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ABSTRACT

Cadmium, one of the carcinogenic/toxic trace elements, is an
important sub-title in tobacco-related oral cancer (OC)
research. The toxicity of cadmium in dental materials and its
role in OC formation were investigated using articles in
PubMed. Thus, a total of 13 studies from these databases
were included in the review. It has been revealed that cadmi-
um in dental materials is generally at a level that cannot cause
toxic effects. In addition, it can be said that dental materials
cannot be among the etiological factors in the formation of
cadmium-induced OC today, where there are major sources
for cadmium such as tobacco products, foods, air pollution
and drinking water.
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Kanserojen/toksik eser elementlerden biri olan kadmiyum,
tiitine bagl oral kanser (OK) aragtirmalarinda énemli bir alt
basliktir. Kadmiyumun dental materyallerdeki toksisitesi ve
OK olusumundaki rolii PubMed'deki makaleler kullanilarak
arastirildi. Boylece, bu veri tabanindan toplam 13 ¢aligma
incelemeye dahil edilmistir. Dental materyallerdeki kadmiyu-
mun genel olarak toksik etkilere neden olmayacak diizeyde
oldugu ortaya konmusgtur. Ayrica tiitiin tiriinleri, gidalar, hava
kirliligi ve igme suyu gibi kadmiyumun énemli kaynaklarinin
bulundugu giiniimiizde kadmiyum kaynakli OK olusumunda
dental materyallerin etyolojik faktdrler arasinda olamayacagi
soylenebilir.

Anahtar Sozciikler:
Kadmiyum, Dental materyal, Oral kanser, Kadmiyum
toksisitesi
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INTRODUCTION

Oral cancer (OC) is one of the head and neck cancers, which
has an increasing incidence in individuals under 40 years and
whose most important etiological factors are considered to be
tobacco and alcohol use (1). There are many studies (2-4)
examining the mechanism of action of tobacco products in
the formation of OC. Cadmium (Cd), one of the carcino-
genic/toxic trace elements, is an important sub-title in tobac-
co-related OC research (5).

Although tobacco products are considered to be the most
important source, exposure to Cd is also caused by food,
drinking water and air pollution (6-9). European Food Safety
Authority (EFSA) and The World Health Organization
(WHO) accept a one-week Cd intake is safe to be below 2.5 p
g/kg and 5.8 pg/kg, respectively (5,10,11). It has been shown
by many studies (12-14) that Cd has a toxic effect with its
accumulation in various tissues.

It is thought that direct contact of Cd with dental tissues,
especially the oral mucosa, may be effective in the formation
of oral neoplasm. It is shown with cell line studies that Cd
increases the formation of reactive oxygen species and
influences autophagic reactions via cause imbalanced apop-
tosis mechanisms and thus on neoplastic formation (2,3,5).
Today, many dental materials used for various purposes are in
short-term or continuous direct contact with the oral mucosa,
and the Cd in its content may be a potential etiological factor
in the cytotoxic effect and formation of OC (15,16).

The aim of this study is to evaluate the studies examining the
toxic effect of Cd in dental materials and its effect on OC
formation.

MATERIALS and METHODS

Search strategy

A literature search was conducted using the terms "cadmium
oral” or "cadmium dental” or "cadmium dental material” or
"cadmium dentistry" in PubMed and Web of Science Library
between November 28 and December 7, 2021.

Study Selection

The study excluded reviews, case reports, letters to the editor,
and articles that were not open access, were not written in
English, or contained the term cadmium only in their
references.

RESULTS

Thirteen articles (15-27) were included in the review (Fig. 1).

Based on the fields of dentistry, the most articles were written
in Endodontics. While one study (16) has mentioned the toxic
effect of Cd, there is no statement in any study about the
relationship of Cd with OC. In one study (18), the potential of
Cd to cause an allergic reaction was emphasized. The most
used method for the determination of Cd is the concentration
determination by ICP-MS/ICP-OES devices (Tab. 1).
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PUBMED

cadmium oral = 449
cadmium dental = 99
cadmium dental material = 157

cadmium dentistry = 77

WEB OF SCIENCE

cadmium oral = 1329
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0

Duplicate and unrelated with
review topic

Not open access,
not in English,
cadmium only in references

Review, editor letter,
case report

Included in the systematic review

Figure 1. Flow chart of selected articles
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Table 1. Study characteristics.

Field of Topic related Cd | Techniqu Information on Cd toxicity Cdin
Dentistry e used oral
Cancer
Mikolic et al Prosthetic Dentistry | Cd m dental matenals & PEA Cd mot found m dental matenals, no mformatson Mo
{2004} {15 teeth informatio
n
Kiat-Amouay | Prosthetic Dentistry | Technical study EPM Mo informaticn Nao
et al {2006) examining colar pigments informatio
{17} containing Cd n
Marno et al Oiral D Rel ship between Allergy| Cadmium sulfate in prosthetic malemals is considered a high allergen, however, a | No
(2009} {18} BME & Cd patch best significant relationship with BME is nat clear informatio
n
Alves etal Restaratmve Optical properties of EPM It bias been stated that composites with added cadmium selenide’zne sulfide are bactericadal | Mo
(2000 {19 Dentistry dental resins and noataxic informatio
n
Chang et al Endodoniics Cd m MTA & Poctland ICP-0ES The amount of Cd detected 15 equal to that in the diet, a larger amount is required to be | Mo
(2000 {200 cement toxic informatio
n
Stejskal et al | Prosthetic! Cd m the etiology of FM | MELISA It has been stated that Cd cause lymphocyte response, no information about the allergen’ | Mo
{003} 21) Restarative toxic effect of Cd informatio
Dentistry n
Kum et al Endodorniics Cd m MTA ICP-0ES Prarcat MTA contained more heavy metals than Oribo MTA. But the Cd level is very low. | Ko
{3} 22) Even a little bit of Cd detection is tsed to the method (ICP-0ES pratocel?). However, both | informatio
MTAs are consadered safe n
Denleo et al Endodoniics Cd i MTA AAR Cd coald not be detected in amy materials as it remained below the detection limits Mo
(2004} {23 informatio
n
Gongalves et | Orthodontios Cytatoxic effectof Cd m | YPD agar It has heen mentsoned that Cd in the bands can be replaced by Zn. The bands were found 1o | No
al (2014) (24} arthodontic bands be cytotoxic. Mo mformatson en Cd toxicity informatio
n
Kum et al Endodoriics Cd m MTA & incalcium ICP-0ES Emall amounts of Cd were found in MTA Angulus and MicroMega MTA, while only Al | No
(2004} {25) silicate was detected in Bicagpregate. It was stated that the detected Cd lewel is mot toxic. 1t is | jnformatio
menizoned that the use of ICP-0ES makes the resulis of the study more reliahle n
Jang et al Endodoniics Cd m MTA & incalcium ICP-ME It is stated that BioDentine {BIY) contams maore heavy metals than Bioaggregate and MTA | No
(2004} {26) silicate but BI} contains not significantly high Cd. High levels of different heavy metals were | informatio
detected. For this reason, it was said that BD may be the most toxic material ameng three n
Mikulewicz et | Orthodontios Cd amount in pag tissues | ICP-0ES Campared 1o the contrel group, a significant difference was found only m the acria and in | Ko
al (2014) (2T} after bracket the hair sample taken } months after the comtammation. They concluded that metal ions did | jnformatio
nod reach toxse levels and that hair was a good marker as a noninvasive bomarker n
Barges de Prasthetic Dentistry | Od m hydrocollosds ICP-ME Cd was detected in all & different bydrocollosds. It has been said that it can have a toxic | Mo
Olival et al effect. It was siated that the CI} was detected above the acceptable level. [t has been | informatio
(2008} {16} mentioned that during the use of hydrocolloids, it is in close cantoct with the oral mocosa |
tor about 2 minutes

Cd: Cadmium, PSA: Potentiometric stipping analysis, SPM: Spectrophotometry, BMS: Burning Mouth Syndrome, MTA: Mineral trioxide aggregate,
ICP-OES: Inductively coupled plasma optical emission spectrometry, FM: Fibromyalgia, MELISA: Lymphocyte transformation test, AAS: Atomic absorption
spectrometry, YPD: Yeast extract peptone dextrose, ICP-MS: Inductively coupled plasma-mass spectrometry

It was emphasized that although Cd was detected in some
studies (20,22,23,25,27), especially in tricalcium silicate
materials such as mineral trioxide aggregate (MTA), it would
not be considered toxic.

in dental materials to play a role in the etiology of OC.

The fact that the amount of Cd in tricalcium silicate materials
used in endodontic treatment is determined far below toxic
levels and that it is trapped in the pulp chamber as a result of

The amount of Cd in fixed prosthetic dental materials is at a
trace level and the toxic/allergenic effect is ignored
(15,18,20). It has been claimed that a Cd-containing product
used to improve the structure of composite resins is bacteri-
cidal and tissue-friendly (19). Hydrocolloids have been
shown as the most suspicious product in terms of Cd toxicity
among prosthetic dentistry materials (16).

DISCUSSION

In studies (20,22,25-27) to determine the amount of Cd, it has
been revealed that Cd in dental materials is generally at a
level that cannot cause toxic effects. Since none of the studies
in the review included any information about Cd causing OC
formation, it can be said that it is not possible or clear for Cd

their use does not suggest that it may be involved in the
etiology of OC with a direct effect. The probability of a
scenario where tricalcium silicate contacts the oral mucosa
iatrogenically during endodontic treatment and the magni-
tude of the neoplastic effect it may create with its Cd content
is negligible.

There are animal experiments (28,29) showing toxic effects
when cadmium is added to the structure of hormones or forms
compounds with different elements. Conversely, because of
the study conducted with cadmium selenide/zinc sulfide
material added to the structure of composite resins in order to
improve the aesthetic properties of restorative dental materi-
als, it has been reported (19) that this particle has a bactericid-
al effect. This suggests that the biological behavior of differ-
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ent forms of Cd differ. The biological safety of cadmium can
be understood more clearly with new studies examining the
form and biological effects of Cd in the structure of dental
materials.

The toxic level of Cd in the structure of hydrocolloid, which
is a widely used dental impression material, and the fact that
it is in contact with the oral mucosa for a few minutes during
the procedure makes this material the most suspicious
product among all dental materials in terms of its involve-
ment in the etiology of OC. However, considering the short
time that prosthetic treatment patients are exposed to hydro-
colloid throughout their lives and the weak effect of the
cytotoxic/neoplastic performance of Cd during the proce-
dure, it shows that all dental materials, including hydrocol-
loid, are innocent in the formation of Cd-induced OC. In
addition, hydrocolloid, which is the most suspicious material
in terms of its involvement in the etiology of Cd-induced OC,
has begun to leave its place to digital intraoral scanners in
recent years (30). It can be said that dental materials cannot
be among the etiological factors in the formation of Cd-in-
duced OC today, where there are major sources for Cd such
as tobacco products, foods, air pollution and drinking water.

CONCLUSION

The lack of sufficient studies demonstrating that Cd in the
structure of dental materials has a toxic effect and the absence
of any studies showing that it may play a role in the etiology
of OC makes the role of Cd in dental materials in the etiology
of oral cancer unclear. Today, due to the large literature on Cd
from tobacco products, foods, air pollution and drinking
water, these factors can be considered as potential suspects in
the etiology of OC. New studies are needed to clearly reveal
the role of Cd in the structure of dental materials in the etiolo-
gy of OC.

122

Ethics Committee Approval:
No need.

Author contribution statement:

Planning of design and study process — S.S., T.C., M.N.K.,
H.N.B., T.D.C., and K.E.; literature review — S.S., M.N.K.,
H.N.B., T.D.C; critical language revision — K.E. and writing
—S.S. and K.E.

Conflict of Interest:
The authors declare that they have no conflict of interest.

Financial Disclosure:
The authors declared that this study has received no financial
support.



~
=
—
N
IS
o
Q
=
=
|
)
@)
e
&
<
=
P
o
v
-
=
<
1953

10.

11.

Zygogianni AG, Kyrgias G, Karakitsos P, Psyrri
A, Kouvaris J, Kelekis N, Kouloulias V. Oral
squamous cell cancer: early detection and the
role of alcohol and smoking. Head Neck Oncol.
2011;3:2-13.

So KY, Ahn SG, Oh SH. Autophagy regulated by
prolyl isomerase Pinl and phospho-Ser-GSK3
af involved in protection of oral squamous cell
carcinoma against cadmium toxicity. Biochem
Biophys Res Commun. 2015;466(3):541-6.

So KY, Kim SH, Jung KT, Lee HY, Oh SH.
MAPK/JNK1 activation protects cells against
cadmium-induced autophagic cell death via
differential regulation of catalase and heme
oxygenase-1 in oral cancer cells. Toxicol Appl
Pharmacol. 2017;332(1):81-91.

Fan T, Chen Y, He Z, Wang Q, Yang X, Ren Z,
Zhang S. Inhibition of ROS/NUPR1-dependent
autophagy antagonises repeated cadmium expo-
sure -induced oral squamous cell carcinoma cell
migration and invasion. Toxicol Lett.
2019;10(314):142-52.

Satir S. The relationship between oral cancer and
cadmium: a review. Mol Biol Rep. 2022;49(3):
2413-9.

Das S, Nath M, Laskar AK, DebRoy S, Deb S,
Barhai A, Choudhury AP. Lead and cadmium
exposure network in children in a periurban area
in India: susceptibility and health risk. Environ
Sci Pollut Res Int. 2021;28(22):28133-45.

Lundh T, Axmon A, Skerfving S, Broberg K.
Cadmium and mercury exposure over time in
Swedish children. Environ Res. 2016;150(10):
600-5.

Tian Y, Hou H, Zhu F, Wang A, Liu Y, Hu Q.
Simultaneous determination of chromium,
cadmium, and lead and evaluation of the correla-
tion between chromium and cotinine in Chinese
smokers. Biol Trace Elem Res. 2014;158(1):9-14.

Antoine JMR, Fung LAH, Grant CN. Assess-
ment of the potential health risks associated with
the aluminium, arsenic, cadmium and lead
content in selected fruits and vegetables grown
in Jamaica. Toxicol Rep. 2017;29(4):181-7.

European Food Safety Authority (2012) Cadmi-
um dietary exposure in the European population.
EFSAJ 10(1):2551.

WHO (2011) Safety evaluation of certain food additives
and contaminants/ prepared by the seventy-third meeting
of the Joint FAO/ WHO Expert Committee on Food
Additives (JECFA): Cadmium. WHO, Geneva.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pirard C, Koppen G, De Cremer K, Van Over-
meire I, Govarts E, Dewolf MC, Van De
Mieroop E, Aerts D, Biot P, Casteleyn L, Kolos-
sa-Gehring M, Schwedler G, Angerer J, Koch
HM, Schindler BK, Castafio A, Esteban M,
Schoeters G, Den Hond E, Sepai O, Exley K,
Horvat M, Bloemen L, Knudsen LE, Joas R,
Joas A, Van Loco J, Charlier C. Hair mercury
and urinary cadmium levels in Belgian children
and their mothers within the framework of the
COPHES/DEMOCOPHES projects. Sci Total
Environ. 2014;15(472):730-40.

Wu H, Zheng S, Zhang J, Xu S, Miao Z. Cadmi-
um induces endoplasmic reticulum stress-medi-

ated apoptosis in pig pancreas via the increase of
Th1 cells. Toxicology. 2021;457:152790.

Kazi TG, Kolachi NF, Afridi HI, Kazi NG,
Sirajuddin, Naeemullah, Arain SS. Effects of
mineral supplementation on liver cirrhotic/can-
cer male patients. Biol Trace Elem Res. 2012;
150(1-3):81-90.

Nikolic R, Kalicanin BM, Nikolic G. Potentio-
metric stripping analysis of lead and cadmium
leaching from dental prosthetic materials and
teeth. J Serb Chem Soc. 2004;69:575-80.

Borges de Olival AR, da Penha Junior NL,
Camara JVF, Corréa Duarte Simdes AC, Estruc
Verbicario Dos Santos JR, Groisman S. Analysis
of chemical composition of different irreversible
hydrocolloids. Dent J (Basel). 2018;6(3):37.

Kiat-Amnuay S, Mekayarajjananonth T, Powers
JM, Chambers MS, Lemon JC. Interactions of
pigments and opacifiers on color stability of
MDX4-4210/type A maxillofacial elastomers
subjected to artificial aging. J Prosthet Dent.
2006;95(3):249-57.

Marino R, Capaccio P, Pignataro L, Spadari F.
Burning mouth syndrome: the role of contact
hypersensitivity. Oral Dis. 2009; 15(4): 255-8.

Alves LP, Pilla V, Murgo DO, Munin E.
Core-shell quantum dots tailor the fluorescence
of dental resin composites. J Dent. 2010;
38(2):149-52.

Chang SW, Shon WIJ, Lee W, Kum KY, Back
SH, Bae KS. Analysis of heavy metal contents in
gray and white MTA and 2 kinds of Portland
cement: a preliminary study. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2010;109(4):
642-6.

231



21.

22.

23.

24,

25.

Stejskal V, Ockert K, Bjerklund G. Metal-in-
duced inflammation triggers fibromyalgia in
metal-allergic patients. Neuro Endocrinol Lett.
2013;34(6):559-65.

Kum KY, Zhu Q, Safavi K, Gu Y, Bae KS,
Chang SW. Analysis of six heavy metals in
Ortho mineral trioxide aggregate and ProRoot
mineral trioxide aggregate by inductively
coupled plasma-optical emission spectrometry.
Aust Endod J. 2013;39(3):126-30.

Dorileo MC, Bandeca MC, Pedro FL, Volpato
LE, Guedes OA, Dalla Villa R, Tonetto MR,
Borges AH. Analysis of metal contents in
Portland Type V and MTA-based cements. Sci
World J. 2014;2014:983728.

Gongalves TS, de Menezes LM, Ribeiro LG,
Lindholz CG, Medina-Silva R. Differences of
cytotoxicity of orthodontic bands assessed by
survival tests in Saccharomyces cerevisiae.
Biomed Res Int. 2014;2014:143283.

Kum KY, Kim EC, Yoo YJ, Zhu Q, Safavi K,
Bae KS, Chang SW. Trace metal contents of
three tricalcium silicate materials: MTA Ange-
lus, Micro Mega MTA and Bioaggregate. Int
Endod J. 2014;47(7):704-10.

26.

27.

28.

29.

30.

Jang YE, Lee BN, Koh JT, Park YJ, Joo NE,
Chang HS, Hwang IN, Oh WM, Hwang YC.
Cytotoxicity and physical properties of tricalci-
um silicate-based endodontic materials. Restor
Dent Endod. 2014;39(2):89-94.

Mikulewicz M, Wolowiec P, Janeczek M,
Gedrange T, Chojnacka K. The release of metal
ions from orthodontic appliances animal tests.
Angle Orthod. 2014;84(4):673-9.

Kluxen FM, Diel P, Hofer N, Becker E, Degen
GH. The metallohormone cadmium modulates
AhR-associated gene expression in the small
intestine of rats similar to ethinyl-estradiol. Arch
Toxicol. 2013;87(4):633-43.

Zalewska A, Brzoska MM, Marciniak J,
Karaszewska K, Zwierz K, Moniuszko-Jakoniuk
J. Activity of lysosomal exoglycosidases in
submandibular glands of rats intoxicated by
cadmium at doses related to human chronic
environmental and occupational exposures. Acta
Biochim Pol. 2004;51(3):831-7.

Arakida T, Kanazawa M, Iwaki M, Suzuki T,
Minakuchi S. Evaluating the influence of ambi-
ent light on scanning trueness, precision, and
time of intra oral scanner. J Prosthodont Res.
2018;62(3):324-9.

—~
-
Z
—
I\
o
(=3
N
—
-
=
5]
a
el
-~
<
—
<
-
5]
ni
=
=]
<
ur




