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ABSTRACT

BACKGROUND: The use of laser Doppler flowmetry with spectral wavelet analysis of blood flow fluctuations allows us to
assess the functional state of thin unmyelinated nerve fibers and objectify the dynamics of recovery processes in patients with
kyphoscoliotic spinal deformities associated with spinal cord compression.

AIM: To study the features of neuromicrocirculatory relationships in patients with kyphoscoliosis associated with neurological
deficits before and after surgical treatment.

MATERIALS AND METHODS: 20 patients with spinal deformities associated with neurological deficits of varying severity were
examined using the LDF method and operated on. Patients were examined before surgery, 1-2 weeks after surgery following
regression of acute postoperative pain syndrome, 3—6 months, 6—12 months, and more than a year after surgery. The scope of
the study included a general examination with a detailed assessment of the neurological status, radiation diagnostics (postural
radiographs of the spine, computed tomography and magnetic resonance imaging of the spine with assessment of spinal canal
stenosis). Patients with severe kyphoscoliotic deformities underwent CT myelography followed by the design of individual full-
size 3D plastic models of the spine and myeloradicular structures. LDF with wavelet analysis was carried out at all periods
of the survey. A perfusion study with determination of the average microcirculation was carried out at the level of the pad of
the distal phalanx of the big toe using a two-channel LAKK-02 device with a semiconductor laser (sensing in the red Raman
and infrared IR channels). The obtained LDF results were processed by spectral amplitude-frequency wavelet analysis to
characterize microcirculation regulation factors in the ranges of sympathetic adrenergic regulation (0.02-0.046 Hz), sensory
peptidergic influences (0.047-0.069 Hz), myogenic oscillations (0.07-0.145 Hz).

RESULTS: After surgery, the activity of trophotropic sensory peptidergic nerve fibers, the values of perfusion of the
microcirculatory channel increased and was maintained starting from the early postoperative period. Ergotropic sympathetic
adrenergic activity was significantly decreased in the period of 6-12 months after surgery. Maximum mobilization of trophotropic
neurogenic mechanisms of sanogenesis was observed in the period of 6-12 months after surgery.

CONCLUSION: The obtained data indicate a significant participation of thin nerve fibers in the recovery processes after
decompressive surgeries in the spinal canal zone and the creation of anatomical conditions for neurophysiological repair at
the spinal cord level. The use of the LDF method with spectral wavelet analysis of blood flow fluctuations makes it possible to
objectify the dynamics of thin unmyelinated nerve fibers and recovery processes in patients with kyphoscoliotic deformities of
the spine associated with spinal cord compression.
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C KOMNpeccuei CNMHHOro Mo3ra

A.T. HazapeHko, A.W. KpynatkuH, A.A. Kynewos, N.M. Munuua, M.C. Betpuna,
W.H. Jiucanckun, C.H. Makapos

HauuoHanbHbIN MeaWLIMHCKMIA UCCnefoBaTeNbCKUI LEHTP TpaBMatonioruv 1 optoneaum um. H.H. Mproposa, Mocksa, Poccus

AHHOTALIMA

06ocHoBaHue. Vcnonb3oBaHWe MeToAa Jla3epHON JONMNEPOBCKON (GIOYMETPUM CO CMEKTPasbHBIM BEMBNET-aHaNN30M KO-
nebaHui KpoBOTOKA MO3BONSET OLEHUTb (QYHKLMOHANIBHOE COCTOSIHWE TOHKMUX HEMUENMHW3WUPOBAHHBIX HEPBHBLIX BOJIOKOH
U 00BEKTMBM3MPOBATb AMHAMUKY BOCCTAHOBMUTENBbHBIX MPOLECCOB Y MALMEHTOB C KU(DOCKOIMOTUYECKUMM AedopMaLmaMm
N03BOHOYHMKA, acCOLMMPOBaHHBIMU C KOMMPECCHEN CMIMHHOTO MO3ra.

Lienb. M3yunTb 0c00EHHOCTM HEPOMUKPOLIMPKYNATOPHLIX B3aMMOCBSA3€H Y NaLMEHTOB C KU(OCKOIMO30M, acCOLMMUPOBAHHBIM
C HEBPOJIOrUYECKUM JedULMTOM, A0 W MOC/Ee 0NepaTUBHOIO NIEYEHMS.

Marepuanel u Metoabl. 06cnefoBaHb! ¢ ucnonb3oBakveM Metoa JIA® u npoonepupoBaHbl 20 naumeHToB ¢ AedopMaLmMaMu
MO3BOHOYHMKA, ACCOLMMPOBAHHBIMUA C HEBPOSIOTUHECKMM Ae(UUMTOM pasnuyHOM cTeneHu BbipaxeHHocTH. 06cneaoBaHme na-
LIMEHTOB NPOBOAMNIOCH 0 Onepauum, Yepes 1-2 Hefienm nocse Heé (nocnie perpecca ocTporo nocneonepauymoHHoro 6onesoro
CMHApOMa), Yepe3 3-6 Mecaues, 6—12 MecsLeB 1 bonee rofa nocne onepaumu. 06bEM McCNeA0BaHMS BKIKOYAN 00LLMIA OCMOTP
C NOLPOBHOI OLIEHKOM HEBPOSIOMMYECKOr0 CTaTyca, JyyeByld AMArHOCTUKY (MOCTypaiibHble PEHTreHorpaMMbl MO3BOHOYHMKA,
KOMIBKOTEPHYI0 M MarHUTHO-PE30HaHCHYI0 TOMOrpaduio MO3BOHOYHWKA C OLIEHKOW CTEHO3a MO3BOHOYHOrO KaHana). MaumeH-
TaM c rpybeiMu KndockonmoTuieckummn fedopMaumamu npoBoaunace KT-muenorpadums ¢ nocnegyiolwmm npoexTMpoBaHUEM
MHOVBMOYaNbHBIX NOHOPa3MepHbIX 3D-Mofenelt NO3BOHOYHMKA M MUENOPaLUKYNISPHBIX CTPYKTYp M3 nnacTuka. Ha Bcex cpo-
Kax obcnenoBaHus bbina nposeaeHa JIA® ¢ BelieneT-aHanu3oM. MiccnenoBaHne nepdysun ¢ onpeaesieHMeM CPpeaHero noKa-
3aTens MUKPOLMPKYNALMM NPOBOAMIOCH Ha YPOBHE MOAYLLEYKM AMCTanbHOW danaHri boMblIoro manbua cTonbl ¢ MCMoNb30-
BaHWeM [ByxKaHanbHoro annapata JIAKK-02 ¢ nonynpoBoSHMKOBLIM 11a3epoM (30HAMPOBaHWE B KPAacHOM U MHGpaKpacHOM
KaHane). MonyyenHble pesynbratbl JIAD obpabaTbiBanvck METOLOM CEKTPANIBHOMO aMMIMTYAHO-4aCTOTHOIO BEMBIET-aHaIN3a
LNA XapaKTepUCTUKW (DaKTOPOB PErynsiLMM MUKPOLMPKYNAUMM B [ManasoHax CUMMAaTUYECKOM afipeHepruyeckon perynsuum
(0,020,046 T'u), ceHcopHbIx nentuaeprdeckux sausHuiA (0,047-0,069 '), MroreHHbIX ocumnnsaumi (0,07-0,145 Tw).
PesynbTartbl. [ocne onepauuu Bo3pacTana U NOLAEpPXHMBaNach aKTMBHOCTb TPOQOTPOMHBIX CEHCOPHBIX NENTULEPTUYECKUX
HEpPBHbIX BOJIOKOH, BEIMYUHBI Nepdy3uM MUKPOLIMPKYISTOPHOTO pyc/a, HauyMHas C paHHero NocnieonepauMoHHOro nepuoaa.
JproTponHasa cuMnaTUYecKas aspeHepruyeckas aKTMBHOCTb 3HaUMMO CHIXKanack B nepuop, 6—12 MecsLeB nocne onepaumu.
MakcumManbHas Mobunusaums TpodOTPONHLIX HEMPOreHHbIX MEXaHU3MOB CaHoreHesa oTMevanach B nepuof, 6—12 Mecsues
nocne onepawum.

3aksitoueHue. onyyeHHble AaHHbIE CBUAETENBCTBYIOT O 3HAUMMOM Y4aCTUM TOHKUX HEPBHbIX BOSIOKOH B BOCCTaHOBUTESb-
HbIX MpoLeccax nocne AeKOMMPECCUBHBIX OMepauui B 30He MO3BOHOYHOMO KaHana W Co3[aHUs aHaTOMUYECKUX YCNOBMIA
ANs HelpodK3MonorMyecKomn penapaLmm Ha ypoBHe CinHHOro Mo3ra. Mcnonb3osaHue MeTofa JIA® co cneKTpanbHbIM BeliB-
NeT-aHanu3oM KonebaHuii KpOBOTOKA MO3BOJISIET 00bEKTUBM3MPOBATL ANHAMUKY COCTOSHUS TOHKUX HEMUENMHWU3MPOBAHHBIX
HEpBHbIX BOJIOKOH W BOCCTaHOBUTESbHBIX NPOLIECCOB Y MALMEHTOB € KUGOCKONMOTUYECKUMI AedOpMaLMAMM MO3BOHOUHMKA,
accouMMpoBaHHbIMU C KOMMPECCHEN CMMHHOMO Mo3ra.

KnioueBble cnoBa: Kndos; CKONMO3; HEBPOOrMYECKMii AednLMT; NasepHas LoNNiepoBcKas GnoyMeTpusi; MUKPOLMPKY-
NALMS; BeNBNET-aHaNu3.
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BACKGROUND

Spinal deformities, such as kyphosis and scoliosis,
may lead to spinal canal stenosis and subsequently to
compression of the vascular-nerve structures, including
the spinal cord. Imaging modalities for radiological—clinical
and anatomical diagnostics [1] do not show the quantitative
characteristics of the degree of damage and restoration of
spinal cord function and the dynamics of the neurological
status. Moreover, stenosis can cause changes in neurologic
function parameters, such as the myelinated type A fibers
and thin unmyelinated C-fibers. Myelinated structures
contribute to specific functions within the body such as
movements and deep sensitivity. Conversely, unmyelinated
sympathetic and thin sensory fibers are involved in adaptation
processes, tropism, patho- and sanogenesis, and pain
systems. Sympathetic activity is associated with dystrophy,
and sensory peptidergic nerve fibers play a crucial role
in restorative processes, sanogenesis, and recovery [2].
In evaluating myelinated structures, including in spinal
stenosis, electroneuromyography (ENMG) methods are
used to determine the diagnostically significant indicators,
namely, the amplitude of action potentials, motor and
sensory response parameters, impulse conduction velocity
and F-wave [3], and evoked potentials (somatosensory,
cognitive, etc.) [4]. However, the state of thin unmyelinated
and poorly myelinated fibers in spinal stenosis has not been
studied; this may be due to the fact that these fibers have
low conduction velocity and thus cannot be assessed using
traditional ENMG. Thin fibers in the limbs are represented by
sympathetic vegetative postganglionic C-fibers (vasomotor,
to a lesser extent sweat-secreting, etc.) and sensory
A-delta and C-fibers for pain and temperature sensitivity
(sensory function, as well as trophic function, associated
with neuropeptide secretion). Parasympathetic innervation is
absent in the tissues of the limbs. In the field of vertebrology,
some studies have investigated the function of thin nerve
fibers. For example, using the thermography method, the
role of the somatosympathetic reflex in the diagnosis of
discopathy of the lumbar spine was determined [5].

Laser Doppler flowmetry (LDF) with spectral wavelet
analysis of blood flow oscillations is a commonly used
noninvasive method for assessing microcirculation [2,
6-9]. In the amplitude—frequency wavelet spectrum of
the LDF records of microhemocirculatory signals, several
characteristic frequency intervals ranging from 0.005 to 2 Hz
were identified, each of which was associated with a specific
physiological effect in skin microcirculation. This facilitates
noninvasive assessment of the regulation of microcirculatory
tissue systems. These include active tone-forming effects
(endothelial, neurogenic, and myogenic) and passive effects
caused by changes in pressure in microvessels (cardiac
and respiratory) [2, 10]. Because the tone-forming ranges
of 0.02-0.046 Hz and 0.047-0.069 Hz are associated,
respectively, with sympathetic vasomotor adrenergic and
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sensory peptidergic influences on microvessels, respectively,
the functional state of vasomotor sympathetic and sensory
peptidergic innervation can be diagnosed noninvasively
[2, 10]. This technique was first proposed in 2004 [10].
Regarding the range of microvessel perfusion oscillations,
sympathetic adrenergic influences and accompanying
angiospastic manifestations are considered ergotropic and
sensory peptidergic, myogenic, and endothelial influences
are trophotropic. The predominance of ergotropic factors is
associated with degenerative—dystrophic processes, and the
prevalence of trophotropic components of the regulation of
microcirculatory tissue systems is linked to regeneration and
restorative processes [2].

Notably, microcirculatory tissue systems are among the
first to respond in the development of sanogenesis; therefore,
the use of LDF indicators with wavelet analysis of blood flow
oscillations before and after spinal surgeries is promising
for the detection of the vector of functional dynamics [2, 9].

MATERIALS AND METHODS
Study design

A monocentric cohort retrospective comparative study
was performed.

Eligibility criteria

At the N.N. Priorov National Medical Research Center
of Traumatology and Orthopedics, 20 patients with spinal
deformities associated with neurological deficits of varying
severity were examined using the LDF method and operated
on: 17 patients were below 18 years old (13.9+2.6 years) and
three were adults. In the pediatric group, 10 cases of grade
IV idiopathic kyphoscoliosis with Frankel neurological status
C (seven patients) and D (three patients) and seven cases of
thoracolumbar kyphosis that developed against hypoplasia
of the Th12-L1 vertebral bodies were noted. This group of
patients had spinal canal stenosis of 54.1+19.1%, assessed
according to computed tomography (CT) myelography of
the deformity apex in the sagittal plane. In adult patients,
kyphotic deformity of the thoracic and thoracolumbar spine
was registered. Examination showed a spinal canal stenosis
of 53.3+16.4%. Frankel neurological status C (two patients)
and D (one patient) were noted.

Study conditions

The patients were examined before the surgery, 1-2 weeks
after surgery following regression of acute postoperative pain
syndrome, and 3—6 months, 6—12 months, and more than a
year after the surgery.

Method of medical intervention

Instrumental correction and fixation of the deformity
without direct decompression of the spinal canal were
performed in seven patients and two-stage surgical treatment
involving dorsal stabilization of the spinal deformity and
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anterior decompression of the spinal canal in ten patients.
Posterolateral decompression of the spinal canal was
conducted in three patients.

Methods of recording outcomes

General examination including assessment of the
neurological status and radiation diagnostics (i.e., postural
radiographs of the spine and CT and magnetic resonance
imaging of the spine with assessment of spinal stenosis) were
carried out. Patients with severe kyphoscoliosis underwent
CT myelography with subsequent design of individual full-
size 3D models of the spine and myeloradicular structures
made of plastic.

LDF with wavelet analysis was performed in all stages
of the examination (Figs. 1-3). A perfusion study, with
determination of the average microcirculation index (M, in
perfusion units (p.u.)), was performed at the level of the
pad of the distal phalanx of the big toe using a two-channel
LAKK-02 device with a semiconductor laser (probing in
the red and infrared channels) [2, 9]. The LDF results were
processed using spectral amplitude—frequency wavelet
analysis to characterize the factors of microcirculation
regulation in the ranges of sympathetic adrenergic regulation
(0.02-0.046 Hz), sensory peptidergic influences (0.047-
0.069 Hz), and myogenic oscillations (0.07-0.145 Hz). The
maximum average amplitude of oscillations in each range,
normalized by the root-mean-square deviation (o), was
determined by the equation A/, where A is the amplitude
value in p.u. according to the previously described technique
(2, 91 (Figs. 1-3).

Wavelet analysis (Red+IRed)
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Statistical analysis

Statistical processing was performed using the Biostat
4.03 program. The Mann—Whitney test was used to compare
two samples. Quantitative data were presented as mean *
standard deviation.

Ethical considerations

The study was conducted according to the standards
of the local ethics committee (meeting no. 7, dated August
5, 2021) and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. All patients
(or their representatives) signed an informed consent to
participate in the study.

RESULTS

After surgical treatment, the relative magnitude of spinal
canal stenosis in patients in the postoperative period was
27.5£14.7% (before surgery: 54.1£19.1%). Eight patients with
the Frankel C neurological status (in the form of lower mixed
deep paraparesis) showed positive dynamics up to Frankel D.
Seven of 12 patients with preoperative neurological status
Frankel D did not show changes in neurological deficit,
whereas five patients showed regression of neurological
disorders up to Frankel E. The outcomes of surgical
treatment of patients were assessed as good. In 13 patients
(65%), regression of neurological deficit was detected
during the follow-up period of 3-6 months after surgery.
The delta of deformity correction in this group of patients
was 29.3£12.1%.
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Fig. 1. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry data before surgery.

Note. Horizontally — frequency ranges in Hz: e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), c (cardiac). Vertically —
the amplitude of fluctuations in blood flow in perfusion units. The red arrow is the activation of oscillations in the range of sympathetic
adrenergic regulation of microvessels in the infrared channel. Sensory peptidergic activity has not been recorded.
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Fig. 2. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry 8 months after
surgery.

Note. Horizontally — frequency ranges in Hz: e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), ¢ (cardiac). Vertically —
the amplitude of fluctuations in blood flow in perfusion units. The red arrow indicates the absence of sympathetic adrenergic activity in
the infrared channel and its marked decrease in the red recording channel. The blue arrow indicates the pronounced activity of sensory
peptidergic regulation in the infrared recording channel.
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Fig. 3. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry 1.5 years after
surgery.

Note. Horizontally: frequency ranges in Hz — e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), c (cardiac).
Vertically — the amplitude of fluctuations in blood flow in perfusion units. The red arrow indicates the absence of sympathetic
adrenergic activity in the red and infrared recording channels. The blue arrow is the activation of sensory peptidergic regulation in
the infrared recording channel. The double blue arrow is the synchronization of the frequency of myogenic activity in the red and
infrared channels.

DOl https://doi.org/10.17816/vt0630428

299


https://doi.org/10.17816/vto630428

ORIGINAL STUDY ARTICLES

100 100 100

100
90
80
70
60
50
40
30

20 15
10

n |
0 =

80

55

% Cases

25 2525

\ol. 31

2525

(3) 2024

NN. Priorov Journal of Traumatology and Orthopedics

100

70

O H (Red Channel)
O H (IRed Channel)
[ SP (Red Channel)

30 | SP (IRed Channel)

20

|

Before 1-2 Weeks  3-6 Months

surgery

6—12 Months

>1 Year N-Control

Timing of post-operative examination

Fig. 4. Frequency of activity of sympathetic adrenergic and sensory peptidergic regulation of microvessels in the wavelet spectrum of blood flow

fluctuations, %.

Note. H — sympathetic adrenergic regulation of microvessels, SP — sensory peptidergic regulation of microvessels, IRed — infrared.

Figure 4 and Table 1 present the results of the study using
the LDF method.

Examples of recording the wavelet spectrum of blood
flow oscillations are shown in Figures 1-3.

Based on the data presented, during the postoperative
recovery, clear dynamics of the functional state of thin nerve
fibers were noted (Fig. 4). Under physiological rest conditions
in healthy individuals (control group), the sympathetic
adrenergic regulation was predominant, whereas
trophotropic sensory peptidergic activity was detected in
the wavelet spectrum in no more than 30% of cases. In
patients in the preoperative period, this distribution was
preserved; however, in precapillary microvessels (red channel
recordings), sensory peptidergic regulation was not detected
in the wavelet spectrum. After the surgery, a progressive

change in the vector of nervous control of microcirculatory
tissue systems was noted, namely, a distinct increase in the
contribution of trophotropic sensory peptidergic innervation
against a decrease in the representation of the ergotropic
sympathetic adrenergic channel of regulation. The highest
trophotropic contribution was observed in the time interval
of 6—12 months after the surgery, regarding it as the most
active recovery period.

The quantitative indices of the state of microcirculation
and its regulation are of interest (Table 1). The preoperative
period was characterized by low values of perfusion (M,
p.u.) of the microvascular bed in the red recording channel,
reflecting predominantly nutritive blood flow, absence of
trophotropic sensory peptidergic oscillations in the same
recording channel, and relatively low values of the amplitudes

Table 1. Indicators of laser Doppler flowmetry before and after surgical treatment

Examination An./o An./o Asp./o Asp./c Am./c Am./c M, p.u. M, p.u.
interval R IR R IR R IR R IR

Before surgery 0.45£0.12  0.53+0.11 - 0.38+0.08  0.38+0.04  0.24+0.03 1.1£0.07 1711
;Jrzgx’;“'ks after 0402  0.64:0.04* 057:0.12* 053:0.05¢ 041009  0.3:0.08  2.3:0.05* 10415
gaf’gg‘r;”ths after 0.6+0.1  0.65:0.06* 041:0.08* 054:0.04* 039:0.07  0.19:0.1  2.34:0.04*  13+14
2;::6’:;0"”‘5 after  037.007%  044:0.06* 047:0.11*  043:0.04° 043:003  028:005  5.4+0.09* 13+2.3
Morethan Tyear o o015 05:012  032:0.07* 0546012  035:0.1  034:0.04*  72:11%  187+15*
after surgery
Control 04009  048:0.1  027:0.1  0.29+0.1  045:0.07  04+0.03  51+0.09  11.8+13
(n=20) 410, L4oxU. L1EU, L7%U. 49U, 410, xU. Reud B

Note. *, p <0.05 for data in dynamics after surgery compared with preoperative results; R, red channel; IR, infrared channel.
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of myogenic blood flow oscillations associated with capillary
perfusion. Positive changes of microvascular indices were
determined after the surgery. The M value significantly
increased, especially in the red recording channel. Moreover,
the activity of sensory peptidergic nerve fibers increased and
was maintained starting from the early postoperative period.
Sympathetic adrenergic activity significantly decreased
6—12 months after the surgery.

DISCUSSION

In the present study, the laser Doppler flowmetry method
was used to evaluate thin unmyelinated nerve fibers. LDF
is widely used in modern fundamental and clinical medicine
to evaluate microcirculatory tissue systems. In PubMed
alone, approximately 12,000 publications on this topic in
various fields of medicine were found. The advantages of
the method are noninvasiveness, harmlessness of research,
and the possibility of unlimited control over time, and for
Russian devices of the LAKK series, it is also a computer
guantitative analysis of records using spectral wavelet
analysis of blood flow oscillations. This quantitative approach
enables evaluation of the factors regulating microcirculation,
including the functional state of thin unmyelinated nerve
fibers involved in the innervation of microvessels (vasomotor
sympathetic and sensory peptidergic). This is especially
valuable for traumatology and orthopedics, as the results of
LDF characterize not only the purely vascular component of
tissue tropism implemented at the level of microcirculation
but also the condition of the nervous component of tropism
implemented through thin nerve fibers [2, 9]. Currently, this
opportunity has become even more crucial owing to the
fact that neurophysiological diagnostics in traumatology
and orthopedics, including vertebrology, is based on an
electrophysiological approach with an assessment of
conductivity along myelinated nerve fibers. However,
this approach is ineffective for diagnosing unmyelinated
innervation.

The choice of the skin of the plantar surface of the big toe
as the LDF registration zone was due to the high density of
unmyelinated fibers, including perivascular, in the skin of the
plantar and palmar surfaces in humans [9].

Results indicate that the contribution of trophotropic
sensory peptidergic regulation begins to increase 3—6 months
after surgery, reaches a maximum in 6-12 months, and
decreases slightly, but remains a year or more after surgery.
In this context, the participation of the ergotropic channel of
regulation associated with sympathetic fibers is maintained
at all stages; however, their contribution to the control of
microcirculatory tissue systems decreased starting from
month six after surgery, reaching a minimum in 6—12 months.

Among the quantitative parameters of microcirculation,
the average perfusion value M demonstrated a clear
progression in dynamics after the surgery. In quantitative
terms, for cases of representation in the wavelet spectrum,
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the activity of the trophotropic sensory peptidergic channel
of regulation (the values of the normalized amplitudes
of blood flow oscillations of the corresponding genesis)
increased significantly after surgery, and the activity of the
ergotropic sympathetic channel (the values of the amplitudes
of oscillations of the sympathetic adrenergic genesis)
significantly decreased 6—12 months after surgery.

The obtained data indicate the significant participation
of thin nerve fibers in the recovery processes after
decompression surgeries in the spinal canal zone and
in creating anatomical conditions for neurophysiological
reparation in the spinal cord.

CONCLUSION

Using the LDF with spectral wavelet analysis of blood
flow oscillations enables evaluation of the dynamics of the
state of thin unmyelinated nerve fibers and recovery process-
es in patients with kyphoscoliotic spinal deformities associ-
ated with spinal cord compression. After surgery, the activity
of trophotropic sensory peptidergic nerve fibers and micro-
circulatory bed perfusion increased and were maintained
since the early postoperative period. Ergotropic sympathetic
adrenergic activity significantly decreased 6—12 months after
surgery. Maximum mobilization of trophotropic neurogenic
mechanisms of sanogenesis was noted 6—12 months after
the intervention.

ADDITIONAL INFO

Autor contribution. All authors confirm that their authorship meets
the international ICMJE criteria (all authors have made a significant
contribution to the development of the concept, research and
preparation of the article, read and approved the final version before
publication). The greatest contribution is distributed as follows:
A.l. Krupatkin and .M. Militsa — data collection and analysis, writing
the text of the article, analysis of literary sources; A.G. Nazarenko
and AA. Kuleshov — writing and editing the text of the article;
M.S. Vetrile, I.N. Lisyansky, S.N. Makarov — editing the text of the
article.

Funding source. The authors state that there is no external funding
when conducting the research and preparing the publication.
Competing interests. The authors declare that they have no
competing interests.

Consent for publication. The patient gave his written consent for
publication of his medical data.

AO0MNOJIHUTE/IbHO

Brnap aBTopoB. Bce aBTopbl NoATBEpIKAAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXOyHapoaHbIM kputepmsam ICMJE (ce aBTopbl BHEC/N
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Bepcuio nepen, Nybnaukaumei). Hambonblumin BKNaa pacnpenenéH
cnenytowmm obpasom: AWN. KpynatkmH u UM. Munmua — cbop
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WUcTounuk dmHaHcupoBaHuA. ABTOpbI 3asBMAIOT 00 OTCYTCTBUM
BHELUHEro (MHaHCMPOBaHWA NpU MPOBELEHUU UCCNEef0BaHNUA 1
MOAroTOBKE NyBAMKALMN.
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