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THE FEATURES OF THE FUNCTIONAL STATE OF MUSCLE FIBERS
IN PATIENTS WITH MULTIPLE SCLEROSIS WITH SPASTICITY
ACCORDING TO THE RESULTS OF ELECTRONEUROMYOGRAPHY
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Abstract. Aim. The aim of the study was to assess the functional state of muscle fibers in spasticity in patients with
multiple sclerosis (MS) according to the results of electroneuromyography. Material and methods. The study of elec-
troneuromyography indices was performed on 51 MS patients with spasticity (26 women and 25 men aged 24 to 71,
mean age 43,8+1,6). The study was conducted via application of a stimulation non-invasive technique using a Nihon
Kohden apparatus (motor fibers of n. medianus, n. tibialis, and sensory fibers of n. medianus, F-wave n. medianus,
n. tibialis, and H-reflex). Spasticity of the upper and lower extremities was assessed using the Modified Ashworth Scale.
Results and discussion. Significant decrease in the amplitude of the M-response was revealed when examining
both the upper and lower extremities in MS patients with minimal clinical signs of spasticity. Indicators of late electro-
physiological phenomena (F-amplitude mean) changed only in the lower extremities, where the level of spasticity was
higher. Threshold levels of the M-amplitude were identified in order to assess the risk of a high total score of spasticity
>12. Conclusion. The results of the study revealed the main electrophysiological indicators of early manifestations of
spasticity in MS patients. The main electrophysiological indicator of the early manifestations of spasticity in patients
with multiple sclerosis is a decrease in the amplitude of M-response. The mean F-amplitude decreases according to
the increase in spasticity in the lower extremities in patients with multiple sclerosis having different levels of spasticity.
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MbILUEYHbIX BOJIOKOH Y BOJIbHbIX PACCEAAHHbIM CKJIEPO30M
CO CMACTUYHOCTbIO MO PE3YJILTATAM 3JIEKTPOHENPOMUOIPADUMN
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Pecbepar. Ljesib uccrnedoeaHusi — NPOBECTU OLEHKY (DYHKLMOHANBHOMO COCTOSIHUS MbILLEYHbIX BOSIOKOH Mpu crnac-
TUYHOCTU Y BOMbHBLIX PACCEAHHbIM CKIIEPO30M MO pesynsrataM anekTpoHenpomuorpacdpun. Mamepuan u Memoosil.
[MpoBeneHo nccnenoBaHve nokasartenen anekTpoHeripommnorpacdumn y 51 60nbHOro paccesHHbIM CKIepo3oM CO crac-
TUYHOCTBIO [26 XEHLLUMH 1 25 My>X4nH B Bo3pacTe OoT 24 o 71 net, cpeaHuii Bo3pacTt coctasun (43,8+1,6) roga]. Uc-
crnefoBaHue NpoBOAUIIOCH MO CTUMYMALMOHHOM HEMHBA3MBHOM MeToAuke Ha annapate Nihon Kohden (aBuratenbHble
BOJSIOKHa n. medianus, n. tibialis, 4yBCTBUTENBLHBIE BONOKHA N. medianus, F-BonHa n. medianus, n. tibialis, H-pecnekc).
CnacTUYHOCTb BEPXHUX U HKHUX KOHEYHOCTEN OLeHnBanu no MoanduumposaHHon wkane Ashworth. Pesysismamsbi u
ux o6cyxdeHue. Y NauneHTOoB C pacCesiHHbIM CKNEePO30M C MUHUMAIbHBIMU KITMHUYECKUMI NPU3HaKaMy CNacTUYHOCTU
BbISIBNIEHO JOCTOBEPHOE CHIDKEHME amnnuTyabl M-oTBeTa Npu nccrnegoBaHumn Kak BEPXHUX, Tak M HUXKHUX KOHEYHOCTEN.
MokasaTenu No3gHMX aNeKTPoU3noNornyeckmx heHoMmeHoB (F-amnnnTyaa cpeaHsist) USMEHSNIUCb TOSNBbKO Ha HUKHUX
KOHEYHOCTSIX, rAe YPOBEHb CNacTUYHOCTM Obin Bbille. bbinv BbisiBNeHbl NOporoBble ypoBHU M-aMnnuTyabl Anst OLEHKN
pucka pasBuUTUSI BLICOKOrO CyMMapHoro 6anna cnactuyHoct >12. Bbieodbl. Pe3ynbraThl MCCNEeAOBaHNS BbIBUNU
OCHOBHbIE 3MEKTPOU3INONOTNYECKNE MHONKATOPbLI PaHHUX NPOSIBNEHUA cnacTuiHOCTU Y 6onbHbiX PC. OCHOBHbIM
3NeKTPOU3NONOTMHECKUM UHANKATOPOM PaHHUX MPOSIBIIEHUIA CMACTUYHOCTU Y BOMbHBIX PacCesHHbIM CKI1EPO30M
SIBNSIETCA CHWXKeHne amnnuTyabl M-oTBeTa. F-amnnuTyaa cpegHsas CHUXKaeTCcsl COOTBETCTBEHHO POCTY CMACTUYHOCTU
B HWXKHUX KOHEYHOCTSIX Y NMaLMEHTOB C PaCCeAHHbIM CKIEPO30M Pa3HOro YPOBHSA CMAaCTUYHOCTH.

Knroyeenle csioga: cnacTUYHOCTb, paccesiHHbIN cknepo3, M-amnnuTyaa, anekTpodusmonormyeckne eHOMeHbI.
Ans cebinku: Jompec, H.B. Oco6eHHOCTY (hyHKLIMOHANBHOTO COCTOSIHWS MbILLEYHbIX BOSTIOKOH Y 6OMbHbIX PaCCeAHHbIM
CKNepo30oM CO CMacTUYHOCTBIO MO pesynbrataM anekTpoHeripomuorpadcum / H.B. Jompec // BecTHuk coBpeMeHHom
KINHUYeckon meamumHbl. — 2020. — T. 13, Bein. 5. — C.46-56. DOI: 10.20969/VSKM.2020.13(5).46-56.

I ntroduction. In contemporary neurology, the related to trauma [1, 2]. Spasticity is a typical symptom
problem of early diagnostics and the development  of multiple sclerosis (MS). According to a survey con-
of multiple sclerosis (MS) is susceptible to the overpowe-  ducted by the North American Research Consortium on
ring relevance and medical and social significance. = MS (NARCOMS, 2001), spasticity occurs in 60—85%
According to WHO, MS is the most frequent cause of MS patients [3, 4]. Increased muscle tone leads to
of young people being incapable for employment not  limited participation in public life, primarily due to limited
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motor functions. These factors lead to decreased inde-
pendence, impair quality of life and may affect the role
that a person plays in the family [5]. Spastic paresis is
one of the main reasons for disability in such patients.
Spasticity affects the functions of the nervous system,
which is reflected in the scale of functional systems
(FS) and the level of disability on the extended scale
of disability assessment (EDSS) [6, 7].

However, thorough examination of muscle tone and
the degree of spasticity is not required during a routine
examination by a neurologist, although the diagnosis of
these disorders in the early stages of the disease can
lead to timely treatment and improvement of quality of
life. Electroneuromyography as a method to clarify the
degree of damage and the extent of involvement in the
pathological process of muscle tissue, is mainly used
in medical practice for the differential diagnosis of MS.

Analysis of Studies on this Topic. Objective
assessment of severity of spasticity is important. In
addition to clinical examination, spasticity can be
assessed on the basis of clinical scales, biomechanical
and electrophysiological methods [3, 8]. Currently,
the Modified Ashworth Scale is most commonly used
to assess the severity of spasticity due to its ease of
use and extensive assessment of the patient’'s muscle
condition. This scale is time-tested and is widely used
to assess the condition of a patient with spasticity and
the effectiveness of treatment [7, 10, 11, 12, 13].

Electrophysiological examination (electrone-
uromyography) allows a detailed study of the functional
state of muscle fibers and is an objective method of
studying spasticity [9, 14].

Although MS is a disease of the central nervous
system and it is believed that electrodiagnostic tests of
the peripheral nervous system should not be abnormal,
studies suggest that peripheral nerves may also be
affected by MS [15]. The studies evaluated the late
electrophysiological phenomena: the H-reflex, since
an increase in the excitability of a-motor neurons is an
important mechanism of spasticity [12, 16]. An analysis
of more than 185 sources showed that the following
methods are most often used to assess spasticity:
H-reflex, T-reflex and extended reflex. Moreover, the
correlation with other biomechanical or clinical indicator
for assessing spasticity was moderate or weak [16].
Studies of the characteristics of the F-wave indicate
early changes in the average amplitude of the F-wave
(decrease) even before the development of spasticity
[15]. The importance of early electrophysiological
phenomena (amplitude and latency of the M-response)
in the diagnosis of spasticity has not been receiving
enough attention.

Objective: To assess the functional state of
muscle fibers in spasticity in patients with MS by
electroneuromyography.

Material and methods. We examined 51 patients
with signs of spasticity who were being treated at the
Kyiv City Center for Multiple Sclerosis. The age of the
patients ranged from 24 to 71 years, the mean age was
43,8+1,6. The patients were 26 women and 25 men.
There were 15 patients with secondary-progressive
course, 5 patients with primary-progressive course
and 31 patients with recurrent-remitting course of the
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disease. The duration of the disease ranged from 1 to
33 years, on average 13,22+0,84.

The Modified Ashwort Scale was used to quantify
the severity of changes in muscle tone. Tone was mea-
sured in extensor and flexor muscle groups, and scores
ranged from 0 to 3 (maximum Ashworth score is 4, but
no such patients were studied). The total spasticity
score was calculated by adding the Ashworth scale of
spasticity in 4 lower limb muscle groups (thigh, knee
flexors, knee extensors, feet) and 2 upper limb muscle
groups (shoulder and forearm flexors and extensors)..

Electroneuromyography was performed using non-
invasive stimulation technique with a Nihon Kohden
device in the following areas:

* Motor fibers of n. medianus, n. tibialis.

* Sensory fibers of m. medianus.

» F-wave of n. medianus, n. tibialis.

* H-reflex.

» We evaluated the following findings:

* When examining motor and sensory fibers of
n. medianus and n. tibialis: M-Response Amplitude,
Latency, Interval, Velocity.

* When examining the F-wave of n. medianus, n. tibi-
alis: M-Latency, M-Amplitude, F-Frequency, Average
F-Latency, Average F-Amplitude.

* When examining the H-Reflex: M-Latency, Maxi-
mum M, Maximum H, M/H Ratio, H-Latency.

The primary database was created in Microsoft Excel
2019 MSO (16.0.13029.20342) (Microsoft Corporation,
USA), and the statistical analysis was performed using
Microsoft Excel 2019 and the Statistica 12,0 (StatSoft,
Inc, USA). Statistical processing of the data was per-
formed_using the methods of descriptive statistics: the
mean value, standard error of the mean value (Mtm)
and the median value were calculated.

Significance assessment was performed according
to the Mann—-Whitney U-test for 2 groups of observa-
tions and using the Kruskal-Wallis test for 3 groups of
patients. Analyzing the influence of factor traits, their
prognostic characteristics were determined by calculat-
ing of odds ratio (OR — odds ratio) with 95% confidence
interval and assessment of statistical significance of
OR —results (95% CI).

Results and discussion. The level of spasticity in
patients on the Ashworth scale ranged from 0,4 to 3
points. The average score of spasticity was 1,68+0,06.
The total score of spasticity in patients ranged from 4
to 24 points. Depending on the total score of spastic-
ity, patients were divided into two groups with a total
score of 4-12 points (28 patients) and 13—-24 points
(23 patients). Patients were also divided into 3 groups
depending on the level of spasticity. The first group
consisted of 18 patients with a mild level of spasticity
(0,4—1 point), the second of 24 patients with a medium
level of spasticity (1,52 points), and the third group_of
9 patients with severe level of spasticity (2,1-3 points).
In the three groups by average spasticity the EDSS
level ranged from 3 to 7 points (Fig. 1). By duration of
the disease, patients were distributed as follows: from
1to 9 years — 18 patients, from 10 to 20 years — 24 pa-
tients, from 21 to 33 years — 9 patients. 31 patients
were diagnosed with RRMS, 15 patients with SPMS,
and 5 with PPMS.
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Fig. 1. Average spasticity in relation to EDSS level

Patients were divided into groups according to the
level of spasticity on the Ashworth scale. Although the
vast majority of patients did not have upper extremity
spasticity [only 8 patients (16%) had upper extremity
spasticity], an electromyographic examination of the
upper extremity was performed in all patients to assess
the functional status of the muscle fibers. Patients with
spasticity of the upper extremities (n=8) had from 0 to 1+
points on the Ashworth scale (mean score 0,86+0,12).
The functional state (M-response) of the muscles of
the upper limb (motor fibers of n. medianus) in patients
with MS was assessed depending on the presence or
absence of spasticity. No significant differences were
found. There was a tendency of increased M-latency
with stimulation of the hand [(4,86+0,41) ms] and elbow
[(11,031£0,37) ms] in patients with spasticity, the ampli-
tude of the M-response was lower in patients with spas-
ticity in all points of stimulation; wrist [(10,38+1,12) mV/],
elbow [(11,03£0,37) mV], armpits [(12,01+0,53) mV].

The functional state (M-response) of the muscles of
the upper extremity (motor fibers n. Medianus) in patients
with MS was also assessed depending on the total score
of spasticity (the first group — 4-12 points, the second
group — 13-24 points) (Table 1). Recording of muscle
M-response is the most common electrophysiological
study of motor fibers. M-response is the total potential
of muscle fibers that is registered from the muscle when

the innervating nerve is stimulated by a single stimu-
lus. The decrease in the amplitude of the M-response
when stimulating the distal point occurs when axons
are affected, during muscular processes (both primary
and secondary). There was a significant difference be-
tween the findings in these groups. At stimulation of
the elbow area [(11,60£0,25) ms; p<0,01] and armpit
[(12,9940,25) ms; p<0,05] in patients with a higher total
score of spasticity there is an increase in M-latency, the
amplitude of the M-response was lower in patients with a
higher total score of spasticity at all points of stimulation:
wrist [(9,85+0,58) mV; p<0,03], elbow [(4,27+0,42) mV);
p<0,01], and armpits [(6,05+0,78) mV; p<0,01]. It should
be noted that a decrease in the amplitude of the M-
response in patients with spasticity means a decrease
in the number of muscle fibers involved in the generation
of the M-response due to impaired conduction along the
axons. A decrease in the amplitude of the M-response
was registered in the absence of clinical manifestations of
spasticity in the upper extremities and in the presence of
spasticity in the lower extremities. Therefore, a decrease
in the amplitude of the M-response is an early indicator
of spasticity. Latency is a time delay from the moment of
stimulation to the occurrence of the M-response when
the nerve is stimulated at the distal point. As we know,
the increase in latency is characteristic of demyelinating
nerve damage.

We identified threshold levels of M-amplitude to
assess the risk of developing a high spasticity score
of >12 (Fig. 2).

Decreased level of M-amplitude on the wrist less
than 9,85 mV increased the risk of developing high

OR (95% Cl)

M-Amplitude (wrist) —— 4,30(1,84;10,07)

M-Amplitude (elbow) — 2,51(1,12;5,63)

M-Amplitude (armpit) — o 4,02(1,60;10,09)

0,099 1 10,1

Fig. 2. Prognostic assessment of the risk of severe
spasticity (> 12 points) with a decrease
in M-amplitude below the threshold level

Table 1

Assessment of the functional state (M-response) of the upper limb muscles (motor fibers of n. medianus)
in patients with MS depending on the total spasticity score

) Stimulation point
Indicator Total score Wrist Elbow Armpit

M-Latency, ms 4-12 4,73+0,34 10,34+0,36 11,5240,34
13-24 4,77+0,26 11,60+0,25 12,99+0,55
p >0,05 0,01 0,004

M-Amplitude, mV 4-12 11,19+0,57 6,43+0,64 12,89+3,49
13-24 9,85+0,58 4,27+0,42 6,050,78
p 0,03 0,01 0,01

Interval, ms 4-12 4,98+0,32 5,71+0,21 6,73+3,85
13-24 5,14+0,24 6,53+0,16 1,45+0,17
p >0,05 0,04 >0,05

Velocity, m/s 4-12 - 53,43+2,83 177,43+23,09
13-24 - 46,01+1,08 158,57+30,31
p - 0,05 >0,05

Foot-note: p — confidence estimation based on the Mann — Whitney test.
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spasticity >12 points [OR (95% CI) = 4,30 (1,84—10,07);
p=0,001]. Decreased level of M-amplitude in the armpits
to less than 6,05 mV also significantly increased the
chances of developing spasticity >12 points [OR (95%
Cl) =4,02 (1,60-10,09); p=0,001].

We also evaluated late electrophysiological
phenomena: F-wave and H-reflex depending on the
presence and absence of spasticity.

According to current data, F-wave is motor response
of the muscle, which occurs periodically during
supramaximal stimulation, and in its physiological
essence is a muscular response to reverse discharge,
which occurs as a result of antidromic excitation of
the motoneuron. Thus, the parameters of the F-wave
characterize the changes in the functional state of the
spinal cord motoneurons depending on the degree of
spinal and supraspinal exposure.

We identified significant changes in F-wave latency
during stimulation of the n.medianus (Table 2).

F-wave latency in n. medianus decreased in patients
with clinical signs of spasticity of the upper extremities to
(2,17+0,72) ms; p=0,01. While the average F-latency in-
creased in patients with spasticity to (62,48+31,51) ms;
p=0,04. No significant changes in F-amplitude were
identified.

The M-response of the muscles of the lower extrem-
ity (motor fibers of n. tibialis) was evaluated in patients
with MS depending on the total score of spasticity, as
well as in groups with different mean levels of spasticity.

There was a significant decrease in the amplitude
of M-response at the point of stimulation of the ankle
in a group of patients with a higher total spasticity
score from (13,73+1,21) mV (4—12 points) to 8,68+1,06
(13—24 points) (p=0,003) and knees from 25,21+14,49
(4-12 points) to 3,17+0,80 (13-24 points) (p=0,03).
Differences in latency were statistically insignificant
(Table 3). Therefore, the M-amplitude is the most sensi-
tive indicator of subclinical manifestations of spasticity.

Atthe same time, when studying the latency of motor
fibers of n. tibialis in three groups of patients with differ-
ent average levels of spasticity we found a significant
difference between this indicator in groups of patients
and its reduction at the ankle point from 7,78+0,34 to
6,95+0,47 (p=0,018), which is not typical for demyelinat-
ing lesions of nerve fibers (Table 4).

With increasing spasticity, the amplitude of the
M-response decreased in proportion to the amount
of spasticity from 15,12+1,67 (group 0,4-1 points) to
5,90£1,20 (group 2,1-3 points) (p=0,01). Therefore,
in patients with severe spasticity, the amplitude of the
M-response is the lowest.

When assessing the late electrophysiological phe-
nomenon (F-wave) during stimulation of the muscles
of the lower extremity (n. tibialis), we found that the
average F-latency significantly increased (p=0,007)
with increasing levels of spasticity in patients (Table 5).
Thus, in the group of patients with the lowest level of
spasticity (0,4-1 points) the average F-latency was

Table 2
Assessment of the functional state (F-wave) of the muscles of the upper extremity n. medianus
in MS patients depending on the presence of spasticity in the upper extremity
Indicator Presence (+) or a psence ) F-wave of n. medianus P
of spasticity
Latency, ms * 2,17£0,72
Ys — 4,60+0,30 0,01
. + 7,58+1,74
Amplitude, mV - 8.1740,62 >0,05
+ 61,11+4,84
F-f H. : -
reduency, iz - 49,00£3,37 >0,05
Average F-latency, ms * 62,48:31,51
g Y _ 29,77+0,59 0,04
+ 632,78+98,67
A F- litud % : -
verage F-ampitude, m _ 567,79£71,10 >0,05
Foot-note: p — confidence estimation based on the Mann — Whitney test.
Table 3

Assessment of the functional state of the muscles (M-response) of the lower extremity (motor fibers of n. tibialis)
in MS patients depending on the total score of spasticity

. . . . Total spasticity score
Indicator Stimulation point 12 1324 o

M-Latency, ms Ankle 7,29+0,27 7,24+0,33 >0,05
Knee 16,75+0,47 17,21+0,63 >0,05
) Ankle 13,73+1,21 8,68+1,06 0,003
M-Amplitude, mV Knee 25,21£14,49 3,170,80 0,03
Ankle 7,29+0,26 7,56+0,28 >0,05

Interval
Knee 11,44+1,34 10,08+0,41 >0,05
Velocity, m/s Ankle - - 20,05
Knee 50,49+2,60 46,30+3,36 0,05

Foot-note: p — confidence estimation based on the Mann — Whitney test.
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(52,9341,15) ms, and in the group with the highest level
of spasticity (2,3-3 points) — (58,48+0,91) ms. F, the
average amplitude depending on the level of spasticity,
respectively, decreased from (621,27+118,62) mV to
(476,12£119,67) mV (p=0,008).

We also studied the H-reflex, which is associated
with a descending inhibitory effect of the brain on the
spinal cord. But the difference in the groups of patients
was insignificant (Table 6).

To sum up the results of our study, we note once
again that multiple sclerosis patients with different lev-
els of spasticity showed a significant decrease in the
amplitude of the M-response in the study of both upper
and lower extremities, which means a decrease in the
number of muscle fibers involved in M-responses due to
violation of the conduction of the axons. This is the most
sensitive indicator of early manifestations of spasticity.
While indicators of late electrophysiological phenom-
ena (F-wave), especially average F-amplitude, vary in
patients with spasticity only on the lower extremities.

Conclusion. As a result of the clinical and elec-
trophysiological study of patients with MS, one of the
urgent problems of neurology, determination of indica-
tors of early signs of spasticity, which is one of the main
disabling factors in patients with MS, was further devel-
oped. The obtained results are of practical importance,
due to the fact that early diagnosis of spasticity in MS
allows a decision to be made on the timely appointment
of symptomatic therapy and delay the development of
disability.

Based on the results of the study, the following
conclusions were made:

1. The results of electroneuromyographic exami-
nation showed that the main electrophysiological
indicator of early manifestations of muscle spasticity
of the upper and lower extremities in patients with
multiple sclerosis is a decrease in the amplitude of the
M-response.

2. Late electrophysiological phenomenon — average
F-amplitude decreases with increase of spasticity

Table 4

Assessment of the functional state (M-response) of the muscles of the lower extremity (motor fibers of n. tibialis)
in patients with MS depending on the level of spasticity.

. . . . Spasticity level
Indicator Stimulation point 041 152 213 p

Latency, ms Ankle 7,78+0,34 7,05+0,32 6,95+0,47 0,018
' Knee 17,74+0,64 16,10+,55 17,69+0,44 >0,05

Amplitude, mV Ankle 15,12+1,67 10,13+1,11 5,90+1,20 0,01
' Knee 20,64+16,30 16,11£12,70 4,63+1,31 >0,05
Interval Ankle 7,81+0,34 7,21+0,29 7,30£0,39 >0,05
Knee 11,58+1,51 10,48+1,19 10,44+0,57 >0,05
Velocity, m/s Ankle — - - >0,05
Knee 48,26+3,92 50,25+2,89 44,36+2,17 >0,05

Foot-note: p — confidence estimation based on the Kruskal — Wallis test.
Table 5

Assessment of the functional state of the muscles of the lower extremity (F-wave of n. tibialis) in patients with MS
depending on the level of spasticity

Indicator Spasticity level »
0,4-1 1,5-2 2,1-3
M-Latency, ms 4.,4+0,52 5,19+0,36 6,18+0,83 >0,05
M-Amplitude, mV 3,92+0,81 6,78+1,09 8,56+0,95 0,008
F-Frequency, Hz 78,85+4,72 65,53+4,80 74,6218,82 >0,05
Average F-Latency, ms 52,93+1,15 53,38+1,14 58,48+0,91 0,007
Average F-Amplitude, mV 621,27+118,62 487,97+79,44 476,12+119,67 <0,05
Foot-note: p — confidence estimation based on the Kruskal — Wallis test.
Table 6

Assessment of the functional state of the muscles of the lower extremity (H-reflex) in MS patients depending
on the presence of spasticity.

Indicator 0,4-1 1,5-2 2,1-3 p
M-Latency, ms 9,93+2,87 8,28+1,12 5,93+0,16 >0,05
Maximum M 3,09+1,49 3,02+0,67 2,68+1,01 >0,05
Maximum H 0,63+0,40 1,27+0,63 2,5+0,11 >0,05
M/H Ratio — 147,26+73,63 44,3+0 >0,05
H-Latency, mV 31+0 38,2+0 29,77+1,93 >0,05

Foot-note: p — confidence estimation based on the Kruskal — Wallis test.
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increases in the lower extremities in multiple sclerosis
patients experiencing different levels of spasticity.
3. Latency rates can both increase and decrease in
patients with different levels of spasticity.
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OCOBEHHOCTU ®YHKLUOHAJIbHOIO COCTOAHNA
MbILUEYHbIX BOJIOKOH Y BOJIbHbIX PACCEAHHBIM CKJIEPO30M
CO CMACTUYHOCTbIO MO PE3YJILTATAM 3JIEKTPOHEAPOMWUOIPA®UMN

(nepeson)

B BeAeHue. B coBpemeHHON HeBpornorun npob-
nema paHHeW AMarHOCTUKM U feveHns pac-
cesiHoro ckneposa (PC) otnuyaetcsa 4pe3BblHaiHON
aKTyanbHOCTbIO Y MeANKO-CoLManbHOM 3Ha4YMMOCTbIO.
Mo paHHbIM BO3, 3aboneBaHme He CBA3aHO C TPaBMOW,
HO ABMSAETCS NPUYMHON HETPYAOCNOCOBHOCTM MOMOAbIX
nogen [1, 2].

CnacTMYHOCTb — TUMWUYHBIA CUMATOM PacCesHHOro
ckrnepoa3a. o pesynsratam onpoca CeBepoamepukaH-
CKOrO MCCNeoBaTeNbCKOro KOHCOpLMymMa no peecTpy
PC (NARCOMS, 2001), cnacTM4yHOCTb BCTpeyaercs y
60-85% 60onbHbIX PC [3, 4]. MNoBbIweHne ToHyca MbILLL
NPVBOAUT K OrpaHNYeHnI0 y4actus B oOLLEeCTBEHHOWN
XW3HW, Npexae BCero, U3-3a orpaHnYeHnin aBuraTerns-
HbIX (PYHKUMIA. DTW PaKTOpbl NPUBOAAT K CHUXKEHWUIO
YPOBHS HE3aBNCYMOCTU, YXYALLAKT Ka4eCTBO XU3HN 1
MOTyT BMMATb Ha POSb, KOTOPYIO YENOBEK BbINOMHAET
B ceMbe [5]. CnacTuyeckmin napes — ogHa 13 rnaBHbIX
NPUYMH MHBanNuau3aumm Takux 6onbHbiX. CnacTny-
HOCTb BNUSET Ha PYHKLUUN HEPBHOW CUCTEMBI, YTO
oTpaxkaeTcd B WKane dyHKuMoHanbHbix cuctem (FS)
W YPOBHE MHBanuausauuy no pacliMpeHHOW Lwikane
oueHkn niBanugHoctu (EDSS) [6, 71].

BwmecTe ¢ Tem TwatensHoe obcrnegosBaHve ToHyca
MbILLLL M ONpefeneHne CTeneHn cnacTMYHOCTU He ABNS-
eTcs 0653aTenbHbIM NPY PYTUHHOM OCMOTpPE 60fbHOro
HEBPOIOroM, XOTA ANarHoCcTMKa 3TUX pacCTPONCTB Ha
paHHUX aTanax 3abonesBaHns MOXeT cnocobCcTBoBaThb
CBOEBPEMEHHOMY JTEYEHMIO N YIYYLLEHNIO KayecTBa
XKU3BHN.

OnekTpoHerpomuorpadunsa Kak MeToq nossonsiet
YTOYHWTL CTeneHb nopaxeHns u obbem natonoruye-
CKOro npouecca MbILLEYHOW TKaHW, NPeMMyLLEeCTBEH-
HO MpMMeHsieTCs B nedyebHon npakTuke ons audde-
peHumansHon gnarHoctukun PC.

AHanu3 nccnegoBaHU No gaHHou Teme. Bornb-
LIoe 3Ha4YeHne MMEeEeT OObEKTMBHASA OLEHKA BblpaXKeH-
HOCTM CnacTUYHOCTW. B gononHeHue K KNMHUYeckomy
obcnenoBaHMO CMNACTUYHOCTb MOXHO OLIEHWUTH Ha
OCHOBE KMMHMYEeCKUX Lwwkan, bnomexaHn4yeckmx u
anekTpodusnonormyecknx metogon [8, 9]. Cenvac
ANsi OLEHKN BbIP@XXEHHOCTU CAacTUYHOCTM Yalle BCero
ucnonb3yetcsa MoandumumpoBaHHas Wkana JweopTa
Bnarogapsi NerkocT! NPUMEHEHNS 1 OLIeHKE COCTOSIHUSA
MbILL, 6onbHOro. [laHHas LWkana npoBepeHa Bpeme-
HEM U LUMPOKO NPUMEHSETCHA ANS OLEHKM COCTOSHUSA

BECTHWUK COBPEMEHHOW KJIMHWYECKOW MERULUNHBLI 2020 Tom 13, Bbin. 5

©ONBHOro CO CNAacTUYHOCTBLIO M ANs 3(EKTUBHOCTU
neyenus [7, 10, 11, 12, 13].

OnekTpodunsmonormyeckoe mccrnenoBaHune
(anekTpoHenpomMmunorpadgums) no3sonseT getanbHO
nccnenoBatb OYHKLMOHANBHOE COCTOSIHME Mbllley-
HbIX BOMOKOH U sBNsieTcs 06beKkTUBHLIM METOAO0M
nccrneaoBaHMsa CNacTUYHOCTU MPU pasnU4YHbIX 3a-
6onesaHusax [9, 14].

Xota PC sBnsietcs 3aboneBaHneM LEeHTpanbHoOwm
HEPBHOWN CUCTEMBI, U CHUTAETCS, YTO ANEKTPOAMarHoc-
TUYEeCKMe TeCTbl Nepudeprnyeckon HePBHON CUCTEMBI
He OO/MKHbl MMEeTb OTKMOHEHWN OT HOPMbI, Uccne-
[OBaHWsA MOKa3sbIBalT, YTO nepudepruyeckme HepBbl
MOryT Takxke cTpagatb npu PC [15]. B nccnegosaHusax
OoLeHMBanNuCb No3gHue anekTpodu3nonormyeckmne
deHOoMeHbI: H-pednekc, NOCKOMNbKY NOBbILLEHNE
BO30yAMMOCTUN O-MOTOHENPOHOB ABMSIETCA BaXKHbIM
MexaHM3MoM cnactuyHocTu [12, 16]. AHann3 Gonee
yeM 185 NCTOYHMKOB NokKa3sarn, YTo ANisi OLIEHKN cnacTuy-
HOCTW YalLle BCEro MCNOMb3YHTCA CreaytoLme MeToabI:
H-pednekc, T-pednekc n pactsaHyTbin pednekc. MNpu-
Yem Koppenauus ¢ ApyruMn GruomexaHn4eckumu unm
KIUHUYECKMU NapaMeTpaMu OLEHKM CNacTUYHOCTH
Obina ymepeHHon nnn cnabon [16]. MccnepoBaHus
XapaKkTepucTuk F-BOnHbI yKasbiBaloT Ha paHHUE n3me-
HeHust cpegHen amnnnTyabl F-BonHbI (CHDKEHWE) eLe
00 pa3BuUTMA crnacTU4HoCcTU [15]. 3HaueHno paHHUX
aneKkTpodmanonornyecknx eHoMeHoB (amnnuTyaa u
naTeHTHocTb M-0TBEeTa) B AMarHOCTMKE CNacTUYHOCTU
He yAensnocb AOCTAaTOYHO BHUMaHWMS.

Lenb pabombi — NpOBECTY OLEHKY (DYHKLIMOHASb-
HOFO COCTOSIHUSI MbILLEYHbIX BOSIOKOH MpK CnacTuy-
HocTu y BonbHbIX PC no pesynsratam anekTpoHenpo-
mMuorpacumm.

Matepuan n metogbl. bbin obecnegosaH 51 6onb-
HOW C MpuM3HakaMu CnacTUYHOCTU, MPOXOAMBLUNIA fe-
yeHve B KMeBCKOM ropoacKOM LEHTpEe pacCesiHHOro
ckneposa. BospacTt 6onbHbIX cocTaBnan ot 24 go
71 net, cpegHun Bo3pacT — (43,8+1,6) roga. Cpeau
nauneHToB 6bIN0 26 XeHWNUH 1 25 Myx4ynH. Cpegu
naumeHToB 6b1n0o 15 605bHLIX CO BTOPUYHO-MPOrpeccu-
pytoLmnm TedeHrem, 5 60mnbHbIX — C NepBUYHO-NPOrpec-
CUPYOLLMM TUMNOM TeveHns n 31 6onbHOM — ¢ peunan-
BMPYIOLLIE-PEMUTUPYIOLLMM TeveHneM. [dnutenbHOCTb
3aboneBaHus coctaenana ot 1 go 33 ner, B cpeaHem
(13,22+0,84) roga.
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[na KonM4ecTBEHHOW OLIEHKN BbIPAXXEHHOCTU U3-
MEHEHWI MbILLEYHOro TOHyca NpUMEHANn mognguum-
poBaHHyto wkany dweopTa (Modified Ashwort Scale).
ToHyC M3mepsnu B rpynnax Mblll, 3KCTEH30POB U
drnekcopos, oueHKy ykasbiBanu B 6annax ot 0 go 3
(MakcumanbHbI 6ann no wkane AWwBopT — 4, HO B UC-
cnegoBaHUM Takmx GonbHbIX He 6bino). CyMmapHbIn
6ann cnacTUYHOCTU BbIYUCAANM NMYTEM CITOXEHUSA
6annos cnactu4yHocTH No wkane Ashworth B 4 rpynnax
MBbILLIL, HY>KHUX KOHEYHoCTel (beapo, crmbatenm Konewa,
pasrnbaTtenu korneHa, CTonbl) 1 2 rpynnax MbillL, BEpX-
HUX KOHEeYHocTen (crmbatenu n pasrmbaTtenu nneya u
npeanneybs).

OnekTpoHenpomMmorpadgusa nposogunacb no CTu-
MYNSALVOHHON HEeWHBA3VMBHOW METOAUKE Ha annapaTe
Nihon Kohden Ha cnegyowwmx y4acTkax:

* ABUratenbHble BONOKHA n. medianus, n. tibialis;

* YyBCTBUTENbHbIE BONTOKHA m. medianus;

* F-BOnHa n. medianus, n. tibialis;

* H-pedonekc.

OueHunBanuch cnegytoLime nokasaTenu:

* Mpun obcnegoBaHuy ABUraTenbHbIX U YYBCTBU-
TernbHbIX BOSTIOKOH N. medianus, n. tibialis — amnnutyga
M-oTBeTa, NaTteHTHOCTb, UHTEpBar, CKOPOCTb NpPo-
BEOEHUS.

*Mpu uccnegosaHun F-BonHbl n. medianus,
n. tibialis — M-nateHTHOCTb, M-amnnutyaa, F-4acTorta,
F-nateHTHOCTb cpegHsas, F-amnnuTtyga cpegHsas.

* Mpun nccneposaHun H-pednekca — M-nateHTHOCTb,
makcumym M, makcumym H, cootHowenne M/H, H-na-
TEHTHOCTb.

Cratuctuyeckasi o6paboTka gaHHbIX NpoBoaunach
no MeTofam onucaTenbHON CTaTUCTUKIN: BbIYUCASNOCH
cpegHee 3Ha4YeHMe U cTaHdapTHas owunbka cpegHero
3HayeHusa (Mizm). OueHka OOCTOBEPHOCTU NPOBOAM-
nace no U-kputeputo MaHHa — YuTHu ansa gsyx rpynn
1 no kputeputo Kpackena — Yonnuca gnsa tpex rpynn
naumMeHToB.

AHanuanpys BnusiHne (hakToOpHbIX NMPU3HAKOB OT-
OenbHbIX BEMWYUH, ONpeaensanm nx nporHocTnyeckue
XapakTepUCTUKM NO NoKasaTensM OTHOLLEHMWS LUaHCOB
(OR — odds ratio) ¢ 95% aosepuTenbHLIM UHTEPBANIOM
N OLEHKOWN CTaTUCTUYECKOW 3Ha4YMMOCTU pe3yrnbTaToB
OR (95% Al).

Cratuctuyeckass o06poboTka nornyyYeHHbIX AaHHbIX
NpoBOAMUNN C UCMNOfIb30BaHMEM MPOrpamMmMHOro nake-
Ta Statistica 12,0 («StatSoft, Inc», CLUA) n Microsoft
Office Mpodom Mntoc 2019 ® Excel 2007, 13029.20344
(«Microsoft Corporation», CLUA).

PesynkraThbl M X 06cyxaeHune. YpoBeHb CnacTuy-
HOCTM y BonbHbIX NO Wkane dwsopTta 6bin ot 0,4 o
3 6annoB. CpegHuit 6ann cnacTUYHOCTU COCTaBMsAN
1,68+0,06. CymmapHbIin 6ann cnacTMYHOCTM y nauu-
EHTOB cocTaBnan ot 4 fo 24 6annos. B 3aBucumocTun
OT cymMMmapHoro 6anna cnacTM4HOCTY NaumneHTbl Bbinu
pasgerneHbl Ha ABe rpynmbl: C CyMMapHbIM 6annom 4—12
n 13-24 6anna. Takke NauMeHTbl ObINN pasgeneHsbl
Ha 3 rpynnbl B 3aBUCMMOCTU OT YPOBHS CMACTU4YHO-
ctn. lNepByto rpynny COCTaBnAnM NauMeHTbl C NErkum
ypoBHeM cnactuiHocTh (0,4—1 6ann) — 18 GonbHbIX,
BTOPYIO — CO CPeOHUM YpPOBHEM cractuyHocTh (1,5—
2 6anna) — 24 60nbHbIX, TPETBIO — C TSHKENBIM YPOBHEM
cnactmyHocTn (2,1-3 6anna) — 9 6onbHbIX. B Tpex
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rpynnax pasHoro ypoBHsi CnacTu4HOCTM ypoBeHb EDSS
6bin oT 3 go 7 6anno. (puc. 1). Mo gnuTenbHOCTH 3a-
6oneBaHUsA NaumeHTbl ObINY pasgeneHbl cneayLwmnm
obpasom: ot 1 go 9 netr — 18 naumeHToB, ot 10 Ao
20 net — 24 nauueHTa, ot 21 oo 33 net — 9 nauneHToB.

MauneHTOB pacnpenenunu Ha rpynnbl B 3aBUCU-
MOCTW OT YPOBHS CMACTUYHOCTM MO LiKane JwBopTa.
XoTs y 60onblUMHCTBA NALMEHTOB He ObINo CnacTUYHO-
CTN BEPXHUX KOHeYHoCcTel [nuwb y 8 (16%) 6onbHbIX
Gbina BbisIBNEHa CNacTUYHOCTb BEPXHUX KOHEYHOCTEN],
3MNeKTPoHepoMumorpaguryeckoe nccrnefoBaHe Bepx-
Hel KOHEYHOCTW MPOBOAUNUCH BCEM OOMbHBIM ANS
OLEHKN PYHKLNOHANBbHOIO COCTOSIHUSA MbILLEYHbIX
BOJIOKOH. [MaumeHTbl CO CnacTUYHOCTBIO BEPXHUX KO-
HeyHocTel (n=8) umenu ot 0 go 1+ Ganna no Lkane
Auweoprta (cpegHuii 6ann —0,86+0,12). bbino oLeHeHO
dyHKUMOHanbHoe cocTosiHue (M-OTBET) MbILLLL BEPXHEN
KOHEYHOCTU (OBuraTenbHble BOMOKHa n. medianus)
y naumeHToB ¢ PC B 3aBMCMMOCTM OT Hanuuus umnu
OTCYTCTBMUS CNAacTUYHOCTK. [1OCTOBEPHO 3HAYUMBbIX
pasnuuun He BbisiBNeHO. Habnioganacb TeHAeHuns K
yBenuueHutio M-naTteHTHOCTU Npu CTUMYNALUM 30HbI
knctn [(4,86+0,41) mc] n noktsa [(11,031£0,37) mc] y
NMaLMeHTOB CO CMACTUYHOCTBLIO, amnnuTyga M-oTBeTa
Oblna HUXe Yy NauueHToOB CO CMacTUYHOCTbI0 BO BCEX
Toykax ctumynsaumm — 3andctbe [(10,38+1,12) mB],
nokotb (11,03+0,37) m], nogmbiwkm [(12,01+0,53) mB].

DyHKUMOHaNbHOe cocTosiHMe (M-0TBET) MbiLLL, BEPX-
Hel KOHEYHOCTM (OBUraTenbHble BOrOKHa n. medianus)
y nauueHToB ¢ PC 6bIno Takke OLEHEHO B 3aBUCHU-
MOCTW OT cyMMapHoro 6anna cnactudHocTu (nepsas
rpynna —4-12 6annos, BTopas rpynna — 13-24 6anna)
(mabn. 1, puc. 2). Pernctpaumss M-oTBeTa C MblLLL,
aBnsieTca Hanboree pacnpocTpaHEHHbIM 3MNEKTPO-
u3monormyecknm ncecnegoBaHvemM ApuratenbHbIX BO-
NOKOH. M-0TBET — CyMMapHbI NOTEHLMan MbILLIEYHbIX
BOJTOKOH, PErMcTpmupyeTcs C MblLLLbl NPY CTUMYSLUN
WHHEPBMPYIOLLIEro HepBa eAUHUYHBIM CTUMYTOM. CHu-
XeHue amnnutygbl M-oTBeTa npu CTUMynSiLMU AUC-
TanbHOM TOYKM NMPONCXOONT NPU NMOPAKEHNN aKCOHOB,
npu MblLIEeYHbIX npoueccax (Kak NepBUYHbIX, TaK U
BTOpUYHbIX). Habnioganack AOCTOBEpHas pas3HuLa no-
Kasateneu B NpMBeAeHHbIX rpynnax. Mpu ctumynsauum
30HbI nokTa [(11,60£0,25) mc; p<0,01] n nogMbILLIKK
[(12,99+0,25) mc; p<0,05] y naumeHTOB C 6onbLINM
CyMMapHbIM 6annom cnacTUYHOCTU UMeEeTCs yBenu-
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Ta6nuua 1

OueHka pyHKUMOHanbHoro coctosiHuA (M-oTBeT) MbILIL, BEpXHEN KOHEYHOCTU (ABUraTenbHbie BONoKHa n. medianus)
y naumeHToB ¢ PC B 3aBMCMMOCTM OT cymMapHoro 6anna cnacTM4HoCTU

CyMMapHbIn Touka cTumynsauum
[Mokaszatenb
6ann 3ansctbe NokoTb MNoambilka
4-12 4,73+0,34 10,34+0,36 11,52+0,34
M-naTeHTHOCTb, MC 13-24 4,77+0,26 11,60+0,25 12,99+0,55
p >0,05 0,01 0,004
4-12 11,19+0,57 6,43+0,64 12,89+3,49
M-amnnuTyga, mB 13-24 9,85+0,58 4,27+0,42 6,05+0,78
p 0,03 0,01 0,01
4-12 4,98+0,32 5,71+0,21 6,73+3,85
WHTepBan, mc 13-24 5,14+0,24 6,53+0,16 1,45+0,17
p >0,05 0,04 >0,05
4-12 - 53,434+2,83 177,43+23,09
CkopocTb, M/c 13-24 - 46,01+1,08 158,57+30,31
p - 0,05 >0,05

lMpumeyaHue: p — oLeHKa [OCTOBEPHOCTY Mo KpuTeputo MaHHa — YuTHu.

OR (95% Cl)

M-amnnuTyga (3ansictoe) —&— 4,30(1,84;10,07)

M-amnnuTyaa (nokoTb) — 2,51(1,12;5,63)

M-amnnuTyaa (NoaMbILLKK) e 4,02(1,60;10,09)

0,099 1 10,1

Puc. 2. lNporHocTnyeckas oLeHka pucka pasButus
BbIPaXX€HHOW CNacTUYHOCTYM (>12 6annoB) Npu CHDKEHNM
M-amnnuTyabl HXXE NOPOroBOrO YPOBHSI

yeHne M-nateHTHOCTW, amnnutyga M-otBeTa Gbina
HWXe Yy nauueHToB ¢ BonblunM cyMMapHbIM Ganmnom
CNacTUYHOCTU BO BCEX TOYKaX CTUMYMAUMM — 3ans-
cTbe [(9,8540,58) mB; p<0,03], nokra [(4,27+0,42) mB;
p<0,01], nogmbiwwikn [(6,05+0,78) mB; p<0,01]. Cnegy-
€T OTMETUTb, YTO CHUXeHMe amnnuTtyasl M-oTBeta y
NaLneHTOB CO CNAacTUYHOCTbIO O3HAYaET YMEHbLUEHNE
YMcna MbILLEYHbIX BOMOKOH, Y4acTBYHOLIMX B reHepa-
unm M-oTBeTa B pesyneraTte HapyLleHUsi MPOoBeaeHUs!
Mo yacTu akCcoHoB. CHwxeHne amnnutyabl M-oTBeTa
ObINo 3aperncTpupoBaHo NPy OTCYTCTBUM Y NALIMEHTOB
KIMHUYECKMX NPOSIBMEHUN CMACTUYHOCTU B BEPXHMUX
KOHEYHOCTSX U MPY HanNMyMm cnacTUYHOCTU B HKHUX
KOHe4yHocTax. CnenoBaTenbHO, CHUXKEHME aMNnTyabl
M-oTBeTa ABNSETCA paHHUM WHAMKATOPOM Pa3BUTUS
CnacTUYHOCTU. JIaTEHTHOCTb — BpeMeHHas 3adepiKka
OT MOMEHTa CTUMYNSALNM K BO3HUKHOBEHMIO M-oTBETa
npu CTUMYNALUKM HEpPBa B ANCTarnbHOM TOUKe. VI3BeCTHO,
YTO yBENMUYEHUE NATEHTHOCTU XapaKTepPHO A AemMue-
NHU3MPYIOLLIErO NOPaXKeHUs HepBa.

Mo gaHHbIM ROC-aHanm3a 6binn BbiiBEHbI MOPOro-
Bble YpOBHM M-amnnuTyapsl Ans OLEHKM pUcka pasButus
cymmapHoro 6anna cnactnyHoctn > 12, CHuxeHue
ypoBHA M-amnnuTygbl Ha 3anscTbe A0 MEeHee YeMm
9,85 MB noBbILWano puck OTHOLLEHMS LLAHCOB Pa3BUTUs
BbICOKOIO YPOBHS cnacTuyHocTh > 12 6annos [OR (95%
On)=4,30 (1,84-10,07)] (p=0,001). CHWMxeHne ypoBHS
M-amnnuTtyabl B nogmbilwkax o MeHee yem 6,05 mB
TakKe AOCTOBEPHO MOBBILLANO PUCK OTHOLUEHWS LUaH-
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COB pa3BuTuUs cnactmyHoctn > 12 6annos [OR (95%
On) = 4,02 (1,60-10,09)] (p=0,001).

Takke oueHMBanu No3gHve anekTpodunsmonormye-
ckue peHomeHbI: F-BonHy 1 H-pednekc B 3aBucnmoctun
OT HanNMuyns UK OTCYTCTBUSA CMACTUYHOCTML.

CornacHo coBpeMeHHbIM AaHHbIM, F-BonHa npea-
cTaBnsieT cobor ABnraTenbHbIN OTBET MbILLULbI, KOTOPbIN
BO3HUKAET NEPUOAMYECKM MpPU CynpamMakCuMarbHOWn
CTUMYNAUMM 1 NO CBOEN (PU3NOSIOTMYECKON CYTU SIB-
NAETCA MbIEYHbIM OTBETOM Ha obpaTHOoN paspsaa,
KOTOpPbI BO3HUKAET B pesynsrate aHTMAPOMHOMo BO3-
OyxaeHns MoToHelpoHa. Takum ob6pa3om, napameTpbl
F-BOMHbI XapakTepusyloT Wn3MeHeHUs PyHKUMOHamMb-
HOrO COCTOSIHMS MOTOHEMPOHOB CMIMHHOIO MO3ra B 3aBu-
CMMOCTM OT CTEMNEHN CMNHANBHOIO M CynpacnmHanbHoro
BO30ENCTBUMN.

OBHapyXunun JOCTOBEPHblE U3MEHEHUS NTAaTeHTHO-
cT1 F-BOMHbI Npu cTUMynNsauuv n. medianus (mabr. 2).

JlateHTHOCTb F-BOMHbI n. medianus cHWxanacbk y
OONbHbBIX C KITMHUYECKUMU MPU3HaKaMy CnacTUYHOCTU
BEPXHMX KOHevHocTen go (2,17+0,72) mc; p=0,01. B To
Bpems Kak F-naTeHTHOCTb cpeaHsas yBenuymnaanach y
©onbHbIX CO cnacTu4HocTbio Ao (62,48+31,510) mc;
p=0,04, noCTOBEPHbLIX U3MeHeHu F-amnnuTyabl 3a-
perncTpypoBaHo He 6bino.

Bbin oueHeH M-OTBET MbILLL, HUXXHEN KOHEYHOCTHU
(oBuratenbHble BonokHa n. tibialis) y nauneHtos ¢ PC
B 3aBMCMMOCTM OT CyMMapHOro 6anna cnactuyHocTy,
a Takke B rpynnax ¢ pasfiMyHbiM CPeAHUM YPOBHEM
cnacTuyHocTn (mabn. 3).

3aperncTpnupoBaHo AOCTOBEPHOE YMEHbLUeHue
amnnutygbl M-oTBETa@ B TOMKE CTUMYMSALUUN LLUKO-
NOTKM B rpynne naumMeHToB ¢ 60MbLIMM CyMMapHbIM
6annom cnactuyHoctu ¢ (13,73+1,21) mB (4—-12 6an-
nos) go (8,68+1,06) mB (13—-24 6anna) (p=0,003) n
KoneHa c 25,21+14,49 (4-12 6annos) go 3,17+0,80
(13-24 6anna) (p=0,03). Pasnninga nokasatens
NaTeHTHOCTWN OKasanucb CTaTUCTUYECKU HEAOCTO-
BepHbIMU. To ecTb M-amnnuTyga sBnseTcs cambiM
YYBCTBUTENbHbLIM MokasaTenem CyOKNMMHUYECKMX
NPOSBNEHUN CNacTUYHOCTMU.

OPUTMHAJIbHBIE UCCAEAOBAHNA




B TO Xe Bpemsa npu nccneaoBaHMU NaTEHTHOCTU
OBuratenbHbIX BOFIOKOH n. tibialis B Tpex rpynnax naum-
€HTOB C Pa3nMyHbIM CPELHUM YPOBHEM CNACTUYHOCTU
0BHapyXMnn LOCTOBEPHYHO pasHULy JaHHOTO Nnokasa-
Tensi B rpynnax nauueHToB U ero yMeHbLUEHUe B TOYKe
nogpixkn ¢ 7,78+0,34 go 6,95+0,47 (p=0,018), uto
HexapaKkTepHO AN 4eMUENUHU3NPYHOLLIEro NopaXKeHUs
HEepPBHbIX BONTOKOH (mabri. 4).

C pocTtom cnactuyHocTn amnnutyga M-oTBeTta
CHWXanacb NpPonopLMOHaribHO BENUYMHE CNaCTUYHO-
ctm ¢ 15,12+1,67 (rpynna 0,4—1 6anna) go 5,90+1,20
(rpynna 2,1-3 6anna) (p=0,01). To ecTb y naumneHToB ¢
BbIPaXX€HHOWN CMaCTUYHOCTbIO NoKasaTernb amnauTyapl
M-oTBeTa HU3KMN.

Mpu oueHKe No3gHero aNeKkTpor3nonNornieckoro
deHomeHa (F-BonHa) npy CTUMYNSLMM MbILLL, HAXHEN

KOHeuHocTw (n. tibialis) BbisiBNeHo, 4To F-nateHTHOCTL
cpeaHsis goctoBepHO yBenunumBanach (p=0,007) npwu
poCTe YPOBHSI CMACTUYHOCTM Y NaumneHToB (mabn. 5).
Tak, B rpynne nauMeHTOB C HU3KMUM YPOBHEM cnac-
TnyHocTtmn (0,4—1 6anna) F-naTeHTHOCTb cpeaHAs
nmena 3HadyeHue (52,93+1,15) mc, a B rpynne ¢
BbICOKMM YPOBHEM cnacTudHocTu (2,3-3 6anna) —
(58,48+0,91) mc. F-amnnutyga cpegHsasa 3aBMCUMOCTU
OT YPOBHS CNACTUYHOCTN COOTBETCTBEHHO YMEHbLLA-
nace ¢ (621,27+118,62) B po (476,12+119,67) mB
(p=0,008).

Wcecnepgoeann H-pednekc, cBA3aHHbIN C HUCXO-
OAWMM TOPMO3HbIM BWSIHUEM FOFIOBHOrO MoO3ra Ha
cnuHHoM. Ho pasHuua nokasaTenen B rpynnax 60nbHbIX
Obina HegocToBepHoOW (mabin. 6).

Tabnuua 2

OueHKa (hyHKLUMOHaNbLHOro coctosiius (F-BonHa) MbliLiL, BepXHeil KOHeYHOCTH N. medianus y nauueHToB ¢ PC
B 3aBUCHUMOCTM OT HariMumsi CNacTUYHOCTU B BepXHeW KOHEYHOCTU

Hanwuuwe (+) nrn .
MokasaTtenb F-BonHa n. medianus P
OTCYTCTBME (-) CNACTUYHOCTHU
+ 2,17+0,72 0.01
JNlaTeHTHOCTb, MC - 4,60+0,30 ’
+ 7,58+1,74
- - >0,05
AwmnnuTyga, mB - 8,17+0,62
+ 61,11+4,84
>0,05
F-yactoTa, Iy - 49,00+3,37
+ 62,48+31,51 0.04
F-nateHTHOCTbL cpeaHsas, mMc - 29,77+0,59 ’
+ 632,78+98,67 ~0.05
F-amnnutyna cpeaHss, mB - 567,79+71,10 ’
lMpumeyaHue: p — oLueHKa A4OCTOBEPHOCTM Mo KpuTeputo MaHHa — YUTHM.
Tabnwunuya 3

OueHKa (pyHKUMOHANbHOIro cocTofHMA MbiwwL (M-0TBeT) HMXKHEN KOHEYHOCTU (ABUraTenbHble BONOKHa n. tibialis)
y nauumeHToB ¢ PC B 3aBMCMMOCTH OT CyMMapHoro 6anna cnacTM4HOCTU

Mokasatens TouKa CTAMVASLIAN CyMMapHbIi 6ann cnacTu4HoCTH

ynan 412 13-24 P
M-MaTEHTHOCTS. MG LLinkonoTka 7,29+0,27 7,24+0,33 >0,05
’ KoneHo 16,75+0,47 17,21+0,63 >0,05
M-amnmuTvaa. mB LLinkonoTka 13,73+1,21 8,68+1,06 0,003

vaa, KoneHo 25,21£14,49 3,170,80 0,03
VkTepsan LLinkonoTka 7,29+0,26 7,56+0,28 >0,05
P KoneHo 11,44+1,34 10,08+0,41 >0,05
LLinkonoTka - - >0,05

C , M/
KopocTe, WC KoneHo 50,49+2,60 46,30+3,36 0,05
lpumeyaHue: p — oLeHKa LOCTOBEPHOCTU MO Nokasatento MaHHa — YWUTHU.
Tabnuua 4

OueHka (pyHKLMOHaNnbLHoro coctosHus (M-oTBeT) MbILUL, HUXKHEN KOHEYHOCTHU (ABUraTenbHble BONOKHa n. tibialis)
y nauueHToB ¢ PC B 3aBUCMMOCTM OT YPOBHA CNacTU4HOCTH

MokaszaTtenb Touyka cTUMynaumm YPOBEHb CNIACTUIHOCTU p
0,41 1,5-2 2,1-3

FlaTeHTHOCTS, MC LLinkonoTka 7,78+0,34 7,05+0,32 6,95+0,47 0,018
KoneHo 17,74+0,64 16,10+,55 17,69+0,44 >0,05

Avinnutyna, MB LLinkonoTka 15,12+1,67 10,13+1,11 5,90+1,20 0,01
KoneHo 20,64+16,30 16,11+£12,70 4,63+1,31 >0,05
LLinkonoTka 7,81+0,34 7,21+0,29 7,30£0,39 >0,05

WHTepean

KoneHo 11,58+1,51 10,48+1,19 10,44+0,57 >0,05
CropocTb, M/e LLinkonoTka - - - >0,05
’ KoneHo 48,26+3,92 50,25+2,89 44,36+2,17 >0,05

lMpumeyaHue: p — oueHKa 4OCTOBEPHOCTM MNo KpuTeputo Kpackena — Yonnuca.

OPUTMHAJIbHBIE UCCNEAOBAHNA
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Ta6nuya 5

OueHka (pyHKLMOHaNbHOrO COCTOSIHUA MbILLLL, HUXKHEW KoHeuHocTu (F-BonHa n. tibialis) y nauneHToB ¢ PC
B 3aBUCUMOCTU OT YPOBHS CMNAaCTUYHOCTU

MoKasaTens YpoBeHb CNacTU4HOCTH P

0,4-1 1,5-2 2,1-3
M-naTeHTHOCTb, MC 4,4+0,52 5,19+0,36 6,18+0,83 >0,05
M-amnnuTyaa, mB 3,92+0,81 6,78+1,09 8,56+0,95 0,008
F-vacToTa, Iy 78,85+4,72 65,53+4,80 74,62+8,82 >0,05
F-nateHTHOCTb cpeaHsasi, Mc 52,93+1,15 53,38+1,14 58,48+0,91 0,007
F-amnnutyna cpegHsis, MB 621,27+118,62 487,97+79,44 476,12+119,67 < 0,05

lMpumeyaHue: p — oLleHKa AOCTOBEPHOCTH Mo Kputeputo Kpackena — Yonnuca.
Ta6nuuya 6
OueHka hyHKLMOHaNbHOro COCTOSAHUA MbILIL, HUXXHeW KoHeyHocTu (H-pechnekc) y naumeHToB ¢ PC
B 3aBUCUMOCTM OT HaANM4USA CNACTUYHOCTHU
MokasaTtenb 0,4-1 1,5-2 2,1-3 P

M-naTeHTHOCTb, MC 9,93+2,87 8,28+1,12 5,93+0,16 >0,05
Makcumym M 3,09+1,49 3,0240,67 2,68+1,01 >0,05
Makcvumym H 0,63+0,40 1,27+0,63 2,5+0,11 >0,05
CootHoleHve M/H - 147,26+73,63 44,310 >0,05
H-nateHTHOCTb, MB 3110 38,240 29,77+1,93 >0,05

MpumeyaHue: p — oueHKa 4OCTOBEPHOCTU Mo KpuTepuio Kpackena — Yonnuca.

MogBoas uTOrM Hawero uccrnegoBaHus, elle pas
OTMETUM, YTO Y NALMEHTOB C PacCesHHbIM CKIepo30M
pa3HOro ypoBHS CMNAacTUYHOCTW ObINO BbISBMEHO A0C-
TOBEpHOe CHWKeHue amnnuTtyabel M-oTBeta npu uc-
cnegoBaHMM Kak BEPXHUX, TaK U HWDKHUX KOHEYHOCTEN,
YTO O3Ha4YaeT YMEHbLUEHME YMCa MbILLEYHbIX BOFOKOH,
yyacTByOLLMX B reHepaumm M-oTBeTa BCneacTene Ha-
pyLUEeHNS NpOoBeAeHMs akCOHOB. [JaHHbIM nokasaTernb
ABnseTcs Hambonee 4yBCTBUTEMNbHBIM UHAWKATOPOM
pPaHHUX NPOSABMEHUI CNacTUYHOCTU. B TO Bpemsi Kak
rokasaTtenv No3gHMX ANekTpodn3nonornyecknx peHo-
MeHoB (F-BonHa), npexae Bcero F-amnnutyna cpeaHss,
MEHSIOTCS Y BOMbHbBIX CO CMACTUYHOCTBLIO TOMBbKO Ha
HWKHUX KOHEYHOCTSX.

B pesynsrate npoBegeHHOro KIMHUKO-3neKkTpodu-
3M0MNOrnYecKoro nccnegoBanms 6onbHeix PC nonyunna
AanbHellee pa3BUTMe ogHa 13 akTyarnbHbIX npobnem
HeBpPONOrMn — onpegeneHve MHANKaToOpPOB PaHHUX
MPU3HAKOB CMacTUYHOCTU, KOTOpas SBMASETCA OOHWUM
N3 OCHOBHbIX MHBaNMAN3NPYHLLMX (DaKTOPOB BONbHbIX
PC. MNony4eHHble pe3ynsTaTbl UMEOT NpakTUuyeckoe
3HayeHne B CBSA3M C TEM, YTO PaHHAS OMarHocTuka
cnacTtnyHoctu npu PC no3BonsieT NpuHATb pelueHne
O CBOEBPEMEHHOM Ha3Ha4YeHWn CUMNTOMaTUYeCcKOMn
Tepanuu 1 3agepxartb pa3BuTe UHBanManM3aumm.

Mo pesynbTratam nNpoBeAeHHOro UccrieaoBaHus
cAenaHbl cnegyolive BbiBOAbI:

1. PesynbraTbl anekTpoHenpomuorpadmyeckmx
nccnegoBaHW nokasanu, YTO OCHOBHbLIM 3reKTpo-
HU3NONOrM4eckMM MHONKaATOPOM PaHHUX NPOSIBIEHWI
CNACTUYHOCTUN MbILLL, BEPXHUX U HUXHUX KOHEYHOCTEN Y
BOmMbHBIX pacCesAHHbIM CKIEPO30M SIBMSIETCSA CHUKEHNE
amnnuTtyabl M-oTBeTa.

2. Mo3gHnin anekTpon3nonorniecknii PeHoMeH —
F-amnnuTyga cpegHAs CHMXaeTcs COOTBETCTBEHHO
POCTY CMACTUYHOCTWU B HWXHUX KOHEYHOCTAX Yy na-
LUMEHTOB C pacCesiHHbIM CKIepo30M pPa3HOro ypoBHSA
CMacTUYHOCTU.
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3. lNMokasatenn nateHTHOCTU MOryT Kak yBenuyu-
BaTbCH, TaK U yMeHbLLIATbCHA Y 60NbHbBIX Pa3HOro YpOBHS
CNacTUYHOCTH.

lMpospayHocmb uccnedoeaHus. ViccnedosaHue He
umersio crioHcopckKoul noddepxkku. A8Bmop Hecem rosHyro
omeemcmeeHHOCMb 3a fpedocmassieHUe OKOHYamersib-
HOU 8epcuu pyKonucu 8 rnevyame.

Heknapayus o puHaHcoebIx u Apyaux e3aumMoom-
HoweHusix. Aemop rnpuHuMarna yyacmue 8 paspabomke
KOHUenyuu, dusatiHa uccriedo8aHusi U 8 HarucaHuu pyKo-
nucu. OKoOHYamerbHasi 8epcusi pykornucu bbina o0obpeHa
asmopom. A8mop He rory4yana 20Hopap 3a uccriedosaHue.
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