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BACKGROUND: Little attention has been paid to the study of delayed sensory and motor reactions in adolescents with
spinal deformities after surgical treatment.

AIM: To study the reactions of the sensorimotor system of adolescents after surgical correction of spinal deformity.

MATERIALS AND METHODS: The state of the sensory and motor spheres was analyzed in the immediate postoperative
period in 21 adolescents with idiopathic scoliosis and in 13 with congenital deformities of the spine. A complex of methods
involving global and stimulation electroneuromyography was used. The amplitude of motor, reflex potentials and interfer-
ence electromyogram was evaluated at the maximum arbitrary tension of the lower limb muscles. Using an esthesiometer,
thermal pain sensitivity in Th1-S2 dermatomes was explored. In the process of surgical correction, intraoperative neuro-
monitoring was performed with registration of motor evoked potentials of the lower limb muscles.

RESULTS: At the beginning of surgical intervention, high-amplitude, well-reproducible motor evoked potentials were
obtained in all patients. In the group of patients with idiopathic scoliosis, compared with those with congenital deformities,
smooth flow of surgery prevailed (p > 0.05) without significant changes in motor potentials relative to the baseline (p > 0.05).
The number of observations of motor potentials decreased in the both groups and did not exceed 10%; the differences were
not significant (p > 0.05). The study of the reactions of the sensorimotor system in the immediate postoperative period trig-
gered an increase in the amplitude of M-responses of m. rectus femoris, m. flexor digitorum brevis, m. gastrocnemius, and
a decrease in the amplitude of the total EMG of m. rectus femoris. Values of H-reflexes remained at the preoperative level.
The analysis of thermal pain sensitivity demonstrated the presence of a more pronounced reaction than that of the motor
component. Changes in indicators of this type of sensitivity in groups of adolescents with idiopathic and congenital scoliosis
were opposite. In idiopathic scoliosis, negative dynamics of the values prevailed, while in adolescents with congenital defor-
mities of the spine, positive dynamics prevailed. This was because the amount of correction of the main and compensatory
curves of the deformity in the group with idiopathic scoliosis was 48% greater (p = 0.0004) and 51% greater (p = 0.011),
respectively.

CONCLUSIONS: After surgical correction of spinal deformities in adolescents, the reactions of the sensory system of
thermal pain sensitivity were more pronounced than those of the motor sphere.

Keywords: idiopathic scoliosis; congenital deformities of the spine; adolescents; surgical correction of the deformity; motor
evoked potentials; M-responses; H-responses; EMG; thermal pain sensitivity; intraoperative monitoring.
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UccnepoBaHue peakumit CeHCOMOTOPHOW CUCTEMb
NOAPOCTKOB B npoLecce U Nocne XUpypruueckou
KoppeKkuuu aecdopMaumm No3BOHOYHUKA

E.H. Wyposa, M.C. CandytamHos, M.A. AxmegoBa, [1.M. CasuH, M.A. boraTbipeB

HaumoHanbHbIN MeaMUMHCKWIA UCCefoBaTeNbCKUM LEHTP TPaBMaToNorMm U opToneanm uMeHmn akapemmka A, Mnuzaposa, Kyprau, Poccus

06ocHoeaHue. B nuTepatype Mano BHUMaHWUA YAENEHO UCCNeS0BaHUI0 OTCPOYEHHBIX PeaKUMI YyBCTBUTENbHOW U ABUra-
TenbHO chep NOLPOCTKOB € AedopMaLMAMM NO3BOHOYHMKA NMOC/E ONEPATMBHOIO JIEYeHNS.

Llenb — wccnepoBatb peakuMM CEHCOMOTOPHOW CUCTEMbI MOAPOCTKOB MOCNE XMPYPrUYECKOW KoppeKumn AedopMavum
MO3BOHOYHMKA.

Mamepuanel u Memodel. MpoaHanu3npoBaHa AMHAMMKA COCTOSHUS YYBCTBUTENbHON W ABUraTeNbHbIX cdep B bnukan-
KA NEpUOA Nocsie OMepaTUBHOMD fedeHus AedopMauuv No3BOHOYHMKA Yy 21 MofpocTKa € MAMOMATUYECKUM CKOMMO30M
ny 13 c BpoxAeHHbIMM AedopMaLmaMK NO3BOHOYHMKA. B pabote ncnonb3oBaH KOMMEKC MeTofoB robanbHol U CTUMyns-
LIMOHHOMN 3neKTpoHepoMmorpaduu. OLeHMBaIM aMnUTYay MOTOPHBIX, Pe(IEKTOPHBIX MOTEHLMANOB U UHTEP(HEPEHLMOHHON
3/IEKTPOMMOrPaMMBI MPU MAKCUMANIBHOM MPOM3BOJIbHOM HAMPSKEHUM MBILLIL, HUXHUX KOHEYHOCTEW. C MoMoLLbio 3cTe3uo-
MeTpa uccnefoBann TeMnepaTtypHo-6oneByto YyBCTBUTENLHOCTL B AepMaToMax Th,—S,. B npoLiecce xvpypruyeckoi Koppek-
LiW BbINOHEH MHTPAoMepaLMOHHbIA HEMPOMOHUTOPUHT C PErUCTpaLMeil MOTOPHbIX BbI3BAHHbIX MOTEHLMANOB MbILLLL HUMKHUX
KOHEeYHoCTeMN.

Pesynemamel. B Hauyane onepauyoOHHOr0 BMELLIATENBCTBA Y BCEX MALMEHTOB MOJyYeHbl BbICOKOAMIIUTYAHbIE XOPOLLO
BOCMPOM3BOAMMbIE MOTOPHbIE Bbi3BaHHbIE MOTEHUManbl. B rpynne naumeHTOB € MAMOMATUYECKUM CKOMMO30M MO CpaBHe-
HWIO C Tpynnoii ¢ BpOXAEHHbIMU fedopMaumamu npeobnagano (p > 0,05) cnoKoiiHoe TeYeHWe OMepaTMBHOIO BMELLATeNb-
cTBa 0e3 CyLLeCTBEHHbIX U3MEHEHUI MOTOPHBIX BbI3BaHHbLIX MOTEHLMAN0B 0THOCUTENLHO Ga3oBoro yposHs (p > 0,05). Konm-
YecTBO HabMIOLEHMIA OMACHOM0 CHUMEHUS MOKa3aTeNieil MOTOPHbLIX BbI3BaHHLIX MOTEHUMANoB B 00enx rpynnax cpaBHeHUs
He npesbiwano 10 %, pasnuuua cTaTucTUyecku He 3Hauumbl (p > 0,05). Mpu M3ydeHUM peakumii CEHCOMOTOPHONM CUCTEMBI
B bnvxkaiueM nocneonepauvoHHOM Nepuoje BbISIBNEHO YBENMYeHWe aMniuTyabl M-otBeToB m. rectus femoris, m. flexsor
digitorum brevis, m. gastrocnemius, CHUXeHWe aMMNUTYLbI CyMMapHOIA aneKTpoMuorpadmmn m. rectus femoris. Nokasatenu
H-pednekcoB ocTaBanuch Ha foonepaLMoHHOM ypoBHe. lpu aHanu3e TeMnepaTypHo-601eBoi YyBCTBUTENBHOCTM 06HapYe-
Ha bonee BbIpaXKeHHasA peaKLUus B CPaBHEHUN C MOTOPHBIM KOMMOHEHTOM. 3MeHeHUs noKasaTesnien 3T0ro BUAa YyBCTBUTENb-
HOCTU B rpynnax NOAPOCTKOB C MAMONATUMYECKVUM CKONIMO30M U BPOXAEHHbIMM JedopMaLmaMn HOCWITIM NPOTUBOMONIOXKHbIN
xapakTep. [lpn ngmonaTyecKoM ckonuo3e npeobnagana oTpuulaTenbHas AUHAMKUKA YYBCTBUTENBHOCTM, Y NOAPOCTKOB C BPOXK-
LEeHHbIMM fedopMaumnaMnm — monoxuTenbHas. [aHHbii GakT 06ycnoBneH TeM, YTO BEMYMHA KOPPEKLWM OCHOBHOW M KOM-
neHcaTopHbIX Ayr fedopMauumm B rpynne obcnesyeMbix ¢ MAMONATUHECKUM CKONIMO30M bbina bonblue Ha 48 % (p = 0,0004)
1 51 % (p = 0,011) cooTBETCTBEHHO.

3axmoqenue. MNocne XMpyprudecKoii KoppeKkumn fedopMaLmii NO3BOHOYHWKA NOAPOCTKOB PeakLmn CEHCOPHOM CUCTEMBI
TeMnepaTypHo-6051eBoi YyBCTBUTENBHOCTY Bonee BbipaXeHbl, YeM MOTOPHOI cdepbl.

KnioueBble C/I0Ba: MAMONATUYECKWIA CKONMO3; BPOXKAEHHbIE fedhopMaLmy NO3BOHOYHWKA; NOAPOCTKM; XMpypriyecKas Kop-
peKums aedopMaLymm; MOTOpHbIE Bbi3BaHHbIE MoTeHUManbl; M-otBeTbl; H-0TBeThl; anekTpoMuorpadms (3MI); TeMnepatypHo-
boneBas YyBCTBUTENBHOCTb; MHTPAONEPALIMOHHbIA MOHUTOPUHT.
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CLINICAL STUDIES

BACKGROUND

Spinal cord injury remains a severe consequence de-
spite all the fundamental and applied research, contem-
porary method advantages, and used surgical hardware
to correct spinal deformity [1, 2]. One of the most serious
complications is a neurological deficit, with an incidence of
0.37%-10% [3].

Spinal cord injury can occur after surgical interventions,
including the correction of scoliosis and kyphosis, because
these manipulations are aimed to elongate the spinal column
and impart the spinal cord with significant tension, which
results in prolonged injury [2].

Literature analysis revealed an increased incidence of
spinal cord distraction injuries with the use of a growing rod
system which is widely used to correct spinal deformities
[4, 5]. Additionally, the number of incidents of traction spinal
cord injuries increased over time from 0.72% in 1975 [6] to
1% in 1987 [7] and reached 17% in 2011 [8].

Most researchers agree that excessive distraction is
the main cause of spinal cord damage and dysfunction during
the correction of spinal deformities [9, 10].

Currently, surgeons argue about the optimal length and
time of distraction to avoid paralysis [1, 11, 12]. However,
an experimental model has shown that hypoxic events even
during minor spinal distraction (in the absence of spinal cord
open mechanical or vascular injuries) can cause metabolic
deterioration in motor spinal neurons and permanent func-
tional deficits [2, 13]. Concurrently, other authors bear evi-
dence of increased spinal cord blood flow with a minor spinal
distraction when the amplitude of the evoked potentials of
the spinal cord is 80%—100% of the norm [14, 15]. Addition-
ally, spinal cord dysfunction occurs from excessive tensile
stress (affecting the pathways) and delayed onset of spinal
cord ischemia in the upper thoracic region, which may be in-
duced by a similar mechanical process acting on the internal

Table 1. Characteristics of the examined adolescents (M + m)
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blood vessels of the spinal cord, in acute or gradual spinal
column elongation of the monkey [16].

Delayed postoperative neurological deficit is a potentially
hazardous condition after the correction of kyphoscoliotic
spinal deformity. Neurological disorders occur within several
hours or days after the surgical intervention. Single reports
have been published on this subject [4, 17, 18].

Subclinical changes in the sensorimotor system state
are most often neglected by doctors and researchers;
therefore, delayed postoperative responses of the sensitive
and motor spheres of adolescents with scoliosis of various
genesis to surgical treatment should be further investigated
[19-21].

The study aimed to investigate the sensorimotor system
responses of adolescents after surgical correction of spinal
deformity.

MATERIALS AND METHODS

This study examined 34 patients with spinal deformities
aged 11-18 years. Subjects were distributed into two groups
based on disease etiology, namely, 1) idiopathic scoliosis
in 21 adolescents and 2) congenital spinal deformities in
13 adolescents. The control group consisted of 32 healthy
children aged 11-17 years.

A comparative analysis of anthropometric parameters
revealed no significant differences in height, weight, and body
mass index (BMI) in adolescents with idiopathic scoliosis
before surgery from those of healthy peers (Table 1).

Adolescents with congenital scoliosis were shorter
(-7.2%, p =0.00035) and weighed less (-13.4%, p = 0.041)
than healthy children and adolescents with idiopathic
scoliosis. However, the BMI did not differ from the values
of other groups of subjects (p =0.589). The main curve
angle in the group of patients with idiopathic scoliosis did
not differ from the values of this indicator in adolescents

Adolescent groups

Indicators

healthy with idiopathic scoliosis, with congenital spinal

n=32 n=21 deformities, n = 13
Age, years 145+ 1.6 15.0 £+ 0.36 14.0+0.6

(range: 11-17) (range: 12-18) (range: 11-17)

Gender Boys: 15; Boys: 6; Boys: 7,

girls: 17 girls: 15 girls: 6
Height, cm 161.0 + 1.1 1612 + 1.6 150.0 + 3.0*
Weight, kg 54.0+ 1.2 53.2+23 46.1+2.2*
BMI, kg/m? 20.8+0.3 20.6 + 0.9 205+08
Angle of the main curve of the deformity, ° - 51.3+3.3 615+ 49
Angle of the compensatory curve of the - 34.0 £ 4.7 52.6 +5.0%
deformity, ° n=10 n=9

*Significant difference from the indicators of healthy adolescents, p < 0.05. BMI: body mass index.
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with congenital scoliosis (p = 131). The compensatory curve
was <35% (p = 0.016).

Adolescents with idiopathic scoliosis did not have
any motor, reflex, or sensory disorders. Various vertebral
changes at the deformity apex were determined (computed
tomography), namely, vertebral body deformity, thinning of
the arches, and rotation. The spinal canal dimensions were
not reduced, and there was no compression of its structures.
The main deformity curve was located at the vertebral
Th,~Th,, levels, and the compensatory curve was located at
the vertebrae L,—L, levels.

The study of adolescents with congenital spinal deformi-
ties revealed various developmental vertebral abnormalities,
including wedge- and butterfly-shaped vertebrae, semiver-
tebrae, and block vertebrae, as well as vertebral segmenta-
tion and developmental disorders. Of the 13 patients, 7 were
diagnosed with scoliosis, 4 had kyphoscoliosis with a leading
scoliotic component, and 2 had kyphosis.

There were no intracanal abnormalities in patients
with congenital scoliosis. The main curve of the spinal
deformity was located at the Th,-L, vertebral levels and
the compensatory curve was at the Th,—L, vertebral levels.
Movement disorders were registered in 3 (21%) patients,
including lower monoparesis on the right and lower spastic
paraparesis.

We analyzed the changes in the sensory and motor
sphere status in the immediate postoperative period (after
6-21 days, on average after 11.2 + 0.9 days) to study the de-
layed responses of the sensorimotor system of adolescents
after spinal deformity corrections.

During the study, the amplitudes of motor (M-responses)
and reflex (H-reflexes) potentials were evaluated, as well as
interference electromyogram (EMG) at the maximum voluntary
muscle tension of the lower extremities. EMG was examined
according to the design developed by A.P. Shein [20], using
the Viking EDX digital system (Natus Medical Incorporated,
USA). Previously published data [22] were used as the norm
(control group).

The temperature and pain sensitivity was determined
in Th,=S, dermatomes using an electric esthesiom-
eter (thermistor manufactured by EPCOS Inc., Germany).
The control group consisted of 32 healthy adolescents aged
11-17 years.
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Adolescents with spinal deformity underwent surgical
correction. One-stage spinal deformity correction and stabili-
zation were performed using transpedicular fixation systems
during the surgical intervention. Spinal osteosynthesis was
performed according to the Cotrel-Dubousset Instrumenta-
tion concept, and the level of fixation depended on the Lenke
type of scoliosis.

The ISIS IOM system (Inomed Medizintechnik GmbH, Ger-
many) was used to perform intraoperative neuromonitoring
with the registration of motor evoked potentials (MEPs) of
the lower extremity muscles upon stimulating the corre-
sponding projection zones of the motor cortex [23].

Statistical result processing was performed using
the Microsoft Excel 2010 program, the AtteStat add-on
(Russia), and the Statistical Package for the Social Sciences
program (SPSS Inc., Chicago, Illinois, USA). The studied
data distribution normality was tested using the Shapiro-
Wilk and Kolmogorov—Smirnov tests. The significance
of changes in a normal type of distribution was assessed
using the Student's parametric t-test, after evaluating
the condition for equality of variances using Levene’s test.
The nonparametric principle of statistical processing was used
in the absence of a normal distribution. The rate of recurrence
(%, /) of different variants of the pyramidal system reaction
to the spinal deformity correction was calculated as the ratio
of the number of cases (n) of different neuromonitoring
variants to the total number of cases (N). The significance of
the differences between them was evaluated using the Z-test
for the difference in shares and the ¥ test. The critical level
of significance was equal to 0.05 when testing the statistical
results.

RESULTS

A magnitude analysis of the deformity correction showed
that the reduction in deformity in the main and compensatory
curves was 77.8% + 4.0% and 72.0% + 5.2%, respectively, in
idiopathic scoliosis, (Table 2). The amount of correction was
lower, with 52.0% + 5.9% and 48.0% + 6.5% in the main
and compensatory curves, respectively, in adolescents with
congenital spinal deformities (Table 3).

High-amplitude and well-reproducible MEPs were
obtained in all patients at the beginning of the surgical

Table 2. Values of spinal deformity correction in adolescents with idiopathic scoliosis (M + m, n = 21)

After treatment Magnitude of change, %

Parameter Before treatment
Angle of the main curve of deformity, ° 51.3+3.3
(35-85)
Angle of the compensatory curve 340 47
of deformity, © (15-65)

12.7 + 2.9* 778 + 4.0
(0-50) (25-100)

p = 0.00006

10.6 + 3.5¢ 720 £5.2
(3-40) (39-88)

p =0.0051

*Significance of difference from the preoperative level, p < 0.05.
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Table 3. Values of spinal deformity correction in adolescents with congenital spinal deformities (M + m, n = 13)

Parameter Before treatment After treatment Magnitude of change, %
Angle of the main curve of deformity, ° 61549 30.0 + 4.1% 52.0+5.9
(40-81) (11-60) (20-77)
p = 0.0004
Angle of the compensatory curve 52.6 +5.0 28.4£5.1* 48.0+6.5
of deformity, ° (35-80) (15-61) (24-77)
p = 0.0054
*Significance of difference from the preoperative level, p < 0.05.
intervention, which was used as a basic level of the spinal Start
tract condition. Figure 1 presents variants of MEP changes @ ‘. “
during surgical spinal deformity corrections. é’ C ‘
The diagram illustrates that an uneventful course of &
surgery prevailed (p > 0.05) without significant changes in & 10.0] @ )
MEP relative to the baseline in the group of patients with 3 B 38.5 | N~ @
idiopathic scoliosis compared with patients with congenital £
oy (=2}
deformities (p > 0.05). S A 180.0 @ I @

This response variant does not indicate the occurrence
of danger for the spinal tracts but may be a precursor
of a hazardous situation [24]. The number of cases of
a dangerous decrease in MEP in both comparison groups did
not exceed 10%, without statistically significant differences
(p>0.05) (Fig. 1). The surgeon’s actions were adjusted
in such situations [23, 24]. Not a single case of clinical
manifestation of newly acquired motor deficit was revealed
in the analyzed sample after the end of the surgery.

The sensorimotor system response evaluation of
adolescents with idiopathic scoliosis to the spinal deformity
correction in the postoperative period demonstrated
the ambiguity of the extent of motor and sensory sphere
changes.

The analysis of the neuromuscular system responses
to the spinal deformity correction revealed an insignificant
change. There was an increase in the amplitude of M-re-
sponses of m. rectus femoris (4%, p = 0.008), m. flexsor
digitorum brevis (7%, p=0.001), and m. gastrocnemius
(5%, p = 0.008) (Table 4).

Changes in the total EMG amplitude of m. tibialis anterior,
m. gastrocnemius, and those of total EMG frequencies of
m. rectus femoris and m. tibialis anterior was not registered.
A significant decrease was found in the total EMG amplitude
of m. rectus femoris (15.4%, p = 0.005) and the frequency
of m. gastrocnemius (9%, p = 0.042). The amplitude of
H-reflexes in the postoperative period corresponded to
the initial level. Thus, it was 4.9 + 0.6 mV preoperative and
5.0 £ 0.6 mV postoperative in m. gastrocnemius. The study
on m. soleus revealed that the postoperative amplitude of
H-reflexes (6.7 + 1.1 mV) did not significantly differ from
the preoperative level (6.2 + 0.9 mV, p = 0.21).

The study on the change of temperature and pain
sensitivity indicators in adolescents with idiopathic scoliosis

o1
@I

0.0 20.0 40.0 60.0 80.0 100.0
Frequency of various options of the course of surgeries, %

ar ain

Fig. 1. Changes in motor evoked potentials (MEPs) during
surgical spinal deformity correction in patients with congenital
deformity (1) and idiopathic scoliosis (Il). The abscissa axis is
the frequency (%) of various surgical options. The ordinate
axis presents surgical options: A) uneventful course of surgical
intervention; B) emergence of unstable MEPs in form and
characteristics; C) dangerous decrease in MEP amplitude.
Hatching indicates high-amplitude stable basic MEPs and
responses that remained at the base level at the end of the
surgery. The white color indicates unstable MEPs in form and
characteristics. The black color indicates a critical decrease in
the MEP amplitude

registered pronounced responses of this sensory system.
Thus, the analysis of thermal sensitivity on average for
the sample showed a decrease in cases of normal (54.1%,
from 15.7% + 3.6% to 7.2% + 2.8%, p = 0.0001) and increased
(20%, from 48.5% +3.7% to 39.0% + 2.3%, p=0.008)
thresholds. An increased number of thermoanesthesia cases
was noted (52.1%, from 35.5% + 2.1% to 54.0% + 3.1%,
p = 0.000002). The thermal sensitivity improvement prevailed
only in three dermatomes (Th,, Th,, and Th;). The deterioration
of indicators prevailed in other dermatomes (Fig. 2). This was
especially pronounced in the Thy—L, dermatomes (zone of
the main and compensatory curves of deformity and surgical
intervention). The predominance of negative changes is also
confirmed by an increased threshold of thermal sensitivity by
an average of 1.1° + 0.1° for the sample (from 39.2° + 0.4° to
40.3° £ 0.4°, p = 0.0001).

Changes in pain sensitivity on average for the sample
revealed a decreased number of cases of normal thresholds
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Table 4. M-response amplitude and total electromyography of lower limb muscles in adolescents with idiopathic scoliosis before and after
deformity correction (M + m)

Indicators of total electromyography
Amplitude of M-responses, mV

before correction after correction
Muscles
before after amplitude, frequency, amplitude, frequency,
control group . .
correction correction mV turn/s mV turn/s

M. rectus femoris 217 +£0.7 19.6 £+ 0.6 20.4 £ 0.5* 0.38+003 2520+13.0 0.32+0.03* 276.0 £ 19.0

n=32 2n=36 2n=36 2n =140 2n=32 2n =140 2n=32
p=0.008 p=0.005 p=10.083
M. tibialis anterior 7703 8.6 0.3 8.6+0.3 0.47 +0.02 368.0 £ 16.0 0.50 + 0.03 3570 £ 18.8
n=32 2n=36 2n=36 2n =140 2n=32 2n =140 2n=32
p=0.21 p=0.176
M. extensor 10.6 + 0.7 83+05 8.7+05 - - - -
digitorum brevis n=32 2n=36 2n=36
M. flexsor 170 + 1.1 193+0.8 20.6 + 1.0* - - - -
digitorum brevis n=32 n=138 n=38
p=0.001
M. gastrocnemius 315+1.2 300+13 N4 +1.2* 0.22 +0.02 358.4 + 20.0 0.23+0.02 3258 +16.8*
n=32 2n=36 2n=36 2n=40 n=32 n=40 2n=32
p=0.008 p=0.042

*Significant difference from the preoperative level, p < 0.05. 2n is the number of limbs. Turn is a change in the curve direction on the electromyogram
with a curve amplitude of at least 100 pV.
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spinal deformity correction

Th, n—
Th, e—

Th;,

Th,, I
Th,, I

Dermatomes

DOI: hitps://doi.org/10.17816/PTORS100676



Pediatric Traumatology. Orthopaedics

CLINICAL STUDIES Vol. 10 (2) 2022 and Reconstructive Surgery
E %

80

70

60

50

40

30

20

L

[] Ll
ééfééééﬁﬁéggjffjff

@ % Dermatomes

80

70

60

50

40

30

20

10 I

0 = & 8w e s e e B
iErErErErErErErErE-E-E,-E”—'—'—'—'—"”

Dermatomes

Fig. 3. Positive (g) and negative (b) pain sensitivity changes in adolescents with idiopathic scoliosis 12.0 + 1.2 days after surgical spinal

deformity correction

(34.5%, from 29.0% + 3.3% to 19.0% = 3.1%, p = 0.001), as
well as an increased number of cases of elevated thresholds
(16.7%, from 63.0% = 4.9% to 73.5% = 5.6%, p = 0.0004).
The volume of reduced thresholds remained (8.4% + 2.4%
pre-treatment and 5.9% + 2.2% post-treatment, p = 0.13).

Pain sensitivity improvement prevailed in the Th, and
Th, dermatomes; while positive and negative changes were
in the same proportions in the Th; dermatome (Fig. 3).
The negative change in indicators prevailed in other der-
matomes (43%—67% of cases). An increased pain sen-
sitivity threshold was also registered by 1.0° +0.1° on
average for the sample (from 43.7° + 0.4° to 44.5° + 0.5°,
p =0.0001).

Thus, the change of the M-response amplitude of m. rectus
femoaris, m. flexsor digitorum brevis, and m. gastrocnemius
was unpronounced in the immediate period after deformity
correction in adolescents with idiopathic scoliosis. The total
EMG amplitude of m. rectus femoris and the frequency of
m. gastrocnemius significantly decreased. There were no
changes in the total EMG amplitude of m. tibialis anterior and
m. gastrocnemius, the total EMG frequencies of m. rectus
femoris and m. tibialis anterior, and the amplitude of
H-reflexes.

Negative temperature and pain sensitivity changes were
detected at the subclinical level in most of the studied

DOI: https://doi.org/ 10

dermatomes, and there were no changes in the neurological
status.

The analyses of the neuromuscular system changes after
the deformity correction revealed a decreased total EMG
amplitude of m. rectus femoris (by 21%, p = 0.0046) (Table 5),
as well as an increased M-responses of m. flexsor digitorum
brevis (by 11.5%, p = 0.0033) and m. gastrocnemius (by 19.2%,
p = 0.016) in adolescents with congenital spinal deformities,
as well as idiopathic scoliosis, although these changes were
more pronounced than in idiopathic scoliosis.

There were no significant changes in other indicators.
The h-reflex amplitude of m. gastrocnemius did not
significantly differ before and after deformity correction
(6.3+0.8 mV and 6.4 + 0.9 mV, respectively). Temperature
and pain sensitivity changes revealed an increased number of
cases of normal thermal sensitivity thresholds by 96% (from
6.8% = 3.0% to 13.3% + 3.6%, p = 0.001).

The volume of elevated thermal sensitivity thresholds
remained at the preoperative level (38.3% + 3.3% before
surgery and 35.2% + 1.7% after surgery, p = 0.177), as well
as the proportion of thermoanesthesia, with 55.0% + 3.0%
before surgery and 50.6% + 3.6% after surgery (p=0.14).
The thermal sensitivity threshold did not significantly change
on average for the sample, as it was 40.9° + 0.6° before
treatment and 40.4° + 0.6° after treatment (p = 0.55).
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Table 5. M-response amplitude and total electromyography of lower limb muscles in adolescents with congenital deformities before
and after deformity correction (M + m)

Amplitude of M-responses, mV

Indicators of total electromyography

before correction

after correction

Muscles
before after amplitude, frequency, amplitude, frequency,
control group correction correction mV turn/s mV turn/s
M. rectus femoris 21707 195+0.9 18.1+0.7 0.377£0.04  3779+201 0299 +0.03* 348.2+16.3
n=32 2n=24 2n=24 2n=24 2n=14 2n=24 2n=14
p=0.61 p =0.0046 p=0.077
M. tibialis anterior 17+0.3 8.8+0.4 94+0.6 0.440 £+ 0.04  413.0 £ 46.1 0.418 £0.06 4143 +45.2
n=32 2n=24 2n=24 2n=24 2n=14 2n=24 2n=14
p=0117 p=0.076 p=0.49
M. extensor 10.6 + 0.7 75+0.8 7510 - - - -
digitorum brevis n=32 n=22 n=22
M. flexsor 170+ 1.1 174+ 2.1 194 +2.1* - - - -
digitorum brevis n=32 2n=22 2n=22
p=0.0033
M. gastrocnemius 3N5+12 24.0£25 28.6 + 2.0* 0.273+0.03 3590+40.2 0.250+0.04  310.0 + 40.1
n=32 2n=124 2n=124 n=22 2n=14 2n=122 2n=14
p=0.016 p=0226 p =0.104

*Significant difference from the preoperative level, p < 0.05. Turn is a change in the curve direction on the electromyogram with the curve
amplitude of at least 100 pV.
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The dynamics of positive and negative thermal
sensitivity changes in different dermatomes can be
registered in antiphase (Fig. 4). Thus, the improvement
prevailed in Th,-Th, dermatomes (Fig. 4a). Negative
changes were minimal (Fig. 4b). The parity of negative and
positive changes was registered in the Th; dermatome.
The deterioration of thermal sensitivity prevailed from
the Th, to L, levels (area of the main and compensatory
curves of deformity and surgical intervention). The same
values of multidirectional changes were recorded in the L,
and S, dermatomes. Positive changes prevailed in L, L,
L, and S..

A characteristic feature of pain sensitivity changes in
the postoperative period was an increase by 3.6 times in
the proportion of dermatomes with hyperesthesia (from
3.3% + 1.6% to 15.3% + 3.3%, p =0.0002). The number
of cases of normal thresholds decreased by 42% (from
18.2% + 4.3% to 10.5% + 2.8%, p = 0.013). The decreased
proportion of dermatomes with elevated thresholds was
minimal (by 6%, from 78.2% + 6.05% to 73.6% + 5.4%,
p =0.012). A predominantly positive change of pain sensi-
tivity was registered in the area of dermatomes from Th,
to S, (Fig. 5). The increased proportion of dermatomes
with decreased thresholds most probably determined
the average decrease in the pain sensitivity threshold

by 1.1°£0.09° in the sample (from 46.0° + 0.5° to
44.9° + 0.5°, p = 0.00000000022).

Thus, a decreased total EMG amplitude of m. rectus
femoris was registered, as well as an increased M-respons-
es of m. flexsor digitorum brevis and m. gastrocnemius, in
the immediate period after surgical deformity correction in
adolescents with congenital spinal deformities. There were
no significant changes in other muscle activation parameters.
A predominant improvement in temperature and pain sensi-
tivity was noted in most of the studied dermatomes.

In conclusion, similar changes in the activation charac-
teristics of muscles occurred in adolescents with idiopathic
scoliosis and congenital spinal deformities in the immediate
period after surgical deformity correction, which were more
pronounced in congenital scoliosis.

However, the revealed changes in the sensory aspect
of temperature and pain sensitivity in these two groups
of adolescents were opposite: 1) deterioration in indices
prevailed in idiopathic scoliosis, and 2) improvement
prevailed with congenital spinal deformity. Temperature and
pain sensitivity indicators changed at the subclinical level
because there were no dynamics in the neurological status
of adolescents. However, delayed postoperative negative
responses to the sensitive aspect may be prerequisites for
possible neurological disorders.
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DISCUSSION

The analysis of various literature sources revealed a small
number of objective instrumental studies of the sensorimotor
system of adolescents with idiopathic scoliosis after surgical
correction of spinal deformity [19, 20, 25]. The functional
capabilities of the pyramidal structures of the spinal cord [20],
various characteristics of voluntary and evoked bioelectrical
activity of the lower limb muscles [19, 20], characteristics of
changes in paraspinal muscle EMG parameters [19, 26], and
temperature and pain sensitivity [21] were analyzed.

Our study revealed that the neuromuscular system
responses to the correction of spinal deformity showed
an increased M-response amplitude of m. rectus femoris,
m. flexsor digitorum brevis, and m. gastrocnemius.

Our study results are confirmed by the findings of
other authors who determined that the functionality of
the sensorimotor system of the lower extremities improves
in 37.8% of cases [20], and the conduction velocity along
motor axons increases after spinal deformity correction [19].
An improvement in the functionality of the back muscles
was also recorded, and the EMG indicators became more
balanced [19, 26].

Cases of decreased amplitude characteristics of the elec-
trical activity of the muscles, which were accompanied or
not accompanied by motor disorders, should be paid with
heightened attention by a neurologist not only in the post-
operative period but also before the next stage of surgical
treatment [24].

The analysis of temperature and pain sensitivity thresh-
olds revealed a more pronounced negative reaction at
the subclinical level compared to the motor component
because of the peculiarities of surgical correction (trans-
pedicular fixation), surgical intervention localization (dor-
sal approach), sensory conductor and ganglia location, and
the scope of spinal deformity correction.

Posterior instrumental transpedicular fixation has several
advantages, including a smaller number of vertebral fixation,
the possibility of selective correction [27], and adequate defor-
mity correction [28]. However, it has a disadvantage, namely
the implementation of only single-stage correction [29]. All
maneuvers are reduced to simultaneous distraction traumatic
manipulations for the spinal cord [29, 30].

Negative temperature and pain sensitivity changes may be
due to single-stage intraoperative spinal traction (derotation
maneuver) when indirect spinal cord effects and reactive
changes in blood vessels (microvascular ischemic events)
can impair the spinal cord functions and structures [31].

The improvement in this type of sensitivity may be because
the initially tense and compressed superficial meningeal
arteries and some radicular arteries are in more optimal
conditions after spinal deformity correction, and this leads
to an improved trophism and neural structure functioning.
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Literature analysis revealed no information in scientific
publications about instrumental studies of the responses
of the sensitive and motor aspects in adolescents with
congenital spinal deformities.

Our study revealed that changes in the neuromuscular
system after the deformity correction were almost the same
in patients with congenital spinal deformities as in patients
with idiopathic deformity, although the magnitude of the shifts
was greater.

The registered changes in the study of temperature and
pain sensitivity in adolescents with congenital deformity
were predominantly positive, in contrast to the deterioration
of this type of sensitivity in idiopathic scoliosis. Notably,
the deformity correction value (%) in the group of subjects
with idiopathic scoliosis was 48% higher (p = 0.0004) than
in the absence of significant differences in the initial angle of
the main curve of deformity in these groups of adolescents
(p = 0.131). Correction of the compensatory curve in idiopathic
scoliosis was also greater (by 51%, p=0.011) than in
congenital deformity.

The reduced rate of deformity correction in congenital
pathology may be due to an increased proportion of cases
of detected critical MEP changes during intraoperative
monitoring, which indicates dangerous changes in
the functional state of the spinal cord.

CONCLUSION

The study of responses of the sensorimotor system
of adolescents with idiopathic scoliosis and congenital
spinal deformities revealed an increased M-response
amplitude of m. rectus femoris, m. flexsor digitorum brevis,
and m. gastrocnemius, as well as decreased total EMG
amplitude of m. rectus femoris in the immediate period after
surgical treatment. Indicators of H-reflexes remained at
the preoperative level.

The responses of the sensitive aspect (temperature
and pain sensitivity) were more pronounced than those of
the motor component, although at the subclinical level.
Changes in groups of adolescents with idiopathic scoliosis
and congenital spinal deformities were opposite because
negative changes in the indices prevailed in idiopathic
scoliosis, and temperature and pain sensitivity improved
in congenital deformities. This is because the amount of
deformity correction in the group of subjects with idiopathic
scoliosis was greater by 48% in the absence of significant
differences in the initial angle of the main curve of deformity.
Correction of the compensatory curve in idiopathic scoliosis
was also greater by 51% than in congenital deformities.

The reduced volume of the deformity correction in
congenital deformities may be due to an increased proportion
of cases with a critical decrease in the MEP amplitude during
intraoperative monitoring.
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