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KuarouoBi ciioBa: xponiuna nonepexogo-kpusicosa padukyionamisi, OCMeoneHis, KICmKogo-m 1306a cucmema ma

CnojiydHa mKaHura, eceHuiﬁHi enemenmu

KaroueBble ciioBa: XPOHUYECKAsl NOACHUYHO-Kpecmyoesdas paduKyﬂonamuﬂ, oCmeoneHusl, KOCMHO-MbliUedHaA cucmema
U COCOUHUMENIbHAS MKAHb, npod)eccuommwaﬂ namoJiiocus, 3CCEHYUaIbHble 1eMeHNbl

Abstract. Essential elements role in pathogenesis of occupational chronic lumbosacral radiculopathy in coal
miners. Basanets A.V., Andrusyshyna I.N., Lashko O.N. The problem of diagnosis in the early and preclinical
stages of diseases is of importance for the prevention of occupational diseases and their complications, because this is
the key to the timely initiation of treatment, the implementation of preventive measures. Chronic lumbosacral
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radiculopathy (CLSR) or low back pain (LBP) is one of the most common diseases in the structure of occupational
pathology in Ukraine, which usually develops in those of working professions associated with physical activity, forced
work posture, effect of high levels of general vibration, etc. The highest levels of occupational morbidity are recorded in
the coal industry, which accounts for about 80% of occupational pathology in Ukraine. Above 1600 cases of CLRS are
diagnosed annually in the country. A risk factor for the development of the CLSR is osteopenia, which arises due to the
impairment of quantitative and qualitative characteristics of bone tissue and is characterized by a decrease in its
strength, an impairment of microarchitecture with a further increase in risk of fractures. One of the modern methods of
assessing condition of bone tissue is determination of the content of macro- and microelements (MaE and ME) in the
biological environments of patients. Ca, Al, Mg, B, P are the most important in the formation and development of bone
and connective tissue. To date, studies of bone tissue status in patients with CLSR of professional etiology have not been
conducted (small in numbers). Goal — to determine the role of essential elements Ca, Al, Mg, B, P in serum and urine in
the formation of occupational CLSR in miners. The research was conducted in 20 miners with CLRS (slaughterer,
mining worker of a clearing face (MWCEF), drifter) of coal mining industry of Donbass and Lviv-Volyn basins. The
results were analyzed in two groups: I group consisted of patients with work experience of 10-15 years (n=10), Il group
with work experience of 16-32 years (n=10). The control group included 22 patients without pathology of the
musculoskeletal system and connective tissue. The inductively coupled plasma atomic emission spectroscopy method
(ICPAE) was used to determine the MaE and ME concentrations. The study revealed that the average serum aluminum
(Al) concentration in miners with occupational CLSR (115.07 umol/l) exceeded control group level (3.3 umol/l) by
almost 30 times (p<0.05). Serum boron (B) concentration in both age groups (25.90 uMol/l and 19.43 uMol/l,
respectively) were lower than in the control (62.90 uMol/l), (p<0.05). The average serum calcium (Ca) concentration in
patients with occupational CLSR (2.82 mMol/l) was 1.3 times higher than the same indicator in the control group
(2.16 mMol/l), with a significant difference between the two age groups (p<0.05). It was revealed that the average level
of phosphorus (P) in the urine of patients with occupational CLSR (19.0 mMol/l) significantly exceeded its content in
patients of control group (11.96 mMol/l) (p<0.05). The concentration of Al in the urine of patients with CLSR in both
age groups (1.26 uMol/l and 1.334 uMol/l, respectively) was higher that in control (0.85 uMol/l), (p<0.05). Reduction
of Ca and Mg levels in the serum of miners in increasing work experience in harmful working conditions, exceeding
average concentration of aluminum in patients' blood compared to the normative value and indicators of the control
group patients was established.

Pedepar. Ponb 3cceHUMaJbHUX 3JIEMEHTOB B MAaToreHe3e Pa3BUTHSI XPOHMYECKO TNOSICHUYHO-KPECTHOBOI
paauMKyJonaTtuu npodgeccHoOHAIbHOr0 reHe3a y maxrtepoB. bacanens A.B., Anapycummua U.H., Jlamko O.H.
Tlpobnema ouacHocmuxku HA paHHUX U OOKIUHUYECKUX CMAOUSX 3aHUMAem 0coboe Mecmo 8 80npoce npoQuiaKmuKy
NPOGECCUOHANLHBIX 3A60NE6AHULL U UX OCLOJNCHEHUL, 8e0b MO AGNAEMCS 3A1N020M CE0EEPEMEHHO HAUAMO20 JleYeHUs.,
NPUMEHEHUs. NPOPUIAKIMUYECKUX Meponpusimutl. XpoHuueckdas RnosacHuyHo-kpecmyogas paouxyionamusi (XIIKP)
61eMcsi OOHUM U3 Hauboiee pACnpOCMPAHEHHBIX 30001e6aHUll 6 CMPYKMype NPOpecCUOHATbHOU NAMONO2UU 6
Vxpaune, ouacnocmupyemcsi obviuno y pabomarowux npogeccuil, u cé3aHa ¢ BLINOTHEHUEM MSANCENOU Pu3ULecKo
pabomvl, npedvIBanUEM 6 GbIHYIHCOeHHOU pabouell noze, Oelicmeuem BbiCOKUX YposHell obwell eubpayuu,
HeONA2oNPpUsIMHO20 MUKpOKIUMama u momy nodobuoe. Camvie 8biCOKUE YPOBHU NPODecCUOHANbHOU 300071€8aeMOCU
peaucmpupyiomest 8 y201bHOU NPOMbIUAECHHOCIU, Komopas hopmupyem okono 85% npogheccuonanvholl namonrocuu 6
Vrpaune. Escecoono 6 cmpane ouacnocmupyemces oxono 1600 ciyuaes npogpeccuonanvnoii XIIKP. Kpome onacuvix
gaxmopos npoussoocmea, Komopwvie AGNAOMCSA dmuonocudeckumu akmopamu paseumust XIIKP, gpakmopom pucka
pazeumus 304001€6aHUs AGNAEMCA OCMEONEHUsl, KOMOpAs BO3HUKAEM B6CAeOCHEUe HAPYUWEHUS KOAUYeCMEEHHOU U
KAYeCmEeHHOU Xapakmepucmuk KOCMHOU MKAHU U XAPAKMEPU3Yemcs. CHUNCEHUEM ee NPOYHOCMU, HapyuleHuem
MUKPOAPXUMEKMOHUKU C NOCAEOYIOWUM YEeTUUEeHUEM PUCKA BO3HUKHOBEHUs nepeiomos. OOHUM U3 COBPEMEHHbIX
MEMO008 OYEHKU COCMOSHUS KOCMHOU MKAHU SIGNSENCsl ONPedeieHue COOePIACAHUL MAKPO- U MUKpoIiemenmos (Mad
u M3) 6 buonocuueckux cpedax nayuenmos. Ca, Al, Mg, B, P umerom naubonee 3HauumviMbill 8eC 8 (popMupo8aHuu u
PA36UMuUL KOCMHOU U COeOUHUMENbHOU MKAHU. [0 9Mo20 8pemeHu Uccied08aHus COCMOAHUS KOCMHOU MKAHU Y
oonvnvix XIIKP npogheccuonanvhoti smuonocuu He npogoounucs (marouucienuvie). llenv — onpedenums ponv
accenyuanvulx dnemenmos Ca, Al, Mg, B, P 6 cviopomie kpoeu u mouu 6 popmuposanuu xponuvecxoi XIIKP npo-
geccuonanvroli smuonocuu waxmepos. Hccnedosanus nposedenvt ¢ epynne 20 wiaxmepog OCHOSHbIX npogeccuil
(3abotiyguk, 2opHulil pabouutl ouucmuozo 3a6os (I'PO3), npoxoduuk) yeneoobuvisaroweii npomviiuienHocmu /Jonbacca u
JIbgoscko-Bonvinckozo baccetinos, cmpadarowux XIIKP. Ananuz pe3yivmamos npogoouncs 8 08yX CMAdCesbix
epynnax: I epynny cocmasunu nayuenmoi co cmasicem pabomot om 10 0o 15 nem (n=10), II — om 16 00 32 nem (n=10).
B xonmponvuyio epynny sowinu 22 nayuenma 6e3 namoao2uu KOCMHO-MbIUEYHOU CUCTEMbL U COCOUHUMENbHOU MKAHU.
Jlna onpedenenus xouyewmpayuu Mad u MO ucnonvzoeancs memoo amMOMHO-3MUCCUOHHOU CHEKMPOCKONUU C
unoykmueno ceazannou niazmou (A3C-UCII). Konyenmpayus 6opa 8 cbleopomke Kpogu 8 000UX CMANCesblx Spynnax
(25,90 mxmonsv/n u 19,43 mxmonv/n coomeemcmeeHHo) Oblia Hudice NO CPABHEHUI0 C NOKA3amenem KOHMPOIbHOU
(62,90 mxmons/n), (p<0,05). Ycmanoeneno npegvluienue Konyenmpayuu amromunus 6 moye ooavrvix XIIKP 6 obeux
cmaoicesvix  epynnax (1,26 mxmonv/n  u 1,334 MKMOAB/T  COOMBEMCMBEHHO) NO  CPABHEHUI0 C  KOHMPOIbHOU
(0,85 mxmonv/n), (p<0,05). Toxazamenv cpedueil KOHYeHMPAYUU KAlbyus 8 Cbl@OpomKe Kpogu y bonvhuix XIIKP
npogeccuonanvrou smuonoeuu (2,82 mmonv/n) 6 1,3 paza npeeviuan ananocuunvii NOKA3amenb 8 KOHMPOIbHOU
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epynne (2,16 mmonv/n), npu >3mom YCmaHo8NeHa OOCMOBEPHAs PASHUYUA MeHcOy NOKA3AMEeNAMU 0DOUX CIAXHCebIX
epynn (p<0,05). B uccnedosanuu ycmauosieHo, 4mMoO CPeOHAs KOHYEHMpAayus dnioMUHUS 6 CblBOPOMmKe KpOosu
waxmepos, 6onvhvix XIIKP (115,07 mxmonv/n), npegviuiana nokazameis ¢ KOHMpPOabHOU epynne (3,3 MKMOIb/1) noumu
6 30 pas (p<0,05). Ycmanoeneno, umo cpeonuii yposensb gocpopa 6 moue 6onvrnvix XIIKP (19,0 mmonv/n) 0ocmosepro
npesviual e2o0 cooepicanue y nayuenmos KoHmpoavrou epynnoi (11,96 mmons/n) (p<0,05). Bwiseneno cudicenue
KOHYeHmpayuu 60pa 6 KpoGu Waxmeposd ¢ XPOHUYECKOU paoukyionamueli npogpeccuoHaibHol namonocuu no
CpasHenuI0 ¢ KOHMpObHOU epynnou. Yemanosneno cuudicenue yposus Ca u Mg 6 cvigopomre Kpogu waxmepos npu
YBenuueHuu cmaica pabomul 60 8PEOHLIX YCIOGUAX MPYOd, NpesbluteHue cpeoHell KOHYeHMPAyuu anloMUuHUs 6 Kposu
nayuenmos 6 CPAGHEeHUU ¢ HOPMAMUBHBIM 3HAYEHUEM U NOKA3AMENAMU KOHMPOAbHOU 2PYNNb.

In the structure of occupational morbidity in
Ukraine pathology of the connective tissue and
musculoskeletal system ranks second and makes up
more than 20%, reaching 1568 cases each year.
Chronic lumbosacral radiculopathy occupies a
prominent place among this group of diseases, the
risk factors for which are: rough labor, forced or
fixed working posture, forced bendings, unfavorable
microclimate, general vibration [4]. Disorders of the
quantitative and qualitative characteristics of bone
tissue are one of the causes for the development of
this pathology. Osteoporosis is one of the most
important biological risk factors for the development
of chronic radiculopathy, and the condition of bone
tissue depends on many factors, an important place
among which is the quantitative composition of a
number of MaE and ME [5, 7]. To date, a significant
number of these elements are known to affect both
bone and muscle tissue. Vitamin D and essential
elements Ca, P, Al B, Mg, which are part of the
enzymatic systems, play the greatest role in the
formation of bone and connective tissue [9].

An important role belongs to Ca, which is one of
the most common elements in the human body.
Optimal levels of Ca** and HPO,” (based on
phosphorus ions) in the serum contribute to normal
bone mineralization, however, these ions are
associated with active metabolites of vitamin D,
which are 25-hydroxycholecalciferol and 1,25-dihy-
droxychoxylecalciferol. In osteoblasts 1,25 (OH),D
induces the expression of the transmembrane ligand
of receptor activator of the nuclear factor kB
(receptor activator of nuclear factor-kBligand —
RANKL), which in turn affects the maturation of
osteoclasts that are directly involved in resorption of
phosphorus and calcium from bone tissue, and thus
maintain normal levels of these elements in the
serum. Calcium is known to actively affect bone
metabolism, which provides impulses for neuro-
muscular transmission, causes a positive inotropic
effect, activates and controls neurotransmitters and
hormones.

Element B plays an important role in bone
metabolism, which regulates the metabolism of
parathyroid hormone, affects the metabolism of
vitamin D, essential elements P, Ca, Mg and in
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interaction with these substances prevents the
development of osteoporosis, which is one of the
biological risk factors of developing chronic
lumbosacral radiculopathy [1, 6].

Thus, Al participates in the maturation of chon-
drocytes and osteocytes, affects the regeneration of
connective, bone and epithelial tissues, improves the
formation of phosphate and protein ligands, has the
ability to affect the function of the parathyroid and
thyroid glands and its excess, according to research,
inhibits assimilation of phosphorus, magnesium,
calcium by replacing of enzyme E activator, which
is a cellular regulator of metabolism of these
elements with the cations AI’*

That is why the study of the content of these MaE
and ME in the biological environments of patients
with chronic lumbosacral radiculitis, caused by the
action of physical factors in the process of work is
considered appropriate.

MATERIALS AND METHODS OF RESEARCH

In the clinic of occupational diseases of State
Institute "Kundiev Institute of Occupational Health
of the NAMS of Ukraine” 20 miners of coal mines
of Ukraine with a diagnosis of chronic lumbosacral
radiculopathy were examined. The average age of
patients was 48.25 years, the average work expe-
rience in underground working conditions was
17.45 years. The control group consisted of 22
patients without pathology of connective tissue or
musculoskeletal system.

Determination of Al, Ca, Mg, P, B levels in the
serum and urine of patients was performed in the
laboratory of analytical chemistry and monitoring of
toxic substances of the SI "Kundiev Institute of
Occupational Health of the NAMS of Ukraine”.
Patients' serum and urine were collected according
to the sampling protocol [8, 10]. By the method of
atomic emission spectroscopy with inductively
coupled plasma (AES-ICP) the content of essential
elements (Ca, Mg, B, Al, P) was determined in the
samples using the device “Ortima 2100 DV” of
Perkin-Elmer (USA). To determine the elemental
composition of blood serum, 0.5 ml of centrifuged
plasma was taken, then 4.5 ml of 10% solution of
HNO; (Merck) was added and centrifuged for about
20 minutes at 5000 rpm The supernatant was put
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into a flask and was brought to a volume of 10ml.
To determine the concentration of elements in 5 ml
of urine, 5 ml of 4% HNO; solution (Merck) was
added [3]. Processing was performed by the method
of parametric statistics using standard programs
"Microsoft Office Excel" and the program "Sta-
tistica" (licensed statistical program) [2].

RESULTS AND DISCUSSION

The study found an excess of the average
concentration of Al in the serum of miners with
CLSR (115.07 uMol/) compared with the control
group (3.3 uMol/l) by 34 times, and in the group of

miners with work experience from 10 to 15 years,
the concentration was 6 times higher (20.01 uMol/1),
while in the group with work experience from 16 to
32 years — by 36 times (118.98 uMol/l) compared
with the control group (p<0.05) (Table 1). This may
be due to the fact that the miners under study were
exposed to many hazards in the production envi-
ronment (apart from work loading in the perfor-
mance of their professional duties), among which a
special place is occupied by exposure to waste dust,
which contains a significant list of chemicals.

Table 1
Concentration of MaE and ME in serum of miners with CLSR
of occupational genesis (mg/l, pMol/l, mMol/l), M+m, median
Concentration of elements in patients under study
Essential element trol Concentration of elements in groups of patients by work experience
contro
group, p
n=22 total, work experience work experience 16-32
n=20 10-15 years, n=10 years, n=10
(2) (3) 4)

Al (mg/l) 0.10+0.03 0.62+0.05 0.34+0.065 1.31+0.56 P1-4<0.05
pMol/l 3.3 115.07 20.01 118.98
Median 0.09 3.11 0.54 3.21
B (mg/l) 0.070+0.02 0.17+0.05 0.17+0.044 0.15+0.04 P13<0.05
pMol/l 62.90 25.90 25.91 19.43 P14<0.05
Median 0.68 0.27 0.28 0.21
Ca (mg/l) 86.44+5.54 93.44+12.68 109.87+9.82 79.17+6.33 P1-3<0.05
mMol/l 2.16 2.82 3.20 1.98 P34<0.05
Median 86.44 113.13 128.4 79.25
Mg(mg/1) 17.43+1.40 18.86+2.32 21.30+1.92 16.86+0.86 P13<0.05
mMol/l 0.72 0.97 0.82 0.65 P34<0.05
Median 17.40 23.57 19.90 15.79
P(mg/1) 98.5+£2.20 76.91+5.74 109.85+57.13 43.45+2.63 P1-3<0.05
mMol/l 3.20 1.66 11.83  366.41 1.43 P14<0.05
Median 99.30 51.37 44.43

According to the results of the study, the average
content of Ca in the serum of patients with CLSR
(2.82 mMol/l) was 1.3 times higher compared to the
control group (2.16 mMol/l) (p<0.05 ) and in the
group of miners with work experience from 10 to 15
years, the concentration of Ca (3.20 pMol/l) was 1.6
times higher than in the group with a longer work
experience (1.98 mMol/l) (p<0.05). A decrease in
Ca concentration with increasing underground work
experience may explain the increased risk of
fractures of the tubular bones, vertebral bodies due
to reduced quality bone structure, and, as a result,
the development of chronic diseases of the
connective tissue and musculoskeletal system.

74

The average concentration of element B in the
blood of patients with chronic lumbosacral radi-
culopathy (25.90 uMol/l) was determined to be 2.5
times lower compared to the control group
(62.90 pMol/1). It should be noted that this indicator
was the lowest in the group of subjects with the
work experience from 16 to 32 years (19.43 pMol/l)
and this difference between the indicators of both
groups compared with the control was characterized
by a high degree of significance (p<0.05) (Table 1).
These data explain the increased risk of osteopenia
or osteoporosis in miners with chronic lumbosacral
radiculopathy, with decrease in the concentration of
B in the body, as this chemical element has a
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regulatory effect on the functioning of sex hormones
and parathyroid hormone, which affect the quality
bone structure.

The average level of Mg (0.97 mMol/l) in the
serum of patients with occupational CLSR exceeded
the same indicator in the control group
(0.72 mMol/l) by 1.34 times. The level of Mg in the
group of patients with work experience in under-
ground working conditions from 16 to 32 years
(0.65 mMol/l) was lower than the same indicator of
the control group and the indicator in the group with
work experience from 10 to 15 years (0.82 mMol/l)
and the difference between the indicator in the first
group and the indicator of the control and second
groups was significant (p<0.05). Decreased levels of
Mg in the blood of patients can lead to its insuf-
ficiency and imbalance in the system Mg”" - Ca™’
resulting in dysfunction of the musculoskeletal
system, the pathology of which is a risk factor for
CLSR, especially in workers with work experience
for more than 15 years in hazardous conditions.

As a result of the study, it was found that the
average concentration of P in the serum of patients
with occupational CLSR (1.66 mMol/l) was 1.5 ti-

mes lower than this figure in the control group
(3.20 mMol/l). In the group with shorter work
experience the concentration of P (11.83 mMol/l)
was 3.6 times higher and in the group with longer
work experience (1.43 mMol/l) was by 50% lower
compared to the concentration in the control group
(3.20 mMol/l). In addition, a significant difference
was found between the indicators of the control and
both groups under study (p<0.05) (Table 1).

For the correct interpretation of the level of MaE
and ME in the body of patients with chronic
lumbosacral radiculopathy, the level of these ele-
ments in the urine of miners was determined.
Analyzing the obtained data, it was found that the
average concentration of Al in the experimental
group (1.26 uMol/l) was exceeded by 46% com-
pared to the control group (0.85 pMol/l) (p<0.05). It
was also determined that the level of Al was higher
in both groups compared to the control by 51%
(1.334 uMol/l — in group I and 1.14 pMol/l — in
group II), therewith difference between the indi-
cators in the control and both groups under study
was significant (p<0.05) (Table 2).

Table 2
Concentration of MaE and ME in the serum of miners with CLSR
of occupational genesis (mg/l, pMol/l, mMol/l), M+m, median
Concentration of elements in patients under study
Essential Cont:;(;lzgzroup ’ P
element ) total, work experience 10-15 work experience 16-32
_ _ years.,
n=20 years, n=10 _
@ 3) w0
“)

Al (mg/l) 0.023£0.008 0.036:0.008 0.036+0.003 0.031=0.008 012<0.05
pMol/l 0.85 1.26 1.334 1.14 P1-4<0.05
Median 0.023 0.034 0.036 0.031
B (mg/l) 0.13+0.08 0.23+0.008 0.21+0.03 0.25+0.08 P,.4<0.05
pMol/l 27.78 25.90 14.80 34.22
Median 0.30 0.28 0.16 0.37
Ca (mg/l) 119.07+£20.19 169.07+£24.19 182.55+£23.76 129.52+24.19 P13<0.05
pMol/l 2.944 3.195 3.252 2.671 P,.4<0.05
Median 118.0 128.06 130.37 107.09
Mg(mg/l) 40.97+8.36 60.97+8.36 90.03+13.79 51.95+8.36 P1-3<0.05
mMol/l 2.036 2.406 3.287 1.886 P1.4<0.05
Median 49.50 59.50 79.93 45.86
P(mg/1) 370.20+48.35 552.90+99.23 533.53+56.22 511.59+99.23 P1-2<0.05
mMol/l 11.96 19.0 18.3 19.1 P1-3<0.05
Median 370.70 588.70 567.05 588.70 P1-4<0.05

The average concentration of Ca in the urine of
the subjects of the control group and patients with
CLSR of occupational genesis was approximately
the same, being 3.195 mMol/l and 2.944 mMol/l,
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respectively. The concentration of Ca (3.252 mMol/l)
in patients with work experience from 10 to 15 years
was by 10% higher than in the control group and by
18% in the group with work experience from 16 to
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32 years, and the difference between the control and
both groups under study was significant (p<0.05).
This pattern indicates a decrease in the concentration
of Ca in the urine of miners with CLSR with
increasing work experience in hazardous conditions.

The analysis of the study results showed that the
average level of B (25.90 uMol/l) in the urine of
patients with CLSR was slightly lower than in the
control group (27.78 pMol/). The concentration of B
(34.22 uMol/l) in the second study group exceeded
the similar indicator in the control group by 24%
(p<0.05). Analyzing the results of the survey, it was
found that the average level of P (19.0 mMol/l) in
the urine of patients with occupational chronic ra-
diculopathy was higher than the level in the control
group (11.96 mMol/l) by 57%. Phosphorus concen-
trations (18.3 mMol/l and 19.0 mMol/l, respectively)
in both groups under study were higher than in
control group on average by 54% (p<0.05). An
increase in the level of phosphorus in the urine of
patients with occupational CLSR compared with the
control group indicates its excess in the body,
resulting in blocking the transition of vitamin D in
its active forms and impairment of qualitative and
quantitative bone structures, which are risk factors
for osteoporosis.

The average level of Mg in the urine of miners
with CLSR (2.406 mMol/l) exceeded this figure in
the control group (2.036 mMol/l) by 20%. A signi-
ficant difference was found between the indicators
of Mg concentration of both study groups and the
control one (p<0.05). It should also be noted that the
concentration of Mg in the urine of miners with
work experience in hazardous conditions from 10 to
15 years (3.287 mMol/l) exceeded the same indica-
tor in the group with work experience from 16 to 32
years (1.886 mMol/l) by 70%, which indicates a
decrease in the concentration of Mg in the blood of
the study subjects with an increase in work in
hazardous conditions.

CONCLUSIONS

1. According to the results of the study, the
average concentration of Al in the blood of patients
with CLSR (115.07 uMol/l) was exceeded almost by
35 times compared to the control group, which has a
negative impact on the functioning of enzyme
proteins by substituting of Ca*" and Mg®" ions in
their allosteric center, and thus leading to blocking
the maturation of calcium phosphate crystals and
osteoid mineralization. Thus, Al can be proposed as
a biomarker of disorders of quantitative and
qualitative bone tissue in patients of this category.

2. Decreased levels of Ca (1.98 mMol/l) and Mg
(0.65 mMol/l) in the serum of miners with occu-
pational chronic lumbosacral radiculopathy with
increasing work experience in hazardous working
conditions was revealed. Such results can be used as
a basis for a screening study of the level of essential
elements in workers in this category with long work
experience in underground conditions for timely
detection of risk factors for chronic radiculopathy.

3. The study revealed a statistically significant
increase in the level of P in the urine in all groups
compared with the control. Increased phosphorus
levels in patients with CLSR can lead to blocking
the transition of vitamin D in its active forms and
impairment of the quantitative and qualitative
structure of bone tissue.

4. There was revealed an decrease in the
concentration of B in the blood of patients with
CLSR by 2.5 times (25.9 uMol/l) compared with the
control group, and this may lead to a decrease in the
regulatory effect of this element on the functioning
of sex hormones and parathyroid hormone, which
affect the qualitative structure of bone tissue.
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