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mac gaiares kompleqsuri parodontologiuri 
mkurnaloba da stomatologiuri implantacia. 
pacientebi dayofili iyo 3 jgufad parodonti-
tis simZimis xarisxis  (I, II, III) da mkurnalobis 
meTodis gaTvaliswinebiT. ganviTarebis I  stadi-
is generalizebuli parodontitiT avadmyofebis, 
romelTac CautardaT kbilebis erTetapiani da 
mravaletapiani implantacia da miznobrivi os-
teotrofuli Tarepia, SemoTavazebuli qirurgi-
uli meTodiT mkurnalbis Sedegebis Sefase-
bam 12 Tvis Semdeg gamovlinda yvela implantis 
100%-iani SenarCuneba. pacientebSi II  xarisxis 
generalizebuli parodontitiT, romlebsac Cau-

tarda mkurnaloba da stomatologiuri implan-
tacia etapobrivad, implantebis usafrTxoebam 
Seadgina 92.1%, pacientebSi, romlebmac gaiares 
erTsafexuriani stomatologiuri implantacia, 
parodontis qirurgiuli mkurnalobiT, implan-
tebis usafrTxoebam Seadgina 89.4%. pacientebSi 
generalizebuli parodontitis III  xarisxiT, rom-
lebsac Cautarda parodontologiuri mkurnalo-
ba da stomatologiuri implantacia, implantebis 
usafrTxoebam Seadgina 80.2%, xolo pacientebSi, 
romlebsac Cautarda parodontis mkurnaloba da 
erTsafexuriani stomatologiuri implantacia - 
51,7%.
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 In the last decade, there has been a significant increase in the 
interest in an in-depth study of macro and microelemental me-
tabolism in the human body  in normal as well as  pathological 
conditions. A new area of biomedical research – microelemen-
tology is actively developing due to the fact that most macro 
and microelements are parts of biologically active substances 
and have an influence on them; since they are involved in most 
metabolic and immune processes, they determine the functional-
ity of various organs and systems [1].

The widespread use of research and analysis of chemical 
elements in medical science and practice has received a great 
response, and a new direction has been created in the form of 
medical elementology, which is currently being intensively de-
veloped. The chemical and analytical basis of the latter is the 
determination (from macro to ultra-micro) of the content of 
chemical elements in the body in a wide range [12].

 Over the past 50 years, a variety of data on the elemental com-
position of various biological tissues and fluids have been collected 
on the basis of international scientific studies which has made it 
possible to use various biological substrates as an indicator of as-
sessing the state of health and functionality of an organism. These 
substrates are: blood, hair, nail, dental hard tissues, etc. [7]. The 
high priority among these biological materials is given to hair and 
dental hard tissues, since the hair is easy to assemble. The method 
is non-invasive, represents solid material and provides information 
about both the current and past status [9]. The high priority of dental 
hard tissues is due to the ability to fully determine the composition 
of chemical elements that remain throughout their existence.

It is noteworthy that children and adolescents are most sensitive 
to diseases caused by an imbalance in mineral metabolism. The 
high sensitivity of a growing organism is caused by the features of 
anatomical and physiological development, critical periods of the 
development of organs and systems, peculiarities of metabolic pro-
cesses, the presence of a labile immune system, etc.

Above mentioned, it is very important to determine the com-
position of essential macro and microelements in the body, due 
to their imbalance, especially in childhood, causes various disor-
ders and changes in both somatic and dental conditions.

The aim of the research was to determine the content of the es-
sential macro and microelements in hair and dental hard tissues 

and to study the possible effect of their imbalance both on the 
general and dental health of the child. 

Material and methods. In order to evaluate the condition of 
dental hard tissues, we randomly examined 375 children from 
Batumi (Georgia) pre and public schools aged 3 to 12 years. 
They were split into three age groups: 108 preschooles aged 3-6, 
153 students aged 7-9  and 114 children aged 10-12.  Besides, 
they were divided into a gender - 189 females and 186 males.

Monitoring of the examined children was conducted using 
standard indices provided by the World Health Organization. 
We definined the prevalence of caries (%) and its experience 
(dmft/DMFT). According to the dmft/DMFT score we pointed 
out three categories of the status of caries: mild caries (dmft/
DMFT<6), moderate caries (dmft/DMFT: 6-9) and severe caries 
(dmft/DMFT >9). The children were examined with a dispos-
able mouth mirrors and dental explorer probe. All dental exami-
nations were conducted by one pediatric dentist and one assis-
tant by the natural light in the medical room of the preschools, as 
well as public schools. The results of the survey were recorded 
in our survey cards. The Approval to conduct the study was re-
ceived from the appropriate pre and public school authorities.

To determine the effect of the imbalance of macro and micro 
elements on somatic and dental diseases according to the caries sta-
tus (mild and severe) 48 children aged 3-12 were chosen from the 
examined 375 children. For the purpose of the study children were 
divided into two groups - control group (15 children) with mild car-
ies only with dmft/DMFT <2, and case group (33 children) with 
severe caries with dmft/DMFT>9. Hair samples and extracted teeth 
were used to evaluate elemental composition. The examination was 
conducted after the written forms of consent of all the participants’ 
parents. The study was carried out in the period from June 2018 
– June 2019. Ethical approval was obtained from the Bioethics 
Committee at the National Centre for Desease Control and Public 
Health, Tbilisi, Georgia (approval number #2018-032).

To assess the state of macro and microelement composition 
in the body, hair samples from the occipital area were used, 
and it amounted to 0.1-0.3 grams. We used X-ray fluorescent 
spectroscopy - MBW 081 / 12-4502-00 to study the qualitative 
and quantitative composition of chemical elements in the hair in 
accordance with the methodology of the International Atomic 
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Agency (hair washing method proposed by the international 
Atomic Energy Agency – IAEA 1978) [2].  The analysis was 
carried out using a new generation analyzer Elvax, energy dis-
persive x-ray fluorescent spectroscopy. Having prepared the hair 
under study, we evaluated instantaneous composition of essen-
tial macro- (Ca, K, S, Cl) and microelements (Zn, Fe, Cu, Se, 
Mn, Cr, Br, Co, Ag, V, Ni, Rb, Mo, Sr, Ti).

Ascertainment of essential macro(Ca) and microelements (Fe, 
Cu, Rb, Zn, Ni, Mn, Sr) in dental enamel and dentin was con-
ducted using the same method - x-ray fluorescent spectroscopy.  

General health status was assessed on the basis of the examined 
children’s medical cards which were provided by the pediatrician.

The obtained data were statistically processed and analyzed 
using the Statistical Package for Social Scienes (SPSS), version 
21 (IBM SPSS statistics for Windows, version 21.0/99 Armonk, 
NY :IBM Corp.

Results and discussion. Our research into dental caries 
among the examined 375 children revealed that the prevalence 
and experience of dental caries in all age groups and  gender  
was high. Assessment of caries experience (dmft/DMFT) among 
the caries indices (decayed, missing and filled teeth) showed the 
number of caries decayed teeth had the highest component with 

girls as well as boys. The average value of carious teeth was 
5.29±4.3 and of filled teeth was 0.56±1.64. The median index of 
caries experience was 5 (Interquartile Range [IQR] 3; 8; mini-
mum 0, maximum 23). Caries experience was of no significant 
difference according to sex. The average age for the female 
participants was 8.3, for the males was 7.5 - the difference was 
statistically significant. The prevalence of caries among the ex-
amined children according to gender was not statistically signifi-
cant, but the prevalence of caries in age groups was statistically 
significant (Pearson Chi-Square 14.2; df -2; p=0.001). The fol-
lowing figures were recorded: a mild caries among the examined 
375 children - 34.9% (131), a moderate caries - 21.6% (81) and 
a severe caries - 43.5% (163).  These results indicate a low level 
of dental awareness, neglect of prevention programs and timely 
treatment in Batumi, Georgia.

As already mentioned, the determination of essential chemi-
cal macro and microelements in dental hard tissues and hair 
plays an important role in monitoring human health and assess-
ing the risks of developing dental diseases; The composition of 
the essential macro and microelements in these substrates gives 
us a complete picture of the metabolic processes and the quality 
of the mineral composition in the human body [12].

Table 1. Macro and microelements composition in hair according to the caries status (p<0.05)
Caries status Microelements Mean Std.Deviation

Mild caries

Ca
Zn
K
Fe
Cu
Se
Mn
Cr
S
Br
Cl
Co
Ag
V
Ni
Rb
Mo
Sr
Ti

374.0325
135.8673
105.7973
20.3238
10.2538
.3744
.8706
2.8594

26631.6556
3.7206

393.3237
.4163
.1081
.1094
.5744
.8619
.1119

1.1331
.7444

121.02241
29.22045
54.55677
7.71902
2.58727
.18518
.41023
1.45265

8436.52958
2.86052

282.54857
.43613
.14419
.12369
.46302
.72026
.12227
.76738
.93381

Severe caries

Ca
Zn
K
Fe
Cu
Se
Mn
Cr
S
Br
Cl
Co
Ag
V
Ni
Rb
Mo
Sr
Ti

315.3223
122.2142
121.8252
18.1444
11.3313
.3197
.7069
2.5616

22423.8450
3.9578

360.9722
.4178
.2231
.1009
.7813
.9141
.1441
1.3053
.9222

83.18693
44.61694
229.82116
5.16935
5.33033
.19400
.39261
2.18547

8820.54410
3.68068

330.94807
.31746
.32320
.15932
.64435
.81006
.11717
95393

1.32894
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For the purpose of the study, was carried out spectral analysis 
of hair and dental hard tissues in 48 children aged 3-12 to deter-
mine general and dental health. 4 macro (Ca, K, S, Cl) and 15 
microelements (Zn, Fe, Cu, Se, Mn, Cr, Br, Co, Ag, V, Rb, Mo, 
Sr, Ti) were investigated in hair (Table 1).

As it can be seen from table 2, among the examined chil-
dren the average composition of Ca, Zn and Fe in the hair 
was the lower limit of the norm according to spectral analy-

sis but the content of these elements was even lower among 
those children who suffered from a severe caries. Therefore, 
we think that this has resulted in the demineralization of the 
dental hard tissues (Fig.).

The comparative analysis of the quality of dental experience 
and composition of chemical elements in dental hard tissues 
showed a statistically significant difference depending on the 
caries status (Table 2).

Fig. Composition of Ca, Zn and Fe in hair according to the status of caries 

Table 2. The composition of macro and microelements in dental hard tissues according to the caries status (p<0.05)
Caries status Microelements Mean Std.Deviation

Mild caries

Rb
Ca
Zn
Ni
Mn
Fe
Sr

0.5150
278901.2800

131.0887
1.0887
8.8412
60.7088
81.9750

0.33847
54351.25500

21.75224
1.28259
4.97925
39.58241
26.02221

Severe caries

Rb
Ca
Zn
Ni
Mn
Fe
Sr

0.5040
243737.9094

105.22
0.8387
7.9937
53.4182
86.0791

0.25277
28075.56138
100.12950
0.53436
4.54674
43.35722
27.91277

Currently, the insufficient amount of essential macro and mi-
croelements and their imbalanced use is a constant negative fac-
tor influencing the health, development, organs and systemogen-
esis of all age groups in many countries of the world [14]. First 
and foremost, it affects health, physical and mental development 
of the growing generation [16,18]. The mentioned factor has 
also been identified in our studies and certain health problems 
were found in children with important macro and microelement 
deficiency, namely, calcium, since calcium is the main compo-
nent of the bones and dental hard tissues [19]. Although calcium 
is presented in other tissues and cells in small quantities, unlike 
calcified tissues, it plays an important role in vital processes - 
it is involved in blood coagulation, transmission of nerve im-
pulses, muscle functioning, and also stimulates the production 
of hormones in the body. 

According to our data, it was found out that in children with 
calcium deficiency (in hair and dental hard tissues), bone miner-
alization disorder (52%) and weakening of the immunity (72%) 
which led to frequent morbidity.

It should be emphasized that iron is an important element in 
the human body. It plays a major role in many metabolic pro-
cesses, especially, in redox reactions, immune processes and 
DNA synthesis. Iron also participates in the development of 
the central neurological system, autoimmune system, endocrine 
system and cardiovascular system [6]. It is a main component 
of hemoglobin and myoglobin. Accordingly, iron deficiency is 
the most widespread nutritional and health problem all over 
the world and infants and young children are in the highest risk 
group, because of their rapid growth. Iron deficiency negatively 
affects the physical and mental development of the child and the 
immune system, increases the risk of behavioral disturbances, 
leads to dysfunction of the salivary glands and reduces buffering 
activity and causes anemia [10].  

Our studies found that in the case of iron deficiency, 35% of 
children had anemia, 16 % iron deficiency anemia, 29% had diz-
ziness, poor physical growth, weak immune system and in fewer 
cases in young children there was psychomotor developmental 
delay, stubbornness, and nail brittleness. 
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It should be pointed out that Iron has a cariostatic effect [5]. 
This can be proved by several studies, among them a survey 
done by Koppal et al suggest that iron deficiency and ECC 
are definitely interconnected [11]. The study conducted by 
Abdallah et al., showed that children with lower hemoglobin 
levels had significantly high dmft index [3]. Our study also 
supported these findings. In our survey, there was a negative 
correlation between dmft/DMFT index and iron concentra-
tion in dental hard tissues (Spearman’s rho -0.623; p<0.001), 
which denotes that children with iron deficiency had signifi-
cantly high dmft/DMFT index. 

Zinc is an essential trace element for the functioning of the 
human body [17]. It plays an important role in the development 
of the immune system, formation of mineral tissues [15] (bone, 
dental hard tissue), participating in RNA, DNA and proteins 
synthesis, and it is also involved in the activation of the enzyme 
system and metabolic processes. 

Our study revealed that the examined children, who had a 
minimal or deficient composition of zinc in the studied sub-
strates, were characterized by frequent catarrh of the upper re-
spiratory tract, some with viral diseases, growth retardation or 
lack of appetite and the rest of them had brittle nails. This was 
caused by the weak immune system. 

It is known that zinc is an important in the maintenance 
of oral health [8]. There are several studies on the benefits 
of zinc. A study of Mohammed NR et al., proved that zinc 
reduces enamel demineralization [13]. In the study conducted 
by Atasoy revealed the relationship between Zinc deficien-
cy and children’s oral health [4]. Whereas the of results our 
study showed a negative correlation between caries experi-
ence and zinc concentration in dental hard tissue (Spearman’s 
rho -0.407; p=0.031), which means that in cases of minimal 
or deficiency of zinc, children had high dmft/DMFT index.    

Conclusion. The research of the essential macro and micro-
elements in the hair and dental hard tissues showed a high coef-
ficient of correlation between  the mineralization of dental hard 
tissues as well as the general health of the growing body.
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SUMMARY

ELEMENTAL CONTENT – GENERAL AND ORAL 
HEALTH OF Children

Beridze M., Shishniashvili T., Futuridze S., Kalandadze M., 
Margvelashvili V.

Tbilisi State Medical University; Ivane Javakhishvili Tbilisi 
State University, Georgia

Aim of study - to determine the composition of the essential 
macro and microelements in the hair and dental hard tissues and 
to study the influence of their imbalance on the general and den-
tal health of the child. 
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To assess the state of dental hard tissues, 375 children aged 
3 to 12 years were randomly examined in Batumi. Monitoring 
of the examined children was carried out using standard indices 
provided by the World Health Organization. To determine the 
composition of the chemical elements in hair and dental hard tis-
sues, according to the caries status 48 children were chosen from 
the examined 375 children. We used X-ray fluorescent spectros-
copy method to study the qualitative and quantitative content of 
the chemical elements in the hair and dental hard tissues. The 
comparative analysis of the dental experience (dmft/DMFT) 
and the composition of chemical elements in dental hard tissues 
showed a statistically significant difference depending on car-
ies status. The effect of some essential elements on the general 
health of the child has also been identified. 

The study into the composition of the essential macro and mi-
croelements in the hair and dental hard tissues revealed a high 
coefficient of correlation both with the mineralization of dental 
hard tissues and with the general health of the growing body. 

Keywords: essential microelements, dental hard tissue, hair, 
children, caries.
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Целью исследования явилось определение содержания 
эссенциальных макро– и микроэлементов в стержне волос 
и твердых тканях зубов и возможное влияние их дисбаланса 
на общее и стоматологическое здоровье детей. 

На первом этапе с целью оценки состояния твердых тка-
ней зуба исследованы 375 детей и подростков в возрасте от 
3 до 12 лет, проживающих в г. Батуми. Исследование про-
водилось с использованием стандартных показателей, пре-
доставленных ВОЗ (распространенность и интенсивность 
кариеса). На втором этапе для определения содержания хи-
мических элементов в стержне волос и твердых тканях зубов 
обследовано 47 детей. Использована рентгенофлуоресцент-
ная спектроскопия для качественного и количественного ис-
следования содержания химических элементов. 

Сравнительный анализ степени выраженности кариеса 
и состава химических элементов в твердых тканях зубов 
показал статистически значимую разницу в компенсации 
кариеса. Выявлено влияние некоторых эссенциальных эле-

ментов на общее состояние здоровья детей. Исследование 
содержания эссенциальных макро- и микроэлементов 
в стержнях волос и твердых тканях зубов показало вы-
сокий коэффициент корреляции как с минерализацией 
твердых тканей зуба, так и с общим состоянием здоровья 
растущего организма.

reziume

elementuri Semadgenloba – bavSvTa zogadi da 
piris Rrus janmrTeloba

m.beriZe, T.SiSniaSvili, s.fuTuriZe, m.kalandaZe, 
v.margvelaSvili

Tbilisis saxelmwifo samedicino universiteti;  
iv. javaxiSvilis sax. Tbilisis saxelmwifo uni-
versiteti, saqarTvelo 

kvlevis mizans warmoadgenda esenciur makro- 
da mikroelementTa Semcvelobis gansazRvra Tmis 
Rersa da kbilis magar qsovilebSi da maTi dis-
balansis SesaZlo gavlenis Seswavla bavSvebis 
zogad da stomatologiur janmrTelobaze. 
pirvel etapze kbilis magar qsovilTa mdgo-

mareobis Sesafaseblad gamokvleuli iyo q. ba-
TumSi mcxovrebi 375 bavSvi da mozardi 3-dan 12 
wlis asakSi. gamokvleulTa daTvaliereba Catar-
da msoflio jandacvis organizaciis mier mo-
wodebuli standartuli indeqsebis gamoyenebiT 
(kbilis kariesis gavrceleba da intensivoba). 
meore etapze Tmasa da kbilis magar qsovileb-
Si qimiur elementTa Semcvelobis dasadgenad 
gamokvleulia 47  bavSvi, romelic SerCeuli iyo 
gamokvleuli 375 bavSvidan. qimiur elementTa 
Semcvelobis Tvisobrivi da raodenobrivi kvle-
visTvis gamoyenebuli iyo rentgenofluorescen-
tuli speqtroskopia. 
kbilis kariesis intensivobis xarisxsa da 

kbilis magar qsovilebSi qimiur elementTa 
Semadgenlobis SedarebiTma analizma gamoavli-
na statistikurad sarwmuno gansxvaveba karie-
sis kompensaciis mixedviT. aseve dadgenilia 
garkveul esenciur elementTa gavlena bavSvis 
zogad janmrTelobaze. 
Tmis Rersa da kbilis magar qsovilebSi esen-

ciur makro- da mikroelementTa Semcvelobis 
Seswavlam gamoavlina maRali korelaciis koefi-
cienti kbilis magar qsovilTa mineralizacias-
Tan da mozardi organizmis zogad janmrTelo-
basTan.


