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b0 303396L0MgdIMo 81 (21.6%),  ©Y33396LoMYdIMo 163
(43.5%) (00505 1).
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b903md396Lo
300396LboMgd G9dr@o, 81
ao (21.6%)
131 (34.9 %)
©93M3396L0
6900
163 (43.5%)

©053M535 1. 359m3zmgmamms gabafioamgds 3s@ogliols sg@ogmdols
bomolbols dobgzom

3900gLboL  293MEWgds 9O 0ym  LBGIGHOLE0IMMSD
Lo®fdmbm  353d0MTo  godm3zzegoms  bdglmsb.  0d3e,
3900gbo  LoMfdmbmo MBROH™ bdoMms godmzwobs MBOHML
abo3MdM03 X 3Mndo (Pearson Chi-Square 14.2; df -2; p=0.001)
(Eb®owo 2).

3bo3MBdMOZ0 XRIRO 3960gL0l a53M3gMgds P
n, (%) 9603369emds
3-6 fgero 86 (79.6) 0.001
7-9 oo 137 (89.5) 0.001
10-12 fgawo 109 (95.6) 0.001

3b®oo 2. 3560glol 353MmEJEgds sLs3MDMOZ0 JoBJaMMOgdols
dobgzom

005Lm96539, Mbs 500bOTBML, GMI 56  godmzEobs
BGoGOLEH03IMO© LoOHImbm 393do6M0o 39M09LoL

300396LoEosly o go8m33wgMms  dbd3MOM0Z X AMBIOL
dmMob.
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Jgm6Mg  dbOog,  3s0m3wobs  LEOGHOLE0IMMS©
Lo®HIMbm  2obLbbgeg9ds 3000l JoGoglol dsB3969dgdoLS
3990330 9ms dqglol Jobggzom, Moz SLobE0s OSYMSTs
2-30 (05505 2).

B 00gO®™Mdomo B JsdHMdOMO

87.3% 89%

I I 5'5 6,1
| ||

39360 39w9ds 063 9gbbome™ds

©O053M535 2. 3000l 35GMogbols  353M3gmgdols s
06&96LomMMdOL AsB3z96gdwgd0 Ligglols dobggoom

300900 39093900 F0mOmgOL sFoMol Mgyombdo,
30600dm©, J. 0500330  BEHMIsGHMWMYoMOO  A9bsmEgdols
QOB ©mbyby, 3OHMBOWSIBH03M0 3606539000
365MLYOIMBBS Qo QOMME0 939960b5¢omdol
05ILIOILYNBBY.

b9bgomo s  30MMdom  gugbgoGo s3I~  ©o
903600m9gmqdgbBHms  29bLEBEZMS 30Ol Fogo®  Jumgzomgdls
5 ®dob »gMdo, 3608369wMm356 GMEL SLOYIEGOL 5EST0SBOL
X 96IOMgEmdol  dmbo@GMmMobaols  ©s  LEMIsGHMEWMYOE
Q593500905 29630m56M900L 6Hob3oL 394 GHMOgd0L
d9535L900Lsm30U; 50bodbwmem 00mbBLEGMEJOT0
306396¢H06M9dwo LElOEMEbWME 9930w GdYGEO Fo3OM- S
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90360m9w9996@gd0l 899339 ™ds  bLOHYe  FoMImeybaols
330Jdbobls MM560bdd0 9080bstry 939G 90MMHO

36391900L5 s J0bMOE MO Fg50gbEMdOL boMolbby.

dOMmIoL  30DBbgd0Eb  godmdobstg,  Bmyswo s
LEAMASGHMEMAO0MOHO  XbIOMYMdOL Lo gbs, 3-12
Paoobls sbozol 48 d53d3Ls BorBoM©s 3ol gMols s 300Eol
9556 Jumgzgowms  b3gdBHPmewo  bsgrobo. ™ol Lgmdo
399m33wgmo odbs 4 dozbm- (Ca, K, S, Cl ) o 15
9036m9w9dab@o ( Zn, Fe, Cu, Se, Mn, Cr, Br, Co, Ag, V, Rb,
Mo, Sr, Ti ), begom 3dool dsgo6 Jumgogddo gehmo dozmhm
(Ca) s 9J3bo dozMmgergdgb@o ( Rb, Zn, Ni, Mn, Sr,Fe).

3bmdowos ®mI, ®Iol gL  IMS35cgE9dgbEH0sbo
9b65obo  LEFMogdsl  0denglzs  F9BsLEIL  sbodbmem
LBLAOSEGT0 MO GHM JodoH 9egIgbEBH™S SBLMEIMEHMMO
090339™ds - OmamO3  MmMsbobddo  domo  33¢0L
3900mbo@GMgds, 96599  499MO3w0bml  gargdgbEHmsdm®molio
MOHM0YOHDN 533060, [ONR! Hot0mopqbL 5Q05305b0b
X 96IOMgEomdol dymdsmgmdols dgg3sLgdol 0b@EgaMoMgdmen
AILAL s 93WgbL (3bM3MPOOL 306HMIJIOLIT0 5QI3ESEO0L
65O (FbOOEO 3).
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Bs30m- @ ba
Ap3Hmgmaiagdob Lijoko Ladmam
2D,
999g33crmds ;mbado
ca Smoehniomn | 356.7 108.5
ABEmbomn 3346 1222
Zn BoomfmBomo, | 1293 443
BBEmbomn 126.4 34.4
K Seoehniomn | 1348 254.8
ByBEmBom 94 8 525§
Fe Seoemniomn | 70.2 257.8
Snmbomn 19.9 6.8
Cu Bpomfniome | 116 5.8
Sap0mbomn 10.4 2.6
se Seyehndomn | 036 022
BfEmbomn 0.29 0.13
Bgymhndomn | 0.76 0.41
Mn
Sfambomn Q.75 0.42
cr Beoefhniono | 274 237
BuEmnbomn 241 147
g SmopfAnionn | 2.39 7.47
Sfambomn .43 351
Br Bopehniomo | 3.02 2.89
BfEmbomn 459 3.87
al Smomfnlomn | 331 38
Snmbomn 8.69 2.18
Co Sgpfinbomn | 049 0.34
Sap0mbomn 0.35 0.38
Ag Bopefniomo | 0.4 0.24
BfEmbomn 0.21 0.29
v Seoemniomn | 013 0.18
Sfambomn Q.08 0.08
Ni Beoefniono | 0.74 0.67
Sap0mbomn 0.65 0.54
Seomhnlosn | 1.02 0.94
Rb.
SiEmhomn 0.73 0.54
Mo Bpnmofmbomn | 0.13 0.1
Sfambomn Q.15 0.14
51 Boomfmbomo | 133 0.87
BfEmbomn 111 0.84
Ti Soomhnbomn | 0.87 0.2
Snmbomn 083 133

3bM0owo 3. 359m33mgms Mol gHh3o As3Mm- s
d036mgegdgbBHos 899339@mds (p<0.05).
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Sb530L  BLMEMEMOHO  308MIOOL  LESEOLEH03MYMS©
96039369cm3560  sbmEo®mgds  godmzwobs ™dsdo  mymool
(Zn) (Spearman's rho 0.543; p<0.001), b3oggbdol (Cu)
(Spearman's tho 0.438 p=0.003), Mmool (S) (Spearman's rho
0.375 p=0.011), 8»mdobs (Br) (Spearman's rho -0.384; p=0.009)
@5  Go®sbol (Ti) (Spearman's rho -0.388 p=0.009)
3993390055056 B0dsBrngdsdo.

3dob 0gMdo MO F53MM- s F03MMYE9I)bEH OOl
39933900l 8mbo3gdgdol  3dool  Boasm  JLMmZowms
dobgMocobBsools bs®olbmsb 99x 96900l 9 gRo©
3990m30bs 3MmMGEs300l Y39wsBg Fowowro 30m93030906GH0
00500 35¢3odl, 30656, MMmosl s 3000l JoMogliol
06@&9blogmdsls ImGol. 3gHdme, d53d3ms 03 363 0bygb3do,
OIgmss 909608690m©om  39MH0glol  ©93ma39bLoMmYdmEo
BMmO35, EB0JLOMEI® s0bodbmwo JodomMo gergdgbEgdol
(5mgbMdol Mod9bodg 9993060935 (ssbermgdom 20-25%-
om) 3md3gbloMgdmwo  35Goglbol  ddmbg 85393936
39056090000 QS d9L50530Ls© 99500960
Ca- 315.3223+83.18693 933/9 o 374,0325+£121,02241 93/2;
Fe - 18,1444 +5,16935 933/3 o 20,3238+7,71902 933/p; Zn —
122,2142+44,61694 03/ o 135,8673+29,22045 933/9. B3gbo
SB6M0m, LHmOgo s0bodbmer  9wqdgb@oms 960d369wm3bs
50535 8993390050 25653060035 3300l ogo® Jumzowms
06@&9bLoMHo ©gdobgMmoe0BoE0s (0sYMTs 3).

16



20,32 18,14

ZN FE
0999630

B 308396Lb06MgdMo 3sGoglo M ©93md39bloMgdmmo 3sMoglio

©053M305 3. Ca, Zn s Fe 899(3390mds dols 930 3oGogliols
33396Lsgool bamolbols dobgwozom

239BLO3MMGd0m 5L dbsg00, 0)m00L (Zn)
9993390005 d0MwdLEMSGHY0d0, 306506 0g0 MmEMYH6oHIOL
Be®Hds Mo 53bJdgomboMgdolsmgzol 960-9m0
96003690 mg560 9egdgbBos. Logwarolbdms, MHmd ovy dolo
©IBOGEOA0  39Bs30MMdJOL 3000l Fogs®  Jumgowms
©930bgM50Bo3gosl,  sbg3g  dobo  FoMdo  Mom©9bmdss
5930690l 80bsbdMol  Fg0fg3omdsll s 9x839Mbgdl
99069650 0B300L 301391900 (OSYESTS 4).
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200.00-

150,00 el

! 100 00 o o

Zn_hair

50.009

T T T T T T
0o 5.00 1000 15.00 2000 2500

Caries intencity

©OM05 4. 3YE5E0s 13530 1Mool (Zn) Tgd339emdss
5 3000l 35M0gliol 06EILOZMBL FmMols

3000l Jumgowgdo (Jobsds®o, gbEobo) JOHmbozmwo
LobMLEom 5530069096 M560Hdd0 9080bstry
9@ S0MO 3300 gd90L, 5d0EHMI 5030560l 30Ol Tog oM
Jumgzgowqgddo glgbEowe s 30MHMdOMI©E Jugb3oe JodomE
9098965 oblsBO3MS  5BIMMMIOL  3dOWgdOL, GmYME3
dmbo@mMobgolmgzgol 399myggbgdol d9L5dEgdMdOL
LoBE3MIOL.  JomdgBHal, ™I 3dowol  Jumzowgddo
©3MOM300  JodoriMo  gwgdgb@gdo dmgwo  Logmibwol
dsbdoebg d9boebmbgds.

00mdobgMowgdol,  MHMIwgdog  9BYbgb  3dorol
Ub3oolbgs  3m33mbgb@ms  BMOI0MmYdSL, M30190gd0Ls S
LEAHOMIGHOOL Q933935 FoMTMoYIBL doMmTobgMmogmaools
s 39000330608 o 06EIMGLL, MoE Rob30MHMdYdME0s 0dom,
I 3doolb dobsbgoMo s gb@GH0bo Homdmaagbgb yzgwsby
d9Bo©  90bgMowoHgdmE  domEMmao)®  Juim3z0gdL  ©d
d9L50530L5, IMLObYObYdgEos sbowo domIobyMowmyom@o
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doMdgdol 99999853905 F0bgeoe0BYdMWO  dOMEMYOEO
LoLEGHYgO0L BMBJ30MboMmYBdOLS s WI9350 dsMs Fgbfageols
dobboo.

39903309306 9993900l dobgz0m,  dglodegdgero

3obo  350M3933005 S 99a39M00bs  3B0Ol  Tog oM
Jumgoms  dobgMoobBszool Lbgosbbgs  baGobbols

3900b393580 Jumz0wgddo Jodoe gargdgb@EHoms 899339 mdOL
Lodmonm dsB39690wgd0.

30000l 356H0gLboL 0b3HYBLOZMBOL batolbls s JdoEwol
3056  Jumz09ddo Jodome  gEgdgbEHms  89dsagbermdols
990560900005 9bsgroBds  g30P3965  LEIEHOLEH03WGMS©
Lo®HIMbm  oblbge390s  39M0glol  3mA39bLsool dobggzom
(gbOoo 4).

Jodomeo Mean Std.Deviation
3960gLol gmMIs 9e09996@0

Rb 0.5150 0.33847

Ca 278901.2800 | 54351.25500
33396LoMgd o Zn 131.0887 21.75224

Ni 1.0887 1.28259

Mn 8.8412 4.97925

Fe 60.7088 39.58241

Sr 81.9750 26.02221

Rb 0.5040 0.25277

Ca 243737.9094 | 28075.56138

Zn 105.22 100.12950
©093™339bboMgdmemo Ni 0.8387 0.53436

Mn 7.9937 4.54674

Fe 53.4182 43.35722

Sr 86.0791 27.91277

gbMowo 4. ool s  Jumgzgomgddo 9g3gb@ms
990(3390ds  356G0gLol 3Mm33gBLsgool baGolbols dobgzom
(p<0.05)
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BoBoMgdmmo  sbserobol  89wgaqdol  dobgwgom, 0d
05303900L5 o  IMBIMEIOOL  3b63H0bAgbEHT0, HMIgms3
509b08b90Mmm 395M09LoL 3mI3gbLOMYGOMWO BMEMTs, 3000l
90656domls s  ©9b@0bdo  glgboEo s  30OHMdOMI©
9b9bzowmGo JodomMo 993963 900L 9993390 ™ds
3960LsBO3Ms  bmE®IoL  BoMwrqddo, 39MHdmE,  Isen30do
995099605 278901 939/, omoos 131,0887 83y/a, 900030
0,5150 933/, ®306s 60,7088 933/3 o Lb3s, bemeom 3d0ols
3900gbob  ©93ma39bLOMYOMEO BMMTOL IBOJLOMYOOLSL -
Bgbgodo s  30OMdoms©  gugbgomdo  JodomGo
999963900l 8mbs3gd9d0 3000l oo Jumzowgddo oym
©5J390m900, goblogmmMgdom gl gbgdms  Jowaowdl
(243737.9094 332/2), 00190sL ( 105,22 932/3), ©G30bsL (53,4189
932/2). 359mbs3eolo Ggodemgds Rsomgzgserml bd®Ombizowdol
39056090000 FooEr0 8993339 ™ds o Fgo0bs 86,0791 33p/3.
o3 B3960 sHOOm, Fob3oMHMdYdIMMo 0gm (36MmdOwo FBoJEHom
60, LEAHOMDbEOMAL  bolosMGIL  FoMdO  MM©YbMdOM
©oM™M390s  dBsOE©  myoboHddo,  OHMEILsE  9JEHOMMS©
9080b656H9MdL d3em3560 Jumzowol BMMIoMmgd..

396Ls3MoGd0m 36009369cmgsb0 3MOHJS305
399m3m0bs 3000l 3oM0glol 3ma39bLsEooL FMEAsLS s
39w30MAol, Mmmools s M30b6oL  999(339mdsl  dmeol
(00536505 5) .
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300 278,901
43,737

250

200

131,08

93%/>
&

105,22

I 60,71 53,41

B 303396boMgdo M ©93mI39bLoMgdwyo

100

50

©O053M535 5. 3doemols  Jogo®  Jumgowgddo Ca, Zn, Fe
3993390Md5 3560g9L0L 3Mm3gBLsEOOL bamolbol dobggzom

OMAMOE Bgdnm 0gm 5©0bodbmeo, Logmabaolsmgol
36009369mgzs60 9036~ Qo 90360993963 gd0m
MoL53856M0L0  MBOMBIGYMBs @S 9MVBIWIBLOMGdIMO
9cbds690s gl AMREoml M350 §399bol dmbobergmdols
939000 3bo3MdMO30 X3MIB0L X 96IOMYMdDY,
2396300060905Bg, MmOYBM- s LobEgdmybybby dwmwdogo
15609530000 bgdmgdggdol Bod@Emeos; 30039 Goado 30 gb
50Lbgds IMBIMPO M5MOOL X BIOMNIMISDBY, BOBOINO ©
23™bgdM03 2963000060905%9. 50bodbyero 3dJEH™O0
39900339005 3960 33193900l 993, JuIBEONE B3O~
©5  9030mgmgdgbBHms  ©IBR0E0GH0m  dJmbg  dogdz3ms
30630396330  500b03bgdMm©s 496339190 K I6IOMYMdOL
36OMdw9dgdo,  39Mdm, Ca-ob 30650056,  3oer30mdo
§oM0moagbl  dzagdols s 3000l dsasMo  Jumzowgdols
0005356 9995099b9e 3m33mbgb@L. dombgszs 0dols, MH™I
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393083030609090  JuLm30gdoLLRSD  4oblbgsgzgdom, ol
9306y M5mEabmdomss bgs Jumz0wgdls MYy MXM9HdJo,
86009369wm356 H@mEl sbMMeEgdl Lobogmabwwm 3Mmiglgddo -
dmbsforgmdl Lolberol 99qgdsdo, bgmzwmwo 0d3wligdols
3905399590, 39960930l BMbJzomboMmgdsdo s L3,
S1GH0MWoMmYOL 3mMIN6JdOL QodMYmMeBsl mMYsbobddo. Bzqbo
dmbs399900m, 390300l ©IBOEGOGHOL  IBOJLOMIOOLLL
(030 ©gMly s 3d0ool dogo® Jumzowgddo) 85303900
50060869dMm©s dzeol dobgmoeoBszool sM®ggzs 52% (25
053330), 009603 9EOL ©odlzg0mgds 72% (34 153930), M3 B0
53500MB5L 25653060HMOJO..

3600369crm35605  5©00b0TbML, MHMI M3obs  5sdosbols
M62560Hdobomzol IgBo  860d3bgemzsb  9egdgb@l
Dom0mMopabl,  2oblogzmmMgdom  Fobadool  dodmizerol
3639880, 5do@™A dobo bs3gdmds 0f393L 69dosl. M 3060l
©IBOGOAO0 N9MYMBOMs© dmddngdl 1539308 B0DBOIWE ©s
3Mmb90M03 9963000060905y @S 0dMbMH  LolEgdsby,
39653060MmdqdL  LobgMfiyzg X0633wgdol BMbdzool s dolo
dMRIOME0  5JBH03MmdOL  ©od390mgdsl.  Bzgbo  33ang30m
©Y0bs, MMI  MH3060L YBOEOEHOL dgdmbggzsdo d53d3000
35%-80 (17 053930) 00bodbgdm@s M30bs9xz030GHWOO
569005, 28,9%-00 (14 0530930) 3o3d6lb393s, I30MgHEMm3s6
053039000  QLOJMAMGHMOV 2563056 gdsdo  BsAMMBYbY,
F0639Mds, ZOBb0owgdol AlbgMmg3500Mds.

0VM0d  MO60BIoL  BMbJ30mbomgdolsmzols  ghHm-
gbmo  36093bgarmzgobo  gagdgbBos. goblsgzmomMgdom
960d3b6gemmgsbos  dobo  Gmeo  0dmbmGo  Lol@gdob
39630000M900Bsm30l,  JobgMowmo  Jumzowgdol  (dzsero,
3000 39000  Jumzowo)  FmOIoMYOOLLMZ0L,  dbY39
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dmbsforgmdl  53gMIgbEmero  LolBgdol  o9dGHogzo309Ls o
39@90MOH 36OHMm39L9dT0. 250Mm33WgMEo 30mb30bygbEoL 0d
Boffoendo , 30LSE Mmool Jobodswymo b ©yBoEOGHWMmO
39933390™ds  oBoJboMEsm  B3gbl dogH  250m 33y
LBLEMSE O30, 03960390l 390900l BMbDY BdoGs©
509608698Mm©sm Bgdm Labmbodo aBgdoL 35¢9M0, 306HMLmEo
55350090900, 135 Mds s BORBOWGdOL I(3H30M)350MdS.

B3960 dmbs3999d0m, bbgs Fo3Mm s JozMmgergdgb@gdoby
396 8030090  LEAGHOLGIMMS©  Lo®(IMbm  dmbs399900.
5003 M3, Mg d6MIsdo smsM dmgobligbogo.

9530Om- @  9030MmgmgdgbGHgool  B0356M0530I0
30O S30996M0 3bserobols 9900990 299m3obs
3960339990 dmbs3gdgool  LEGHIGHOLE0ZMNMI©  LoMfdMbm
3MmOgws30s,  39Mdm,  360d3bgermgsbo  mudymaomo
30695305 03590 35¢0w9dol 3993390 MdBS O 3000l IYse
6030009693530 ®3060L 999(339cmdsly GOl (Spearman's rho -
0.584; p<0.001). 5939, 3603369 M3560 YdOMO JMEJWSEOS
530JLoMYds  ™3sdo  BHoBbol  (Ti) @s  Jdoeol  Igs®
603009693530 G3060L (Fe) 999;339cmdsls dmeols (Spearman's
rho 0.567; p<0.001).

Mbs 500603bMmlL, MM 3:mOHgs300L 3Mgz0E0YbEHJOOL
dobg300 3MOHIWHE00L LoAAEs3Mg LlE0ED Lod s MBLYg
d96ygqmdl. 3mOHgs3ool doduodserMo 3mgz303096¢™ 0.611-
05, G53 0056 B0dbsZL, MMI MTsdo 3Mb3ME o Bogmoghgdols
0903390005 3000l 603m0gMgdsdo 53539 (96 Ubgs)
60300096930l 993390 ™Md0L  39M05300L  dodubodwxmd  36%-b
blbol, bomwmm 3560053006 sMBgbowo 64% 563060MBYGOMW0S
OHMIgoPs3 Lbgo 39 BHMOGO0!. 50bodbmarols
39035¢0bfiobgd0m, MTsdo Fo3Om- s 803OMgw9dgb@Egdol
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30639635300l goblobrgMs o6 Fgodergds  Bsomzamls
30000l dysér B0ogmogMgdsdo 08539 o6 Lbgs To3Mm- o
90360mggdgbGol 9993390 ™dol  Lyodgom  3MH90JEBHMEMS.
d9L50580Ls, To3MM- S F03zMMgEgdgb3gdol Fgd3E39wMds
3000l dgo® 6030009090530 b 49BOLIBOZIOML »dwmsem
30000l 603000909006 5©0gd Lobyxdo.

5960250, ™ol VIMLS S Jdool Fogo® Jumgzogddo
9630 s 3oOHmdoms  QugbgomE  Fs3m-  ©d
90360m9w999b@ms  8993339mdol  dglfogesd  godmogarobs
3OO0 3MMHI5300L 3mgBOE0IEEH0, OHMYMOE 30Ol Jod oM
JBm30ems J0bgMHoE0BoE0sLMIB, 1939 FBIMO MMY6oBAOL
DM X 963M1009MBL6.
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©sli336960

1.

390m33gNwo 3mbAG0aIBGHOL Y39ws sLE3MdO0Z XFIBTO
30000l 35609L0L  493M(39wds @S  0b6GIbLOgMds  0ym
Jo@d0 S 39509965 Lbodmeermeo 88,5 % s 5,89+4,49,
d9L505d0Ls© (p<0,001). 505L056539, 39Moglol
0639blogmdols 439wWsbHY 05050 9539693930
©55304L0MES 7-9 ol sbszol 3539398300.

390090 3OHMEglol  5dGHogmds  obolsbegMs  dolo
3990m3gbol 930l9dwMm9d9d00m. 39Mdm, 06E9bLogMdOL
30033mb963 90056 dg@o Howo ImEoms 5656593MMbowrgg
300qdbg (305 0bgduol  dobgzom).  $sbsbsgy,
3960glbob 3m339BL0MYGOIMO BMEOTs IBRoJLoMS 34,9% -
do,  Ld3md3gblboMgdmmo  @m@ds 21,6 %  -do,
©933396LoMgdMo - 43,5 %- do.

39903309 @ms Mol ©JOHOL, F0MHOMOOE, Bo3MM- O
90360m9w9dab@oms  999;339mdol  Imbsigdoms  3doerol
3o 56 Jumgoms 3d0bgMoobBsiools bs6oLbbmsb
d9xgMgooLol,  4sdmgobs  3MMHYsEo0l  Bowo
30980309630 - oL ©gMbo 35w E0Ydol, MMOOl s
63060 9993390mdobs s  3doerol  396Hoglol
06@&9bLbogmdsls dmeob.

. 0530305 08 3mb3H0ggbGHT0, MMIgmss 950960dbgdm©sm

3960gbol  ©93mI3gbLOMGOMWO  BMOTs,  YEHObsM
30000l o060  Jumgowgddo glgbgoM® s  30OHMdOMm
9b9bE0ME gargdgbBHms ®599bodg  (LodMsme 42,5%)
d993069d.

. 3000l 35396 Jumgzoedo Mmool (Spearman’s rho -0.367;

P =0.018) s> ®30bol (Spearman’s rho - 0.612; p<0.001)
399339 ™ds LEAOGHOLE0IMMOD 96008369cmgbso
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MOMYMRBOM JMOHYIS30590 50IMBBES Lol sBdBMEME MG
958396909 msb.

6. 3530 0530Mm- 5 9030M9w9d96@ ool  3Mb3EgbEG®Ms00l
3obLsBO3Ms 96 FJgodergds  Bsomzsemli 3000l Ayse
6030009693530 03539 96 Lbgs Fo3Mm- s d03Mmgergdgb@ ol
399339™0d0L  LY0dgEM  3MYOJBHMM.  FgLsdsdoLS,
9536m- s J030MMg9gdgbGHool 999339 mds 3000l dyse
6030009693530 bs gobolsBMzm™ml MIMswm Jdoob
603000969306 5090w Lobxdo.

7. ®30l gAMoLy S 300ol Fogo6 Jumgzowgddo qlgbEowme ©s
3060Mmd0m  gbgbgom®  Fo3Om- s  F03MMYEgIIbEHMS
399339000 J9uogersd 450Mmogw0bs:

5) 05050 3MOIS300L  39B030I0GH0, MMmaMmM3 300wl
95256 Jumzowms  B0bgMOBHEFO0L  baGOLbmLB, 0ol
dB5M0 MmGOHYB0BIOL DBMYS X 96IOYPMBL6.

0) MOD0YM 35300600 MmMYs60BIdo d0dEobstg 9@ odME©
36039U90Ls S B0bgMOw Mo 9050096 mdOL  baGolbl
dmOob.

36M5gGH0 3o 930396530900

I. ®dol @ghols @s 3dowol  Jumzowoms  sbsgrobo

®96¢3960-BwrmObgIbdwo 139JHOMIgHGoL
d90m©Oom  459mygbgdmo  mbs 0odbgl 35383ms o
GIONNOICION sbvzdo 39M09LoL 23963056 900L
M3@03>5M0 s 80DsbTodsM o 36M9396:300bmM30b.

2. m6360%3do glgbgon®  Bo3Mm-©s  FozMMmgmgdgbEHms
3993390 ™d0L 560, dommdg@gb oo
@OLBSEBLOL  Fgdmbgzgzsdo, Tgboderms  4obolsbrzm™U

26



0530308 BMYS0 S BEAMIoEHMEWMYOMOHO K SBIOMNIMdS
@5 dgLods3OLOE, OMMYYWSE 0YIRIML B3NGB M-
3653059GH039600 vmbolidogdgdo.

859mg399690memo bs3MMIgdoL os

1. Shishniashvili T., Suladze N., Beridze M., Manjavidze N.,
,,Biosubstrates as Dental Health Indicators in School-Age
Children”, Georgian Med News. 2018 Mar;(276):51-55. https://
pubmed.ncbi.nlm.nih.gov/29697381/

. Beridze M., Shishniashvili T., Margvelashvili V., Manjavidze N.,
,,The Role of Essential Macro- and Microelements in the
Development of Somatic and Dental Diseases”,

Georgian Med News. 2019 Dec;(297):63-67.
https://pubmed.ncbi.nlm.nih.gov/32011297/

. Beridze MA., Shishniashvili TE., Futuridze SD., Kalandadze
MN., Margvelashvili VV., ,,Elemental Content — General and
Oral Health of Child, Georgian Med News. 2021 May;
(314):82-86.

https://europepmc.org/article/med/34248032

. Beridze M., Shishniashvili T., Suladze N., Kalandadze M.,
Margvelashvili V., ,,The Elemental Composition of the Child's
Body and its Effect on General and Dental Health” Is accepted
as letter to the editor, for publication in Iranian ] Public
Health. Date: February 16, 2021.

27


https://pubmed.ncbi.nlm.nih.gov/32011297/

Ivane Javakhishvili Thilisi State University
Faculty of Medicine

Clinical and Transnational Medicine

Maia Beridze

The influence of essential and conditionally essential macro- and
microelements on dental and general health of child’ s body and

monitoring their composition

PhD thesis

Vladimer Margvelashvili
Professor, MD, PhD.
Tamar ShiShniashvili
Professor, MD, PhD.

Thilisi

2021



Actuality

In recent years, an interest in an in-depth study of macro
and microelemental metabolism in the human body has increased
significantly both in normal and pathological conditions. A new
area of biomedical research — microelementology 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 functionality of various organs and
systems.

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
developed. 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.

The basic mass of the human body is made up of
macroelements, but microelements are chemical elements that are
present in the body in very small quantities, but play an important
role in metabolic processes. In fact, in the human body
Mendeleev's periodic table is fully represented, and each of our
cells is a small laboratory where chemical reactions are constantly
taking place, vital nutrients are synthesized. Even if one of the
elements needed for synthesis is lacking, a chain of chemical
reactions breaks down, which can lead to disruption of any system
or organ in the future. For example, iodine deficiency causes
thyroid pathology, calcium and phosphorus are involved in the

formation of bone tissue, and zinc affects the production of insulin
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and sex hormones. Magnesium is responsible for the production of
energy, enzymes and the functioning of the nervous system.
Sodium, potassium and chlorine are part of the body's fluid, while
sulfur is an important substance for joints, connective tissues and
skin, and so on.

Over the past 50 years, a variety of data on the elemental
composition 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 assessing the state of health and functionality of an organism.
These substrates are: blood, hair, nail, dental hard tissues, etc. 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. 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 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
processes, the presence of a labile immune system, etc.

Above mentioned, it is very important to determine the
composition of essential and conditionally essential macro and
microelements in the body, due to their imbalance, especially in
childhood, causes various disorders and changes in both somatic

and dental conditions.
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The Aim of the study:

The aim of the research was to study the influence of
essential and conditionally essential macro- and microelements on
children’s dental and general health and to monitor them
according to the spectral analysis of hair and dental hard tissues.

To achieve this goal, the following tasks were set:

1. To determine the quality of mineralization of dental hard
tissues in a contingent of children aged 3-12 living in Batumi;

2. To study the prevalence and intensity of dental caries
using the indexes provided by WHO.

3. To determine the content of essential and conditionally
essential chemical elements in the enamel and dentin of
temporary and permanent (extracted) teeth by X-ray fluorescence
spectrometry.

4. To determine the content of essential and conditionally
essential chemical elements in the hair follicles (as a biosubstrate)
of the examined children by X-ray fluorescence spectrometry in
different forms of caries intensity.

5. To study the characteristics of the prevalence and
intensity of dental caries in the examined contingent according to
the composition of essential and conditionally essential macro-
and microelements.

6. To determine the content of chemical elements in the
hair shaft and dental hard tissue to monitor the general condition

of the examinees (in control and main groups).
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Scientific Research novelty:
For the first time:

1. The Influence of the content of essential and conditionally
essential macro- and microelements on the mineralization of
temporary and permanent teeth in the dental hard tissues has
been studied and evaluated;

2. A correlation between the content of chemical elements and
the quality of mineralization of the dental hard tissues in hair
follicles has been established;

3. The influence of essential and conditionally essential macro-
and micronutrient’s content on the child's dental health in hair
follicles, tooth enamel and dentinhas been studied;

4. Monitoring of the general health of the child according to the
content of chemical elements in biosubstrates (in the hair shaft
and hard tooth tissue) has been carried out;

5. The characteristics of the prevalence and intensity of dental
caries according to the content of essential macro- and
microelements in the examined contingent has been studied;

6. Aaccording to the content of chemical elements in
biostructures, criteria for dental and general health assessment
have been provided on the basis of which it will be possible to
monitor it, as well as to plan preventive and curative measures

timely;

The practical value of the paper
* To assess the general and dental health of the child by
determining the content of chemical elements in the hair shaft-

essential and conditionally essential macro and microelements,to
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evaluate the risk factors for the development of pathologies, for
their timely prevention and treatment;

* To evaluate the quality of mineralization of dental hard tissues
and, accordingly, to develop appropriate mineralization therapy
based on the spectral analysis of dental hard tissues (enamel,
dentin);

* To monitor the influence of essential and conditionally essential
macro- and microelements on the general and dental health of a
person based on the data of spectral analysis of hair follicles and

dental hard tissues.

Materials and Methods:

In order to study the influence of essential and
conditionally essential macro - and microelements on the dental
and general health of children, 375 children from Batumi
(Georgia) pre and public schools aged 3 to 12 years were randomly
examined. They were divided into three age groups: 108
preschooles aged 3-6 (28.8%), 153 students aged 7-9 (40.8%) and
114 children aged 10-12 (30.4%). Besides, they were split into a
gender - 189 females (50.4%) and 186 males (49.9%). It should be
noted that the average age for the female participants was 8.3, for
the males was 7.5 - the difference was statistically significant (p =
0.002).

The children were examined with a disposable mouth
mirrors and dental explorer probe. All dental examinations were
conducted by one pediatric dentist and one assistant 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
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survey cards. The Approval to conduct the study was received
from the appropriate pre and public school authorities.

Monitoring of the examined children was carried out using
standard indices provided by the World Health Organization. We
determined the prevalence of caries (%) and its experience
(dmft/DMFT).

It should be noted that we have adjusted the dft index for
children with temporary occlusion which, according to the WHO,
is assessed only for the sum of carious and decayed teeth, since it
is believed that tooth loss may be related to physiological changes.
In our opinion, in young children (under 7 years of age), the loss
of teeth (especially molars) couldn’t be related to physiological
processes, so we used the dmft index at this age as well.

To assess the initial caries, or spot caries, we used the vital
colouring method with a 2% - solution of methylene blue, thus
assessing the degree of damage according to the colouring
intensity.

It is noteworthy that in order to standardize dental diseases,
we conducted research only in state pre- and public schools,
where there is more or less similar social stratum.

To determine the effect of the imbalance of macro and
microelements on somatic and dental diseases according to the
caries status (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 caries 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
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composition. The examination was conducted after the written
forms of consent of all the participants' parents.

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 wused 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
Agency (hair washing method proposed by the international
Atomic Energy Agency — IAEA 1978) (5). The analysis was
carried out using a new generation analyzer Elvax, energy
dispersive x-ray fluorescent spectroscopy. After preparing the hair
under study, we determined instantaneous composition of
essential macro- (Ca, K, S, Cl) and microelements (Zn, Fe, Cu, Se,
Mn, Cr, Br, Co, Ag, V, Ni, Rb, Mo, Sr, Ti).

Determination of essential macro(Ca) and microelements
(Fe, Cu, Rb, Zn, Ni, Mn, Sr) in dental enamel and dentin was
carried out wusing the same method, x-ray fluorescent
spectroscopy.

General health status was measured based on the examined
children's medical card provided by the pediatrician.

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, Thilisi, Georgia (approval number #2018-032).

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 Armonk, NY :IBM
Corp).
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Results and discussion:

Surveys conducted in Batumi in pre- and public schools
(375 children aged 3-12 years) allowed us to determine the main
indicators of the prevalence and intensity of dental caries of
temporary and permanent teeth by age and gender. According to
the study, the prevalence and intensity of dental caries in all age
groups was high and average value was 88.5% and 5.89+ 4.42
(dmft+DFT). (Table 1).

Age Caries Mean+SD
prevalence P
n; (%); Decayed | Missing Filled DMFT

3-6 | 86(79.6) 40+38 | 04+1,1 0,1+0,3 | 6.1 + 0.

6,7 +64 | 03+0,86 | 0.14 576 0
+4.16
7-9 | 137(89.5) 58 £4,0 | 0,7+0,6 0,0 =0 6,23 =+ | 0.00
4.16

56+3,8 | 04+0,2 0,2+0,1

10 - | 109(95.6) 43+33 | 1,1+1,8 0,1+0,2 | 523 0.

12 3,06 00
4,7 24 | 03 £0,8 | 0,00

Table 1. Prevalence and intensity of caries and mean caries indices

by age and gender among examined children (n=375)

Evaluation 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 both
with girls and boys. The mean value of carious teeth was 5.29 +
4.3 and of filled teeth was 0.56 = 1.64 (P<0.01).

Caries was detected in 332 (88.5%) cases. A mild caries
among the examined children (375) was recorded 34.9 % (131), a

moderate caries 21.6 % (81) and a severe caries 43.5 % (163).
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These results indicate a low level of dental awareness, neglect of

prevention programs and timely treatment in Batumi, Georgia.

Subcompens
ated, 81

Compensated (21.6%)

131(34.9%

Decompensat
ed, 163
(43.5%)

Diagram 1. Distribution of examinees according to the caries
activity
The prevalence of caries among the examined children

according to gender was not statistically significant, but the

prevalence of caries in age groups was statistically significant
(Pearson Chi-Square 14.2; df -2; p=0.001) (Table 2).

Age group The prevalence of P
caries Mean
n, (%)

3-6 year 86 (79.6) 0.001

7-9 year 137 (89.5) 0.001

10-12 year 109 (95.6) 0.001

Table 2. the prevalence of caries according to age groups
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In addition, it should be noted that no statistically
significant relationship was found between caries compensation
and the age groups of the examinees.

On the other hand, a statistically significant difference was
found between the indexes of dental caries according to the sex of

the examinees, as shown in Figure 2 (Figure 2).

B Female ® Male

87.3% 89%

5,5 6,1
_— |
CARIES PREVALENCE CARIES INTENSITY

Figure 2. The prevalence and the experience of caries according to

sex

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 and
condiotionally essential macro and microelements in dental hard
tissues and hair plays an important role in monitoring human
health and assessing 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.

For the purpose of the study, was carried out spectral

analysis of hair and dental hard tissues in 48 children aged 3-12 to
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determine general and dental health. 4 macro — (Ca, K, S, CI) and
15 microelements (Zn, Fe, Cu, Se, Mn, Cr, Br, Co, Ag, V, Rb, Mo,
Sr, Ti) were investigated in hair, And in the dental hard tissues -
one macro (Ca) and six microelements (Rb, Zn, Ni, Mn, Sr, Fe).

It is known that multi-element analysis of the hair allows to
assess not only the absolute content of chemical elements in the
substrate - as an expression of their metabolism in the body, but
also to reveal the interrelationships, which is an integrated test for

assessing human health.

The composition
of macro- and ..
. . Gender Mean St. deivation
microelements in
hair
Female 356.7 106.5
Ca
Male 334.6 122.2
Female 129.3 44.3
Zn
Male 126.4 34.4
K Female 134.8 254.8
Male 94.8 52.5
Female 70.2 257.9
Fe
Male 19.9 6.8
Female 11.6 5.8
Cu
Male 10.4 2.6
Female 0.36 0.22
Se
Male 0.29 0.13
Female 0.76 0.41
Mn
Male 0.75 0.42
Female 2.74 2.37
Cr
Male 2.41 1.47
s Female 2.39 7.47
Male 2.49 9.91
Br Female 3.02 2.99

39



Male 4.99 3.87
al Female 3.31 3.6

Male 8.69 2.18

Female 0.49 0.34
Co

Male 0.35 0.38

Female 0.14 0.24
Ag

Male 0.21 0.29
v Female 0.13 0.18

Male 0.09 0.08
Ni Female 0.74 0.67

|

Male 0.65 0.54

Female 1.02 0.94
Rb

Male 0.73 0.54

Female 0.13 0.11
Mo

Male 0.15 0.14
S Female 1.39 0.97

Male 1.11 0.84
- Female 0.87 0.2

|
Male 0.83 1.23

Table 3. The composition of macro- and microelements in the hair
follicles of the examinees (p <0.05).

Statistically significant correlations were found between
absolute age figures and zinc (Zn) (Spearman's rho 0.543; p
<0.001), copper (Cu) (Spearman's rho 0.438 p = 0.003), sulfur (S)
(Spearman's rho 0.375 p = 0.011), bromine ( Br) (Spearman's rho -
0.384; p = 0.009) and titanium in hair (Ti) (Spearman's rho -0.388
p =0.009).

The comparative analysis of the quality of mineralization of
the dental hard tissue and composition of chemical elements in
hair showed a statistically significant difference depending on the

caries status. In particular, it was found that the average
40



composition of Ca, Zn and Fe in the hair was the lower limit of
the norm (approximately 20-25%) according to spectral analysis
among the examined children and the composition of these
elements was even lower among those children who had a severe
caries compared to children with compensated caries. This
compiles Ca 315.3223+83.18693 mcg/g and 374,0325+121,02241
mcg/g; Fe - 18,1444 +5,16935 mcg/g and 20,3238+7,71902 mcg/g;
Zn -122,2142+44,61694 mcg/g and 135,8673+29,22045 mcg/g. In
our opinion, it is the significantly low composition of these
elements that has led to the intensive demineralization of dental

hard tissues (Figure 3).

400 374,03
315,32
300
oo
B
< 200 135,87122,21
100
. . 20,32 18,14
0 N ——
Ca Zn Fe

B mild caries M severe caries

Figure 3. Composition of Ca, Zn and Fe in hair according to the

status of caries

The content of zinc (Zn) in biosubstrates is especially
noteworthy as it is one of the most important elements for the
normal functioning of the body. Moreover, if its deficiency leads
to demineralization of the dental hard tissues, also its excess
reduces the penetration of the enamel and prevents the

remineralization processes (Figure 4).
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Figure 4. Correlation between the composition of zinc (Zn) in hair

and dental caries intensity

Dental tissues (enamel, dentin) detect metabolic changes
in the body with chronic accuracy, so the determination of
essential and conditionally essential chemical elements in the
dental hard tissues expands the limits of the possibility of using
teeth for monitoring. Moreover, accumulated chemical elements
in the dental tissues will be preserved for a lifetime.

The study of the properties and structure of biominerals,
which form the various components of the tooth, is of great
interest in biomineralogy and medicine. This is due to the fact
that tooth enamel and dentin are the most mineralized biological
tissues and therefore it is convenient to develop new bio-
mineralogical approaches to study the functioning of mineralized
biological systems and diseases.

According to the results of the research, it was possible to

study and compare the average values of the composition of
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chemical elements in the tissues in the case of different degrees of
mineralization of the dental hard tissues.

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 4).

Caries status Microelements Mean Std.Deviation

Rb 0.5150 0.33847
Mild caries Ca 278901.2800 54351.25500

Zn 131.0887 21.75224

Ni 1.0887 1.28259

Mn 8.8412 4.97925

Fe 60.7088 39.58241

Sr 81.9750 26.02221
Severe caries Rb 0.5040 0.25277

Ca 243737.9094 28075.56138

Zn 105.22 100.12950

Ni 0.8387 0.53436

Mn 7.9937 4.54674

Fe 53.4182 43.35722

Sr 86.0791 27.91277

Table 4. The composition of macro and microelements in dental

hard tissues according to the caries status ( p<0.05).

According to the results of the analysis, in the contingent of
children with a compensated form of caries, the composition of
elements was determined within the norm, namely, calcium was
278901 mkg /g, zinc - 131,0887 mkg/g, rubidium - 0,5150
mkg/g, iron - 60,7088 mkg/g etc. In the case of decompensated
caries, the data on essential and conditionally essential chemicals
were reduced in the dental hard tissues, especially this concerned
calcium (243737.9094 mkg / g), zinc (105.22 mkg/g), iron (53.4189
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mkg/g). However, the relatively high composition of strontium at
86.0791 mkg/g may be considered as an exception, which, in our
opinion, was due to the well-known fact that strontium is
characterized by the accumulation of excessive amount in the
growing organism when bone tissue is actively forming.

A particularly significant correlation was found between the
form of dental caries compensation and the composition of

calcium, zinc, and iron in dental hard tissue (Figure 5).

300 278,901

43,737
1
105,22

I I n m
Ca Zn Fe

W Compansated form  ®m Decompensated form

250
200
150
100

50

31,08

mkg/g

Figure 5. Composition of Ca, Zn and Fe in dental hard tissue
according to the status of caries

Currently, the insufficient amount of essential macro and
microelements and their imbalanced use is a constant negative
factor  influencing  health, development, organs and
systemogenesis of all age groups in many countries of the world.
First and foremost, it affects health, physical and mental
development of the growing generation. 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 component
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of the bones and dental hard tissues. 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 impulses,
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
mineralization disorder 52% (25 children) and weakening of the
immunity 72% (34 children) 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
processes, 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. 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.

Our studies found that in the case of iron deficiency, 35%
(17 children) of children had iron deficiency anemia, 28,9% (14
children) had dizziness, 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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Zinc is an essential trace element for the functioning of the
human body. It plays an important role in the development of the
immune system , formation of mineral tissues (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 substrates,
were characterized by frequent catarrh of the upper respiratory
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.

According to our data, we could not obtain statistically
reliable data on other macro and microelements. Therefore, we
have not mentioned it in this paper.

Bivariate correlation analysis of macro- and microelements
revealed a statistically reliable correlation of some data, namely a
significant negative correlation between the potassium
composition in hair and the iron composition in dental hard tissue
(Spearman's rho -0.584; p <0.001). Also, a significant positive
correlation was observed between titanium (Ti) composition in
hair and iron (Fe) composition in dental hard tissue (Spearman's
rho 0.567; p <0.001).

It should be noted that the correlation power varies from
weak to medium according to the correlation coefficients. The
maximum correlation coefficient is 0.611, which means that the
content of a specific substance in the hair describes a maximum of
36% of the variation in the content of the same (or other)

substance in the tooth substance, while the remaining 64% of the
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variation is due to some other factor. In view of the above,
determining the concentration of macro- and microelements in
the hair can not be considered as a reliable predictor of the
content of the same or another macro- and microelements in the
dental hard tissue. Accordingly, the composition of macro- and
microelements in dental hard tissue should be determined directly
in the sample taken from the tooth material.

The study of the composition of the essential and
conditionally essential macro and microelements in the hair and
dental hard tissues revealed a high coefficient of correlation
between both the mineralization of dental hard tissues and with

the general health of the growing body.
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Conclusions

. The prevalence and intensity of dental caries in all age groups
of the studied contingent was high and averaged 88.5% and
5.89 + 4.49 (dmft+DFT), respectively (p < 0.001). In addition,
the highest rates of caries prevalence and intensity were
observed among children aged 7-9 years.

. The activity of the carious process was determined by the
peculiarities of its detection. In particular, more of the
intensity components came from untreated teeth (according to
the DMFT index). In addition, the compensated form of caries
was observed in 34.9%, the subcompensated form in 21.6%,
and the decompensated form in 43.5%.

. Among examined children’s hair, mainly comparing the
macro- and microelements data with the quality of
mineralization of the dental hard tissues, a high correlation
coefficient was found between the composition of zinc and
iron in the hair and the intensity of tooth decay.

. In the contingent of children with decompensated caries, some
reduction (on average 42.5%) of essential and conditionally
essential elements in dental hard tissues was observed.

. The composition of zinc (Spearman's rho -0.367; P = 0.018) and
iron (Spearman's rho - 0.612; p <0.001) in dental hard tissue
was found to be statistically significantly negatively correlated
with an absolute rate of age.

. Determining the concentration of macro- and microelements
in hair can’t be considered as a reliable predictor of the
composition of the same or another macro- and microelement

in dental hard tissue. Accordingly, the composition of macro-
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and microelements in dental hard tissue should be determined
directly in the sample taken from the tooth material.

7. Examination of the composition of essential and conditionally
essential macro- and microelements in dental hard tissues and
in hair revealed:

A) High correlation coefficient both with the quality of
mineralization of the dental hard tissues and with the general
health of the growing body.

B) The relationship between the metabolic processes taking place
in the body and the quality of mineral composition.

Practical recommendations

1. Analysis of hair and dental tissues by X-ray fluorescence
spectrometry should be used for optimal and targeted
prevention of caries development in children.

2. Determining the composition of essential and condiotionally
essential macro- and microelements in the body, especially in
case of their imbalance, may determine the general and dental
health of the child and, consequently, timely treatment and

prophylactic measures must be planned.
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