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ABSTRACT

INTRODUCTION. According to the WHO, between 250,000 and 500,000 people are affected every year with spinal cord injury (SCI)
around the world. The number of disabled people as a result of spinal cord injury in Russia is estimated to be over 250,000 and is
increasing due to injury rate growth and survival rate improvement of patients in the acute and long-term periods of traumatic spinal
cord injury (TSCI).

AIM. To justify the efficacious and safe use of a zero-gravity robotic simulator for a locomotor therapy in the complex rehabilitation
of patients with SCl and compare this therapeutic approach with conventional motor rehabilitation programs using other robotic
mechanotherapy techniques.

MATERIAL AND METHODS. Neurological and functional disorders were analyzed in 30 patients with SCI on the basis of clinical
examination and electromyography (EMG) findings. All the patients were classified into an intervention group and a control group
by a sequential randomization. The rehabilitation programs for the intervention and control groups were alike, except for robotic
mechanotherapy.

RESULTS. A significant positive dynamic change in motor functions according to the ASIA Impairment scale was noted in the
intervention group, in which 2 patients moved up to a higher level. The EMG data showed a significant difference between the groups
in favor of the intervention one. A significant difference in postural function improvement was found between the intervention and
control groups in a seated position. The rehabilitation of patients from the intervention group engaged the axial muscles, promoting
an increase in strength and better control of the trunk muscles. A significant spasticity decrease and changes in the functional status of
the patients were observed in both groups. The patients’ ability to perform normal daily activities was registered to improve.
CONCLUSION. The study demonstrated that robotic musculoskeletal training in zero-gravity conditions is safe and effective in complex
rehabilitation of patients with SCl and improves motor skills, self-care and postural function. A significant correlation was found
between neurological and functional changes, indicative of a restorative concept of the new therapeutic modality. Further studies with
increased capacity are reasonable.
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Be3onopHbI PO60TU3UPOBAHHDbIA TOKOMOTOPHbIA CUMYASTOP
B peaéunmtauum: NnpocneKTMBHOe PAHAOMU3UPOBAHHOE KIIMHUYECKoe
uccneposaHue 30 NALMEHTOB C NOCNEACTBUAMU TPABMbI MO3BOHOUYHUKA

TkaueHko I.B*., JamuHoB B.A.
HayuoHaneHsll meduko-xupypeudeckut yeHmp um. H. Y. lNupozosa, Mockea, Poccus

PE3IOME

BBEAEHUE. Mo gaHHbiM BO3, o1 250 000 go 500 000 yenoBek B rof CTpagatoT OT TPaBMaTUUYECKOTO NOBPEXKAEHUA CMMHHOMO MO3ra BO
BCeM Mupe. Yncno NHBanuAoB B pesynbTraTe TpaBMbl ciHHOro mo3ra (TCM) B Poccuu, no oueHKam, coctaBnseT 6onee 250 000 yenosek
1 YBEIMUMBAETCA B CBA3M C POCTOM TPaBMaT/3Ma 1 yyyLlleHnem BbIXKNMBAEMOCTY NaLMEHTOB B OCTPOM 1 OTAASIEHHOM fepuogax Tpas-
MaTUYeCKoro NoBpeXaeHna CMHHOro Mo3ra

LIEJIb. O60cHOBaTb 3ddeKTUBHOE 1 6e30MacHoe NCMoNb30BaHNe POOOT3NPOBAHHOTO TPEHAXKEePa HEBECOMOCTM A JIOKOMOTOPHOM
Tepanun B KOMMIeKCHON peabunutaumm nauneHTos ¢ TCM 1 CpaBHWTb AaHHbIN TEPANeBTUYECKMIA MOAXOA C TPAZULIMOHHBIMI NPOrpam-
Mamu ABUraTeNibHOW peabunuTaluy ¢ MICNoNb30BaHEM APYTMX METOLOB POOOTM3MPOBAHHON MeXaHoTepanuu.

MATEPUAJ1 U METO/bl. HeBponoruueckue 1 GyHKLMOHabHblE HapyLleHnaA 6binn NpoaHanu3nposaHbl y 30 naymeHTos ¢ TCM Ha
OCHOBaHMWU Pe3ynbTaToB KIMHMYECKOro o6cnefoBaHna 1 anekTpommorpadum (Mr). Bce naumeHTbl 66111 pasgeneHbl Ha pabouyto
1 KOHTPOJbHYIO Fpynny NyTeM nocnefoBaTenbHON paHgomm3aumm. NMporpammbl peabunutauuy ana pabouein n KOHTPObHON rpymnn
6bINM OAVIHAKOBBIMY, 32 UCKIIOYEHNEM POOOTU3UPOBAHHOWM MeXaHoTepanmu.

PE3YJIbTATbI. B paboueii rpynne 66111 0OTMeUeHbl 3HaUNTENbHbIE NMONOXKUTESTbHbIE AVHAMUYECKME N3MEHEHNA ABUTaTeNbHbIX GYHKLNI
no wKasne HapyleHnin ASIA, B KOTOPOI 2 naumeHTa nepeLn Ha 6onee BbICOKMI ypoBeHb. laHHble SMIT noKasanu 3HauuTenbHyo pas-
HYLY MEXAY rpynnamu B Nnosib3y HTEPBEHLMOHHO. Bbina o6Hapy»KeHa 3HauMTeNIbHaA pasH1La B ylyyLIEHNW NOCTYPanbHON GyHKLMK
Mexay pabouei 1 KOHTPOJIbHON rpynnamMu B MOJIOXeHUN cuga. Peabunutauma naumneHToB 13 paboyei rpynnbl 3aieiCTBOBaNa 0ceBble
MbILLLbI, CTOCOBCTBYSA YBENMYEHMIO CUMbI U JTyylleMy KOHTPOJSTIO MbllL, TynoBumLwa. B o6enx rpynnax Habnoaanocb 3HaunTenbHOe CHU-
XKeHMe CNacTUYHOCTU U M3MeHEHNA GpYHKLIMOHANIbHOIO CTaTyca NaumneHToB. bbino 3apernctpmpoBaHo ynyulleHne CnocobHOCTY nauu-
€HTOB BbIMONMHATb HOPMaJIbHYIO MOBCEAHEBHYIO [eATENIbHOCTb.

3AKNKOYEHMUE. ViccnegoBaHvie MPOaeMOHCTPUPOBAIO, YTO pO6OTM3MPOBaHHAsA TPEHNPOBKa OMOPHO-ABUrAaTENbHOTO arnmnapara B yco-
BMAX HEBECOMOCTM 6e3onacHa 1 3PeKTMBHa B KOMMIEKCHON peabunuTtaumm naymeHtos ¢ TCM 1 ynydwlaeT ABUratesibHble HaBblKU,
Camoo06CnyXMBaHVe 1 NOCTypasbHyto GyHKLUI0. Bblna o6HapyeHa 3HauuTenbHaa KOppenALya MeXAY HEBPOMOrMYECKUMI U GYHKLM-
OHa/IbHbIMUN N3MEHEHUAMMU, YTO CBUAETENIbCTBYET O BOCCTAHOBUTESIbHOW KOHLIEMNLMM HOBOrO TeparneBTuyeckoro metoga. lanbHenwune
nccnefoBaHnaA C yBeIMYeHHON NPON3BOAUTENbHOCTBIO ABAAIOTCA PasyMHbIMMN.
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INTRODUCTION

According to the WHO, every year, around the world,
between 250,000 and 500,000 people suffer spinal
cord injury all over the world [1]. There are more than
250,000 people in Russia with disabilities due to spinal
cord injury (SCI), and their number is growing as the
incidence of injury and survival rates in the acute and
long-term periods of traumatic spinal cord injury are
increasing (TSCI). Spinal cord injury is accompanied by the
impairment of many body functions. The basic disabling
factor is the loss of ability to maintain an upright posture
and walk, leading to malfunctions of respiratory organs,
blood circulation, urination, and gastrointestinal tract [2].
Being in a wheelchair for too long creates conditions for
multiple complications arising from the forced position,
hypodynamia and positional compression. In this regard,
the restoration of the upright posture and locomotion is an
important driver for that category of the affected.

The rehabilitation techniques available for the

patients with persistent motor function disorders may
be targeted to substitute or to restore the functions. The
restorative concept of rehabilitation prescribes treatment
that integrates segments below the affection level into
functioning and selects devices that help incorporate
these segments into the motor activity [3, 4]. The most
commonly used therapy is gait training with partial
bodyweight support, for example, using robotic medical
devices like Lokomat [4, 5]. However, the cost of such
devices is quite high and involves the use of sophisticated
technical equipment [6]. Besides, early verticalization,
which does not always furnish a positive outcome even
if high-tech approaches are employed, can be a problem
of robotic-assisted locomotor therapy. On the contrary,
it promotes a spasticity increment, physical exertion,
and additional traumatization of patent’s tissues [7, 8].
At the same time, the early start of rehabilitation actions
considerably improves the prognosis for functional
recovery, including locomotion [9, 10].
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It is believed that a high rehabilitation potential of
the patients after TSCl is fully realized if the principles of
consecutive kinesigenesis are met, when the difficulty of
patient’s locomotor tasks gradually levels off.

A zero-gravity robotic simulator for locomotion
therapy allows sanogenesis mechanisms to be exploited
to a greater extent, which will mitigate the effect of the
disabling factors and enhance overall rehabilitation
efficacy and motor recovery, in particular. For this, technical
solutions are used that vary in body weight compensation
method, development of active or passive motions in
paretic extremities, and bio-feedbacks used for movement
control and management. The zero-gravity principle is
used in elastic and rigid suspension systems like a RedCord
or Exart kinesiotherapy device under dry floatation or
even aqueous environment [11]. We tested the effect of an
Exart kinesiotherapy device when applied to patients with
severe TSCl in our Medical Rehabilitation Clinic in Pirogov
National Medical and Surgical Center.

In view of the aforesaid, the present study is aimed to
justify the efficacy and safety of the zero-gravity robotic-
assisted locomotion simulator when used for locomotor
therapy of patients with traumatic spinal cord injury
as compared with conventional programs of motor
rehabilitation and locomotor training including the use of
other robotic locomotor therapy modalities.

AIM

To justify the efficacious and safe use of a zero-
gravity robotic simulator for a locomotor therapy in
the complex rehabilitation of patients with SCI and
compare this therapeutic approach with conventional
motor rehabilitation programs using other robotic
mechanotherapy techniques.

MATERIAL AND METHODS

Participants

We conducted a randomized clinical trial between
September and December 2020. A total of 30 patients
with traumatic spinal cord injury (TSCI) were included in
the study. The randomization was based on continuous
sampling of total population of TSCI patients, who came to
the Rehabilitation Clinic for treatment within the specified
period of time. All the admitted patients were submitted to
the registry. Each patient, if met the inclusion criteria, was
assigned a sequence number from 1 to 30: odd-numbered
patients were assigned to the intervention group, while
the even-numbered to the control group. Informed
consent was obtained from all the patients, who agreed to
participate in the study.
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Inclusion criteria

This study was approved by the Local Ethics Committee
of the Pirogov National Medical and Surgical Center (pro-
tocol N2 15, 19.08.2020) and performed in accordance with
the World Medical Association Declaration of Helsinki on
Medical Research Involving Human Subjects and its 2013
amendments.

The patient sample was derived by the inclusion crite-
ria: injury age of 3 months and older; injury at the levels
of cervical spine, thoracic spine and thoracolumbar spine;
severity of conduction disorder by the ASIA score: A, B,
C and D; severity of paraparesis from 0 to 6 by the 6-point
score.

All the patients included in the study were classified
into two groups:

1. Intervention group (n=15), who underwent locomo-
tor therapy on a zero-gravity robotic-assisted simulator (10
sessions);

2. Control group (n=15), who received locomotor ther-
apy on a robotic, partial bodyweight-support simulator (10
sessions).

In addition to the robot-assisted locomotion therapies,
the patients from both groups received the same range of
conventional rehabilitation measures: two motor therapy
modalities such as therapeutic exercises and mechanoth-
erapy; three physical therapy modalities such as transcu-
taneous electrical spinal cord stimulation (TESCS), mus-
cle electromyostimulation of lower limbs, and massage.
Each modality had 10 sessions. When necessary, patients
received psychological exercises.

Robot-assisted locomotion training procedure

The training procedure on the zero-gravity robotic-
assisted locomotion simulator involved two steps.

The first step was preparatory. Its objectives were to
make a patient ready for exercise load and for capabilities
to work on voluntary movements. The swim and walk
settings were used. The objectives of the second (basic)
step were to develop active and passive voluntary
movements, work out compound motor actions in zero-
gravity conditions, and work out rhythmic movements.
The active voluntary movements were evoked directly
by muscle work, while the passive voluntary movements
were produced by muscle contraction in the other body
segment and were induced by the force of inertia.

The development of passive voluntary movements was
through the swim settings applying an “aid mode”. The
“aid mode” was enabled for lumbar, femoral and talocrural
regions; leg-swinging exercises were being practiced (Fig. 1).
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Fig. 1. Exart zero-gravity robotic-assisted locomotor training with synchronized multimodal electrostimulation

Transcutaneous electrical spinal cord stimulation
(TESCS) procedure

Starting from the first exercise, transcutaneous
electrical spinal cord stimulation (TESCS) was enabled
concurrently with zero-gravity robotic-assisted
mechanotherapy. The electrodes of the first and second
channels were placed as follows: the active ones were
placed on the presumed lumbar enlargement zone at
the level of the acantha of the Th12 vertebra over the
right and left paravertebral lines, while the passive
ones were placed in the projection of iliac crests. The
third and fourth channels were used for stimulation
of the quadriceps femoris: two passive and two active
electrodes were used because of a large area of the
muscle. That said, the active electrodes were placed on
motor points of lateral and medial vastus muscles and on
rectus femoris. The passive electrodes were put on the
upper third of the thigh. A channel splitter was used to
connect the two electrodes.

Here, we used modulated, unipolar, single pulses of
0.1-0.5 ms in length with a modulation frequency of 10
kHz and a current amplitude of 200-250 mA; the pulse
repetition frequency corresponds to the movement
frequency of the simulator actuators. The TESCS procedure
lasted 30 min.

Measurements

The safety and efficacy of the approach under
study were evaluated using a complex clinical and
instrumental examination. On the first and last days of
the rehabilitation course, the patients from both groups
underwent the following clinical monitoring: the spinal
cord conductivity (sensory and motor divisions) was
analyzed by the ASIA scale (American Spinal Cord Injury
Association) [12]; self-care and mobility were assessed
by the VFM scale (Valutazione Funzionale Mielolesi) for
patients with spinal cord injury (SCI); interference surface

electromyography (sEMG) of the rectus femoris muscle
for objectivization of neurologic examination; muscle
tone was measured by the Ashworth Scale; and postural
functions (weight distribution in percentage while sitting
on the platform for 10 sec with the eyes closed) were
evaluated on a Tyromotion's TYMO force plate. The 50/50
distribution between the right and left sides is a norm, and
an increment in the difference between the sides is the
severity of postural dysfunction.

The electromyographic assessment of the peripheral
neuromuscular apparatus employed a Neuro-MVP-micro
4-channel electroneuromyograph (Neurosoft Company,
Russia). The interference surface electromyography of the
rectus femoris muscle was recorded on both sides. The
electrodes were placed in the middle between anterior
iliac spine and superior kneecap; the distance between
the central lines of the electrodes was 20 mm. The sEMG of
muscles was recorded twice for each measurement (with
relaxed muscles and maximum voluntary muscle tension)
and the best result was used for analysis.

Statistical analysis

Statistical analysis was performed using LibreOffice Calc
ver. 5.2 software and data manipulation language R ver.
4.0.2 (2020-Jun-22) in RStudio ver. 1.3.1093. The spread-
sheet was used for data accumulation and pre-processing.
A script was written by the R language for automated pro-
cessing of the prepared data arrays [13]. Statistical criteria
and group distribution metrics of variables were selected
using the common guidelines [14].

The normality of distribution was evaluated by the Sha-
piro-Wilk test. The data were presented as the median of
the first and third quartiles of minima and maxima for each
of the observable variables (median [LQ; UQ] (min-max)).
The diagrams were built by the ggplot2 package (ver.
3.3.2). The VisAnalyser ver. 1.0.0.0 software was utilized for
graphical representation of frequency response envelopes

TEXHOJNOrMN BOCCTAHOBUTENTIbHOW MEQULIUHBI U MEAULIMHCKOW PEABUNUTALUU



Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 « ISSN 2078-1962

after Fourier transform. The Wilcoxon test for paired sam-
ples was employed to evaluate significant changes in pre-
course and postcourse measures. The Mann-Whitney test
and Fisher exact test were used to evaluate significant
changes in measures between the groups. The measured
side and observation point (precourse and postcourse,
respectively) acted as factor variables. The analysis of cor-
relations between neurological and functional changes
(the ASIA and VFM scales in our case) used the Spearman's

Table 1. Patient demographics

rank correlation coefficient. The differences were consid-
ered significant at p<0.05.

RESULTS AND DISCUSSION

This study included 30 patients allocated into two
groups with 15 subjects in each. No significant differences
in sex (p=0.45), age (p=0.75), injury age (p=0.25) and sever-
ity of presentations (p=0.93) were found between the inter-
vention and control groups (Table 1).

Characteristic Intervention group (n=15) Control
(n=15)
Age 28 (24-32) 32(23-39)
Male 11 (73.3%) 8 (53.3%)
Injury age, months 20 (13-37) 22 (18-61)
ASIA scale:
A 5 4
B 1 1
C 8 8
D 1 2

The study showed that the zero-gravity simulator
was safe in use: no complications or adverse effects were
discovered; the hemodynamics were stable throughout
the course, with no deviations detected. A recovery of
a sacral pressure ulcer was observed in one patient from
the intervention group: Stage 2 ulcer on admission and
Stage 1 ulcer upon the course completion.

The changes in ASIA motor scores of the lower
extremities were observed among both groups: from

0 [0—14.5] (0—25) and a total precourse score of 101 to
2 [0-14.5] (0—29) and a total postcourse score of 119
(p<0.05) in the intervention group, and from 0 [0—1.5]
(0—35) and a total precourse score of 84 to 0 [0—2.5] (0—35)
and a total postcourse score of 86 (p=0.112) in the control.
The positive outcome was considered to be a change in
the motor function of the lower extremities by one score at
a minimum, and the negative outcome was considered to
be no change (Table 2).

Table 2. Distribution of patients with changes in ASIA motor scores of the lower extremities

Positive outcomes Negative outcomes Row totals
Intervention group 5 10 15
Control 1 14 15
Column totals 6 24 30 (in total)

Two patients from the intervention group were
observed to move up to a higher category by the ASIA
scale. In the first case, a 32-year-old patient (TSCI at
the level of Th4, ASIA A, injury aged 23 months) was
documented to improve tactile sensibility by 3 scores, deep
sensibility by 2 scores and motor behavior by 2 scores -
one score each for plantar flexors of toes on both sides.
Besides, sensibility control appeared upon deep pressing
on the anal sphincter region. Upon the course completion,
the patient was categorized as C.

In the second case, a 22-year old patient (TSCI at the
level of Th12-L1, ASIA C, injury aged 11 months) was
documented to improve tactile sensibility by 5 scores, deep
sensibility by 4 scores and motor behavior by 7 scores —
one score each at different levels on both sides. Upon the
course completion, the patient was categorized as D.

A significant change that did not result in the group
change by the ASIA scale among the intervention group

Technologies of Restorative Medicine and Medical Rehabilitation

was also an appearance of voluntary contraction of the
anal sphincter in one control patient. No similar cases were
documented in the control group.

A rise in the VFM scale estimates following the
rehabilitation course (p=0.001) was noted among both
groups by evaluating the dynamics of functional changes,
indicative of an improvement in the functional status in
either therapeutic course. No significant differences were
revealed between the groups by assessing the dynamics by
the Mann-Whitney test (p=0.386) (Table 3).

The analysis of SEMG results evaluated only the
changes in sEMG signal data from the rectus femoris
muscle on both sides. The total was 25 in the intervention
group and 7 in the control. No significant differences were
found between the groups through the evaluation of the
dynamics of the sEMG signal by the Mann-Whitney test
(p=0.038) (Table 3).
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Measure Intervention group (n=15) Control
(n=15)
VFM scale:
Before therapy 219[191.5-242.5] 196 [186.5-236.5]
(125-264) (148-252)
Post-therapy 235 [200-248.5] 213 [190.5-240.5]
(125-271)* (152-258)*

SsEMG signal (rectus femoris muscle)

1[0-3]1(0-6) T

0[0-0.5] (0-2)

Ashworth scale:

Before therapy

1.5[1-2](0.5-3)

2.0[1-2](1-3)

Post-therapy

1.0 [1-1.5] (0-2)*t

1.0 [1-2.5] (0-5)

Postural functions:

Before therapy

3.0[1.5-6.5] (0-14)

2.0[1.5-3](1-5)

Post-therapy

1.0 [0.5-2.5] (0-7)*t

1.0 [1-2.5] (0-5)

Note: The data are presented as the median [Q1-Q3] (min-max); *
differences as compared to the control

Significance of differences before and post-treatment; t Significance of

The following basic types of changes were identified in
the study:

1.Type Il changes: an increase in amplitude over a 10-20-
Hz low-frequency range. Type Il changes are an increase in
the spastic-tonic component of the EMG signal, with such

TKAYEHKO IM.B. M OP. | OPUTUHATIBHAA CTATbA

a signal being recorded for patient’s voluntary intents;

2. Type lll changes: an increase in amplitude over
a 20-50-Hz midrange (Fig. 2);

3. Type IV changes: an increase in amplitude over
a 50—100-Hz high-frequency range.

Precourse
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A total of 9 patients from the intervention group
and 5 patients from the control were found to have
changes in the dynamics of the EMG signal in one muscle
under test. While, when compared with the ASIA scale,
positive changes were discernible in 5 patients from the
intervention group and in 1 patient from the control

10000

Frequency, Hz

Fig. 2. Type lll changes: native curves of increased amplitude over a 20—50-Hz midrange

group. This is indicative of a higher sensitivity of the SEMG
method towards detecting changes in voluntary muscle
control.

A decrease in spasticity by the modified Ashworth scale
was noted in both groups post-therapy, though differences
were significant only in the intervention group (p<0.01).
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Evaluation of the dynamics revealed no significant
differences between the groups (p=0.181) (Table 3).

The postural stability was examined in a seated position
to evaluate the ability to maintain equilibrium. The data
are presented as a difference taken from the modulus
between the 50% normal value and the measured value.
For example, ABS (50—-49)=1 or ABS(50-53)=3, as it does
not matter for functional assessment where imbalance is
shifting, only the degree of imbalance matters. Significant
differences were noted in the intervention group (p<0.01).
To evaluate the results between the groups, the difference
between precourse and postcourse values in each group
was factored in; significant differences were detected

between the intervention group and the control (p=0.03)
(Table 3).

The analysis of correlations between neurological and
functional changes took into account ASIA sensibility
and motor total scores as the neurological dynamics,
as well as changes in sensibility and motor function
at the level of S4-S5 segments. A significant positive
correlation between neurological and functional changes
was detected for patients from the intervention group (r
= 0.735, p = 0.001), and it was however insignificant for
the control group (r =-0.18442, p = 0.511) (Fig. 3), which
may be suggestive of a restorative concept of the new
therapeutic modality.

Control n=15 Intervention n=15
25- °
.
20-
@
o . L]
¢ 15-
e
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w 10- @
> . .
. .
[ ) L ] L]
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e . .
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e e
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0- .
0 5 10 15 0 5 10 15
ASIA totals

Fig. 3. A scatter plot of neurological and functional measures

The zero-gravity principle has been used in the
rehabilitation practice for many years and studied
extensively since the 60-ies of the last century to accomplish
space flight programs and explore physiological parameters
in weightlessness conditions on long-term stay of astronauts
in orbit. An abrupt decline in tonic muscle system control
has been established to occur under microgravity, which
may promote a decrease in the competitive effect of
different locomotor centers on the lower motor neuron,
facilitating the task to restore the cortical motor control
[15]. The zero-gravity condition lightens the weight of body
segments, thereby ensuring the voluntary muscular activity
at a muscle strength of 3 scores and less. Besides, zero-
gravity therapeutic techniques favor a reduction in pain and
spasms and prevent dynamic stereotype from distortion
as usually observed when the function of paretic muscles
is compensated by overlying unaffected body segments.
Weightlessness (microgravity) in suspension abates the
mechanical load and reaction of the body support, with the
range of motions being preserved at the same time [15].

No differences in the frequency of clinical responses to
therapy were found between the intervention and control
groups upon completion of this study, corroborating that
the zero-gravity approach is effective in rehabilitation
practice. However, positive trends of changes in the
motor division by the ASIA scale were observed, and
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two patients from the intervention group moved up to
a higher ASIA level. The analysis of SEMG data showed
significant differences between the groups in favor of the
intervention group and demonstrated a better sensitivity
of the approach towards motor function changes.

At present, using SEMG quantitative data proves
to be impossible for the evaluation of rehabilitation
dynamics. The changes in the frequency range prove to
be more stable for different measurements, which may be
indicative of more motor units being involved in muscle
contraction and of a change in muscle contraction control
level [16]. The studies [17-19] use various techniques
to render sEMG data into ordinal scales, which are
recognized by the researchers themselves to be not
simple-to-use and unsuitable for screening in the general
medical practice. The specialists in Russia also use data
translation into the ordinal data; four types of SEMG
signal response and change rate have been proposed for
use: Type |, no changes; Type Il, a change in oscillation
amplitude; Type lll, a change in amplitude and frequency;
Type IV, a change in EMG type [20]. Based on the data
reported, here we propose an ordinal scale of changes
in the amplitude-frequency spectrum following Fourier
transform (Table 4). The transformation is performed in an
automatic mode using the electromyographic equipment
specified above.
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Table 4. Ordinal scale of changes in amplitude-frequency spectrum of EMG after Fourier transform

Type EMG signal change Assessment (scores)
Type | no significant changes 0
Typelll enhanced amplitude in low-frequency range (10—20 Hz) 1
Type lll enhanced amplitude in midrange (20-50 Hz) 2
Type IV enhanced amplitude in high-frequency range (50-100 Hz) 3

The sEMG signal amplitude was considered as
enhanced if it more than doubled or by more than 5 pyV in
absolute amount for the selected frequency. The approach
proposed herein for sSEMG data assessment does not claim
to be complete and precise, and we pursued the aim to
try to create a practical basis for alternative assessment.
The sEMG assessment may have additional value both in
predicting the functional outcome and in evaluating the
therapeutic effectiveness.

The present study also found a more pronounced
improvement in postural function in the sitting position
in the intervention group, which may indicate an increase
in strength and better control of the trunk muscles.
Besides, a significant correlation between neurological
and functional changes was detected in the intervention
group. This may suggest a restorative concept of the
new therapeutic approach. However, further research
with a power increment is needed. The present study has
a limitation — a small sample - which also necessitates
further research.

Some studies evaluated the dynamics of neurological
changes in patients post-TSCl, depending on timeframes
post-injury [21-24]. All the studies quoted give fairly similar
results in terms of timing and speed of recovery. The
analysis of these data demonstrates that major changes
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CONCLUSION

Thus, the findings from this study suggest that
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be restored.
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