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ABSTRACT

Dental restorative materials (DRMs) have a vast market worldwide. Today,
investigators are working on the new DRMs with well aesthetic properties, optical
durability, well biocompatibility, and less toxicity. Anyhow, DRMs contain
ingredients that release them into the interstitial gingival space and even the
bloodstream. Hence, the DRMs ingredients toxicity is a concern in odontology.
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Researchers use the cell line models to explore DRMs toxicity in the in vitro
environment. The human gingival fibroblasts (hGFs) have been known for their use
in basic odontology sciences for many years. Novel DRMs should be tested for their
toxicity on the hGFs before evaluation in clinical trials. In this narrative review,
we have presented various aspects of the DRMs toxicity for the hGFs. This review
emphasizes that DRMs harbor low cytotoxic effects on the hGFs during a short-
term period. DRMs cytotoxicity depends on the type of restorative composite and
its ingredients concentration, the release of prostheses particles/ions into the DOI:

hGFs environment. Other determinative factors for cytotoxicity potency of DRMs 10.5455/ jcmr.2021.12.04.25
include the composite chemistry, its degradability, mechanical properties, and
surface topography. Nonetheless, animal experiments and clinical trials should
confirm the data from hGFs studies.
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INTRODUCTION Computer-aided  design  (CAD) and computer-aided

manufacturing (CAM) are extensively applicable in odontology

Dental restorative materials (DRMs) have a global market
volume of around ten billion dollars. A market volume
evaluating team expected $10.5 billion by 2020 for dental
implants and prosthetics. New replacements for amalgam and
resin-based restoratives are expected to enter the market in
the following years (1). DRMs market is growing in those
countries with population aging. Dentistry services have a
burden in developing countries. The need for implants or
prostheses will be growth subsequently. The good examples
for this matter are middle east countries. The good examples
for this matter are middle east countries.

and related researches. These facilities opened new insight
into DRMs usage (2). Modern technology usage such as 3D
printing, CAD/CAM processors, tissue engineering, and
molecular toxicology study outcomes determine which
material could be a restorative agent (1). Classically, certain
DRMs have been shown to interact with living tissues via
chemical bonds and become biocompatible and tolerable with
the implant location. lon leaching, dissolution, and
precipitation are mechanisms by which restorative glasses
bond to the living tissues (3).
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After implantation, depending on the type of used material,
ingredients of the prosthesis could react with the surrounding
tissue. Inflammatory responses will occur, and inflammatory
cytokines release at the site of implantation, its periphery,
and the general circulation (4). A research team showed that
colloidal silver nanoparticles used in endodontic treatments
are toxic for the L929 cell line, a type of mouse fibroblast in
higher than 25 pg/mL concentrations, in vitro. Silver
nanoparticles did not significantly induce interleukin-18
production, but they did provoke the L929 cell line to release
the stem cell factor after 48 hours of treatment with 5 pg/mL
concentrations (5). These examples indicate that DRMs
interact directly with the gingival tissue when their
ingredients release into the interstitial environment.
Cytotoxicity occurs after DRMs ingredient release and
according to the type and concentration of each chemical
agent of composite. Today, DRMs manufacturers attempt to
develop glass-ceramics materials instead of metals and
ceramics composites to overcome their imperfections.
Examples of new glass-ceramics proposed by investigators
include fluorrichterite, fluorcanasite, diopside, and apatite-
mullite glass-ceramics (1).

Importance of this review

Ceramics have been used throughout mankind's history. But,
in 1972, a crystalline sapphire aluminum oxide implant was
used as a tooth that adsorbed the attention due to its
aesthetic properties than the metal implants. It has excellent
tissue biocompatibility, although with problems during and
after implantation. Fractured implant, mobility, infection
and inflammation, bone damage, and low osseointegration
were the most frequent outcomes (6). Today, novel and
excellent replacements are known and used as the
prosthetics, such as bioactive ceramics, metals, and alloys.
But the field of implantology research is open, and
investigators are working on new replacements of DRMs with
better function, physical properties, aesthetic
characteristics, biocompatibility with lower cytotoxicity. In
this regard, we suppose to review the biocompatibility and
cytotoxicity of vastly used DRMs. We hope this review to be
informative for investigators in the field of odontology and
implantology.

METHOD OF REVIEW

We have reviewed PubMed, google scholar, and ScienceDirect
for the most related investigations on the toxic effect of
dental prosthesis materials on human gingival fibroblasts
(hGFs). We do searches without any time limitation for
publications. Search language was English, any article type,
including original and reviews, was used in this report. We do
not include anything in this narrative review. After evaluating
each article abstract, for their relationship with the hGFs
toxicity of DRMs, we made screening on the reports to review
them extensively.

Systems to evaluate dental material toxicity

There are various in vitro, ex-vivo (cell culture), animal
experiments, and clinical methods to determine the toxicity
of the DRMs. Overall, from these methods, the cell cultures
are extensively used DRMs toxicity screening. The hGFs have
been used frequently in DRMs toxicity determination,
biocompatibility, and safety evaluations (7). Therefore, this
type of cell line has a central role in the DRMs surveys.
Although there are several studies on the DRMs using the
hGFs model, the limitation of the results of cell lines should
not be missed (7). The results obtained from cell line studies
need to be confirmed by experimental and clinical
investigations.

Human gingival fibroblast cell

Human gingival fibroblasts, the hGFs, are used as a cell line
model in regenerative medicine. The hGFs resemble
mesenchymal stem cells for their similar morphology, CD
markers, and differentiation lineage. These cell lines are
characterized by positive fibroblasts Antibody (TE-7) and
negative Pan-Cytokeratin. This cell line is separated from
adult gingival tissue and is adherent-dependent and
fibroblast-like cells. For their proliferation, the hGFs need
growth factors, fibroblasts basal medium, fetal bovine serum,
humidified 37°C incubators with 5-10% CO2 (8). Odontology
scientists have published several reports about the physical,
chemical, and biological properties of DRMs tested on the
hGFs different culture systems (2). Briefly, we have reviewed
the most important aspects of the DRMs property affecting
the hGFs behavior in the culture medium based on the
scientific essays.

Mechanical and chemical

ceramics

degradation of dental

The complications of dental ceramics include their tendency
to abrade dental strictures, roughening their surface after
interaction with chemicals, and plaque formation. In
addition, the toxic element release, due to the dissolution
and radioactive emission arising from their composition
materials, is the other concern. Dental ceramics degradation
is due to mechanical forces or chemical attacks (9). Both
acidic and basic environments are proposed to degrade the
glass-ceramic veneers and overglazes. Investigators have
tested the glass-ceramic veneer and glaze in acidic, neutral,
and alkaline buffer solutions for 1, 3, 5, 10, and 30 days in an
80°C water bath. They have reported that the Si4+ is
released at pH 10, which leads to the breakdown of the glass
phase. Other studied ions, i.e., A3+, Ca2+, Zn2+, and Li2+
exchanged during the treatment period. These findings are
representative of the fact that the ceramic veneers and
glazes are degradable at the acidic and alkaline solutions
(10). Li and coworkers also showed that zirconia ceramic
plate and yttrium slowly release ions in saline or 0-02 M lactic
acid (pH 2-72) solutions (11).

CAD/CAM  materials help dentists to do restorative
interventions. CAD/CAM materials exhibit different chemical
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and mechanical properties depending on their type. In an
experiment for CAD/CAM materials, including 3M ESPE LAVA
Ultimate, VITA Enamic, IPS e.max CAD, and VITA Suprinity
have been conditioned at 37°C for seven days in the presence
of artificial saliva, alcohol, citric acid, lactic acid, and
aqueous solution to test the flexural strength, hardness, and
wear characteristics. Tested materials had different
mechanical properties when conditioned in the chewing
simulator. The e.max and VITA Suprinity, harbor the best
results and the worst outcomes were for LAVA Ultimate. The
mechanical properties of e.max CAD and Suprinity were
negatively affected in acidic status whereas, the LAVA
Ultimate and Enamic were affected by ethanol and heptane
meaningfully (12). These results show the direct impact of
strength and chemical status on the quality changes of
CAD/CAM materials.

In another effort, the ceramic and resin materials composed
of high-strength zirconium dioxide, machinable lithium
disilicate, pressable lithium disilicate ceramic, fluorapatite-
based glass-ceramic, and the color-graded feldspathic
porcelain were stored in distilled water at 37°C for 14 days.
Initial strength (oin) in 4-point bending was loaded on the
specimens, and the residual flexural fatigue strength (off)
was measured for 104 cycles at 0.5 Hz. From tested
materials, resin composites had better results than others.
Therefore, researchers proposed resin composites as the
alternative to glass-rich-ceramics inlays considering
mechanical characteristics (13). This evidence implies that
the degradation of dental ceramics is dependent on the
material composition. Hence, dental ceramics could be the
source of toxic or sensitizing agents released in the gum and
the oral cavity, in addition to the entrance to the
bloodstream. Cytotoxic elements in dental ceramics may
harbor complications in the short term, i.e., inflammation or
long-term toxicity. Long-term toxicity may be without
considerable side effects, and detection of the complication
source is not simply achievable or demonstrable in routine
clinical evaluations.

Mechanical properties of dental ceramics

The dental ceramic type and adhesive cement both are
determinative for safety and strength bonding properties to
have a functional dental implant. However, the fixed
prosthesis should prepare good elasticity and resistance
without or lesser release of alloy components in the oral
cavity and periodontal tissue (14). Mechanical properties of
dental ceramics are determined by strength testing, fracture
toughness, and roughness. Boron nitride nanoplatelets have
been introduced as a dental material with good
biocompatibility and enhanced mechanical properties (15).

Biocompatibility of DRMs

Biocompatibility is the ability of a safe material to work
appropriately without stimulating host response. Therefore, a
material could be unfamiliar with the body yet tolerable and
without adverse reaction. DRMs may contain toxic materials,
evoke inflammatory and immune system responses, and

release cytotoxic ions and elements (7). Ceramic-based
prosthetic materials are used commonly for dental
restoration because of their chemical and optical durability,
aesthetic, and biocompatibility characteristics, in addition to
inert restorative material. Nonetheless, their abrasive effect
on the natural teeth, occlusal interactions, and abnormal
wear is the concern of their application (16, 17). Most studies
on the quality of dental ceramics have been done using
mechanical and chemical simulators. In an ex-vivo study, the
hGFs were exposed to the lithium disilicate, zirconia dioxide,
or titanium with two different surface roughnesses (0.2 pm
and 0.07 pym). After assessment of cell proliferation, cell
viability, cytotoxicity, and inflammation markers or signals on
the day 1 and 21 of treatment, there were no differences
between groups for roughness. Zirconia dioxide had a higher
cytotoxic effect, whereas lithium disilicate showed a slight
impact on the treated cells for the tumor necrosis factor-
alpha (TNF-alpha) production, compared to zirconia dioxide
or titanium. The results of the mentioned study emphasized
that both dental ceramic formulations were suitable for
specific clinical dental applications due to the low toxic
effects (4). Gali and coworkers have shown the extensive
growth of the hGFs in culture media with proper cell-to-cell
bridge occur after exposure to the zirconia reinforced mica
glass-ceramic (18). Grenade and colleagues have tested a
polymer-infiltrated-ceramic-network (PICN) material
compatibility with hGFs proliferation, attachment, and
spreading properties. In addition, they compared PICN with
titanium (Ti), yttrium zirconia (Zi), lithium disilicate glass-
ceramic (eM), and control material the
polytetrafluoroethylene. They have reported that Ti and Zi
had better results regarding hGFs proliferation. However,
PICN and eM had intermediate effects for hGFs growths
properties. Ultimately, this research team suggested clinical
trials for clarifying the PICN utilization as a bone prosthesis or
implant (19). In another study, researchers have not seen any
cytotoxic effect of nanocrystalline diamond coating on a
mouse cell line and hGFs. Even slight proliferation
enhancement was evident (20). Such evidence confirms that
DRMs are interactive at the implantation site; however, they
are slow reactants, and hence short-term adverse effects
after implantation may not be expected. Nevertheless, we
think long-term complications are probable for a regenerative
process and are dependent on the hGFs tissue reserve.

Although zirconia polycrystal ceramics have excellent
mechanical properties and biocompatibility, yet manipulation
of its surface is difficult for enhancing its durability and
strength of chemical bonds. Nevertheless, investigators have
proposed approaches to improve the quality of zirconia
ceramics surface bonding (21). In an effort, Vita Enamic®, a
polymer infiltrated ceramic (PIC), was compared with
Zirconia, Leucite, and Zirconia Veneered, when tested
against natural teeth. After 360,000 cycles with 49N load in a
chewing simulator containing artificial saliva, the teeth wear
was evaluated by scanning electron microscopy. The best
restorative ceramic material was Zirconia because of its
lower occlusal interaction. The Vita Enamic®led to the
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highest wear, whereas Leucite and Zirconia Veneered had the
highest cusps’ wear (16). Another study reported that the
surface roughness of Noritake®& IPS Emax ceram, two dental
ceramics, were increased after exposure to a Coca-Cola, a
chlorhexidine mouthwash, and simulated vomit solution than
distilled water (17).

Among the dental ceramics, the most interested DRMs include
zirconia, glass, and polymer-infiltrated ceramics that are all
biocompatible.  Bioactive  glass-ceramics are inert,
biocompatible, and enable to make bone-binding interactions
without adverse effects on the tissue interface (1).
Investigators have been shown that the biocompatibility of
dental ceramics may be enhanced using specific treatments.
For example, the treatment of zirconia ceramic with oxygen
plasma treatment is shown to increase its hydrophilicity. Such
treatment also was beneficial for the cell growth of human
osteoblast-like  cells  (MG63)  (22). However,  for
biocompatibility tests, traditional methods include in vitro
tests using cell culture and chemical simulators using
artificial saliva, in vivo models using animal experiments, and
clinical trials (14).

Cytotoxicity and safety of DRMs

The main issue of biocompatibility of dental prostheses is
cytotoxicity because of intimate and long-term contact with
oral tissue (14). The hGFs cell-line model and ovo chick
chorioallantoic membrane (CAM) assay are used for
cytotoxicity evaluation of dental ceramics in terms of in vitro
models. Researchers have exposed hGFs to three types of
dental ceramics included lithium disilicate, zirconia dioxide,
and titanium. Treated hGFs were evaluated for proliferation,
living/dead cell counts, cytotoxic and inflammation markers,
in addition to the cell morphology by electron microscopy.
This study showed a slight difference between tested
materials; however, zirconia dioxide had higher cytotoxic
effects. One day exposure to the lithium disilicate resulted in
the lower TNF-alpha gene expression by hGFs compared to
zirconia dioxide- or titanium-treated cells. Nonetheless, after
21 days of exposure, there was an insignificant difference
among treated groups (4).

Recently, investigators have shown that the application of
ceramics structures on 3D scaffolding for dental bone
substitution could be safe and usable for clinical studies. In
an effort, researchers have developed two new dental
ceramics by the foam replication method and compared their
physicochemical characteristics and cytotoxicity with two
Cerabone®, a bone argumentation traditional material.
Comparable results were obtained for new and traditional
materials considering biocompatibility tests using the hGFs
cell line. Dental ceramics had no irritative impact on the
vascular plexus. The authors suggested that the clinical
application of tested ceramics should be determined (23).
Dental ceramic extracts are shown to be safe and with no
significant cytotoxic effect on the hGFs. Therefore, other
properties of ceramic materials are under attention, such as
bonding strength. For instance, in a study on eight
commercial dental ceramics, glass ionomer ceramic had

meaningfully higher bonding strength than zinc phosphate
(24).

Nonetheless, cytotoxic effects are reported for two types of
lithium disilicate ceramics. The cell viability is determined by
the 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) method. This test works based on the
mitochondrial succinate dehydrogenase activity. Brackett and
colleagues have shown that hGFs exposed to the lithium
disilicate ceramics showed a significantly decreased viability
(50-70%; compared to Teflon control) in the first two weeks.
For some tested materials, the mitochondrial toxicity was
decreased by the next two weeks but relapsed 10-20% after
4-6 weeks of evaluation (25). The cytotoxic effect of dental
ceramics alloys may not be equivalent, even within the same
class of material. In a study, five dental ceramics, including
two traditional feldspathic veneer porcelains, two lithium
disilicate pressable materials, and one pressable leucite-
based material, were tested. Assessment of mitochondrial
dehydrogenase activity after aging for two weeks or after
post-aging polishing models showed mild suppression of cell
viability. In this study, all types of dental ceramics had
acceptable biological toxicity expected for dental alloys
except the Li-disilicate material (26).

Pandoleon and colleagues have compared the effect of yttria-

stabilized zirconia (Y-TZP), lithium disilicate (LS2), and
titanium alloy (Ti) on the hGFs behaviors. They have
evaluated the hGFs with no treatment status, aging

circumstances (134 °C, 2 bars, 100% humidity) for 5- and 10-
hours. They explored also the viability and proliferation
properties of hGFs under treatment with these dental implant
abutment materials. The results of this study showed that Y-
TZP and LS2 reduced the cell viability of hGFs, meaningfully.
Overall, Y-TZP and LS2 had a similar effect on hGFs, and all
tested materials induced cell differentiation. However, Y-TZP
aging influences the long-term maintenance of the gingival
structure (27). Sabaliauskas et al. have examined the toxicity
of titanium, dental gold alloy (composed of Au, Pt, and Zn),
chrome-cobalt alloy (composed of Co, Cr, W, Nb, Mo, Si, Fe,
C), and feldspathic ceramics. After 48 hours, titanium was
not toxic for hGFs but gold alloy and feldspathic ceramic
decreased cell viability, insignificantly. Chromium-cobalt
alloy was toxic for hGFs compared to the control group long-
time incubation (120 hours) was not accompanied by cell
toxicity for all tested materials except for chromium-cobalt
alloy (28).

Kurzmann and coworkers have evaluated the impact of two
types of resins used in a 3D printing method on cell viability
and toxicity of L929 and hGFs. The L929 cell line is used for
toxicity testing and hGFs represent oral soft tissue. They
stated that dental clear resin contains methacrylate
oligomers, methacrylate monomers, and photoinitiators.
These materials exert their oral and dermal toxicity in doses
>2000 mg/kg, and >5000 mg/kg, respectively. Anyhow,
Kurzmann and coworkers have tested the cytotoxicity of two
types of dental resins containing methacrylate compounds,
and photoinitiators. They have noted reduced cell activity
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after treatment with tested resins. They have declared that
printed and post-cured resins are not inert and exert their
toxic impact in mono or oligomeric forms (2). Even, the
culture materials or models, direct and indirect, of hGFs or
L929 are not too determinative in the toxic effect exertion of
the resins. The type of resin is the major factor for its
cytotoxic behaviors (2, 29). The published studies suggest
that methacrylate compounds exert their cytotoxic effects

via induction of apoptosis, genotoxic effects, and the delay of
the cell cycle (30, 31). The protective effects of antioxidants
and cellular adaptation have been described as the
protective mechanisms against methacrylate compounds.
Accordingly, investigators have proposed that adverse effects
of methacrylate compounds are related to the generation of
reactive oxygen species (2, 31, 32). Overall, we propose a
model for cytotoxic impact of DRMs, represented in Figure 1.

Toxic/metal elements such as DRMs ingredients (Examples)
Co, Cr, W, Nb, Mo, Si, Zr, Al, Zn,
Li, ... Photoinitiators
ROS and Methacrylate monomers (Examples) N, N-Dimethyl-P-Toluidine

other DRMs ingredients

Extrinsicl

apoptosis
pathway / l

Genotoxic effects

Is

Apoptosis
signa

Mitochondria

Intrinsicl apoptosis
pathway

and oligomers
CHgq

Tertiary amin

HiC. N-CH3
Ketyl radical R R2

Cell cycle delay
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(resting)
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Created in BioRender.com bio

Fig.1: Proposed mechanisms of cytotoxicity induced by the dental restorative materials (DRMs). Toxic elements or metals, reactive oxygen species
(ROS), photoinitiators, and other DRMs ingredients can promote cytotoxicity. After apoptosis activation, DNA damage, gene expression problems,
and the cell cycle delay, cell viability decreases. We have drawn this image using BioRender online software.

Prostheses ingredients release into the peripheral
tissue

Different elements used in dental alloys and composites may
be released into the mouth cavity. The most frequently used
glass-ceramics are manufactured from Leucite-based, Mica-
based, lithium disilicate, zirconium dioxide (ZrO2)-reinforced
lithium disilicate, apatite-based, and Sanidine (1). Toxic
substances may be diffused and leached into the subgingival
or systemic blood circulation. This leads to inflammation and
adverse effects in surrounding oral tissues (28). Usually, at
least four types of metals are used in each dental prosthesis
alloy. More than 25 types of elements are applicable in
dental alloys manufacturing (14). Hence, releasing each
chemical element into the oral cavity or systemic blood
circulation could be associated with long-term consequences.

Anyhow, researchers have shown that released elements
exert no cytotoxic or moderately toxic impacts. The cytotoxic
effect of alloys could be related to the related to the
composite chemical elements, as is shown in experiments. In
this regard, copper and zinc have been suggested to be the

cause of toxicity to mouse fibroblast cell lines (33). The most
investigated metal ions that are prone to release into the
body from dental alloys composed of Nickle, Chromium,
Silver, Palladium, Gold, Gallium, Beryllium, Molybdenum,
Iron, Titanium and Lithium, each one may be in reduced or
oxidized status. Corrosion of dental alloys can release each
metal element/ion into the systemic circulation (14). Based
on these findings, it is suggested the blood concentration of
toxic elements used in dental composites to be evaluated in
clinical studies. However, the quality of manufacturing
dental alloy is important especially when heavy metals are
used in the composites. Heavy metal entrance into the body
is associated with serious complications during long-term
exposure, renal insufficiency, and dialysis treatment (34, 35).
The environment status could affect the teeth’ enamel and
probably the surface of implants and the release of its
degradable components. It is shown that hydrogen peroxide
bleaching for short intervals reduces the hardness of enamel
and mineral content (36).

Along with dental ceramics that are used for dental implants,
the filling materials may exert cytotoxic effects. In an effort
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in 2017, researchers compared the toxicity of new resin-
composite blocks (RCBs) with conventional materials (Filtek
Z250 and Tetric EvoCeram). Compared to conventional
materials, the RBCs were more toxic for hGFs and the
epithelial cell line (37). Overall, the concentration of
cytotoxic elements released in the bloodstream and gingival
tissue should be evaluated using sensitive methods, especially
where the measurement method needs no complicated
process.

Surface topography

Pre-implant inflammation is dependent on the type of used
implanted material, its composition, and surface topography.
Modification of surface topography is used to improve dental
ceramics characteristics  including  translucency and
opalescence, tribological and biological properties affecting
their osseointegration. Nowadays, laser surface texturing is
under attention in dental implantation. Recently, researchers
proposed the zirconia-based dental ceramics instead of
titanium implants, but the existed challenges are the brittle
nature of Zirconia-based ceramics and its metastable
tetragonal ZrO2 phase (38). The surface roughness of a dental
implant influences its interaction with the environment and
clinical behavior. For example, roughness above 0.2 pm can
result in plaque accumulation, periodontal inflammation, and
increased risk of dental caries (39). The surface topology also
has a role in the formation of microbial biofilms. The
manufacturing techniques and finishing procedures are shown
to be determinative in microbial colony formation, the type
of dominant infective agent. In turn, the microbial
colonization and their metabolites threaten hGFs viability
(40).

Anyhow, the type of implanted material and polishing method
affects the quality of the surface structure. The smoother
surfaces of dental implants can be obtained using glazed
lithium disilicate and zirconia-reinforced lithium silicate.
Anyhow, glaze sprays and glaze paste application
accompanied with rougher surfaces in other studies (39). The
DRMs microtopography affects gingival tissue for fibronectin
and collagen production (41). Hence prepares a suitable
niche for the proliferation and expansion of hGFs. This
process is helpful in faster implant site healing.

Petrini's research team has tested the response of hGFs to
titanium implant discs having different micro and nano-
topography. In addition, they have explored the effect of the
macrogeometry of the manufactured Ti discs on the surfaces
of the cells using atomic force microscopy (AFM) and scanning
electron microscopy (SEM) analysis. They have shown that
micro and nano-topography, manufactured with different
technology, were not toxic for hGFs. The proliferation of
hGFs was higher in Ti linear discs than wave-like surface discs
(42). Proper surface topography of an implant is required for
the correct mechanical function of the tooth. Degradation of
the DRMs, due to unsuitable topography, induces the release
of ingredients into the gastrointestinal tract or bloodstream.
Nonetheless, all assumptions or theories need extensive
studies on animal experiments or clinical trials.

CONCLUSION

DRMs are not seriously toxic for hGFs in a way immediately
monitoring to be necessary for their physiological
complications. Nevertheless, the long-term impact of dental
prosthesis materials should be explored for their toxicity to
other organs than gingival tissue and month. Toxic
ingredients in dental alloys, such as trace elements/metals,
could be associated with organ failure in the long term, such
as renal damage. Therefore, we propose reports from phase-4
clinical studies based on the documentation from several
dentistry clinics. Multicenter studies are required to clarify
the long-term complications of DRMs on the hGFs.
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