth in radiograph were masked to 
ensure blinding of the observers. In case of disagree-
ment, two observers sat together and discussed until  
a mutual consensus was achieved. 

The radiographic scores at 12 months were further  
dichotomized into healed and nonhealed. Criteria for 
clinical success were the absence of pain, sinus or any 
swelling, tenderness to palpation/percussion, tooth mo- 
bility and increased periodontal probing depth.

A calibrated examiner masked to the treatment provided 
recorded probing depth (PD) and bleeding on probing 
(BOP) using a periodontal probe (UNC-15). Clinically, 
periodontal parameters were recorded at six sites in  
every tooth (mesial, median, and distal points at the 
buccal and lingual aspect  per tooth). 

For calculation of marginal bone height, the vertical dis- 
tance between the cementoenamel junction and most  
coronal bone level was measured using the ImageJ® 
software.

Out of 120 patients enrolled in the study, 10 patients  
(2, 5 and 3 patients from the intraorifice barrier, base  
and control groups, respectively) were lost to follow-up. 
Therefore, 110 patients were included in the final analysis. 
There was a non-significant difference in age or gender 
between the  groups.

There was no significant difference in radiographic scores 
at any interval between the groups (P >0.05). All the 
groups were associated with a significant improvement  
in radiographic score at all time intervals (P< 0.05 ). 
Following dichotomization, the base group exhibited the 
greatest percentage of healing (97.1%) followed by the 
intraorifice barrier (92.1%) and control groups (83.8%); 
however, the differences were nonsignificant (P=0.136). 
None of the patients examined at any follow-up stage  
had signs or symptoms of  clinical failure.

When the teeth were classified into positive (gutta-percha 
coronal to marginal bone) (n=59) and negative (gutta- 
percha apical to marginal bone) (n=51) root filling groups 
based on the coronal extent of the root filling, a non- 
significant difference in healing between both the groups 
was observed (P= 0.672).

The patients were further subdivided into 2 groups based 
on the periodontal bone level: periodontally healthy (al- 
veolar crest within 2 mm from the cementoenamel junc- 
tion) and periodontally compromised. The average initial 
pocket depth of periodontally compromised patients was 
3.63 mm. 

Healing rate was higher in periodontally healthy patients 
(92.9%) than periodontally compromised patients (88.9%), 
but the difference was non-significant (P=0.547). The chi- 
square test was also used to compare healing between 
Class I (88.6%) and Class II (92.4%) cavities, and the 
difference was found to be nonsignificant (P= 0.498). 
None of the factors (age, gender, type of cavity, type of 
coronal restoration, marginal bone height at baseline  
and radiographic score at baseline) analysed had a sig- 
nificant effect on outcome in the regression analysis. 

The authors concluded that the use of additional barrier 
under permanent restorations did not significantly improve 
the outcome of primary root canal treatment in posterior 
teeth up to 12 months.

The results suggest that there was no need to place a  
base cement on the floor of the pulp chamber before 
placement of permanent restoration. However, longer  
term follow up studies (greater than one year) will need  
to confirm longer term outcomes.
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A pantomograph was taken of the patient who was  
accidentally shot. No sign of the presence of a pellet was 
discernible on the pantomograph. A posterior-anterior skull 
radiograph (Fig. 1) was taken and the presence of a pellet 
in the eyeball are clearly demonstrated. The main reason 
why the pellet could not be observed on the pantomograph 
is probably due to the fact that the pellet was not in the 
layer when the radiograph was taken (Review Maxillofacial 
Radiology Case 180). Due to the presence of the pellet in 
the region of the eyeball, a lateral skull radiograph (Fig. 2) 
was taken which clearly show the presence of the pellet in 
the posterior region of the skull. “One view is no view” is a 
common phrase amongst radiologists. When convention-
al radiographs are used both AP and lateral radiographs 
are required before an accurate diagnosis can be made. 
A number of radiologists over the years got themselves in 
serious allegations of misconception due to relying on one 
view only before making a diagnosis. A cropped panto- 
mograph (Fig. 3) of the patient presenting with a swelling  
on the left side of the mandible showing a well demarca- 
ted radiolucency causing divergence and resorption of the 
roots of 34 and 35. An intraoral radiograph (Fig. 4) which  

shows a well demarcated radiolucency with two smaller 
well defined lucencies (arrows) suggestive of daughter  
cysts within the lesion. The reason why the daughter cysts 
are nicely demonstrated on the intra-oral film is because 
the film is very close to the lesion while on the pantomo-
graph the cysts are not depicted because they are not 
present in the layer. An axial CT bone window setting 
(Fig. 5) shows two outward projecting daughter cysts in 
profile. A T2-weighted axial MR image (Fig. 6) shows 
the dominant cyst (A) which appears homogeneous with 
hyperintense fluid and the anteriorly (B) and posteriorly (C) 
situated daughter cysts are well depicted. A T1-weighted 
axial MR image (Fig. 7) confirming the lesion with buccal 
expansion. There are contrast enhancing soft tissue  
septae (A) dividing the lesion into a multilocular lesion. 
A small soft tissue contrast enhancing nodule is also 
discernible (B). The inferior alveolar nerves are also clearly 
depicted (C). A final histological diagnosis of a unicystic 
amelolastoma was made. The purpose of this communica-
tion was to emphasise the important role imaging plays in 
the diagnosis of lesions of the maxillofacial region.
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INTERPRETATION

Below are images of two patients that presented at the department. The one patient was accidentally shot by a  
friend using a pellet gun (Fig.1 & 2), while the other patient presented with a swelling of three month duration on  
the left side of the mandible (Fig. 3, 4, 5, 6 & 7). Studying the images presented below what are the important  
lessons to learn regarding the final diagnosis of the two cases? 
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Natural disasters, fatal accidents, and violent criminal 
offences are part of everyday life. All of these may result 
in fatalities that shatter the lives of the victim’s families  
and friends. Their trauma is compounded by the fact 
that all unnatural deaths have to be investigated, and  
the bodies of the deceased positively identified before  
they can be released to the families for burial. 

Bodies of victims of violent crimes, fires, drowning,  
motor vehicle or aviation accidents, work place fatalities  
or situations where some time has elapsed since death  
may be so disfigured that “identification by a family  
member is neither  possible  or  desirable”.1 

Often the nature or degree of the injury may be so ex- 
tensive that fingerprinting is also not a viable option.  
DNA analysis may be considered, however it takes time  
and is a costly procedure. There are also concerns with 
maintaining strict control over the chain of evidence 
during all additional procedures and tests. Thus, in these 
situations the forensic odontologist may be called in as  
part of the  investigative team. 

Victim identification using forensic odontology may take 
one of two forms. The more common is where the fo- 
rensic odontologist performs a comparative examination 
of ante-mortem records with a post-mortem examination. 

The other is when there are no ante-mortem records 
available. Here dental profiling may help investigators 
narrow down the search to persons of a specific age, 
gender, and racial group. The most common reasons  
for dental  identification are  the following:

1. In criminal cases – the investigation cannot begin until 
the victim has  been positively identified.

2. Marriage – where a remaining spouse cannot re- 
marry until their partner has been confirmed to be 
deceased.

3. Monetary – where the payment of pension, life 
insurance or other benefits will only happen after 
confirmation of death.

4. Burial – the body may not be released to the family for 
burial until it has been positively identified (except in 
cases of a pauper’s burial).

5. Social – to preserve the dignity of a deceased person 
their identity should be known.

6. Closure – for families whose loved ones have been 
missing for an extended time – a positive identifi- 
cation will provide them with final confirmation and 
closure.1,2

A delay in identification will thus have an impact on  
most, if not all of the above activities, and may cause  
untold anguish and distress to the remaining family 
members and loved ones.

Comparative dental identification involves comparison 
of ante-mortem dental records (including patient files, 
written notes, radiographs, photographs and study  
models), with findings obtained from a thorough post- 
mortem clinical assessment (including visual appraisal, 
dental charting and radiographs). Persons with numerous 
and complex dental restorations, or distinctly charac-
teristic tooth morphology will be much easier to identify 
than individuals with little or no restorative work or unique 
features. The process involves a “methodical and syste- 
matic comparison of each tooth and the surrounding 
structures in turn”.1 

A detailed description of this process is beyond the 
scope of this paper. In brief, the examination includes 
noting teeth present and missing, their type and position, 
morphology and pathology of the teeth crowns, roots, 
pulp chambers, and periapical regions, and all dental 
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restorations. In addition, the examination may involve 
the assessment of gingival/periodontal morphology and 
pathology, as well as surrounding osseous features 
including the alveolar process and lamina dura, maxi- 
llary sinuses, anterior nasal spine, mandibular canal, 
coronoid and condylar processes, and any other patho- 
logical entities.1

 
After the comparison, one of four conclusions may  
be reached: 

1. Positive identification – where records match with 
sufficient details and no unexplainable discrepancies. 

2. Possible identification – where there are many con- 
sistent features, but the nature or quality of the re- 
cords are not good enough to justify a statement of 
absolute certainly.

3. Insufficient evidence available to draw any conclusions.

4. Exclusion – if there are clear inconsistencies in ante- 
mortem and post-mortem data.3 

(Note: Larger/more complex or additional restorations in 
the post-mortem findings may be explained by disease 
progression, and can still result in a positive identification. 
However, smaller or fewer restorations are unexplainable 
and would warrant exclusion). 

Many studies have investigated the minimum number 
of concordant features needed to make a positive  
identification. However, there is no universally accepted  
number required, because each case has its own in- 
dividuality and as such, the final decision needs to lie  
with the experience, expertise, and judgement of the 
forensic odontologist.4

The healthcare industry is unique in that it is both  
“service and product based”. Vast amounts of money is 
spent, with many different role-players all vying for their 
share of the market in order to secure personal gains.  
Inevitably, “some will try to take advantage of the sys- 
tem and manipulate  it to their  benefit”.5 

Postma et al. (2011) conducted a study of misconduct 
complaints against oral health care professionals lodged 
with the HPCSA from 2004-2009. The results revealed  
that fraud accounted for 29% and 46% of the cases  
against dentists and dental therapists respectively.6 
The range of fraudulent complaints related to over-ser-
vicing, overcharging, claiming for services rendered to 
non-members, changing service dates, discrepancies 
between clinical records and billing records, submitting 
claims while being suspended from practice, incorrect 
tariff codes, claiming for procedures not performed, and 
split billing.6 

In a later study of HPCSA misconduct records, Nortjé 
and Hoffmann (2014) also found that the predominant 
transgression was charging for services not performed 
and submitting these claims to medical aids, as well as  
for performing sub-optimal treatment.7 

These studies only investigated HPCSA records and 
did not give any indication of the magnitude/scale of  
the fraud. Putter and Naidoo (2018) conducted an in- 
vestigation that looked specifically at dental fraud, using 
data obtained from HPCSA, Discovery, and the Board  
of Health Care Funders (BHF)  records. Discovery revealed 
that between 2007 and 2015, dental fraud reached 
a total of over ZAR 18.1 million. Statistics from the 
BHF were even more alarming as they estimated that in 
the same nine-year period the amount exceeded ZAR  
40 million. In a separate survey conducted by KPMG 
from 2007-2009, they reported fraudulent cases in  
excess of ZAR 221 million, where more than 70% con- 
sisted of charging for services not rendered or code 
manipulation.5

Not only does fraud waste money that could be allo- 
cated to proper treatment in deserving patients, but also 
may have other far-reaching consequences, particularly 
in legal and forensic fields. The following two cases 
illustrate the severity and potential adverse repercus- 
sions of recording procedures not done, or charging  
for larger/more complex restorations than were actually 
carried out. 

In the entrance of the Pretoria medico-legal mortuary one  
is met with a sign which reads “This is where the dead  
teach the living”. It often happens that in the very same 
mortuary the “The dead reveal secrets about the living”. 
Unfortunately it is here, during the dental examination of 
deceased victims, that unethical dentistry is often dis- 
covered. This includes both poor technical procedures  
as well  as blatent unethical practices. 

Following an aircraft accident the forensic odontology 
unit at the University of Pretoria were asked to identify 
the remains of two severely burned bodies. On arrival 
they were met by the pilot’s wife. She was requested  
to locate the dental records of her deceased husband  
for a possible dental identification. 

Fortunately, she had with her an appointment card from 
their regular dentist as her husband was busy underg- 
oing dental treatment and had several follow-up sessions 
scheduled. The card indicated that he still required three 
more one-hour sessions. On dental examination of the 
first victim (the assumed pilot), including radiographic 
assessment, no carious lesions or any other dental  
pathology could be found. Thus, there was no evidence  
to justify three further dental appointments. 

In light of this information, the forensic odontologist also 
viewed the three recently completed composite resto- 
rations (Teeth 14, 15 and 16) with suspicion (Figure 1). 
A sound amalgam restoration was noted on tooth 17.  

The treating dentist was phoned to discuss the case, 
but no further action was taken as there was no con- 
crete evidence to substantiate the fact that he intended  
to carry out more restorative work on “virgin/healthy”  
teeth (For full details of this case: Forensic dentistry 

Dental fraud

Dental forensics meets Dental fraud  
- “Discovering the truth after death” 

Case 1

www.sada.co.za / SADJ Vol. 75 No. 5

Fraudulent records
– Grave forensic consequences

ETHICS < 273



case book 4: Non-maleficence in dental practice, 
“primum non nocere” by H Bernitz in SADJ August 
20158).

In a recent mission to identify the victims of a mass  
disaster, one of the bodies, which had been severly  
carbonised, was examined for a possible dental iden- 
tification. During the examination two restorations were 
noted, these being occlusal amalgams on teeth 18 and 
48 (Figure 2). However, when the ante-mortem records 
arrived, they indicated that an occlusal composite res- 
toration had also been placed on tooth 36, which was  
not visible during the post-mortem examination. 

Under microscopic examination, a thin film of sealant 
was seen, which certainly did not account for the class 
I composite restoration that the ante-mortem records 
indicated and for which the patient had been charged.  

These findings presented the forensic odontology unit  
with an unexplainable discrepancy. Faced with this sce- 
nario, the unit had to decide what conclusion to draw on  
the victim’s identity. The first option, and the only truly 
accurate and defensible argument, was that the post- 
mortem dental examination did not match the ante- 
mortem dental records, and thus positive identification 
was excluded. The second option was to presume that 
the dentist had placed the miniscule sealant and frau- 
dulently charged for a larger restoration, and then con- 
firm a positive identification. However, with no concrete 
proof of this fraud,the forensic odontology unit were 
forced to report exclusion of identity. This meant that  
the body could not be released to the family for burial 
until further tests/DNA analysis had been carried out. 
The victim was subsequently confirmed to be their family 
member, however the incident forced the family to en- 
dure a costly and stressful delay in closure due to the 
fraudulent activities of their  “trusted” dentist.

Fraud may be defined as “wrongful deception, misre- 
presentation or concealment with the clear intention to 
deceive, resulting in personal or financial gain, or as in- 
tentional theft”.9 However, the extent and repercussions 
can extend far beyond that of personal gratification,  
and may have a negative impact on many other inno- 
cent persons. 

This has been illustrated in the above case scenarios 
where not only have the victims fallen prey to unscrupu- 
lous dentists, but their families have also been forced 
to endure the extended uncertainly regarding confirma-
tion of their loved ones deaths. The difficulty of dealing 
with suspected fraud lies in proving intent, and there will 
always be those who get away with this heinous practice.  

The onus lies with the remaining majority of honest  
practitioners to continue in their pursuits of developing  
a “strong anti-fraud culture, and improving the character  
of the nation and reputation of the profession”.5 
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DISCUSSION AND CONCLUSIONS

Figure 1. Victim’s maxilla showing the three recent composite restora- 
tions in the posterior first quadrant.

Figure 2. Remains of the victim’s mandible showing occlusal amalgam 
restorations on teeth 18 (top fragment) and 48, with no evidence of a 
composite restoration on  tooth 36. 
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1. Identify the CORRECT statement. Why do South 
African adolescents consume relatively low fruit and 
vegetables in spite of the development of food-based 
dietary guidelines for South Africa?
A. Poor implementation strategies and inadequate  

 promotion of the dietary guidelines
B. Most adolescent oral health behaviours are initiated  

 in infancy and childhood
C. Parents and schools have failed to provide enabling  

 environment
D. All of the above

2. Identify the CORRECT statement. How is consuming 
a diet high in fruit and vegetables associated with a 
decreased risk of many chronic diseases, including 
periodontal disease?
A. Fruits and vegetables are good sources of many  

 important nutrients such as potassium, Vitamin C,  
 folate, fiber, and numerous phytochemicals

B. Phytochemicals protect cells from 
 oxidative damage

C. Options (A) and (B)
D. None of the above

3. Identify the CORRECT statement. Fruit juice is not as 
healthy as solid or whole fruits. Which of the options 
below is not valid?
A. Fruit juice contains too much water
B. Solid or whole fruits contain less free sugars
C. The intrinsic sugars in solid or whole fruits are  

 healthier than the extrinsic sugars produced when  
 cell membranes rupture during the juicing process

D. Solid or whole fruits provide a lot more fibres and  
 nutrition usually lost during the juicing process 

4. Identify the INCORRECT statement. Vegetables are 
more likely to provide optimum nutrients and pro- 
tection than fruits. Which of the options below is not 
valid?
A. They are usually prepared fresh for meals usually 

 immediately after harvest, especially, in the rural 
 areas

B. Fruits are often eaten many days after harvest
C. Vegetables are cheaper
D. Fruits that are highly contingent on seasonal 

fluctuations

5. Identify the CORRECT statement. The present study 
recommends the introduction of infants as early 
as possible to the taste of locally available fruit and 
vegetables. Which of the options below is incorrect?
A. In order to promote their liking through increased  

 taste exposure
B. Because children as young as four years of age,  

 perhaps much younger have already formed their 
 taste preferences for fruit and vegetables

C. Neophobia seems to be minimal around the age  
 of 140 -180 days, so infants may be more willing to  
 try new foods at this age, making it the ideal time to  
 help them acquire a taste for vegetables

D. None of the above

6. Identify the CORRECT statement. Maxillofacial and 
oral surgeons (MFOS) play an important role in left 
lip/palate and craniofacial deformities management 
because they are trained in:
A. management of hard and soft tissue conditions  

 affecting the orofacial region
B. removal of wisdom teeth
C. temporomandibular joint surgery
D. oral pathology

7. Identify the CORRECT statement(s). Surgical care 
for cleft lip/palate and craniofacial deformities con- 
tributes to the healthcare burden, making many 
patients unable to access adequate surgical care 
due to:
A. adequate surgical capacity
B. insufficient financing
C. shortage of human resources for surgical care
D. travel restrictions

8. Identify the CORRECT statement. The most signi- 
ficant factor preventing respondents from treating 
CLP and CFD patients is:
A. limited clinical experience and training 
B. long duration of the treatment
C. lack of interest 
D. the need for multidisciplinary treatment

Parents’ perception of their role in the prevention 
of inadequate consumption of fruit and vegetables 
among adolescents in South Africa

Academic education of South African maxillofacial 
and oral surgeons in the field of cleft lip/palate and 
craniofacial deformities 
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9. Identify the CORRECT statement. 
This survey showed that a RPD design that conforms 
to agreed biomechanical principles is driven by:
A. What is taught at dental schools
B. The material used for the framework or base
C. The quality of the laboratory work
D. The intra-oral condition
E. None of the above

10. Identify the CORRECT statement. Soft tissue harm 
caused by RPDs can be limited by:
A. The correct location and number of rests
B. Using more clasps
C. Unilateral designs
D. Mucosa-supported RPDs
E. None of the above

11.  Identify the CORRECT statement. This survey con- 
cluded that metal-frame RPDs scored better for:
A. Support 
B. Direct and indirect retention
C. Open design
D. All of the above

12.  Identify the CORRECT statement. This study con- 
cluded that the NMC group scored poorly for all of 
the following factors, EXCEPT: 
A. Support
B. Direct retention
C. Open design and cross-arch stabilization
D. Indirect retention

13. Identify the CORRECT statement. 
 Amelogenesis imperfecta is best managed by:

A. Direct restorations
B. Indirect restorations
C. No intervention
D. Extractions

14. Identify the CORRECT statement. Dental complications  
 associated with Amelogenesis imperfecta include:

A. Decreased caries susceptibility
B. Loss of horizontal dimension of occlusion
C. Altered aesthetics
D. All of the above

15.  Identify the CORRECT statement. Additional oral fea- 
tures that can accompany Amelogenesis imperfecta 
include:
A. Taurodontism
B. Numerous impactions
C. Pulp stones
D. Ginigival hyperplasia
E. All of the above

16. Identify the CORRECT statement. The Ulin et al. trial can 
be consider as “quasi-randomized” because of one of 
the following statements:
A. The trail was single blinded
B. There was a small sample size
C. If the patient’s first visit was on an even-num 

 bered date, the concentration was 0.5%; if  
 the visit was on an odd-numbered date, the  
 concentration of the irrigant was 3%

D. The trial was double-blinded

17. Identify the CORRECT statement. In the Ulin et al. 
trial: what were the outcomes for bacterial levels  
and/or postoperative pain among the groups? 
A. There was a difference in bacterial levels or and  

 postoperative pain among the groups
B. There was only in difference in the bacterial levels  

 between the group
C. There was only a difference in the postoperative  

 pain levels between the groups
D. There was no difference in bacterial levels or post- 

 operative pain among the groups

18. Identify the CORRECT statement. In the Ulin et al. trial: 
post-operative swelling was associated with which 
concentration of NaOCl?
A. Post-operative swelling was associated with 3%  

 NaOCl
B. Post-operative swelling was associated with 0.5%  

 NaOCl
C. Post-operative swelling was associated with 0.2%  

 NaOCl
D. Post-operative swelling was associated with 0.1% 

 NaOCl

19. Identify the CORRECT statement. In the Kumar et al.  
 trial: How was the 2mm GIC base applied?
A. A 2mm GIC base was applied in all 3 groups
B. A 2mm GIC base was applied in 2 of the 3 groups
C. A 2mm GIC base was applied in only the control  

 group
D. None of the groups received a 2mm GIC base

20. Identify the CORRECT statement. In the Kumar et al. 
trial, which restorations had better outcomes?
A. Restorations that had the 2mm GIC base had better  

 outcomes than those that did not
B. Only restorations that had been placed on single root  

 canals had better outcomes
C. Only restorations that had been placed on multiple  

 root canals had better outcomes
D. None of the above

Conformity of removable partial denture designs to 
agreed principles based on materials used
- A preliminary study

Amelogenesis imperfecta with multiple impacted 
teeth and altered eruption pathways

Clinical Windows 
- What’s  new for the clinician?
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21. Identify the CORRECT statement.  
Identification using dental records: 
A. Cannot be used for badly burnt bodies
B. Cannot be used in mass disaster situations
C. Cannot be used for murder victims
D. May make use of hand written notes

22.  Identify the CORRECT statement. In a forensic dental 
investigation, many concordant features, as well as a 
single larger restoration in the ante-mortem records 
compared with the post-mortem examination would 
led to which conclusion:  
A. Positive identification
B. Possible identification
C. Insufficient evidence
D. Exclusion

23. Identify the CORRECT answer. Performing and char- 
ging for suboptimal dental treatment is unethical and 
may be considered as: 
A. Fraud
B. Misconduct
C. Negligence
D. Both A and B are correct
E. Both B and C are correct

24. Identify the CORRECT statement. The majority of 
fraud cases identified in the KPMG study (2007- 
2009) were for:
A. Excessive pricing
B. Split billing
C. Code manipulation
D. Charging for work done while suspended
E. Both A and B are correct

25. Identify the CORRECT statement. Over-servicing
 refers to:

A. Doing too much work in one session
B. Doing more work than the patient can afford
C. Doing more work than the patient requires
D. Both A and B are correct
E. Both B and C are correct

Fraudulent records – Grave forensic consequences
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