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The article presents the results of a study of afferent somatosensory pathways in
225 miners with vertebrogenic pathology of the lumbosacral spine. Electromyography
and somatosensory evoked potentials revealed abnormalities in peripheral and central
sensory conduction, which increased with the severity of pain syndrome. Long-term
exposure to occupational factors was associated with dysfunction of somatosensory sys-
tems and central sensitization. Somatosensory evoked potentials may be used for object-
tive assessment of the severity of vertebrogenic pain syndrome.

Keywords: miners, vertebrogenic pathology, chronic pain syndrome, somatosensory
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Introduction. Occupational diseases of the musculoskeletal and peripheral
nervous systems remain a major medical and social problem worldwide. Among indus-
trial workers, miners represent a high-risk occupational group due to continuous expo-
sure to vibration, heavy physical work, prolonged static postures, and repetitive mecha-
nical stress. These adverse occupational factors significantly increase the risk of verte-
brogenic pathology, particularly chronic lumbosacral radiculopathy accompanied by
persistent pain syndrome.

Lumbar spine disorders account for a substantial proportion of temporary disa-
bility and occupational incapacity in working-age populations. Chronic vertebrogenic
pain not only reduces quality of life but also contributes to psychological stress, impai-
red motor activity, and long-term disability. Despite considerable progress in neuro-
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physiological diagnostics, the mechanisms underlying chronic pain formation in occu-
pational vertebral disorders remain insufficiently understood.

Modern concepts of pain pathogenesis emphasize the important role of peri-
pheral afferent dysfunction and central sensitization. Persistent nociceptive stimulation
may lead to hyperexcitability of spinal and supraspinal sensory pathways, resulting in
chronic pain persistence even in the absence of severe structural lesions. Somatosensory
evoked potentials and electromyography provide objective assessment of the functional
state of sensory and motor conduction systems at peripheral, spinal, and cortical levels.

Previous studies have demonstrated that occupational vibration and prolonged
static-dynamic overload may induce degenerative and demyelinating changes in peri-
pheral nerves and spinal roots. However, limited information exists regarding the neuro-
physiological characteristics of afferent somatosensory dysfunction in miners with
vertebrogenic pathology.

The aim of the present study was to investigate changes in afferent somatosen-
sory conduction pathways in miners with chronic vertebrogenic lumbosacral pain
syndrome using electrophysiological methods.

Materials and Methods. Study Design. A cross-sectional clinical and neuro-
physiological study was conducted among miners employed in underground mining
enterprises of the Karaganda industrial region.

Participants. The study included 225 miners aged 30-52 years with more than
five years of occupational underground experience. All participants had clinically con-
firmed vertebrogenic pathology of the lumbosacral spine associated with chronic pain
syndrome.

The control group consisted of 41 healthy individuals without occupational
exposure to vibration or heavy physical workload and without neurological disorders.

Clinical Classification. Patients were divided into three groups according to the
severity of pain syndrome:

- Group 1: mild reflex-tonic pain syndrome (n = 83);
- Group 2: moderate reflex-tonic and radicular pain syndrome (n = 46);
- Group 3: severe chronic pain syndrome (n = 19).

Neurological Examination

All participants underwent: neurological assessment, clinical examination of
sensory and motor function, evaluation of reflex activity, assessment of pain localiza-
tion and intensity.

Electrophysiological Methods. Electromyography
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Electromyographic examination was performed using 4- and 8-channel electro-
myographs. Functional activity of agonist, antagonist, and synergistic muscle groups
was assessed.

Somatosensory Evoked Potentials

Somatosensory evoked potentials were recorded using the ‘“Neurosoft” neuro-
physiological system.

Electrical stimulation of the tibial and median nerves was performed with regis-
tration from: brachial plexus region, cervical spinal level, frontal cortical region, soma-
tosensory cortical projection areas.

The following SSEP parameters were analyzed: amplitude, latency, nterpeak
intervals.

The components studied included: N22, N30, P38, P46.

Statistical Analysis. Statistical processing was performed using Microsoft Excel
and StatPlus software. Quantitative variables were expressed as mean =+ standard devia-
tion. Student’s t-test was used to determine statistical significance. Differences were
considered significant at p < 0.05.

Results. Clinical Findings. The predominant symptom among examined miners
was chronic lumbosacral pain radiating into the lower extremities. More severe clinical
manifestations were observed in workers exposed to combined static overload and
vibration.

Patients with severe pain syndrome demonstrated: reduced mobility, mpaired
reflex activity, muscle weakness, sensory disturbances in the lower extremities.

EMG examination revealed decreased functional activity of agonist and
antagonist muscles, particularly in patients with chronic radiculopathy. Disturbances of
neuromuscular excitability were most pronounced in severe forms of disease.

Somatosensory Evoked Potentials. Amplitude Characteristics

A progressive increase in amplitudes of spinal and cortical SSEP components
was observed with increasing pain severity.

Table 1. Amplitude Characteristics of SSEP Components

Component Control Group 1 Group 2 Group 3
N22 (nV) 1.1£0.5 0.74 £ 0.01 2.54 £0.02* 3.45+0.03**
N30 (nV) 0.8+0.3 0.59 £0.06 2.48 + 0.04* 3.39 £ 0.05%*
P38 (uV) 24+1.5 1.94+1.0 3.5+0.09* 4.1 +£0.08%*
P46 (uV) 23+1.3 2.0 +0.81 3.7£0.9 45+0.6*

*p <0.05; ** p<0.01 compared with control.
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Increased amplitudes reflected hyperactivation of spinal and cortical sensory
structures associated with chronic nociceptive stimulation.
Interpeak Intervals

Table 2. Intervals Between SSEP Components

Interval Control Group 1 Group 2 Group 3
N10-N13 (ms) 7.65+1.04 12.34+2.44 152+£2.01%* 19.8 £2.3%*
N13-N20 (ms) 836+ 1.56 15.63 £2.38 18.6 + 3.2%* 20.4 £ 3.1%*
N20-N30 (ms) 16.1 £1.55 28.0+3.15 32.3+2.56* 37.1 £ 1.9%*
*p <0.05; ** p<0.01 compared with control.

Significant prolongation of interpeak intervals indicated slowing of impulse
conduction along ascending spinal pathways and brainstem sensory structures.

Latency Characteristics

Table 3. Latency of SSEP Components

Component Control Group 1 Group 2 Group 3
N22 (ms) 22.1+2.2 36.2+6.1 42.1 £4.9* 51.3 £5.4%*
N30 (ms) 29.8+2.8 412 +£3.9* 49.6 £4.1* 60.5 £ 5.7%*
P38 (ms) 383+£3.3 43.8+4.8 52.6 £3.7* 63.9 £4.2%*
P46 (ms) 464 +3.2 49.1+4.0 543 £3.4* 71.2 £ 6.7%*
*p <0.05; ** p<0.01 compared with control.

The most pronounced latency prolongation was observed in miners with severe
pain syndrome, indicating dysfunction of peripheral sensory fibers and central conduc-
tion pathways.

Discussion. The present study demonstrated significant neurophysiological
abnormalities in miners with chronic vertebrogenic lumbosacral pathology. The obtai-
ned findings support the concept that occupational exposure contributes to dysfunction
of both peripheral and central somatosensory systems.

The observed increase in SSEP amplitudes combined with prolonged latency
and interpeak intervals reflects the development of central sensitization mechanisms.
Chronic nociceptive stimulation appears to induce hyperexcitability of spinal and
supraspinal neurons, resulting in persistent pain perception.

Particular involvement of la-afferent fibers and the H-reflex arc suggests that
occupational vertebrogenic pathology affects proprioceptive regulation and sensori-
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motor integration. Additionally, dysfunction of 1B-fibers and motor pathways indicates
combined sensory and motor impairment.

The severity of electrophysiological disturbances strongly correlated with clini-
cal manifestations, suggesting that SSEP analysis may serve as an objective diagnostic
tool for evaluating progression of vertebrogenic pain syndrome.

Long-term exposure to vibration and static-dynamic overload likely contributes
to demyelination, impaired axonal conduction, and chronic neuroinflammatory changes
in peripheral nerves and spinal roots.

These findings are consistent with modern theories of chronic pain pathogenesis
emphasizing the role of deafferentation and central nervous system plasticity in occupa-
tional neurological disorders.

Conclusion. Occupational exposure in miners is associated with progressive
dysfunction of afferent somatosensory pathways and development of chronic vertebro-
genic pain syndrome.

Neurophysiological disturbances involve: peripheral sensory fibers, spinal con-
duction systems, supraspinal sensory structures, 1a- and 1B-afferent pathways.

Somatosensory evoked potentials provide objective markers for assessing severi-
ty of vertebrogenic pathology and may improve differential diagnosis, treatment moni-
toring, and occupational health evaluation.

Further investigations are required to develop preventive strategies aimed at
reducing neurophysiological consequences of occupational exposure in miners.
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TyXKbIPbIM

Maxkanaza 6en-ceri3ke3 OMBIPTKACBIHBIH BEPTEOPOTeHIIK MaTOIOTHACKH Oap 225
Tay-KeH >KYMBICIIBICHIHAAFBI aQPEepeHTTIK COMATOCCHCOPIBIK KOJAAPIBIH JKaFJaibIH
3epTTey HOTHIKENIEpl YChIHBUIFaH. DJIEKTPOMUOrpadus KoHE COMATOCEHCOPIIbIK IIaKbI-
pBUIFaH MOTEHIHAIIAP KOMETIMEH aybIPChIHY CHHIPOMBIHBIH KYIICIOiHE OaillaHbICThI
nepuepusIIBIK )KOHE OPTAIBIK CEHCOPJIBIK OTKI3TIIITIKTIH OY3bUIBICTAPhl aHBIKTAJIBI.
OHpIpicTIK (pakTopiapAblH Y3aK YaKbIT 9Cep €Tyl COMAaTOCEHCOPJBIK >KYWUenep Iuc-
(GYHKUIMACHI MEH OpTajblK CEHCUTHU3ALMUSHBIH JaMyblHa BIKHAJ €TEeTiHI aHBIKTAJJbI.
CoMaToCeHCOpIIbIK IIAKBIPbUIFAH TMOTEHUMANIAp BEpTEOPOreHIIK aybIPChIHY CHH-
JPOMBIHBIH ayBIPJIBIFbIH OOBEKTUBTI Oaranay YIIiH KOJaHbLTYbl MYMKIiH.

Tytiin ce30ep: Tay-KeH KYMBICIIbUIIAPHI, BEPTEOPOTECHIIK MATOJOTHs, COMAaTOCEH-
COPJIBIK IAKBIPBUIFAH MOTEHIMANIAP, CO3BUIMANBI AYBIPCHIHY CHHAPOMEI, KOCINTIK aypyinap,
addepeHTTiK xKommap.
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BJIUAHUE ITPOU3BOJCTBEHHBIX ®AKTOPOB HA COCTOSSHHUE
A®OEPEHTHBIX COMATOCEHCOPHBIX ITYTENA Y TOPHOPABOYHX C
BEPTEBPOT'EHHOM ITATOJOTIMEN IOACHUYHO-KPECTIIOBOI'O
OTIAEJIA IIO3BOHOYHUKA

®daspuioBa M-J1. Al

'"HAO «HaruoHanbHBIH IIEHTp TUTHEHBI TPyJa U NpodecCHOHANBHBIX 3a001IeBaHMI»
(100017, Pecriybnuka Kazaxcran, r.Kaparannga, yn.Mycradpuna 15, e-mail: info@nao
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1. ®a3pioBa M-/I. A., K.M.H., 3aBelytoIlasi OTJeJIeHUEM NPOPecCUOHATBHON HEBPOJIO-
run, HAO «HauuoHanpHbI LEHTp TMTUMEHbl TpyJda U Npo(decCHOHATIBHBIX 3a0oiie-
Banuii, r.Kaparanna, e-mail: mangaz dana@bk.ru

Pe3rome

B crarbe npeacTaBieHbl pe3yabTaThl HccieaoBaHus apPepeHTHBIX COMATOCEH-
COPHBIX TyTel y 225 TopHOpaboUnX ¢ BepTeOPOreHHON MaToI0rHel MOsCHUYHO-KPECT-
IIOBOT'O OT/eJa M03BOHOYHMKA. C MCIOJIb30BaHUEM 3JIEKTPOMUOrpaduu U COMATOCEH-
COPHBIX BBI3BaHHBIX IMOTCHIIMAJIOB BBISBICHBI HApyIICHUS TEepUPEPUIECKON M IeH-
TPaJbHOH CEHCOPHOW MPOBOAMMOCTH, BBIPAKEHHOCTh KOTOPBIX YBEJIWYHBAIACH I10
Mepe ycujeHHs OO0JIeBOTO CHHIPOMA. YCTAHOBJIEHO, YTO JUIMTENBHOE BO3JEHCTBHE
IPOM3BOJICTBEHHBIX (DAaKTOPOB CIIOCOOCTBYET Pa3BUTHIO JAUCHYHKIIMH COMATOCEHCOP-
HBIX CHUCTEM M LIEHTpaJbHOI ceHcuTu3anuu. [Toka3aTenn coMaTOCEHCOPHBIX BbI3BaH-
HBIX TIOTEHIIMAJIOB MOTYT HCIIOJNB30BaThCs Il OOBEKTUBHOW OIICHKH TSDKECTH BepTe-
OporeHHoro 00JIeBOro CUHAPOMA.

Kouesvie cnosa: ropHOpabouue, BepTEOPOreHHAs IATOJOTHS, COMATOCEHCOPHBIC
BBI3BaHHBIC MOTEHIIMANIBI, XPOHUUECKUI 00IEeBOI CHHAPOM, MpodeccCHOHaNbHbIE 3a00JICBaHMS,
adhepeHTHBIC Ty TH
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