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Abstract
Dental prostheses are commonly used to replace missing
Volume 6, Issue 15, Oct 2024 teeth and improve both the appearance and function of the
oral cavity. On the other hand, the materials used in these
Received: 15 Aug 2024 prostheses, which include zirconia, titanium, lithium
disilicate ceramics, etc., have a direct effect on the oral
3 microbiome.
Accepted. 25 Sep 2024 When these materials are used in the oral cavity, they help
. maintain a balance of microbes and prevent oral diseases.
Published: 21 Oct 2024 Several studies in this regard show that zirconia can create
less biofilm compared to titanium and lithium disilicate
doi: 10.48047/AFJBS.6.15.2024.10272-10288 ceramics.
However, although titanium is highly biocompatible when
exposed to oral bacteria such as streptococcus mutans,
can be corroded and cause changes in the composition of
the oral microbiome.
In addition, lithium disilicate ceramic prostheses, which
have microbial permeability, can not only cause secondary
caries but can also cause gingivitis. This can lead to loss of
oral microbiome balance.
The mentioned microbial changes can also have systemic
consequences, including an increased risk of heart disease,
diabetes, etc. As aresult, it is very important to choose
dental prosthesis materials based on the characteristics of
biofilm ability and their role in the oral microbiome.

In this regard, there is a need for more research for a long-
term investigation, i.e. the of these substances on the oral
microbiome and systemic health of people, so that more
complete information can be obtained in this field.
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Introduction

Dental prostheses are structures that are designed and made to replace missing teeth and
restore the appearance and function of patients’ mouths. These prostheses are designed in
such a way that they act as well as they are in harmony with natural teeth in terms of shape
and position. Also, they play an important role in improving the quality of life of patients
[1,2].

The number of people who use dentures due to tooth loss is estimated to be very high, and
in fact, it includes something as high as 41 million users in the United States alone in 2020.
These mentioned prostheses are made up of various materials such as monolithic zirconia,
ceramic-veneered zirconia, ceramic-veneered titanium, lithium disilicate, hybrid ceramics,
milled PMMA (poly (methyl methacrylate)), PEEK (polyether ether ketone), or 3D-printed
resins, but the effect that each of these species can have on the oral microbiome has been
increasingly noticed [3,4,5,6].

The oral microbiome is a collection of microorganisms that live naturally in the oral cavity. It
is also influenced by several factors which include diet, oral and dental hygiene, etc.[2,7].

Concerning zirconium, the result of a study was clearly as follows: In vitro biofilm formation
with optical density values on Zp (0.14 £ 0.01), Zpt (0.14 £ 0.02), Zm (0.13 £ 0.01) and Zmt
(0.13 £0.01) was significantly lower than on Tp (0.21 £ 0.05) and Z14 (0.20 = 0.04) (p < .05).
In situ biofilm formation was significantly higher on Z14 (0.56 + 0.45) (p <.05), while no
significant differences in optical density were observed among Zp (0.25 £ 0.20), Zm (0.36 %
0.34) and Tp (0.28 £ 0.22). SEM analysis supported quantitative findings[8]. During a study
by Daubert D et al, it was noticed that titanium can imbalance the microbiome of the oral
cavity. The microbiome in the oral cavity can disrupt the biocompatible titanium dioxide
surface layer. For example, Streptococcus mutans can increase the corrosion current and
induce titanium corrosion[9].

On the other hand, during a study, it was revealed and mentioned that Lithium disilicate
glass-ceramic (LDC) restorations exhibit microorganism infiltration, recurrent caries,
pulpal lesions, and periodontal inflammation. Each of these cases, in turn, causes the
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balance of the microbiome in the oral cavity to be disturbed. Therefore, it is obvious that
choosing the suitable type of dental prosthesis can have a significant action on the health
of the mouth and teeth of such patients [2,10,11,12].

On the other side, creating conditions in which the balance of the oral microbiome is
disrupted can harm the immune system. Thus, bacteria can have an action on oral health
by producing metabolites that affect immune responses[13,14].

As per the above-mentioned reasons, there is a need for more research to investigate how
the type of dental prostheses can affect the production of metabolites and thus the health
of the oral cavity and teeth remain safe[15,16].

Since the need to use dental prostheses remains strong even in modern dentistry, their
impact on the general health of the body can be considered as a new and important
research field in dental science. Therefore, this article, in addition to addressing the results
of previous studies and analyzing new data in this field, also offers suggestions for future
research[17,18].

Background

As already mentioned earlier, the microbiome of the oral cavity is a complex ecosystem
that is very useful for maintaining oral health. These microbiomes exist naturally in the oral
cavity of all humans in addition to being influenced by various factors such as diet, oral and
dental hygiene, systemic conditions of the body, etc. If the balance of these
microorganisms is disturbed, there will be a possibility of causing various types of oral
diseases, including tooth decay, gingival diseases, etc[19,13,20].

Over the years, various materials have been used to make dental prostheses, including
zirconia, titanium, and advanced polymers. Prosthetic materials are chosen not only
because of their strength and beauty but also because of their biocompatibility and
interaction with the oral environment. For example, zirconia and titanium are popular
materials for making prostheses due to their high resistance and favorable
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biocompatibility. However, the influence of these materials on the oral microbiome is more
complex than originally thought[8,21].

Each of the materials used in the prosthesis can have different effects on the amount of
biofilm accumulation. A clear example is zirconia because this material has a good
resistance against the creation and formation of biofilm, such that this percentage is lower
even compared to titanium. Although titanium has biocompatibility and even high
mechanical resistance, it can cause a series of disturbances in the balance of the oral
microbiome. An example of this is streptococcus mutans, which by damaging and
destroying the surface of titanium can cause its corrosion and subsequently cause a
change in the microbial composition of the mouth, as a result of which a series of negative
effects may occur on oral health and the stability of prostheses[22,23,24].

Among other materials are lithium disilicate ceramics. In addition to having a beautiful
appearance, these materials also have high strength and durability. However, their
disadvantage is that they can cause the penetration of microorganisms and lead to the
occurrence of secondary caries and even inflammation of the gingival tissue. This in itself
can cause the balance of the oral microbiome to be disturbed[25,13].

The effects that each type of oral prosthesis has on the oral microbiome can also cause
systemic pathogenic effects due to metabolic substances produced by oral bacteria. An
obvious example is the disturbance in the balance of the oral microbiome, as a result of
which the immune reactions are activated and bring diseases or disorders for people
including cardiovascular, diabetic diseases, etc[4,26,27].

1.1. Purpose of Review

The purpose of this review is to evaluate the impact of different dental prostheses on the
oral microbiome. Specifically, this review explores how various prosthetic materials affect
the microbial balance in the oral cavity and how these changes can influence both oral and
systemic health.
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1.2 Primary Objectives of Review

a. To investigate the effects of different types of dental prostheses (e.g., zirconia, titanium,
lithium disilicate) on the composition of the oral microbiome.

b. To assess the potential consequences of changes in the oral microbiome on overall oral

health, including dental and periodontal health.

1.3 Secondary Objectives of Review

a. To identify future research challenges related to the long-term effects of dental
Prostheses on the oral microbiome.

b. To discuss the systemic effects of microbiome disturbances caused by prosthetic
materials, including implications for immune responses and the development of systemic
diseases.

METHODOLOGY

Identifying the Research Questions:

a. How do different dental prostheses affect the oral microbiome, including bacterial
colonization and biofilm formation?

b. What are the long-term effects of oral microbiome alterations due to different prosthetic
materials?

c. what are the systemic health implications of microbiome changes induced by dental
prostheses?

2.1 Search Strategy

A comprehensive search was conducted using databases such as PubMed and Scopus,
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with the following keywords: “dental prostheses,” “oral microbiome,” “biofilm formation,”

¢

“zirconia,” “titanium,” and “lithium disilicate.”

2.2 Inclusion Criteria

a. About 1200 studies from PubMed and ResearchGate, which their focus on the
interaction between prosthetic materials and the oral microbiome were selected and
among them 50 studies were included in the present systematic review based on the
inclusion criteria which is mentioned below.

b. Clinical and in vitro studies assessing microbiome changes due to the use of dental
prostheses were taken care of to be focused as much as possible due to the reason which
is mentioned in the limitations of the current research part of this study.

2.3 Exclusion Criteria

a. Studies lacking clear focus on prosthetic materials or oral microbiome alterations.

b. Research that did not present new insights relevant to the aims of this review.

c. Studies thay are not published in English language.

1.4 Qualitative Evaluation of Selected Articles

The selected studies were evaluated based on their methodology, sample size, relevance
to the research questions, and the type of prosthetic material examined.

1.5 Search Results

From an initial pool of several studies, the studies which are mentioned in the references
met the inclusion criteria. These studies were categorized based on the type of prosthetic



Negar Barjini /Afr.J.Bio.Sc. 6(15) (2024) Page 10278 to 17

material (zirconia, titanium, lithium disilicate) and their specific effects on the oral
microbiome, including biofilm formation and systemic health consequences.

Results

According to the investigations, the most reliable result is that the type of materials used in
dental prostheses can have significant effects on the oral microbiome. As a clear example,
it can be said that although some studies state that prostheses made of zirconia have less
biofilm accumulation than other materials such as titanium and lithium disilicate, but still
can not confidently prove it, hence more researches are required in this regard. on the
other hand, a study showed that the optical density of the biofilm formed on zirconia (0.01+
0.14 forZp, 0.14 + 0.02 for Zpt) was significantly lower than titanium (0.05 = 0.21 for Tp) and
older zirconias (0.04 £ 0.20 for Z14. Although these results were obtained in vitro, they were
also confirmed by in situ studies where, in addition, zirconia also showed a better
performance in preventing biofilm accumulation[28,8,29].

In addition to the above-mentioned cases, the results showed that although titanium has
high biocompatibility, but still can’t be stated that the only cause of disturbances in the
balance of the oral microbiome is this material, so more and more studies are required to
confirm it. In other words, it can be said that oral bacteria can decompose the protective
layer of titanium dioxide, and this subsequently causes titanium corrosion. Streptococcus
mutans, as mentioned in previous frosts, is an important bacteria in the oral cavity. In
previous frosts, is an important bacteria in the oral cavity. In addition to increasing the
chance of corrosion in the titanium material, this bacteria can subsequently cause adverse
changes in the composition of the oral microbiome[30,31,32,33].

Another material that can be concluded is lithium disilicate ceramics, which, although it
has a beautiful appearance and mechanical resistance, research has shown that it has
weaknesses against microbial penetration. Prostheses that use this type of material can
cause microbial penetration and subsequently cause secondary decay and gingivitis. This
ultimately not only disturbs the balance of the oral microbiome, but also increases the risk
of oral diseases[34,35,22].
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Discussion

Since in the results section, several cases have confirmed the aforementioned claims, it
can be concluded that zirconia can be a more suitable option to choose because of its high
resistance to biofilm formation, especially compared to titanium. This is especially
important for patients who need to pay more attention to the health of their mouth and
teeth as well as the microbial balance of their oral cavity. It should be noted that as the
findings of this review are consistent with other studies hence accordingly can confidently
mention that zirconia is definitely a better choice in order to prevent the accumulation of
bacteria causing oral infections[28,15,36,37,29].

But it should be stated that although titanium has high mechanical and biocompatibility
characteristics, itis vulnerable to microbial corrosion, which is especially evident in
contact with oral bacteria. This phenomenon can subsequently decompose the titanium
surface and disrupt the balance of the oral microbiome. For this reason, it can be claimed
that the use of titanium in dental prostheses needs to be investigated and evaluated due to
the existence of such risks[38,39,40].

Other materials which are been already discussed earlier are lithium disilicate ceramics
and stated that they have a beautiful appearance and good resistance, it has also been
mentioned that these materials may not be a suitable choice in some cases due to the risk
of increasing the risk of microbial penetration and also causing gingival inflammation, but
along with those materials, other materials as well as various applicatory techniques have
been used during the studies, so then more studies are required to ensure that the

only cause of harm is these materials alone or not. But still, it can be suggested that with
the present knowledge, the appropriate solution in this regard can be the use of protective
coatings to reduce microbial permeability or preferably replace other materials[25,34,41].

In a general situation, it can be stated thatitis very important to choose the type of dental
prosthesis by carefully evaluating its effects on the oral microbiome and especially the

the ability of the material to prevent the formation of biofilm and related damages, because
these materials are used in such treatments, as well as they can have a direct action on the
oral and even systemic health of patients[42,30].
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Limitations of the current research

In the studies that have been done on the impact of dental prosthesis materials on the oral
microbiome, many advances have been found, but still, there are limitations in this
research area. It can be stated that great diversity in study methods and design of
experiments in research is of great value when they have diversity, study methods, and in
addition, different designs of experiments, otherwise the opposite is true. In this research
field, some studies have used in vitro conditions, that is, laboratory conditions, which may
not fully simulate the real oral environment. So the results obtained from such tests cannot
be definitely and directly generalized to clinical conditions. In vivo studies, i.e. the same as
clinical studies, since individual differences in patients vary in various aspects, including
oral condition, diet, and level of oral and dental hygiene, there is a high possibility that it will
have contradictory results. As per this, it can be stated that these disturbances in the
process and study designs make it difficult to compare the results of different
research[20,8,29,43].

Another limitation in this research field is the short duration of the studies and most of the
researches that exist so far has focused on the short-term effects of dental prosthesis
materials and not on the long-term. Therefore, there is no valuable information about the
long-term effects of these substances on the oral microbiome and systemic health. Itis
also worth mentioning that most of the studies focus on a series of specific materials
including zirconia or titanium and there is not much focus on emerging materials such as
3D printing resins or advanced polymers[29,30,20,44].

Future directions of research

Regarding future research, it can be stated that if we focus on the development of in vivo
and in vitro models that can better simulate the natural conditions of the mouth, the
current limitations will be solved. The recommendation of this systematic review is that if
the design of these models is such that they evaluate the long-term effects of dental
prostheses on the oral microbiome and systemic health, many research questions in this
regard will be answered. It should be noted that more research is needed on emerging
materials, including advanced polymers, 3D printing resins, as well as their affection for
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the oral microbiome, to obtain more comprehensive information about dental prosthetic
materials[45,37,46,44].

Also, creating development in multicenter studies in such a way that there are more
samples in it and besides that geographical diversity is also taken into account, it greatly
improves the accuracy of the results. Itis worth noting that individual differences that
include genetic factors, diet, level of oral hygiene, etc. are also very necessary to be
considered in future research so that more detailed information can be obtained about the
effect of dental prostheses on the oral microbiome and the overall health of the
body[47,4,48].

Per two distinct studies, one is conducted by Kakka A. et al, and the otheris by LiY et al, it
can be stated that in order to evaluate the relationship between changes in the oral
microbiome and the occurrence of systemic diseases, which include cardiovascular
diseases, diabetes, etc., it can be considered as an emerging research field, soitis
important to pay more attention to the effects of prosthetic materials and even to find out
how new technologies can be effective in this field (49,50].

Conclusion

The type of materials used in dental prostheses can not only have a significant effect on the
balance of the oral microbiome but also affect its health as well as the health of the rest of
the body. According to the research, it is clear that although zirconia is not fully free of risk
in order to be used in dental prostheses, it is a material that has a high resistance against
biofilm formation and can be considered a more appropriate choice. But titanium even
though may possess good biocompatibility, can disrupt the microbiome balance by
destroying its surface bacteria.

The other materials which are lithium disilicate ceramics have strength and even a
beautiful appearance, but they can lead to microbial penetration as well as inflammatory
complications in the oral cavity. For this reason, the accurate selection of dental prosthesis
materials plays a significant role in maintaining oral and even systemic health.
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