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Abstract

Minerals are an essential component of the human
body. To assess the level of microelements in the hu-
man body, the most informative biosubstrates are hair
and dental hard tissues.

The aim of the study was to diagnose mineral metab-
olism disorders in children based on spectral analysis
of hair.

Research methods and materials. 28 children aged 3-4
years were examined. Caries intensity was defined by
the methodology of World Health Organization. The
28 chemical elements content was studied in hair by
X-ray fluorescent spectroscopy method.

Results. According to our study, children with
decompensated forms of caries had relatively lower
levels of essential chemical elements than in children
with compensated forms of caries. The content of
toxic elements (Pb, As, Sn, Hg) was higher in children
living in ecologically polluted conditions than in chil-
dren living in relatively favorable conditions.
Conclusion. Hair chemical analysis by X-ray fluores-
cence spectrometry allows us to study the content

of essential and toxic elements in the body. Spectral
analysis of the hair can monitor the condition of the
environment.

Introduction

Minerals are an essential component of the human
body, yet the body does not produce a single mineral
element. In fact, all tissue and internal fluids contain
minerals: bones, teeth, soft tissue, muscle, blood and
nerve cells. The imbalance of minerals in the human
body causes various disorders in the body, especially
affecting the bones and hard tissues of the teeth (1).
Dental caries is a pandemic disease affecting the teeth
characterized by demineralization and cavitation,
eventually leading to discomfort and pain, causing
limitations in function and compromised facial aes-
thetics (2).

The demineralization process involves loss of minerals
at the advancing front of the lesion, at a depth below
the enamel surface, with the transport of acid ions
from the plaque to the advancing front and mineral
ions from the advancing front toward the plaque (3).
The remineralization process is a natural repair mech-
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anism to restore the minerals again, in ionic forms,

to the hydroxyapatite (HAP) crystal lattice. It oc-
curs under near-neutral physiological pH conditions
whereby calcium and phosphate mineral ions are
redeposited within the caries lesion from saliva and
plaque fluid resulting in the formation of newer HAP
crystals, which are larger and more resistant to acid
dissolution (4).

Teeth are important biological structures in the field
of biomineralization. The mineral tissue of a tooth
consists of hydroxyapatite (HAP) crystals, Cal0 (PO4)
6(OH)2. The inorganic content of dental hard tissues
has been shown to consist of not only calcium (Ca),
phosphorus (P), and oxygen (O), as indicated by the
formula of calcium HAP, but also carbon (C), magne-
sium (Mg), sodium (Na),iron(Fe) and fluoride (F), as
well as large trace elements (5).

To assess the level of microelements in the human
body, the most informative biosubstrates are hair and
dental hard tissues, in which the chemical elements
are concentrated and fully reflect the quality of essen-
tial elements.

The advantages of hair spectral analysis are: can be
collected by simple, non-invasive methods, and is
easily sampled and stored; gives information about
20-40 microelements content in the human body. The
World Health Organization and the Environmental
Protection Agency have provided a sample of the hair
as an indicator of contamination of the human body
with toxic elements (6).

The aim of the study was to diagnose mineral metab-
olism disorders in children based on spectral analysis
of hair.

Research methods and materials

28 children aged 3-4 years were examined (12 - liv-
ing in ecologically relatively favorable conditions,

12 - living in ecologically highly polluted conditions
(Thilisi), 4 - living in Marneuli)

Caries intensity was defined by the methodology of
World Health Organization (7).

The chemical elements content was studied in hair by
X-ray fluorescent spectroscopy method. We took the
sample from the occipital area and examined the hair
after preparation, we identified 28 chemical elements
in the biosubstrates: essential elements- Ca, Zn, K, Fe,
Cu, Se, Mn, Cr; Conditionally Essential - S, Br, Cl, Co,
Ag, V, Ni, Rb, Mo, Sr, Ti and Toxic - Ba, Pb, As, Hg,
Cd, Sb,Zr, Sn, Bi (Mkg/ g).

Results

According to our study, children with decompensated
forms of caries had relatively lower levels of chemical
elements such as calcium (Ca) and iron (Fe) than in
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children with compensated forms of caries (see ill.
1,2).

Iustration 1. The relationship between calcium con-
tent in the hair and the intensity dental caries.
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Ilustration 2. The relationship between iron content
in the hair and the intensity dental caries.
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The content of toxic elements (Pb, As, Sn, Hg) was
higher in children living in ecologically polluted con-
ditions than in children living in relatively favorable
conditions (see ill. 3).

INlustration3. The content of toxic elements in hair
in different ecological environments

PB AS SN HG

u polluted envir.  m less polluted envir.

Our research revealed a deficiency of essential ele-
mentsin hair in patients with multiple dental caries.
We consider the cases of several patients: the hair
spectral analyze of 4 years-old patient (living in Mar-
neuli) with systemic demineralization and living in
polluted region revealed low level of essential ele-
ments (Ca, Zn, Fe, Pb) (see table 1).
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Table 1. Chemical elements content in hair of 4 year-
old patient living in Marneuli.

Elements Mean Norm
DpM DPIM

Ca 288 300-700
Zn 97 120-200
Fe 13,7 15-35
Pb 5 0.0-5.0

A 4-year-old patient with multiple caries and a diag-
nosis of intestinal dysbiosis was found to have signifi-
cant calcium deficiency 269 ppm (in norm — 300-700
ppm), presumably associated with impaired calcium
absorption from the intestines.

Also, a 4-year-old patient with multiple caries had an
imbalance of various chemical elements (see table 2)
in the hair analysis. Patient was sent to an endocri-
nologist and was diagnosed with thyroid dysfunction.

Table 5. Chemical elements contentin hair of 4 year-
old patient.

Elements Mean (ppm) Norm
ppm

Ca 284.7 300-700
Zn 81.4 120-200
Fe 15.01 15-35
Se 0.20 0.3-1.2
Br 1.48 2.0-12
Cl 30.00 60-560
Pb 0.55 0.0-5.0
Conclusion

Hair chemical analysis by X-ray fluorescence spec-
trometry allows us to study the content of essential
and toxic elements in the body.Hair is one of the most
informative biosubstrate to monitor the disbalance of
minerals in the human body. It alsohelps us to study
the mineral content of dental hard tissues and plan
treatment methods of demineralization.

Spectral analysis of the hair can also monitor the con-
dition of the environment.
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