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Abstract
Trace elements (TEs) play an important role in human health. Toxic effects are caused by
deficiency or excess of TEs. TEs have significant effects on both dental health and human
health. It participates in important biological polyphosphate compound functions such
as ATP, DNA, and RNA. TEs are present at different concentrations in the tooth structure.
Changes in the density of some TEs affect tooth. The alteration of the density of some TEs
makes the teeth more susceptible to caries. Others are protective against caries formation.
Important TEs zinc (Zn), phosphorus (P), and magnesium (Mg) have important effects on
dental health. Measuring the TE values through tissue sampling to identify and correct
these effects has an important effect. In general, tissue samples such as blood, urine, teeth,
nails, and hair are used in TE studies. Teeth are accepted as appropriate indication of TEs.
As a result, TEs have significant effects on healthy tooth formation.
Keywords: trace elements, teeth health, human health, dental caries, dental structure

1. Introduction
About 96% of life materials consist of carbon, hydrogen, and nitrogen elements. Almost 50%
of the known elements are at measurable concentrations in life system. In humans and other
mammals, physiological activities of 23 elements are known, 11 of which are classified as trace
elements (TEs). TEs consist of transition elements [vanadium, chromium, manganese (Mn),
iron (Fe), cobalt, copper (Cu), zinc (Zn), and molybdenum] and non-metal elements [selenium
(Se), fluorine, and iodine]. TEs are, unlike sodium, calcium, magnesium, potassium, and chlorine, which are considered as macronutrients and required at larger amounts, fall into the
micro-nutrient category, which is required at negligible levels (usually lower than 100 mg/
day). Major and TEs play an essential role in human health. Lack or abundance of these elements due to natural or man-made reasons can lead to critical clinic consequences [1–4].
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A tooth consists of hard tissue (enamel, dentine, and cement) and soft tissue (pulp and periodontal ligaments), and has TE in its structure. A tooth has a multicellular structure which can
cooperate functionally with maxillofacial area [5].

2. Enamel
Enamel is the hard tissue that covers the surface of the tooth. The function of this layer is to
protect dentine-pulp complex. Enamel is the hardest and most resistant tissue in the body.
It consists of 95% inorganic material (calcium hydroxyapatite crystals), 2% organic material
(proteins such as amylogenic, enameline, ameloblastin, and tuftelin, among others), and 3%
water [6–8]. A negligible part of the 95% inorganic material is represented by TEs. As a result
of the analyses conducted using different methods in tooth enameling several chemical components are observed. These components include phosphorus (P), calcium (Ca), magnesium
(Mg), zinc (Zn), lead (Pb), cobalt (Co), fluorine (F), iron (Fe), aluminum (Al), and selenium (Se).
Inorganic structure of enamel consists of 36.1 Ca, 17.3 P, 3.0 carbon oxide, 0.5 Mg, 0.2 Na, 0.3
potassium (K), 0.016 F, 0.1 sulfur (S), 0.01 copper (Cu), 0.016 Zn, 0.003 silicon (Si); and low levels of silver (Ag), strontium (Sr), barium (Ba), chromium (Cr), manganese (Mn), vanadium (V),
aluminum (Al), lithium (Li), and selenium (Se). TE is placed in the human tooth enamel from
the environment during and after the mineralization and maturation period of the tooth [9].

3. Dentin
The dentin consists of 70% inorganic material (hydroxyapatite crystals and TEs), 18% organic
material (type I collagen fiber and proteins such as osteonectin, osteopontin, osteoclastin-like
dentin Gla protein, dentin phosphorene, dentin matrix protein, and dentin sialoprotein) and
12% water [6–8].
The inorganic material of dentin contains about 40 elements, ranging from 1000 ppm (i.e., Zn,
Sr., Fe, Al, B, Ba, Pb, etc.) to 100 ppb (i.e., Ni, Li, Ag, As, Se, Nb, Hg, etc.) [10–12].
The ratio of TE in human dentin varies according to age and sex. Cobalt can be higher in
women, while lead can be higher in men [13].

4. Cementum
Cementum is a special connective tissue that connects the periodontal ligament to the root
surface, covering the outermost layer of the calcite matrix on the root surface [14].
Cement is a vascular and unlimited mineralized tissue. It is the interface between dentin and
periodontal ligament and contributes to the repair and renewal of periodontal tissue after
injury [15].
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The inorganic component of cement is similar to bone, dentin, and enamel. The basic mineral
component of the cement is hydroxyapatite with amorphous calcium phosphate (Ca10 (PO4) 6
(OH) 2). The crystallinity of the cement inorganic component is lower than other calcifying tissues [16]. As a result, cement is decalcified more easily, while it has a tendency to coalesce for the
adsorption of surrounding ions (i.e., fluoride). In general, the cement of adult mature teeth has
higher fluoride content compared to other calcifying tissues. Mg content of the cement is about
half of that in the dentin. There is a gradual increase in Mg in the deep layers of the cement [14].

5. Dental pulp
Tooth pulp developing from dental papilla consists of odontoblast, fibroblast, blood, and neural veins [17]. Odontoblast cells are the most important cells of the pulp. As the cells responsible for the construction of dentin and pre-dentin, they are also responsible for reparative
dentin make-up in pathological cases [5, 18]. Pulp cells, especially fibroblasts, produce several
inflammatory mediators such as IL-8, IL-6, and vascular endothelial growth factor in cases
which threaten the health of the pulp. Tooth pulp performs a series of biological activities
such as nutrition, sensitiveness, construction, and protection. The change in blood pressure
and flow in the veins coming from apical region essentially affects the health of the pulp.
When tooth pulp is damaged due to mechanical, chemical, thermal and microbial irritants,
local tissue reactions and lymphatic, vascular inflammatory responses occur. The existence
of dentin affected by oral bacteria which lead to the formation of caries is most important
reasons for pulp inflammation [19].
Dental caries is a microbiological infectious disease of the teeth that results in the destruction
of dental calcified tissues. There must be three factors for the formation of dental caries; bacteria (from mutans Streptococci and Lactobacillus species), susceptible tooth surface (host), and
nutrient (diet) to provide bacterial growth [20, 21]. Changes in the density of TEs due to some
environmental and genetic impacts have some effects on human and dental health. The change
in density of some elements can lead to dental caries. Based on the previous studies on humans
and animals, some classifications have been made on the impact of TE on dental caries [4, 9].
Cariostatic elements: Fluoride (F), Phosphorus (P).
Mildly cariostatic: Mo, V, Cu, Sr., B, Li, Au.
Doubtful: Be, Co, Mn, Sn, Zn, Br, I.
Caries inert: Ba, Al, Ni, Fe, Pd, Ti.
Caries promoting: Se, Mg, Cd, Pt, Pb, Si.
In addition, there is another classification with regard to the impact of TE on dental health:
Cariostatic elements: Molybdenum, Vanadium, Fluoride, Strontium, Lithium.
Caries-promoting elements: Selenium, Cadmium, Lead, Manganese, Copper, Zinc.
The effect on dental and oral tissues of elements and their features.
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6. Fluoride (F)
Fluoride is an essential part of the organized matrix in hard tissues such as teeth and bones
and is found in the form of fluorapatite. In addition, it can combine with calcium and stimulate osteoblastic activity. The daily recommended amount of fluoride is 0.7 mg for 1–3 ages,
1 mg for 4–8 ages, 2 mg for 9–13 ages, 3 mg for 14–18 ages, 4 mg for males above 18 years of
age and 3 mg for females above 18 years of age.
Fluoride need of the body is met by drinking water, food, and tea [22].
The most well-known function of fluorine is a prevention of tooth caries. As a result of the
changes created by this function dental structure, the resistance of enamel increases. In addition, it prevents the proliferation of bacteria in dental plaque. It also accelerates remineralization [4, 23].
However, during calcification of the teeth, it can lead to dental fluorosis due to excessive fluorine concentration. Dental fluorosis is a kind of enamel hypoplasia. Dental fluorosis has varying strengths from lesions in the form of white small spots on the enamel to loss of material in
dental structure. The impact of excessive fluoride intake on the dental structure is a function
of such factors as the fluoride concentration in drinking water, exposure amount, exposure
period, and development period of the tooth [24, 25].

7. Vanadium (V)
Vanadium is found naturally in the soil, water, and air. Natural sources of vanadium include
continental dust, sea aerosol, and volcanic emissions. The release of vanadium is associated
with industrial sources such as oil refineries and power plants, especially using vanadiumrich petroleum and coal. Most foods contain naturally low vanadium concentrations. Sea
products generally contain vanadium at a higher concentration than the meat of land animals.
Daily vanadium uptake was reported in the range of 0.01–0.02 mg [26].
Although the role of vanadium in the development of dental caries is not clear, animal studies showed that it reduces dental caries. It is seen that when hamsters on Cariogenic diet are
given vanadium, the formation of dental caries decreased. In addition, a study conducted on
rats reported that when they are given intraperitoneal vanadium, the formation of dental caries reduced. On the contrary, some studies on monkeys showed that monkeys fed with water
including vanadium content suffered from higher dental caries incidents [4].

8. Strontium (Sr)
Strontium is an element found everywhere in the environment. Stable and radioactive strontium compounds are used in many industrial processes and find applications in research
and medical fields. Although strontium is not considered an important element and does
not have a known biological role, it is present in all living organisms. Strontium resembles
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calcium element in its properties; like calcium, it is taken up and is preferably implanted into
the bone. Strontium may have both beneficial and deleterious effects on humans, depending
on the amount received [27].
High strontium content is related to low caries incidence. Epidemiological studies conducted
on males determined that dental caries cases involve high strontium content. One study
compared good and decayed enamels and found out that strontium was higher in the good
enamel. In addition, it is reported that strontium ratio in tooth decreased with aging; strontium ratio is found to be higher in young people compared to the elderly [4].
Apatites with strontium settlement are more difficult to remove from enamel compared to
pure calcium component and it is stated that solution of enamel remineralized without strontium is more difficult than enamel remineralized with strontium. For this reason, it is believed
that strontium adds resistance to hydroxyapatites against the solution. Strontium settlement
in tooth enamel makes apatite crystal more resistant to caries due to the hetero-ionic change
of calcium. The resistance of apatite crystals against demineralization which occurs as a result
of acid attacks is increased [28].

9. Lithium (li)
More than 90% of lithium is eliminated from the human body through the kidney. The human
serum has been reported to have a lithium half-life of less than 24 hours [29].
Lithium exposure through drinking water and other environmental sources can also affect
thyroid function. Lithium is used in the treatment of bipolar disorders. Lithium is found
to have an indirect relationship with tooth caries. It is reported that dental caries incidence
reduces in the existence of lithium. One study conducted to control the relation between lithium and dental caries determined that it reduced the dental caries incidence in humans [4].
It has also been reported the histopathologic changes in the structure of salivary glands [30].
Lithium exposure through drinking water and other environmental sources can also affect
thyroid function [31].

10. Copper (cu)
Copper plays an essential role in our metabolism as it is involved in the functions of several
critical enzymes [28, 32].
Copper is defined as a material which increases caries. In decayed teeth, a higher level of copper is found compared to healthy teeth. Higher caries prevalence is found to be related to the
existence of copper in water, food, soil or vegetables [4].
Conducted studies showed that serum copper level is significantly higher in patients with
oral leukoplakia and oral submucous fibrosis and also malignant tumors such as squamous
cell carcinoma [22].

75

76

Trace Elements - Human Health and Environment

Copper concentration is found to be higher compared to the enamel of healthy and primary
teeth than the enamel of decayed teeth [25].
Recommended daily copper level is 340 mcg/day for 1–3 ages, 440 mcg/day for 4–8 ages,
700 mcg/day for 9–13 ages, 890 mcg/day for 14–18 ages, 900 mcg/day for males and females
above 18 years of age, and 1000 mcg/day for pregnant and 1300 mcg/day for nursing women.
Copper is mostly found in oysters, sea animals with shell, whole grains, hazelnuts, potatoes,
greeneries with dark leaves, dried fruits and animal products such as kidneys and livers [22].

11. Selenium (se)
Selenium is a vital trace element which is an essential component of antioxidant enzymes.
Selenium salts are required for several cellular functions in the human body but their excessive amount is toxic [33].
Selenium is found in liver, kidneys, sea products, meat, grains, grain products, milk products,
fruits, and vegetables. The recommended daily intake is 70 micrograms [22].
Selenium is a non-metallic element which is found epidemically in nature and absorbed
by the body through food or inhalation. Selenium is reported to be involved in synthetic
hydroxyapatite as anionic Se+4 through phosphate change with selenite. The ionic radius of
Se+4 (0.50 Å) is higher than P+5 (Phosphate) (0.35 Å) value. For this reason, the fabric parameter
increases after it is settled in synthetic hydroxyapatites [34–36].
It is found out that selenium leads to structural changes in dental dentin and mandibular condyles. Increase in dental caries emerged in the case of selenium intake. Some studies show that
there is a direct relationship between caries sensitiveness and selenium ejected with urine [4].
It is reported that selenium is settled in the micro-crystal structure of the enamel at the beginning of the decay and made it more sensitive toward dissolution [25].
In addition, it is reported that decrease in selenium level in the body leads to oxidative stresses.
A recent study found out that patients with oral mucositis due to a high level of chemotherapy effectively reduced the term and seriousness of oral mucositis and, in addition, sufficient
selenium reinforcement can produce cytoprotective impact and antiulcer activity [22, 37].

12. Manganese (Mn)
Manganese content in food products varies considerably. It is highest in peanuts and grains;
it is found in lowest concentration in milk products, meat, poultry, fish, and sea products. In
addition, manganese can be found in coffee and tea which constitute 10% of daily intake. The
body of an adult has 15 mg manganese on average which is typically seen in the nucleic acid.
The daily requirement is approximately 2–5 mg/day. Manganese functions are considered as an
enzyme activator and a part of metalloenzymes. Manganese is found in all mammal tissues at
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concentrations varying from 0.3 to 2.9 ug manganese/g. Tissues rich in mitochondria and pigments (for example, retina, dark skin) tend to have high manganese concentrations. Bones, livers,
pancreas, and kidneys typically have higher manganese concentrations than other tissues. The
most important manganese store is in the bones. There are 49 elements in enamel hydroxyapatite
crystals; one of them is manganese, which is usually in very slight percentages. The manganese
concentrations in enamel are between 0.08 and 20 ppm, equivalent to 0.08–20 mg/kg and dentine
between 0.6 and 1000 ppm. Mn concentration is at enamel-dentin limit at the external surface of
enamel and higher at permanent dentition compared to primary dentition [29, 30].
Manganese is a TE which can be included in enamel through food, air, and water. In addition,
Mn has the potential of changing Ca place at HAP. Several studies reported that Mn has the
ability to include in synthetic HAP without degrading the crystal area size [34, 38].
Manganese is increasingly related to decay prevalence. One study found out that in areas
where manganese content is higher, dental caries incidence in males increased. Therefore, it
is emphasized that manganese encourages caries [4].

13. Zinc (Zn)
There are 2–4 grams of zinc scattered throughout the human body. Zinc is stored in the prostate, eye parts, brain, muscles, bones, kidney, and liver. It is the second most abundant transition metal in organisms after iron and is the only metal seen in all enzyme classes. In blood
plasma, zinc is carried and bound to albumin (60%) and transferrin (10%). Zinc concentration
in blood plasma always remains unchanged regardless of the zinc intake [22, 39, 40].
The daily average requirement of zinc is 15–20 mg/day. Approximately 2–5 mg/day is expelled
through pancreas and intestines. Plasma zinc level decreases in such cases as pregnancy, loss
of liquid, oral contraceptive usage, blood loss, acute myocardial infarction, infections, and
malignity [41].
Zinc plays an essential role in cell reproduction, differentiation, and metabolic activities. Zinc
also supports normal growth in pregnancy, childhood, and adolescence periods [28, 42, 43].
Zinc is mostly found in animal products like meat, milk, and in fishes. Zinc bio adjustment is
low in phytonutrients [22].
The role of zinc in the development of dental caries is controversial. One study which analyzed the existence of TEs in children found zinc levels of children with more dental caries to
be higher. In addition, it has been found out that zinc concentration in caries enamel of milk
teeth was higher. However, another study showed that existence of zinc in saliva decreased
the development of dental caries [4, 44, 45].
Contrary to the foregoing, zinc is added to oral health products in order to control plaques,
reduce halitosis and delay tartar development. The zinc released from mouthwash solutions and toothpastes can continue to exist in plaque and saliva for a long time. Low zinc
concentrations can reduce enamel demineralization. However, their anticariogenic impact
is still controversial. Zinc deficiency is reported to be a potential risk factor for oral and
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periodontal patients. Parakeratotic changes in cheeks, tongue, and esophagus are indicators
of zinc deficiency. Serum zinc level has been found to be at lower levels in patients with
potentially premalignant disorders such as oral leukoplakia [22, 43, 46].

14. Cadmium (Cd)
Cadmium is found in some vegetables (leaved vegetables, potatoes, grains, and seeds) and
animal food (liver and kidney). The moment cadmium enters the body, it accumulates in
the liver and bones and is expelled very slowly (cadmium reference). Cadmium is an active
element in soil and can be received by plants easily. As a result of being received by plants
and entering the food chain or possibility of reaching water environment by being washed
from the soil, it creates a significant environmental problem. In addition, the downward
carriage of cadmium from the soil with chelating agents accelerates and it can lead to pollution in drinking and irrigation waters as it enters underground water sources [47, 48].
Exposure to cadmium is related to some various systematic health impacts such as kidney
failure, skeleton disorders, and cardiovascular diseases [49]. Cadmium can be released from
intraoral alloys in dentistry patients and accumulate in teeth and mouth tissues, which are
strictly bound to metallothioneins [50]. The relation has been found between cadmium and
the increase in decay prevalence. However, it is stated that settlement of cadmium in teeth
after growth is not effective on caries. Some studies conducted on test animals indicate that
there is a strong relationship between the formation of dental caries and cadmium intake
in dental development period [4]. The increase of exposure to and dispersion of this toxic
material is becoming increasingly important on the systematic and oral health of sensitive
populations such as children [49].

15. Lead (Pb)
People can be exposed to lead through contaminated food and beverage, resulting from
industrial activity [51]. Lead is added to the food chain especially through vegetables growing on contaminated soil. Lead can be transferred with plants and grass from contaminated
soil, which potentially leads to the accumulation of toxic metals in vegetating ruminants and
especially in cattle. The accumulation of lead creates toxic effects in cattle; it also leads to toxic
effects in people who consume meat and milk contaminated with toxic metals [52].
It is a harmful and toxic metal for the human body. Lead has the ability to translocation with
Ca+2 at the HAP of teeth. For this reason, it downsizes the HAP crystals [34, 53].
Lead is transferred to the tissues of the body such as teeth through environment or nutrition.
It is determined to have an encouraging effect on dental caries. In addition, it is found out
that lead increases the formation of enamel hypoplasia. A positive correlation has been found
between saliva lead levels and decay development of children with early childhood decays.
Thus, lead plays an essential role in the development of new caries lesions [4, 53, 54].
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16. Iron (Fe)
Unlike other TE, iron (Fe) is abundant in nature and a biologically essential component of every
living organism. Nevertheless, despite geological abundance, when oxygen contacts iron,
hardly soluble oxides are created. For this reason, it is not easily received by organisms [55].
These are most common dietary resources for iron: liver, meat, poultry products and fish;
cereals, green leafy vegetables, pulses, nuts, oilseeds, and dried fruits [22].
As an essential element, iron mostly enters the body with green vegetables. It is reported that
iron concentrations are low in enamel [34].
The amount of Fe is 4–5 gm in healthy individuals. Iron (Fe) is a trace metal that is necessary
to ensure that almost all organisms survive. Participation in heme and iron–sulfur cluster
containing proteins allows Fe to participate in a variety of vital functions such as oxygen
transport, DNA synthesis, metabolic energy, and cellular respiration [56].
Some studies reported that iron can act as preventive for dental caries. The study reported
that adding 2 mmol/L FeSO4.7H2O to acidic drinks reduced mineral loss and human enamel
preserved the surface microhardness [57, 58].
In addition, some iron addition products used for iron deficiency anemia are reported to have
a cariostatic effect and delayed the emergence of dental caries in human teeth. As a result of
iron deficiency, angular cheilitis, atrophic glossitis, diffused oral mucosal atrophy, candidal
infections, oral premalignant lesions, and stomatitis can be seen in the oral region [22].
Besides all these explanations, some factors change the density of the TEs on the teeth such
as exposure to electromagnetic fields, Wi-Fi, radio frequencies emitted from mobile phones,
environmental pollution, excessive fertilization of soil, natural disasters, and dental anomalies [3, 27, 49, 50].

Author details
Mehmet Sinan Doğan
Address all correspondence to: dtlider@hotmail.com
Faculty of Dentistry, Harran University, Pediatric Dentistry, Şanlıurfa, Turkey

References
[1] Fraga CG. Relevance, essentiality and toxicity of trace elements in human health. Molecular
Aspects of Medicine. 2005;26(4-5):235-244

79

80

Trace Elements - Human Health and Environment

[2] Brown CJ, Chenery SR, Smith B, Mason C, Tomkins A, Roberts GJ, et al. Environmental
influences on the trace elementcontent of teeth implications for disease and nutritionalstatus. Archives of Oral Biology. 2004;49:705-717
[3] Dogan MS, Yavas MC, Yavuz Y, Erdogan S, Yener İ, Simsek İ, et al. Effect of electromagnetic fields and antioxidants on the trace element content of rat teeth. Drug Design,
Development and Therapy. 2017;11:1393-1398
[4] Pathak MU, Shetty V, Kalra D. Trace elements and oral health: A systematic review.
Journal of Advanced Oral Research. 2016;7(2):12-20
[5] Oshima M, Tsuji T. Functional tooth regenerative therapy: Tooth tissue regeneration and
whole-tooth replacement. Odontology. 2014;102(2):123-136
[6] Medina S, Salazar L, Mejía C, Moreno F. In vitro behavior of the dentin and enamel
calcium hydroxyapatite in human premolars subjected to high temperatures. DYNA.
2016;83(195):34-41
[7] Garant PR. Oral Cells and Tissues. Chicago: Quintessence Books; 2003
[8] Nanci A. Ten Cate’s Oral Histology: Development, Structure, and Function. 8th ed. St.
Louis: Elsevier Mosby; 2008
[9] Shashikiran ND, Subba Reddy VV, Hiremath MC. Estimation of trace elements in sound
and carious enamel of primary and permanent teeth by atomic absorption spectrophotometry: An in vitro study. Indian Journal of Dental Research. 2007;18:157-162
[10] Teruel Jde D, Alcolea A, Hernández A, Ruiz AJ. Comparison of chemical composition
of enamel and dentine in human, bovine, porcine and ovine teeth. Archives of Oral
Biology. 2015;60(5):768-775
[11] Kang D, Amarasiriwardena D, Goodman AH. Application of laser ablation–inductively
coupled plasma–mass spectrometry (LA–ICP–MS) to investigate trace metal spatial distributions in human tooth enamel and dentine growth layers and pulp. Analytical and
Bioanalytical Chemistry. 2004;378:1608-1615
[12] He LH, Swain MV. Understanding the mechanical behavior of human enamel from its
structural and compositional characteristics. The Journal of the Mechanical Behavior of
Biomedical. 2008;1:18-29
[13] Kumagai A, Fujita Y, Endo S, Itai K. Concentrations of trace element in human dentin by
sex and age. Forensic Science International. 2012;219(1-3):29-32
[14] Tziafas D. Composition and structure of cementum: Strategies for bonding. In: Eliades G,
Watts D, Eliades T, editors. Dental Hard Tissues and Bonding. Berlin/Heidelberg: Springer;
2005. pp. 177-193
[15] Papagerakis P, Mitsiadis T. Development and structure of teeth and periodontal tissues.
In: Primer on the Metabolic Bone Diseases and Disorders of Mineral Metabolism. 8th ed.
New York: John Wiley & Sons; 2013
[16] ten Cate AR. Oral Histology. Development, Structure and Function. 5th ed. St. Louis:
Mosby; 1998

Relation of Trace Elements on Dental Health
http://dx.doi.org/10.5772/intechopen.75899

[17] Hsieh SC, Tsao JT, Lew WZ, Chan YH, Lee LW, Lin CT, Huang YK, Huang HM. Static
magnetic field attenuates lipopolysaccharide-induced inflammation in pulp cells by
affecting cell membrane stability. Scientific World Journal. 2015;2015:492683
[18] Han G, Hu M, Zhang Y, Jiang H. Pulp vitality and histologic changes in human dental
pulp after the application of moderate and severe intrusive orthodontic forces. American
Journal of Orthodontics and Dentofacial Orthopedics. 2013;144(4):518-522
[19] Doğan MS, Yavaş MC, Günay A, Yavuz İ, Deveci E, Akkuş Z, et al. The protective effect
of melatonin and Ganoderma lucidum against the negative effects of extremely low frequency electric and magnetic fields on pulp structure in rat teeth. Biotechnology and
Biotechnological Equipment. 2017;31(5):979-988
[20] Kutsch VK. Dental caries: An updated medical model of risk assessment. The Journal of
Prosthetic Dentistry. 2014;111(4):280-285
[21] Fontana M, Young DA, Wolff MS. Evidence-based caries, risk assessment, and treatment. Dental Clinics of North America. 2009;53(1):149-161
[22] Bhattacharya PT, Misra SR, Hussain M. Nutritional aspects of essential trace elements in oral
health and disease: An extensive review. Scientifica. 2016;2016:12-24. DOI: 10.1155/2016/54
64373
[23] Alcântara PC, Alexandria AK, Souza IP, Maia LC. In situ effect oftitanium tetrafluoride
and sodium fluoride on artificially decayedhuman enamel. Brazilian Dental Journal.
2014;25:28-32
[24] Shafer WG, Hine MK, Levy BM. A Textbook of Oral Pathology. 4th ed. Chennai: Elsevier
India; 2004
[25] Amin W, Almimar F, Alawi M. Quantitative analysis of trace elements in sound and
carious enamel of primary and permanent dentitions. BJMMR. 2016;11(6):1-10
[26] US Department of Health and Human Services. Toxicological Profile for Vanadium; 2012
[27] Höllriegl V, München HZ. Strontium in the environment and possible human health
effects. In: Nriagu JO, editor. Encyclopedia of Environmental Health. Burlington:
Elsevier; 2011. pp. 268-275
[28] Prashanth L, Kattapagari KK, Chitturi RT, Baddam VRR, Prasad LK. A review on role
of essential trace elements in health and disease. Journal Dr. NTR University of Health
Sciences. 2015;4(2):75-78
[29] Usuda K, Kono K, Dote T, Watanabe M, Shimizu H, Tanimoto Y, et al. An overview of
boron, lithium, and strontium in human health and profiles of these elements in urine of
Japanese. Environmental Health and Preventive Medicine. 2007;12(6):231-237
[30] Özcan I. The histopathologic effects of lithium on rat salivary glands. ACTA Pharmaceutica Sciencia. 2000;42(4):107-111
[31] Broberg K, Concha G, Engström K, Lindvall M, Grander M, Vahter M. Lithium in drinking water and thyroid function. Environmental Health Perspectives. 2011;119:827-830

81

82

Trace Elements - Human Health and Environment

[32] Alves RD, Souza TM, Lima KC. Titanium tetra fluoride and dental caries: A systematic
review. Journal of Applied Oral Science. 2005;13:325-328
[33] Rayman MP. Selenium and human health. The Lancet. 2012;379(9822):1256-1268
[34] Qamar Z, Haji Abdul Rahim ZB, Chew HP, Fatima T. Influence of trace elements on
dental enamel properties: A review. Journal of the Pakistan Medical Association. 2017;
67(1):116-120
[35] Monteil-Rivera F, Fedoroff M, Jeanjean J, Minel L, Barthes MG, et al. Sorption of selenite
(SeO3 2−) on hydroxyapatite: An exchange process. The Journal of Colloid and Interface
Science. 2000;221:291-300
[36] Ma J, Wang Y, Zhou L, Zhang S. Preparation and characterization of selenite substituted hydroxyapatite. Materials Science and Engineering C: Materials for Biological
Applications. 2013;33:440-445
[37] Jahangard-Rafsanjani Z, Gholami K, Hadjibabaie M, Shamshiri AR, Alimoghadam K,
Sarayani A, et al. The efficacy of selenium in prevention of oral mucositis in patients
undergoing hematopoietic SCT: A randomized clinical trial. Bone Marrow Transplantation. 2013;48(6):832-836
[38] Li Y, Widodo J, Lim S, Ooi C. Synthesis and cyto compatibility of manganese (II)
and iron (III) substituted hydroxyapatite nanoparticles. Journal of Materials Science.
2012;47:754-763
[39] Broadley MR, White PJ, Hammond JP, Zelko I, Lux A. Zinc in plants. New Phytologist.
2007;173(4):677-702
[40] Whitney EN, Rolfes SR. Understanding Nutrition, Thomson Learning. 10th ed. Boston:
Cengage Learning; 2010
[41] Kamberi B, Hoxha V, Kqiku L, Pertl C. The manganese content of human permanent
teeth. Acta Stomatologica Croatica. 2009;43:83-88
[42] Franklin RB, Costello LC. Zinc as an anti-tumor agent in prostate cancer and in other
cancers. Archives of Biochemistry and Biophysics. 2007;463:211-217
[43] Das M, Das R. Need of education and awareness towards zinc supplementation: A
review. Journal of Nutrition and Metabolism. 2012;4(3):45-50
[44] Hussein AS, Ghasheer HF, Ramli NM, Schroth RJ, Abu-Hassan MI. Salivary trace elements in relation to dental caries in a group of multi-ethnic school children in Shah
Alam, Malaysia. European Journal of Paediatric Dentistry. 2013;14:113-118
[45] Uçkardes Y, Tekçiçek M, Ozmert EN, Yurdakök K. The effect of systemic zinc supplementation on oral health in low socioeconomic level children. The Turkish Journal of
Pediatrics. 2009;51:424-428
[46] Jayadeep A, Raveendran Pillai K, Kannan S, Nalinakumari KR, Mathew B, Krishnan
Nair M, et al. Serum levels of copper, zinc, iron and ceru plasmin in oral leukoplakia

Relation of Trace Elements on Dental Health
http://dx.doi.org/10.5772/intechopen.75899

and squamous cell carcinoma. Journal of Experimental & Clinical Cancer Research.
1997;16(3):295-300
[47] Benredjem Z, Delimi R. Use of extracting agent for decadmiation of phosphate rock.
Physics Procedia. 2009;2(3):1455-1460
[48] AlKhader AMF. The impact of phosphorus fertilizers on heavy metals content of soils
and vegetables grown on selected farms in Jordan. Agrotechnology. 2015;5(1):1-15
[49] Arora M, Weuve J, Schwartz J, Wright RO. Association of environmental cadmium exposure with pediatric dental caries. Environmental Health Perspectives. 2008;116(6):821-825
[50] Guzzi G, Pigatto PD, Ronchi A. Periodontal disease and environmental cadmium exposure. Environmental Health Perspectives. 2009;117(12):535
[51] Barbosa F Jr, Tanus-Santos JE, Gerlach RF, Parsons PJ. A critical review of biomarkers
used for monitoring human exposure to lead: Advantages, limitations, and future needs.
Environmental Health Perspectives. 2005;113(12):1669-1674
[52] Pilarczyk R, Wójcik J, Czerniak P, Sablik P, Pilarczyk B, Tomza-Marciniak A. Concentrations of toxic heavy metals and trace elements in raw milk of Simmental and
Holstein-Friesian cows from organic farm. Environmental Monitoring and Assessment.
2013;185(10):8383-8392
[53] Mavropoulos E, Rossi AM, Costa AM, Perez CAC, Moreira JC, Saldanha M. Studies on
the mechanisms of lead immobilization by hydroxyapatite. Environmental Science and
Technology. 2002;36:1625-1629
[54] Pradeep KK, Hegde AM. Lead exposure and its relation to dentalcaries in children. The
Journal of Clinical Pediatric Dentistry. 2013;38:71-74
[55] Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its importance for human
health. Journal of Research in Medical Sciences. 2014;19(2):164-174
[56] Gozzelino R, Arosio P. Iron homeostasis in health and disease. International Journal of
Molecular Sciences. 2016;17(1):130
[57] Tsanidou E, Nena E, Rossos A, Lendengolts Z, Nikolaidis C, Tselebonis A, Constantinidis
TC. Caries prevalence and manganese and iron levels of drinking water in school children living in a rural/semi-urban region of north-eastern Greece. Environmental Health
and Preventive Medicine. 2015;20(6):404-409
[58] Xavier AM, Rai K, Hegde AM, Shetty S. A spectroscopic and surface microhardness
study on enamel exposed to beverages supplemented with lower iron concentrations.
The Journal of Clinical Pediatric Dentistry. 2015;39(2):161-167

83

