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Dental amalgam has been used as a restorative ma-
terial in dentistry for the past 150 years. This material 
has been used to restore posterior teeth throughout  
the world and is also used in South Africa. 

Dental amalgam has been the material of choice for  
patients presenting with large tooth decay areas, includ- 
ing the loss of cuspal areas.1 The reason for this is  
that dental amalgam was always considered strong and 
durable. Compared to alternate dental materials, this ma- 
terial could also withstand the significant forces associa- 
ted with chewing and biting.2 Dental amalgam is also  
considered more cost-effective than alternate dental ma- 
terials such as conventional glass ionomers, resin-modi-
fied glass ionomers, resin composite and ceramic resto-
rations, making it more feasible and material of choice in 
lower economic countries, including South Africa.3 

Due to the increased awareness of mercury toxicity, 
there has been an introduction of alternate dental ma- 
terials such as glass ionomers, resin ionomers, and  
resin composites.2 Resin composites have been avai- 
lable for the past 40 years.3 During this time, numer-
ous developments have been made to improve the  
material’s strength and aesthetics. Resin composites 
are now the material of choice due to their high aes- 
thetic value. Resin composites also require minimal tooth 
preparation, resulting in the conservation of a healthy 
tooth structure.3 

They are generally micro-mechanically bonded to the 
tooth, which results in the tooth’s overall strength. 
The newer composite materials are also more durable 
and, therefore, comparable to amalgam restorations in  
terms of strength. However, documented studies by  
Fernandes, Vally and Sykes (2015) and Hurst (2014) re- 
veal that a composite restoration’s survival rate is lower 
than an amalgam restoration in the long-term evalu-
ation.4,5 This is due to polymerisation shrinkage, which 
occurs during the setting reaction, resulting in micro- 
leakage underneath the restoration. 

Another disadvantage of a composite restoration is the 
difficulty in achieving tight contact between teeth due 
to poor matrix band application. This results in secon- 
dary caries, which in turn requires the replacement of the 
restoration.6 There are now advances in matrix systems 
and composite materials and the improved skills and ex-
pertise of the practitioner. We can now look at replace-
ment rather than repair.7 

The earlier composite material, the micro fills, lacked con- 
densable properties and strength and were not used 
in load-bearing areas such as posterior teeth. Now bulk- 
fill composite material has been introduced.8 

The Minamata Convention was an international confe- 
rence that was held in October 2013 in Kumonata, Japan, 
which included delegates from 140 countries, including 
South Africa.9 This treaty was introduced to protect hu- 
man and environmental health from the emissions and 
release of mercury and mercury compounds. 

The Minamata Convention also called for a phase-down 
approach to dental amalgam through greater emphasis  
on prevention, research into new dental materials, and 
best management practice regarding amalgam disposal.10 

In November 2019, the parties considered a proposal 
to phase out dental amalgam by 2024, except in cases 
where no alternative is available.11

This study was conducted at the dental faculty of the 
University of KwaZulu-Natal, South Africa, to gain in-
sights from the students regarding their perceptions 
about dental  amalgam training. 

INTRODUCTION
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The School of Dentistry is located within the Faculty of 
Health Sciences. The programmes offered include the 
Degree in Dental Therapy and in Oral Health. Teaching 
in the basic and social sciences and the preclinical com-
ponents occur at the Westville campus. All clinical teach-
ing occurs at the Oral and Dental Training Centre, in  
Sydenham, KwaZulu-Natal.12 

The scope of practice of dental therapists in South  
Africa is considered more extensive than in most oth-
er countries.13 They can treat adults and children and 
do not require any supervision from dentists or dental 
therapists once they have completed their mandatory 
service.13 

This was a descriptive cross-sectional case study con-
ducted between February and June 2020 to determine 
undergraduate dental students’ knowledge and attitudes 
towards the use of dental amalgam in the current dental 
training curriculum.

A combination of quantitative and qualitative data was  
obtained to ensure that the data’s strengths and limita- 
tions were balanced. This helped to ensure greater under-
standing by integrating both types of data.14

The study site was the University of KwaZulu-Natal, a 
university with five campuses in KwaZulu-Natal in South  
Africa. UKZN is one of two universities in the South that 
offers the Bachelor of Dental Therapy degree.

All participants in this study included dental therapy stu-
dents (n=109) because the university, at this stage, was 
not enrolling oral hygiene students. The response rate was 
nearly 70%. The second- (n=50) and third-year (n=59)  
students participated in the study. Students in the first  
year of study were excluded because they had no ex- 
perience in restorative dentistry. Students in the second 
year of study are introduced to dental materials in the  
lectures and have preclinical laboratory training on the 
phantom head and observe the third-year students in the 
clinic while working on patients. The third-year students 
are involved in clinical training at the Oral and Dental  
Hospital,  where they perform restorative procedures. 

Data captured from the questionnaire were entered into 
Microsoft Excel and analysed using Statistical Package 
for the Social Science (SPSS), version 26. Descriptive and 
inferential statistics were calculated, including the percen- 
tage and 95% confidence interval positive response to 
questions. A Chi-square test was used to test the asso- 
ciations between variables. All the tests are two-tailed, 
and the criterion for statistical significance was set at 5%  
level.15

The research instrument included a self-administered ques-
tionnaire comprising both open-ended and closed-ended 
questions. Open-ended questions were used to allow the 
participants to express themselves to answer based on 
their complete knowledge, feeling and understanding of 
the topic. An example was, “Do you feel that the univer- 

sity prepared you adequately to place restorations, pro- 
vide a reason". The open-ended questions analysis from 
the students’ responses contributed to the study’s qual-
itative method. 

The questionnaire included 20 items designed to assess 
students’ knowledge and perceptions regarding the use  
of dental amalgam, both in the preclinical laboratory and 
the dental clinic. The first part of the questionnaire con-
sisted of sociodemographic data, such as age, sex, year 
of study, knowledge of dental amalgam, and understand-
ing of the relationship between what is taught and what 
is practised. 

The second part of the questionnaire included variables, 
such as exposure to various dental materials, the first  
dental material introduced to the phantom head, clinical 
training time for dental amalgam, clinical training time for 
resin composite, and the material used more often on out- 
reach programmes. The questionnaire also included que- 
stions on the choice of dental material used in the clinic, 
the clinical supervisor’s influence on the type of material 
used, and the type of cavity design preparations.

The questionnaire also included questions regarding know- 
ledge of the Minamata Convention and the phase-down 
of dental amalgam. The third part of the questionnaire  
focused on the knowledge regarding trends in other coun-
tries regarding the use of dental amalgam and whether 
composite should completely replace amalgam in dental 
training. Scientific validity is applicable in quantitative re-
search andis concerned with how an assessment tool 
measures what it is intended to measure.16 This ques- 
tionnaire was designed to allow the researcher to achieve 
the intended aims and objectives for this study.

Reliability in quantitative study design can reproduce the 
same results if a particular instrument is used at differ-
ent times and by different researchers.16 Reliability was  
maintained by double-checking the data during data  
entry and was verified by the research supervisor.

The study was granted ethical clearance by the Huma- 
nities and Social Sciences Research Ethics Committee 
at the University of KwaZulu-Natal (ref. no. HSSREC/00 
000622/2019). Gatekeeper permission was also grant-
ed from the registrar at UKZN. Written informed consent  
was obtained from all participants. Students were made 
aware that the study was voluntary and that partici- 
pants were free to withdraw from the study at any stage 
without any negative consequences. 

The questionnaire was administered in the English lan-
guage after confirming that all the participants were com-
fortable with the language. All other ethical issues, such  
as confidentiality and anonymity, were maintained. Data 
were analysed using SPSS version 26.0 (IBM Corp., USA). 
The responses to the open-ended questions were group- 
ed, and emergent themes were examined and compared 
for possible associations. Inferential techniques included 
Pearson’s χ2 test to assess a possible relationship be-
tween the independent variables (age, sex, and year of 
study) and the dependent variables (first material used  

METHODOLOGY

Data collection

Ethical approval
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in the preclinical dental laboratory, and use of dental ma- 
terial in outreach programmes). A p<0.05 level was es- 
tablished as being significant.

The participants were given codes to identify them when 
the responses to the open-ended questions were pre 
sented: Second-year students were numbered from P1 
-P41, and the third-year students were numbered from 
Pi- Pxxxiv.

One hundred and nine questionnaires were distribu- 
ted among the second- and third-year dental therapy 
students. Seventy-five questionnaires were returned, 
yielding a 70,75% response rate. The response rate 
was in proportion to the population total, i.e., 34 stu- 
dents in the third year of study and 41 students in  
the second year of study. In the second year, the  
gender distribution of students comprised an almost  
equal distribution of females 51,22% (n=21) to males 
48,78% (n=20). 

The third-year students were mostly female 85,3% (n= 
29) with 14,7% (n=5) males. The data collected was pre- 
sented separately for the second- and third-year stu- 
dents, as the second-year students were involved in 
preclinical training in a skills laboratory and assisted and 
observed the third-year students in the clinic. The third- 
year students had performed restorations on patients. 

The separation of the results helped prevent the data 
from being skewed and to prevent bias. However, both 
the second- and third-year students were given lectures 
and tutorials on dental amalgam as well as other dental 
materials.

The results of the data gained from the questionnaires 
revealed that 100% (n=41) of second-year students indi- 
cated that the first material introduced in the preclinical 
laboratory was resin composite. Approximately eighty-five 
percent (n=35) of the students had also indicated that 
more than 50% of their preclinical time was spent on 
teaching and training in resin composite and other dental 
materials. 60,5% (n=25) of students indicated that they did 
not have adequate training in the various types of cavity 
design preparations. 36,6% (n=16) indicated that they had 
sufficient exposure to the various types of material in the 
dental clinic. 55% (n=23) second-year students indicated 
that they felt that the university prepared them adequately 
to place restorations.

The third-year students' findings indicated that 85,3% 
(n=29) were female, and 14,7% (n=5) were male. App- 
roximately seventy-five percent (n=25) agreed that the 
university prepared them adequately to place restora- 
tions, 17,65% (n=6) were unsure (neutral), and 8,8%  
(n=3) disagreed that the university had prepared them 
sufficiently to place restorations. Students also had vary- 

ing responses with regards to them having adequate 
exposure to the various types of dental materials avai- 
lable in the clinic: 50,1% (n=17) agreed, 38,2% (n=13) 
were unsure (neutral), and 11,7% (n=4) disagreed.

Students’ preparedness was an indication of whether 
students felt that they were sufficiently prepared to per 
form cavity preps for amalgam and composite restora- 
tions and if they felt that they had enough exposure to 
the different types of material required for restorative 
dentistry.

The qualitative data analysis indicated some of the rea- 
sons students felt that they did not have adequate expo- 
sure to the various types of cavity preparations 60,5%  
(n= 25). 

One of the reasons stated for this was firstly a large num- 
ber of registered students. The following statements sup- 
ported this:

P2: “Due to the large number of students in this degree,  
we do not get much time to practice.”
P3: “There were many students, and due to that, it was  
hard to be taught properly.”
P4: “Due to large class sessions, everyone does not get 
adequate exposure to perform restorations.”
P17: “not enough practice”
P38: “We had a short time to learn everything about 
restorations.”

Some of the responses from participants who felt that the 
university prepared them sufficiently to place restorations 
are as follows:

P5: “There was plenty of restorative pracs in the lab.”
P23: “We are taught things that we are supposed to know, 
no time wasted on things we don’t need to know.”
P16: “Because they gave us important information for res- 
toration placement.”
P27: “very well trained lecturers.”

The following quotes justify some of the reasons given 
by the students who agreed that the university prepared 
them sufficiently to place restorations:

Pv: “I know the different materials and how to manipulate 
them for different situations and restoring and construct- 
ing is my favourite compared to extractions.”

Pvi : “Learnt all about recent materials, cavity design and 
minimal intervention dentistry.”

Pviii: “The clinical practical were so useful.”

Pxxiv: “Subject was well done in which we manage to  
know the advantage and disadvantage, the indications  
and contra indication and the chemistry of the dental, ma- 
terials.”

RESULTS

1. Knowledge regarding dental amalgam training

Second-year students

Third-year results

2. Preparedness of students

Second-year students

Third-year students
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Pxvii: “The lectures and notes that were given were detailed 
and I found it very useful. It gives explanations and reasons 
why you need to prepare your cavity in such a way, and 
also we learnt about the properties of materials and how to 
manipulate these.”

Pxii: “Adequate information were given about restorative 
materials and which one is more effective. My knowledge 
has increased about their properties and it’s use.”

Approximately 11.2% (n=4) of students did not agree that 
the university prepared them sufficiently to place restora- 
tions. Some of the responses stated by the participants 
were as follows:

Pi: “Students are not adequately prepared as demonstra-
tions were done only once in groups of 20 students, as 
well as inadequate exposure to patients due to lack of 
equipment and a large number of students.”

Pii: “We had learnt the basics that would enable us to 
place restorations, but this could have been improved by 
increased exposure to various materials and techniques.” 

Piii: “There was not enough clinical exposure throughout 
the year.”

Piv: “Hardly got to do amalgam restorations and as a  
result, feel that I lack the skill to do an amalgam as more  
time went spent doing and getting used to composite 
materials.”

Students were satisfied with the lectures and tutorials. 
However, due to the limited time and large class numbers, 
11.2% (n= 4) felt that they did not have enough practical 
training in placing the various types of dental materials. 

The findings indicate that 100% (n=41) of students indi- 
cated that composite resin was the first dental material 
introduced to them in the preclinical laboratory. This was 
also the material that their respective supervisors encou- 
raged them to use. 

The reason for this, as stated by the participants, was 
because composite material was:

P2: “safer than amalgam”.
P39: “you need one session to finish”.
P38: “better aesthetics and minimal cavity prep”.
P33: “for aesthetics and easier to use”.
P14: “they say that it is easier to use”.

Hundred percent of second-year students indicated that 
composite resin was the material that they used more  
often in the preclinical laboratory for all one, two, and  
three surface restorations. The reasons given for their  
choice of material, for the majority of students (29%, n= 
12) was the ease of use (manipulation of the material), 
24.3% (n=10) indicated aesthetics as a contributing fac- 
tor, 22% (n=9) felt that safety of material was their rea- 
son of choice, and 12.3% (n=5) indicated that cost and 

patient preference, 12.3% (n=5), was a factor. The data  
also showed that 73.2% (n=30) of students used compo- 
site resin for complex restorations (4 surface and more).  

The reason for their choice was given as: P38: “composite  
has better aesthetics and is not sensitive to temperature.”; 
P39: “composite has better aesthetic and less mercury 
toxicity”; P16: “easy manipulation”; and the fact that P6: 
“composite was the only material that we have been 
exposed to thus far”.

Almost twenty-seven percent (n=11) of students agreed  
that they would use dental amalgam for complex resto- 
rations. The following quotes justified this: P2: “amalgam 
is stronger and more load-bearing compared to compo- 
site”; P11: “provides more physical strength and com- 
pressibility”; P19: “amalgam is more strong and has  
higher compressive strength”; P17: “a lot more strength, 
less prone to breakage”.

Sixty percent (n=20) of students indicated that less than  
50 % preclinical training was done on dental amalgam. 
Eighty-three percent (n=28) of students indicated that  
more than 50% of phantom head training in the dental 
laboratory was practised on other dental materials, such  
as resin composite. Nearly ninety-two percent (n=31) indi- 
cated that they used resin composite material more often 
in the dental clinic. 

Eighty percent (n=27) of students indicated that they 
inform patients regarding the type of material used. The 
predominant reason for their choice of dental material 
(composite) was, firstly aesthetics 35% (n=12), secondly, 
patient preference (23,5%, n=8), thirdly, safety (20,5%, 
n=7), fourthly, ease of use (manipulation) (15%, n=5), and 
lastly, cost (6%, n=2) which was the least contributing factor. 

Nearly 88% (n=30) of students indicated that their dental 
supervisors encouraged them to use resin composite more 
often in the clinic. The reason for this was “better aesthe- 
tic”, “phasing down of amalgam”, and “minimal loss of  
tooth structure”. It was indicated that supervisors encou- 
raged the use of resin composite. The reasons for this  
was Pii: “supervisors want to improve our composite re- 
storative technique as they recognise that composite is 
the most widely used material in private practice, which is 
where the majority of  students will  end up working”. 

Approximately forty-four percent of students (n=15) of stu- 
dents use composite material more often on dental out- 
reach programmes, 12,5 % (n=4) use glass ionomer, and 
15,6% (n=5) use dental amalgam. Almost ninety-two per- 
cent of participants (n=31) have indicated that they have 
seen resin composite being used more often in private 
practice. 100% (n=34) of third-year students indicated  
that they use resin composite more often for one, two, and  
three surface restorations. 35,3% (n=12) of students use 
dental amalgam more often for complex restorations (4 
surfaces and more).

In the third year, students use both types of material,  
i.e., amalgam and composite, in their clinical training. The 
students were asked which material they used more often 

3. The practice of students using dental amalgam

Second-year students

Third-year students
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for class 1, class 2, and complex restorations. Figure 1, 
below, indicates their choice of  material.

The qualitative data gained in support of dental amalgam 
being used for complex restorations are as follows:

Some of the reasons given by about thirty-five percent 
(n=12) of third-year students for using dental amalgam in 
complex restorations are as follows:
 
Pviii: “it is stronger and last longer, have good compres- 
sive strength, most complex cavities are in posterior teeth, 
so there is not much need for aesthetics.”

Pvi: “More adept with using amalgam, also if in a high 
load-bearing area, amalgam is more durable.”

Pvii: “Amalgam may be considered for more complex res- 
torations as strength is of main importance and amalgam 
has more to offer when it comes to strength and durability 
than composite.”

Pxvi: “if posterior teeth can withstand occlusal forces.”

Pxix: “it is more durable and more easily packable.”

Approximately sixty-five percent of the third year (n=22) 
students indicated that they use composite resin for more 
complex restorations, and the reasons given to justify this 
choice are as follows:

Pxv: “Composite is bonded, which makes it reliable and 
more conservative, also for aesthetics.”

Pxxxii: “I love composite and trust it for improved aesthetics, 
easy to handle and polish-ability plus no health hazards as 
compared to amalgam.”

Pii: “Composite bonds to tooth structure thereby strength-
ening the tooth as opposed to amalgam which looks 
un-aesthetic in a large cavity prep.”

Pxvii: “it involves minimal invasive intervention, less removal 
of tissues, and the ability of the material to bond to tooth 
surfaces.”

Pxxxv: “to enhance retention, preserve tooth structure.”

The second- and third-year students were asked what 
their main reason was for choosing dental material when 
restoring a tooth was. The main reasons that emerged  
were aesthetics, cost of material, ease of use, material 
safety, and ease of manipulation.

The responses were presented on a graph so that a com- 
parison can be seen between the second- and third-year 
students.

The above figures (2A and 2B) illustrate why students 
consider their choice of restorative material.

Ease of use (manipulation) of the dental material was 
the main contributing factor for the choice of material for  
second years (30%, n=12), while aesthetics was the 
main reason for the choice of material for the third year  
(35,29%, n=12).

The majority of second-year students indicated that they 
have not heard of the Minamata Convention and 82,1% 
(n=34) of the students stated that they were not aware  

4. Choice of dental material

5. Minamata convention and amalgam usage 
internationally

Amalgam Composite

Figure 1. The material used by third-year students for 1, 2, 3 surface 
restorations
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of the phase-down of dental amalgam. Almost eighty  
percent (n=27) of third-year students have heard of the 
Minamata Convention, and 73,5% (n=25) of students are 
aware of the phase-down of dental amalgam.

5.1. Students were asked a question as to why amal- 
gam is banned in some countries. There was a 91% 
response to this question. 

The main reason that emerged from both the second- 
and third-year participants was the mercury content  
in amalgam. 
The participants answered as follows:

P9: “because of mercury exposure.”
P13: “because of mercury release and is not aesthetically 
pleasing.”
P27: “people are concerned about the mercury issue.”
P14: “due to the controversy about mercury toxicity.”

Pvii: “Because certain countries are strict against the dan- 
gers of mercury toxicity. I even had a patient whose old 
amalgam had come off, and she didn’t want us to put 
another amalgam restoration as she had read on the 
internet that it is dangerous to your mental health, so a lot  
of people do not fully trust the use of it and would rather 
just not use it.”

Pii: “there is a risk mercury toxicity as well as a harmful 
impact on the environment if  not disposed of correctly.”

Pvi: “the mercury scare on all forms of media, studies 
showing mercury unsafe.”

Pxx: “too many lobbyists for tooth-coloured material and 
business-minded.”

Pxv: “it doesn’t meet aesthetic requirements and minimal 
inversion (invasion technique).”

5.2. Students were questioned as to why dental amal- 
gam is still used in some countries such as South Africa 
and America. There was a 97% (n=33) response to  
this question. The predominant factor that emerged was 
the cost of the material, and is validated by the following  
quotes:

 • P1: “... it’s cheaper…”
 • P2: “cost-effective, cheaper than other dental restorative 
materials.”

 • P3: “cost less and is durable.”
 • P4: “cheaper for the patient, and for the ease to handle.”

Pxiv: “because of its strength and longevity, also cheaper 
than composite.”

Pxxvii: “it is because of cost. People can afford to pay.”

Pxii: “it is the strongest material, easy to use and cheaper 
than composites.”

Pvi: “other studies showing high performance and durability 
of amalgam. Relative ease of use (not technique sensitive) 
and relatively lower cost.”

Pvii: “I think because they haven’t had many cases of 
people refusing amalgam, the people aren’t aware of 
mercury toxicity as other people in other countries.”

6. The participants were asked whether they felt that resin 
composite should completely replace dental amalgam in 
dental training.

Approximately seventy-three percent (n=30) of second-year 
students indicated that composite should replace amalgam 
in dental training, while 26,8% (n=11) of students indicated 
that amalgam should not be replaced in dental training. 
Some of the reasons that emerged from the participants 
who agreed that dental amalgam should be replaced by 
resin composite are as follows:

Aesthetics is a significant factor in students’ choice of 
material, as patients are becoming more aesthetically  
aware and demanding aesthetically pleasing material not 
just for anterior teeth but also for posterior teeth. 

Students are also highly aware of conserving tooth struc- 
ture, therefore preparing cavities with minimal loss of 
healthy tooth structure. The students have justified their 
reasons with the following responses:

Approximately twenty-four percent of second-year stu- 
dents considered aesthetics as a contributing factor in  
their choice of material. The following quotes support this: 

P2: “it is easier to handle and more aesthetically pleasing.” 
P3: “…aesthetically, it is better...”
P37: “it is safe, tooth coloured, easier to use, patients pre 
fer it.”
P35: “Resin composite has good aesthetics, conserva- 
tive…much safer than amalgam.”

Second-year students stated that bonding to the tooth 
structure and minimal cavity preparation was another rea- 
son they agreed that composite should replace amalgam in 
dental training. The following quotes confirm this:

P35: “Resin composite has good aesthetics, conserva-
tive…much safer than amalgam.”
P11: “Easier to use…smaller cavity design.”
P22: “Resin composite is safer and better bonding to the 
tooth.”
P39: “resin composite is easy to use, less toxic…requires 
less sized cavity prep.”

Students were asked if they felt that resin composite 
could completely replace amalgam in dental training.  

Second-year students

Third-year students

Second-year students

Third-year students

6.1. Aesthetics and bonding to the tooth structure

Second-year students

Third-year students
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Approximately 41% were unsure (neutral), 35% agreed that 
amalgam should be replaced, and 20,6% disagreed that 
dental amalgam should be entirely replaced by composite. 
The participants presented the following responses, as to 
the influence that aesthetics and bonding to tooth struc- 
ture have on their reason for dental amalgam being re- 
placed:

Piii: “because composite uses minimal invasive technique, 
therefore saves more tooth structure than amalgam.”

Pxxiii: “because of aesthetics, amalgam don’t have the 
same colour as teeth.”

Pxiv: “amalgam is still the strongest material being used 
today, but composite has a few advantages… like being 
aesthetic and easy to manipulate.”

Pvii: “Even in private practice, we see that amalgam use 
is fading away…the point is that patients do not want it  
due to aesthetics.”

Pxxxii: “Composite have no health hazards, it improves aes- 
thetics, plus it is easy to handle.”

Students were asked their reasons for responding that 
amalgam should be replaced by dental composite. A  
major contributing factor that had emerged was the toxi- 
city of dental amalgam due to the mercury content. The 
second-year students justified this response with the fol- 
lowing quotes:

P41: “amalgam may be toxic to the oral cavity because  
of its content of mercury.”

P36: “because amalgam results in galvanism… not safe.” 

P42: “because of the environmental dangers as it con- 
tains mercury.”

The third-year students responded with the following qu- 
otes:

Pii: “There is a risk of mercury toxicity as well as a harmful 
impact on the environment if not disposed of  correctly.”

Pxii: “Because of mercury release, and it is not aestheti- 
cally  appealing.”

Pxi: “Because of the environmental dangers, as it contains 
mercury.”

Participants were asked to explain why they felt that dental 
amalgam should not be replaced by composite. The 
compressive strength of amalgam emerged as the main 
contributing factor.

Approximately twenty-seven percent of second-year stu- 
dents felt that dental amalgam should not be replaced  

by resin composite in dental training. The strength of amal- 
gam was the major contributing factor:

P33: “it is strong.”
P23: “composite is not as strong.”
P18: “amalgam is the strongest.”
P17: “amalgam will remain the material of choice for 
generations to come.”

Approximately twenty-one percent of third-year students 
felt that amalgam should not be replaced with a dental 
composite. The main reason that emerged from the qua- 
litative data was due to the compressive strength of am- 
algam. Some of the responses are as follows:
 
Piv: “In some extensive preps, composite cannot replace 
amalgam as a higher strength would be needed.”

Pxiii: “Composite can never replace amalgam... Composite 
can easily fail in cavities in which amalgam will last for  
years. So I cannot say amalgam should be replaced by 
composite in training. My opinion on amalgam is: Phase it 
down? Yes. Replace it? No.”

Pxxv: “We still need amalgams in complex posterior pre- 
parations.”

Pxx: “Amalgam will remain the material of choice for many 
generations to come”

Px: “Still strongest material. Placed properly should not 
pose a problem. Students should be taught how to han- 
dle amalgam responsibly. Both restoration material has  
its strong and weak points. In cases where composite 
cannot be placed amalgam can be used.”

Pii: “I think that composites should be used as a first  
choice but should not replace amalgam altogether. Amal- 
gam can be used in instances of composite failure and 
where economics and moisture control is an issue.”

In this study, there were more female than male partici- 
pants. This is in line with a South African study investi- 
gating the dental therapy cohorts at a South African 
university. The study found a progressive rise in the pro- 
portion of female student enrolments during the decade 
between 2004 and 2014 (51.5% in the first year, 55.6% 
in the second year, and 60.9% in the third year of study, 
respectively).17

The teaching of posterior composites is well establish- 
ed in dental training in the UK, Ireland, United States, 
Canada, Japan, Spain, Brazil, and Iran.18 Students in the 
UK and Ireland gain more experience in posterior com- 
posite placement than dental amalgam.18 This change in 
the teaching trend is due to the shift towards minimally 
invasive dentistry.18 

The minimal intervention approach focuses more on the 
prevention and detection of dental caries at its earliest.  
If restoration is required, a minimally invasive technique is 

6.2. Mercury toxicity

7. Compressive strength of amalgam

Second-year students

Third-year students

DISCUSSION

RESEARCH264 >



used that conserves as much tooth structure as possible. 
The minimally invasive technique uses adhesive materials 
such as glass ionomer cements and resin composites.  
The micro-mechanical bonding that bonds the restora- 
tion to the tooth structure allows for minimal removal  
of healthy tooth structure, negating the conventional GV 
Black cavity design. 

The new techniques for minimal cavity design include sonic 
techniques, air abrasion and bioactive glasses, chemo- 
mechanical treatment and the atraumatic restoration tech- 
nique.19 In our study, it was found that more time was 
spent on composite in both preclinical and clinical training.  

Pre-clinical skills experience in the restoration of posterior 
teeth is now on composite material, rather than amalgam, 
for most students.18 Therefore, it is anticipated that the 
future generation of dentists and dental therapists join- 
ing the dental professional workforce will be more skill- 
ed in the placement of composite restorations than am- 
algam. Therefore, this generation will be more conserva- 
tive in their approach to cavity design. GV Black’s old 

approach, “extension for prevention”, has been trans- 
formed into a more preventively orientated, patient-cen-
tred approach. In most UK dental schools, amalgam 
placement is no longer taught on child patients.20

According to a previous American Dental Association 
survey, posterior composite resin restorations now out- 
number amalgam restorations in the United States.21  
A study conducted in Ibadan, Nigeria, found that amal- 
gam, as a choice of restoration material, was gradually 
being replaced by composite.22 Our survey also recorded 
a reduction in amalgam usage by both students and 
clinical supervisors. 

In South Africa, it was stated that developing countries 
would face a challenge to phase-down amalgam due to  
the lack of comparable alternative restorative materials. 
This was due to the high cost and technique sensitivity  
of the restoration, which increases dental care costs.23 

However, due to the UN treaty from the Minamata con- 
vention, a phase-down of dental amalgam is necessary  
to reduce mercury exposure. It was recommended that  

Table 1. Second year results.

Variables

Do you feel that resin composite should replace 
amalgam in dental training? Fisher  

Exact 
P-valueYes No

N % N %
Gender

Male 14 70.0% 6 30.0%
0.655

Female 16 76.2% 5 23.8%

Do you think that you had adequate exposure to the various 
types of restorative materials, used in the clinic?

Yes 10 66.7% 5 33.3%
0.475

No 20 76.9% 6 23.1%

Do you think that you had adequate training in the various 
types of cavity design preparations?

Yes 12 80.0% 3 20.0%
0.475

No 16 69.6% 7 30.4%

What was the first dental material that you were introduced to 
in the dental clinic?

Composite 29 72.5% 11 27.5% -

How much of clinical training time was spent on the teaching 
and training of amalgam?

<50% 25 71.4% 10 28.6%
0.543

>50% 5 83.3% 1 16.7%

How much of clinical training time was spent on alternate dental materials?

<50% 9 75.0% 3 25.0%
0.817

>50% 20 71.4% 8 28.6%

One surface restoration use

Amalgam 1 50.0% 1 50.0%
0.482

Composite 27 73.0% 10 27.0%

Two surface restoration use

Amalgam 3 100.0% 0 0.0%
0.262

Composite 23 69.7% 10 30.3%

Three surface restoration use

Amalgam 3 60.0% 2 40.0%
0.541

Composite 22 73.3% 8 26.7%

Which material do you use most often for complex restorations 
(4 surface restorations)?

Amalgam 8 72.7% 3 27.3%
0.984

Composite 21 72.4% 8 27.6%

Which material did your clinical supervisor encourage you more often to 
use? Give a reason for your answer.

Composite 29 72.5% 11 27.5% -
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oral health care practitioners promote alternate materials 
such as composites, glass ionomers, and ceramics, es- 
pecially in occlusal cavities and deciduous teeth. Quotas 
are set to guide work done by students, but patient choi- 
ces inform the choice of materials used. As seen in our 
study, resin materials are, therefore, more widely used. 

Best management practices should be employed for the 
safe disposal of amalgam and more oral health education 
on preventing caries, and supporting more research on 
the discovery of suitable alternative restorative materials 
should be offered.24 In a previous study carried out in 
2017, it was stated that dental amalgam no longer was 
the preferred material for the restoration of posterior  
teeth in South Africa. Resin composite was most widely 
used to repair or replace defective amalgam restorations.7 
Composite was the preferred material, as is seen from  
the results of our study. 

A recent study published in June 2019 determined the 
transition from amalgam to other restorative dental ma- 
terials in the United States predoctoral paediatric dental 
clinics. This study was conducted among 44 dental 
schools. At the time of the study, the US dental schools 
did not appear ready to phase out dental amalgam train- 
ing, and amalgam was still widely used in paediatric pre- 
doctoral training to restore both primary and permanent 
teeth.25 Teaching with dental amalgam continues at UKZN 
moreover in SA, and this is in line with many countries. 

The results from this study have indicated that both the 
second- and third-year students have a sound know- 
ledge of dental amalgam and other dental materials. The 
undergraduate restorative dentistry programme introdu- 
ces resin composite as the first dental material that stu- 
dents are exposed to in the preclinical laboratory. This 
concurred with the study conducted in Israel, which found 

Table 2. Third year results.

Variables

Do you feel that resin composite should replace 
amalgam in dental training? Fisher  

Exact 
P-valueYes No

N % N %
Gender

Male 2 66.7% 1 33.3%
0.476

Female 8 44.4% 10 55.6%

Do you think that you had adequate exposure to the various 
types of restorative materials, used in the clinic?

Yes 6 46.2% 7 53.8%
0.155

No 2 100.0% 0 0.0%

Do you think that you had adequate training in the various types of cavity 
design preparations?

Yes 7 53.8% 6 46.2%
0.466

No 3 37.5% 5 62.5%

What was the first dental material that you were introduced to in 
the dental clinic?

Amalgam 3 42.9% 4 57.1%
0.757

Composite 7 50.0% 7 50.0%

How much of clinical training time was spent on the teaching 
and training of amalgam?

<50% 3 25.0% 9 75.0%
0.017*

>50% 7 77.8% 2 22.2%

How much of clinical training time was spent on alternate dental materials?

<50% 1 33.3% 2 66.7%
0.563

>50% 9 50.0% 9 50.0%

One surface restoration use

Amalgam 0 0.0% 1 100.0%
0.329

Composite 10 50.0% 10 50.0%

Two surface restoration use

Composite 10 47.6% 11 52.4% -

Three surface restoration use

Amalgam 2 50.0% 2 50.0%
0.919

Composite 8 47.1% 9 52.9%

Which material do you use most often for complex restorations (4 surface 
restorations)?

Amalgam 3 42.9% 4 57.1%
0.757

Composite 7 50.0% 7 50.0%

Which material did your clinical supervisor encourage you more often to 
use? Give a reason for your answer.

Amalgam 1 50.0% 1 50.0%
0.943

Composite 9 47.4% 10 52.6%

Keys: (*) indicates the association is significant at �=0.05.
Interpretations: According to Fisher’s exact test, year of study was significantly associated with feeling for resin composite 
should replace amalgam in dental training.
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that today some universities teach composite resin be- 
fore introducing amalgam.26 This study’s results indica- 
ted that dental amalgam is now less than 50% of the  
total practical time. Similar results were seen in the  
United Kingdom, where the researchers found that pre- 
clinical time for resin composite has increased since 
1997.27 

The researchers also concluded that composite might 
soon overtake or become the material of choice in pos- 
terior teeth. While competency was achieved and stu- 
dents felt competent enough to place restorations, certain 
factors hindered training. However, when the participants 
in our study were questioned about having sufficient ex- 
posure to place restorations, it emerged that students 
were happy with the lectures and tutorials given. How- 
ever, they felt that there was not sufficient practical ex- 
perience due to insufficient patients and larger class 
numbers. In a previous study conducted at the same  
site, it was found that there was an exponential rise in 
student numbers.17 

Both the second- and third-year students indicated that 
their clinical supervisors encouraged them to use com- 
posite more often. This is in agreement with a previous 
study conducted, which also found a shift from dental 
amalgam to resin composites in dental training institu-
tions.28 In another study conducted in Palestine, it was 
found that composite resin was used two to three times 
more than amalgam in the dental clinic. 

The only time that it was found that amalgam was used  
more in the dental clinic was for complex restorations 
(more than three surfaces). Our study also showed that 
35,3% of third-year students prefer to use amalgam for 
complex restorations (3 surfaces or more).25

One of the reasons for this factor has been that they have 
noticed that the ‘younger’ clinical supervisors encourage 
resin composite and the ‘older’ supervisors encourage 
dental amalgam. More research should be carried out 
in this regard. Another reason was that the clinical super- 
visors are preparing them for private practice, as more 
resin composite is used in private practice. This is in 
agreement with most second- and third-year students, 
who stated that they have seen composite being used 
more often in private practice. 

Private dental practitioners showed an inclination to re- 
place existing well-placed amalgam restorations with resin 
composites, as reported in earlier studies.29 The dental 
material of choice for simple, compound, and complex 
restorations was composite, which was indicated by most 
of the students in our study. The main reason for this was 
the ease of manipulation of the dental material. This was 
supported by the study conducted in Malaysia, which 
found that 49,2% of students preferred to use composite 
to restore posterior teeth, compared to 35% favoured 
amalgam.6 

Nearly 36% of students in our study indicated a prefer- 
ence for amalgam in complex restorations. An Israeli 
study had similar results, where the researchers found 
that, in complex restorations, amalgam was still the 
material of choice.26 

The majority of the third-year students were aware of the 
Minamata Convention and its implications, including the 
phase-down of dental amalgam. Most of the second- 
year students had not heard of the Minamata Conven- 
tion, and just 18% (n=7) were aware of the phase-down  
of dental amalgam. 

This is concerning since the Minamata Convention ad- 
vocated for the complete phase-down of amalgam by  
2030. More emphasis regarding knowledge of this con- 
vention should be included in the second year curri- 
culum training. 

A study conducted in Jordan amongst second-year stu- 
dents found that only 13,8% of dentists knew about 
the Minamata Convention and only a few of them were  
aware of the phase-down of amalgam.30 However, al- 
most half (41,2 %; n=14) of third-year students were  
unsure of whether dental amalgam should completely 
replace composite in dental training. 

Twenty-six percent of students agreed that amalgam 
should be replaced. The major contributing factor was 
aesthetics and the fact that dental composite was bon- 
ded to the tooth structure, resulting in minimal cavity 
preparations. This is also in agreement with the FDI policy
on minimally intervention dentistry which requires the  
conservation of healthy tooth structure and to maintain 
healthy teeth for life. 

Techniques such as lasers, chemo-mechanical caries re- 
moval, air abrasion and glass ionomer cement are some 
of the techniques used to conserve tooth structure.31 An 
amalgam restoration cavity design is extensive and does 
not follow minimal intervention techniques; however, a  
bonded amalgam does. Students also mentioned ‘ease 
of use’ (manipulation of the material) as another de- 
ciding factor in using dental composite. 

Approximately twenty-one percent of students disagreed 
that amalgam should be replaced. The major reason is 
that dental amalgam was still considered the strongest  
dental material with the highest compressive strength. 
This is also evident from a study conducted in Saudi  
Arabia, which compared students’ attitudes toward re- 
storative materials and the future of amalgam and con- 
cluded that most students felt that amalgam could not  
be replaced entirely with  composite.32 

Amalgam is still a widely placed material in state-run  
oral health services. The complete phase-down of dental 
amalgam poses a threat to such services and threatens  
to widen oral health inequalities.33 This factor was iden 
tified by the participants in this study as well when they 
responded that dental amalgam was still being used in 
developing countries (South Africa and Brazil). Emphasis 
must be placed on preventing dental caries and promo- 
ting good oral health to minimise the need for restorations. 

The dental curriculum is presently designed so that the 
core skills of preventive dentistry are introduced in the 
second year of study. The third year of dental therapy 
training focuses mainly on building clinical skills in re- 
lief of pain, sepsis (extractions), and restorative dentistry 
(fillings). 
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The implications of these findings suggest that stu- 
dents need sustained exposure to preventive care in their  
undergraduate training to maximise greater awareness 
of caries prevention, more clinical exposure and a reduc- 
tion in the use of amalgam.34 The researchers suggest  
that the curriculum be reviewed in this  regard.

The study provided extensive insight into dental under- 
graduate students’ knowledge regarding dental amalgam 
training’s attitudes and practice, but some limitations 
were noted. The study focused exclusively on one dental 
school. Ideally, all dental schools (including students stu- 
dying dentistry) should be included to gain all students’ 
perspectives and the curriculum review regarding dental 
amalgam.

This study’s findings indicated that both the second and 
third-year dental students were confident that they had 
adequate training to place restorations. A higher number 
of students prefer to place composite rather than amal- 
gam restorations. The dental curriculum should be re- 
viewed to ensure that the university keeps up with inter- 
national trends, especially with the complete phase-down 
of dental amalgam. 

Since dental amalgam is being phased out due to ‘mer- 
cury toxicity, more research needs to be carried out on 
resin composite safety and its curing process before it  
can be hailed as ‘the silver bullet’ in restorative dentistry. 
An amalgam replacement material needs to be deve- 
loped in the near future. More research is required to 
explore the clinical and pre-clinical learning environment 
further, taking into account the attitudes and perceptions 
of academics, patients and clinical supervisors, and re- 
cently graduated dental therapists.
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