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ABSTRACT

Background: Micronutrient elements are vitamins and minerals that are required in small amounts but play
important roles in our body. Insufficient micronutrients can affect health including dental health. Objective:
Analyzing effectiveness of micronutrients (calcium, phosphorus, and vitamin D) in preventing dental caries.
Literature study: This literature study was conducted from Google Scholar, Science Direct, and Pubmed
(MEDLINE). The strategy used in literature collection is in the form of writing keywords that are used to find
articles to be reviewed with a publication period between 2012 - 2020. Discussion: Dental caries is a
demineralization of an inorganic part of the tooth due to a multifactorial etiology and occurs when
demineralization exceeds remineralization. The calcium and phosphorus ions level in the saliva could affect
the balance between demineralization and remineralization of enamel and its deficiency can strongly influence
morphology of the tooth. It has been found that calcium level significantly influences hard dental tissues
defense mechanisms. On the other side, vitamin D also plays an important role to form enamel and dentin in
the tooth development process because of its receptor in ameloblasts and odontoblasts. Deficiency of vitamin
D can cause enamel hypoplasia which is a significant factor for early childhood caries. Conclusions: Calcium,
phosphorus, and vitamin D significantly affecting the demineralization and remineralization process. The
optimum concentration and level of calcium, phosphorus, and vitamin D in the body effectively increase the
tooth defense mechanism and reduce the dental caries.
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INTRODUCTION

Micronutrient elements are those
vitamins and minerals that are required in small
amounts in our body which play important roles
such as the production of enzymes, hormones,
and other substances, that are generally
recommended for a dietary allowance (RDA) in
mg / day and can enter the body through the
respiratory tract, drinking water, and food
components.! Insufficient intake of
micronutrients can affect health, function, and
physical and cognitive development throughout
the life cycle. Dental caries is a localized and
progressive destructive disease of the teeth.?
Acid produced by Dbacteria, especially
Streptococcus mutans and Lactobacillus which
causes demineralization due to the fermentation
process of dietary carbohydrates.?

Dental caries is the most common
chronic disease among youth aged 6-19 years.
The prevalence of total dental caries from
National Health and Nutrition Examination
Survey (NCHS) in 2015-2016 for primary or
permanent teeth among youth aged 2-19 years
was 45.8%. Prevalence increased with age,
going from 21.4% among youth aged 2-5 to
50.5% among those aged 6-11 to 53.8% among
those aged 12-19.2 Based on the data above, it
is necessary to prevent dental caries through the
effectiveness of intake of micronutrients, which
are vitamins and minerals. In the relationship
between dietary mineral intake and oral disease.
The mineralization of teeth depends on a large
number of micronutrient factors, of which vitamin
D, calcium and phosphorus play an important
role.’

Vitamin D is a steroid hormone with
pleiotropic effects on calcium and phosphorus
metabolism and the immune system. Calcium
deficiency is usually due to vitamin D deficiency,
either through dietary deficiency or lack of
exposure to sunlight. It can also be due to a diet
low in calcium. In this dental caries case, the
concentration of calcium (Ca) and phosphorus
(P) from dental plague and levels of Ca and P

ions in saliva can affect the balance of
demineralization and remineralization of enamel.
High levels of Ca in plaque are associated with
a lower incidence of caries. Other vitamins than
vitamin D may play another important role as
suggested vitamin B6 which can play a role in
the prevention of dental caries.® In addition,
Vitamin K is another promising candidate for
protection against dental caries.® Through this
article, the authors want to provide a narrative
overview on the effectiveness of calcium,
phosphate, and vitamins in dental caries
prevention. In order to find the effect of Ca, P and
vitamins for preventing caries, and to determine
the correlation between optimum concentration
and amount of Ca, P, and vitamins to perform
maximum effect of dental caries prevention. The
main database searched is focused on
systematic reviews about micronutrients
(minerals and vitamins) and other articles in
PubMed and Google Scholar which were
published in English, dated from the year 2010
to 2020 were included in this article review.

The Role of Ca in Remineralization and
Demineralization

Caries occur when demineralization
exceeds remineralization. Remineralization of
white-spot lesions may be attainable with
presently available agents possessing fluoride,
calcium and phosphate, and casein
phosphoprotein amorphous calcium phosphate.’
Calcium, phosphate, and fluoride ions play an
important role in the battle between
demineralization and remineralization processes
and accordingly modify the susceptibility of tooth
to caries progression. During demineralization,
calcium release precedes phosphate release
from enamel, dentin, and cementum. Therefore,
using calcium rather than phosphate to suppress
the demineralization process would be
effective.® Study from Adegboye et al. stated that
higher calcium intake may also enhance enamel
remineralisation, reduce demineralization.®

Saliva is supersaturated with calcium
and phosphate with a pH equal to 7, a level that
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favors remineralization. When acid stimulation is
too strong demineralization prevails until the
formation of a carious lesion.!! Studies from
Philippe and Lingstrom stated that Vitamin D,
calcium, and phosphate play a major role in
remineralization.’® However, remineralization of
enamel by saliva is seldom completely achieved,
especially when there is an imbalance in
duration and extent of
demineralization/remineralization phases.
Therefore, it is required the use of an external
source of Ca?* and PO,* ions to increase the
Hydroxyapatite supersaturation to efficiently
prevent demineralization and boost
remineralization.!!

The calcium concentration of dental
plaque strongly influences the balance between
demineralization and remineralization of enamel.
In an epidemiological study, Gedalia and
colleagues, in a controlled clinical trial in
children, demonstrated that eating a 5 g piece of
hard cheese daily, following breakfast, for a
period of 2 years, resulted in the development of
significantly less caries. Cheese stimulates
salivary secretion and increases plaque calcium
concentration.*?

The Role of Phosphorus in Remineralization
and Demineralization

Presence of microbial acid products can
reduce hydroxyapatite, marked by formation of
porosity on tooth enamel. Porosity on tooth
enamel can be fixed by using calcium and
phosphate ions.® Hydrogen ion binds to
phosphate ion on hydroxyapatite and produce
HPO.,%, and this ion cannot be balanced with
normal hydroxyapatite bonds and cause some of
the enamel hydroxyapatite crystals dissolve and
cause the enamel to become brittle. This
demineralization process can be inhibited by
remineralization, neutralize pH and sufficient
calcium and phosphate to restore the minerals
that have been broken down.*®

Remineralization of enamel is known to
be performed by phosphate and calcium from
saliva.’* There are two calcium phosphate

compounds that can induce remineralization. It
is casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) which is formed by
casein phosphopeptide (CPP) that aggregates
with calcium phosphate and forms an
amorphous calcium phosphate (ACP). The
aggregation between these two compounds
results in remineralization and prevents
demineralization.*®

The Role of Vitamin D in Remineralization
and Demineralization

Another micronutrient related to caries
prevention is vitamin D. Various studies have
shown that vitamin D has an important role in
development of bones and teeth. Vitamin D acts
as a regulator of calcium levels in craniofacial
development and maintenance of good oral
health. In the body, calcium and phosphorus can
be found in enamel, the most mineralized
substance. Calcium and phosphorus are
obtained from food with the help of vitamin D as
an absorption agent. The absorption of calcium
and phosphorus helps improve the strength of
the teeth and surrounding bones.® Ameloblasts
and odontoblasts, which are known to form
enamel and dentin, also has vitamin D
receptors.’® Ameloblasts and odontoblasts are
the target cells for 1, 25-dihydroxyvitamin D, the
active form of vitamin D. If there is a deficiency
of vitamin D during the period of tooth

development, one of the effects s
developmental damage such as enamel
hypoplasia. This enamel hypoplasia is a

significant risk factor for severe early childhood
caries.!” If metabolism and levels of this vitamin
are irregular, "rachitic teeth" can occur too. This
condition causes the teeth to be
hypomineralized and damaged, making them
prone to fractures and decay.8°

In addition, vitamin D is also associated
with one of major oral diseases, caries.!’ Vitamin
D can help reduce the risk of dental caries by
playing an important role in the mineralization of
bones and teeth. As a mineralized organ, teeth
are surrounded by 3 hard tissues, namely
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cementum, dentin, and enamel. Vitamin D
systemically acts as an initiator of signaling
pathways via the vitamin D receptor, a
transcription factor that controls gene expression
via the element vitamin D.2° Vitamin D will
increase vitamin D receptor to induce structural
gene products, such as calcium binding proteins
and various extracellular matrix proteins (eg,
dentine phosphoproteins, dentin
sialoglycoproteins, enamel, and amelogenin) to
form dentin and enamel.*® This responsive gene
also affects mineral and energy metabolism,
bone, skeletal muscle, cell life cycle and
migration, immune response, and detoxification.
20, 2122 The role of vitamin D in tooth
mineralization can also be seen since the fetus
is in the womb. In the condition of pregnant
women, fetal primary teeth can be affected by
maternal 25 (OH) D levels because systemic
levels of vitamin D in fetal serum will follow
maternal concentrations.?*2?* Thus, maternal
vitamin D levels can be used as a standard
surrogate marker for the fetus. If any condition
causes maternal 25 (OH) D levels to be
imbalanced, fetal levels can also be directly
affected by the health of the baby especially
tooth development.?3 24 25 26,2727, 28

Research revealed that a higher
maternal vitamin D intake during pregnancy will
result in a lower risk of dental caries in children
because maternal prenatal 25-hydroxyvitamin D
[250HD] has the potential to have an effect on
primary teeth and the development of ECC.% 2°
Pregnant women with vitamin D
supplementation levels below 15 ng / mL were
also found to have a 14% higher risk for primary
teeth.?” About 50% of the potential for enamel
damage will decrease if vitamin D
supplementation is given in sufficiently high
doses during pregnancy.? 2° Maternal vitamin D
deficiency will form a pattern of associated
mineralization defects at the particular week of
pregnancy when vitamin D deficiency occurs.
For example, maternal vitamin D deficiency
status could affect the beginning of primary
maxillary central incisor calcification if vitamin D

deficiency occurs at 13 weeks from conception.
It could potentially lead to a hypoplastic/
mineralization defect in the incisal third of the
crown. One study also showed defects in the
incisal third, middle third and cervical one third
because of maternal deficiency of vitamin D at
12-16, 20-32 and 36-40 weeks.?’

DISCUSSION

Dental caries is a demineralization of the
inorganic part of the tooth with the dissolution of
the organic substance due to a multifactorial
etiology and occurs when the organic acids
produced increase the solubility of the calcium
hydroxyapatite that is present in the hard tissue
of teeth.®® High concentrations of calcium in
plague or saliva may reduce bacterial adhesion
to enamel and inhibit bacterial biofilm formation.
Studies done by Glass RL, et al. stated calcium
was associated negatively with caries
experience.*® Another study from Scardina and
Messina stated that calcium, phosphorus, and
casein contained in cow milk inhibit caries.3!

Increase in calcium level in the
remineralization solution may enhance the
deposition velocity of minerals in the caries
lesion. Study from Sejdini et al., 2018 stated that
the Ca concentration before and after saliva
stimulation and the quantity of Ca before and
after saliva stimulation have shown a high
correlation. Calcium level significantly influences
hard dental tissues defense mechanism and the
increase of caries number, the calcium level
decreases. *2 On the other side, deficiency in
phosphate is known to induce rickets.3® In terms
of the relationship between dietary mineral
intake and oral disease, the calcium (Ca) and
phosphorus (P) concentrations of dental plaque
and the levels of Ca and P ions in the saliva
could affect the balance between
demineralization and remineralization  of
enamel.The normal level of calcium is 1-2 mmol
/ L. Based on the study conducted by Lisna and
Nisak, the results showed that the salivary
calcium level in the caries group was 0.98 +*
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0.310 mmol / L and in the caries-free group was
mmol / L 1.55 £ 0.312. This study showed that
there was a significant difference (p <0.05)
between the salivary calcium levels in the caries
and caries-free groups.®* Saliva is a major
source of minerals that demineralised enamel
rebuilds. The hydroxyapatite (HA) crystals in
tooth enamel, consisting of Ca, Mg, and Pi
(phosphate) are more susceptible to dissolution
by acids. Ca assists this process by providing F
with a place to bind with. Minerals in drinking
water are the main source of Ca and Mg which
are absorbed by the body.® The optimum Ca in
drinking water that is beneficial for health ranges
from 40-80 mg / L. Ca concentration in saliva to
help repair early carious lesions ideally should
not exceed 90 mg / L. Ca and F together caused
45% decrease in DMF-S index, supporting the
role of Ca in teeth remineralisation.3®

The recommended level of phosphate
intake for adults and elderly in the United States
is 700 mg/day, although studies shown that
around 35% of the US adult population consume
more than double the amount of phosphate than
the recommended amount.?’ In a study that was
conducted on 8317 school children (average age
:9.99 + 0.68 years), the occurrence of dental
decay was significantly higher among children
who consumed a higher amount of phosphate.
The study found that after adjusting all the
covariates, for every single unit increase in
calorie-adjusted sugar intake, the odds of having
dental decay increased by 12%, and for 1 unit
increase in phosphate, the odds of having any
dental decay increased by 33%. In a subgroup
analysis, dental decay occurrence increases
significantly in children who consumed low sugar
and high phosphate compared to children who
consumed low sugar and low phosphate, and it
implicates that excessive phosphate
consumption alone can propagate dental decay,
even when sugar consumption is low.3®

Vitamin D can be obtained through
endogenous synthesis, exogenous attainment of
diet, and supplementation. Vitamin D intake is
important to fulfil because it affects the

formation of enamel, dentin, and oral bones.’
The optimal concentration of vitamin D (275
nmol / L) has been shown in several studies to
reduce the potential dental caries in children.”
39,40 Studies conducted by Schroth et al. (2013)
stated that caries-free children were twice as
likely to have optimal vitamin D concentrations
(275 nmol / L) and those with severe early
childhood caries were nearly three times more
likely to have deficiency rates (<35 nmol/L). The
results of another study indicated that vitamin D
supplementation reduced the risk of caries by
about 47%, but with low certainty.® Although
serum vitamin D is unable to change the main
structure of teeth, it turns out that vitamin D is
able to prevent caries by regulating immunity
through eradication of microbes with peptide
activity.*

To get the overall benefits of vitamin D,
the experts committee of National Academies of
Sciences, Engineering, and Medicine developed
intake recommendations for general vitamin D in
the Reference Diet Intakes (DRI). Reference
values used in planning and assessing
nutritional intake vary according to age and sex
for healthy people, such as the Recommended
Dietary Allowance (RDA) indicator. RDA
indicates the average daily intake level is
sufficient to meet the nutritional needs of almost
all (97%—-98%) healthy individuals.

Table 1. Recommended Dietary Allowances (RDAS)
for Vitamin D

Age Male Female Pregnancy Lactation
0-12 10 mcg 10 mcg
months* (400 IU) (400 V)
1-13 15mcg 15 mcg
years (600 IU) (600 IU)
14-18 15mcg 15 mcg 15 mcg 15 mcg
years (600 IU) (600 IU) (600 V) (600 1U)
19-50 15mcg 15 mcg 15 mcg 15 mcg
years (600 IU) (600 IU) (600 IU) (600 1U)
51-70 15mcg 15 mcg
years (600 IU) (600 IU)
>70 20mcg 20 mcg
years (800 IU) (800 IU)
Page | 71

Denta Jurnal Kedokteran Gigi, Agustus 2023; Vol.17 No.2; Hal 67-74
Available at http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/21

DOI: 10.30649/denta.v17i2.4



http://u.lipi.go.id/1518063363
http://u.lipi.go.id/1518063363
http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/210

Denta, Jurnal Kedokteran Gigi

Accredited No. 79/E/KPT/2023
p-1SSN: 1907-5987 e-ISSN: 2615-1790

RDAs are often used to plan a diet that is
nutritious enough for an individual. RDAs for
vitamin D indicate daily intakes sufficient to
maintain normal calcium metabolism and bone
health in healthy people. RDAs for vitamin D are
written in both international units (IU) and
micrograms (mcg) (Table 1), which 1 mcg of
vitamin D is equal to 40 1U.%2

CONCLUSION

Calcium (Ca), phosphorus (P), and
Vitamin D are part of micronutrients which has
an important role in tooth remineralization and
demineralization. Both calcium and phosphorus
significantly influence tooth defense
mechanisms, while vitamin D influences tooth
development. Calcium and  phosphorus
concentrations could affect the balance between
demineralization and remineralization of enamel.
Vitamin D helps obtain calcium and phosphorus
to improve the strength of the tooth and help to
reduce the risk of dental caries by its important
role in mineralization. Therefore, calcium,
phosphorus, and vitamin D on their optimum
intakes, concentration, and level in the body
could work effectively in preventing dental
caries.

REFERENCES

1. Bhattacharya PT, Misra SR, & Hussain M.
Nutritional Aspects of Essential Trace Elements
in Oral Health and Disease: An Extensive
Review. Scientifica, 2016: Article ID 5464373; 1-
12. https://doi.org/10.1155/2016/5464373

2. Rao VK, Maxim AA, Carausu ME, & Savin C. A
perspective on Dental caries — Changing
approaches, Status, Issues and Possibilities.
2013. IJALS; 6(1): 1-7.

3. Hujoel PP. Vitamin D and dental caries in
controlled clinical trials: systematic review and
meta-analysis. 2013; 71(2): 88-97.
https://doi.org/10.1111/j.17534887.2012.00544.
X

4. Carter SJ. Baranauskas MN, & Fly AD.
Considerations for Obesity, Vitamin D, and
Physical Activity Amid the COVID-19 Pandemic.

10.

11.

12.

13.

14,

Obesity (Silver Spring, Md.). 2020; 28(7): 1176—
77. https://doi.org/10.1002/0by.22838.

Salam RA, Zuberi NF, & Bhutta ZA. Pyridoxine
(vitamin B6) supplementation during pregnancy
or labour for maternal and neonatal outcomes.
The Cochrane database of systematic reviews.
2015.https://doi.org/10.1002/14651858.CD0001
79.pub3

Southward K. A hypothetical role for vitamin K2
in the endocrine and exocrine aspects of dental
caries. Medical hypotheses. 2015; 84(3): 276—
80. https://doi.org/10.1016/j.mehy.2015.01.011
Garg Y. Bhaskar DJ, Agali CR, Punia H, Garg K,
Jhingala V. Fluorides in Caries Prevention: A
Review. Int J Dent Med Res. 2015;1(6):176-9.
Abou Neel EA, Aljabo A, Strange A, lbrahim S,
Coathup M, Young AM, Bozec L, & Mudera V.
Demineralization-remineralization dynamics in
teeth and bone. International journal
ofnanomedicine. 2016; 11: 4743-63.
https://doi.org/10.2147/1IN.S107624.

Adegboye AR, Christensen LB, Holm-Pedersen
P, Avlund K, Boucher BJ, & Heitmann BL.
Intakes of calcium, vitamin D, and dairy servings
and dental plaque in older Danishadults.
Nutrition journal. 2013; 12; 61.
https://doi.org/10.1186/1475-2891-12-61

Hujoel P. Lingstrom P. Nutrition, dental caries
and periodontal disease: a narrative review.
Journal of Clinical Periodontology. 2017; 44:
S79-S84.

lafisco M, Degli Esposti L, Ramirez-Rodriguez
GB, Carella F, Gbmez-Morales J, lonescu AC,
Brambilla E, Tampieri A, & Delgado-Lépez IM.
Fluoride-doped amorphous calcium phosphate
nanoparticles as a promising biomimetic
material for dental remineralization. Scientific
reports, 2018; 8(1): 17016.
https://doi.org/10.1038/s41598-018-35258-x
Zabokova Bilbilova E. Dietary Factors, Salivary
Parameters, and Dental Caries. Dental Caries
[Working Title]. 2020.

Widyaningtyas, Vienvien, Rahayu CY, & Barid I.
Analisis Peningkatan Remineralisasi Enamel
Gigi setelah Direndam dalam Susu Kedelai
Murni (Glycine max (L.) Merill) menggunakan
Scanning Electron Microscope (SEM), Artikel
llImiah Hasil Penelitian Mahasiswa, Jember,
Jawa Timur. 2014. p. 1-5.

Meyer F, Amaechi BT, Fabritius HO, & Enax J.
Overview of Calcium Phosphates used in

Page | 72

Denta Jurnal Kedokteran Gigi, Agustus 2023; Vol.17 No.2; Hal 67-74
Available at http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/21

DOI: 10.30649/denta.v17i2.4



http://u.lipi.go.id/1518063363
http://u.lipi.go.id/1518063363
http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/210
https://doi.org/10.1155/2016/5464373
https://doi.org/10.1111/j.17534887.2012.00544.x
https://doi.org/10.1111/j.17534887.2012.00544.x
https://doi.org/10.1002/oby.22838
https://doi.org/10.1002/14651858.CD000179.pub3
https://doi.org/10.1002/14651858.CD000179.pub3
https://doi.org/10.1016/j.mehy.2015.01.011
https://doi.org/10.2147/IJN.S107624
https://doi.org/10.1186/1475-2891-12-61
https://doi.org/10.1186/1475-2891-12-61
https://doi.org/10.1038/s41598-018-35258-x

Denta, Jurnal Kedokteran Gigi

Accredited No. 79/E/KPT/2023
p-1SSN: 1907-5987 e-ISSN: 2615-1790

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Biomimetic Oral Care. The Open Dentistry
Journal. 2018; 12(1): 406-23.
https://doi.org/10.2174/1874210601812010406
Vanichvatana S, Auychai P. Efficacy of two
calcium phosphate pastes on the
remineralization of artificial caries: A randomized
controlled  double-blind in  situ  study.
International Journal of Oral Science. 2013; 5(4):
224-8. https://doi.org/10.1038/ij0s.2013.67
Nanci A. Ten Cate's Oral Histology. 9th ed.
Elsevier. 2017.

Schroth RJ, Levi JA, Sellers EA, Friel J, Kliewer
E. Vitamin D status of children with severe early
childhood caries: a case—control study. BMC
Pediatrics. 2013; 13(174): 1-8.
https://doi.org/10.1186/1471-2431-13-174
Foster BL, Nociti FH, Jr, & Somerman MJ. The
rachitic tooth. Endocrine reviews. 2014; 35(1):
1-34. https://doi.org/10.1210/er.2013-100
D'Ortenzio L, Kahlon B, Peacock T, Salahuddin
H, & Brickley M. The rachitic tooth: Refining the
use of interglobular dentine in diagnosing
vitamin D deficiency. International journal of
paleopathology. 2018; 22: 101-8.
https://doi.org/10.1016/}.ijpp.2018.07.001

Pike JW, Meyer MB, & Bishop KA. Regulation of
target gene expression by the vitamin D receptor
- an update on mechanisms. Reviews in
endocrine & metabolic disorders. 2012; 13(1):
45-55. https://doi.org/10.1007/s11154-011-
9198-9

Girgis CM, Clifton-Bligh RJ, Hamrick MW, Holick
MF, Gunton JE. The roles of vitamin D in skeletal
muscle: Form, function, and metabolism.
Endocrine Reviews. 2013; 34(1):33-83.

Rosen CJ, Adams JS, Bikle DD, Black, DM,
Demay MB, Manson JAE, Murad MH, Kovacs
CS. The nonskeletal e_ects of vitamin D: An
endocrine  society  scientific  statement.
Endocrine Reviews. 2012; 33(1): 456-92.
https://doi.org/10.1210/er.2012-1000

Schroth RJ, Lavelle C, Tate R, Bruce S, Billings
RJ, & Moffatt ME. Prenatal vitamin D and dental
caries in infants. Pediatrics. 2014; 133(5): 1277—
1284. https://doi.org/10.1542/peds.2013-2215
Singleton R, Day G, Thomas T, Schroth R,
Klejka J, Lenaker D, & Berner J. Association of
Maternal Vitamin D Deficiency with Early
Childhood Caries. Journal of dental research,

25,

26.

27.

28.

29.

30.

31.

32.

Karras SN, Fakhoury H, Muscogiuri G, Grant
WB, van den Ouweland JM, Colao AM, & Kotsa
K. Maternal vitamin D levels during pregnancy
and neonatal health: evidence to date and
clinical implications. Therapeutic advances in
musculoskeletal disease. 2016; 8(4): 124-35.
https://doi.org/10.1177/1759720X16656810
Ngrrisgaard PE, Haubek D, Kuhnisch J, Chawes
BL, Stokholm J, Bgnnelykke K, Bisgaard H.
Association  of  high-dose  vitamin d
supplementation during pregnancy with the risk
of enamel defects in o_spring: A 6-year follow-
up of a randomized clinical trial. JAMA Pediatri.
2019; 173(10): 924-30.
doi:10.1001/jamapediatrics.2019.2545

Reed SG, Voronca D, Wingate JS, Murali M,
Lawson AB, Hulsey TC, Ebeling MD, Hollis BW,
Wagner CL. Prenatal vitamin D and enamel
hypoplasia in human primary maxillary central
incisors: A pilot study. Pediatric Dental Journal.
2017, 27(1): 21-8.
https://doi.org/10.1016/j.pdj.2016.08.001

Reed SG, Miller CS, Wagner CL, Hollis BW,
Lawson AB. Toward preventing enamel
hypoplasia: Modeling maternal and neonatal
biomarkers of human calcium homeostasis.
Caries Research. 2020; 54: 55-67. doi:
10.1159/000502793

Tanaka K, Hitsumoto S, Miyake Y, Okubo H,
Sasaki S, Miyatake N, & Arakawa M. Higher
vitamin D intake during pregnancy is associated
with reduced risk of dental caries in young
Japanese children. Annals of epidemiology.
2015; 25(8): 620-25.
https://doi.org/10.1016/j.annepidem.2015.03.02
0

Shaik P, Pachava S. The Role of Vitamins and
Trace Elements on Oral Health: A Systematic
Review. International Journal of Medical
Reviews. 2017; 4(1):22-31.

Scardina G, Messina P. Good Oral Health and
Diet. Journal of Biomedicine and Biotechnology.
2012; 1-8.

Sejdini M, Mega K, Berisha N, Citaku E, Aliu N,
Krasnigi S, & Salihu S. The Effect of Ca and Mg
Concentrations and Quantity and Their
Correlation with Caries Intensity in School-Age
Children. International Journal of Dentistry.
2018:1-8.

20109: 98(5), 549-555. 33. Cremonesil, Nucci C, D'Alessandro G, Alkhamis
https://doi.org/10.1177/0022034519834518 N, Marchionni S, Piana G. X-linked
Page | 73

Denta Jurnal Kedokteran Gigi, Agustus 2023; Vol.17 No.2; Hal 67-74
Available at http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/21
DOI: 10.30649/denta.v17i2.4



http://u.lipi.go.id/1518063363
http://u.lipi.go.id/1518063363
http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/210
https://doi.org/10.2174/1874210601812010406
https://doi.org/10.1038/ijos.2013.67
https://doi.org/10.1186/1471-2431-13-174
https://doi.org/10.1210/er.2013-100
https://doi.org/10.1016/j.ijpp.2018.07.001
https://doi.org/10.1007/s11154-011-9198-9
https://doi.org/10.1007/s11154-011-9198-9
https://doi.org/10.1210/er.2012-1000
https://doi.org/10.1542/peds.2013-2215
https://doi.org/10.1177/0022034519834518
https://doi.org/10.1177/1759720X16656810
https://doi.org/10.1016/j.pdj.2016.08.001
https://doi.org/10.1016/j.annepidem.2015.03.020
https://doi.org/10.1016/j.annepidem.2015.03.020

Denta, Jurnal Kedokteran Gigi

Accredited No. 79/E/KPT/2023
p-1SSN: 1907-5987 e-ISSN: 2615-1790

34.

35.

36.

37.

38.

Enamel
findings.

hypophosphatemic rickets:
abnormalites and oral clinical
Scanning. 2014; 36:456-61

Lisna R, Nisak R. DIFFERENCE OF pH AND
CALCIUM LEVEL OF SALIVARYIN CARIES

AND CARIES FREE STUDENTS OF
FAKULTAS KEDOKTERAN
GIGIUNIVERSITAS SUMATERA  UTARA.

Dentika Dental Journal. 2016; 19(2): 128-32.

Yani R, Palupi R, Bramantoro T, & Setijanto D.
Analysis of Calcium Levels in Groundwater and
Dental Caries in the Coastal Population of an

Archipelago Country. Open Access
Macedonian Journal of Medical Sciences. 2019;
7(1):.134-8.

Vani NV, Idris AM, Abuhaya AH, Jafer M,
Almutari  DA. Assessment of calcium,
magnesium, and fluoride in bottled and natural
drinking water from Jazan Province of Saudi
Arabia and a brief review on their role in tooth
remineralization. Journal of International Oral
Health. 2016; 8(11):1012

Chang AR, Lazo M, Appel LJ, Gutiérrez OM,
Grams ME. High dietary phosphorus intake is
associated with all-cause mortality: Results from
NHANES Ill. Am J Clin Nutr. 2014; 99:320-7.
Goodson JM, Shi P, Mumena CH, Haq A,
Razzaque MS. Dietary phosphorus burden

39.

40.

41.

42.

increases cariogenesis independent of Vitamin
D uptake. J Steroid Biochem Mol Biol. 2017;
167:33-8

Wojcik D, Krzewska A, Szalewski L, Pietryka-
Michatowska E, Szalewska M, Krzewski S, Pels
E, & Ben-Skowronek |. Dental caries and vitamin
D3 in children with growth hormone deficiency:
A STROBE compliant study. Medicine. 2018;
97(8): €9811.
https://doi.org/10.1097/MD.0000000000009811
Akinkugbe AA, Moreno O, Brickhouse TH.
Serum cotinine, vitamin D exposure levels and
dental caries experience in U.S. adolescents.
Community Dentistry and Oral Epidemiology.
2019; 47(2): 185-192.
https://doi.org/10.1111/cdoe.12442

Botelho J, Machado V, Proenga L, Delgado AS,
Mendes JJ. Vitamin D Deficiency and Oral
Health: A Comprehensive Review. Nutrients.
2020; 12(5):1471.
https://doi.org/10.3390/nu12051471

U.S. Department of Health & Human Services.
Vitamin D - Health Professional. [Internet]
ods.od.nih.gov. 2021 [cited 9 January 2021].
Available from:
<https://ods.od.nih.gov/factsheets/VitaminD-
HealthProfessional/> .

Page | 74

Denta Jurnal Kedokteran Gigi, Agustus 2023; Vol.17 No.2; Hal 67-74
Available at http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/21
DOI: 10.30649/denta.v17i2.4



http://u.lipi.go.id/1518063363
http://u.lipi.go.id/1518063363
http://journal-denta.hangtuah.ac.id/index.php/jurnal/issue/view/210
https://doi.org/10.1097/MD.0000000000009811
https://doi.org/10.1111/cdoe.12442
https://doi.org/10.1111/cdoe.12442
https://doi.org/10.1111/cdoe.12442
https://doi.org/10.3390/nu12051471

