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Objective. Evaluation of the effectiveness and safety of exoskeleton in rehabilitation programs for patients with spinal cord injury.

Material and Methods. A clinical study of the effectiveness of a rehabilitation program based on training in an exoskeleton was carried 

out on the basis of the Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan in the period from 2017 to 

2019. Rehabilitation trainings were conducted using Russian hardware and software complex. The study involved 80 people (57 men and 

23 women) with spinal cord damage caused by the thoracic and lumbar spine injury. The duration of the injury ranged from 1 to 15 years, 

the average duration of the post-traumatic period was 73.4 ± 5.31 months.

Results. The rehabilitation program for each participant consisted of 2 sessions of 20 days each held in hospital setting and included train-

ing in ExoAtlet exoskeleton (at least 15 trainings, 30 minutes each during each hospital stay), specialized exercise therapy and physio-

therapy procedures. The break between sessions was 1 month. The results of the SCIM III assessment showed a change in the level of ac-

tive functioning towards improvement in half of the patients who underwent rehabilitation in the exoskeleton. Taking into account that 

patients with complete conduction disturbances (66.3%) and injury duration of more than three years (73.7 %) prevailed among the study 

participants, such results indicate the effectiveness of rehabilitation measures based on walking in exoskeleton, not only in recovery, but 

also in the late period of the injury, even with severe neurological deficit.

Conclusion. The obtained results allow recommending walking in an exoskeleton for inclusion in the rehabilitation programs for patients 

with paraplegia and paraparesis in the recovery and late periods of spinal cord injury.
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Injuries to the spine and spinal cord 
account for 10 to 17 % of all injuries to 
the musculoskeletal system. Spinal cord 
injury (SCI) is characterized by a severe 
course, high mortality rate, and a high 
incidence of primary disability [1, 2]. 
Spastic paraplegia of lower extremi-
ties, which develops in 20–30 % of SCI 
patients, has the highest disability risk. 
Rehabilitation of these individuals is 
a complex and cost-intensive process. 
No approaches to the individualized 
search for the optimal rehabilitation 
means and strategies  have been 
identified yet, which makes the therapy 
less effective [3]. Rehabilitation using 
exoskeletons, which are innovative 
robotic devices containing an external 
frame for increasing human strength, 

opens up new possibilities for restoring 
lost motor functions and enhancing the 
preserved ones in patients with traumatic 
and non-traumatic spinal cord injuries. 
Although the first reports on the use of 
medical exoskeletons for rehabilitation 
of patients with impaired motor function 
of the lower extremities were published 
relatively recently, at the end of the 
2000s, there are currently about 10 
exoskeleton models manufactured in 
different countries that were proposed 
for rehabilitation purposes [4]. The first 
Russian exoskeleton “ExoAtlet” was 
registered as a robotic medical device 
in 2016.

All medical exoskeletons for mobil-
ity enhancement are hardware and soft-
ware systems consisting of a mechanical 

structure that follows lower limb con-
tours, electric motors, which are part of 
the structure, and a processor based on 
biological feedback controlling the exo-
skeleton during training. Domestic and 
foreign studies have shown that walking 
in the exoskeleton improves the patient’s 
psycho-emotional state due to the possi-
bility to stay in an upright position and 
increases his ability to self-care. It also 
activates and strengthens the musculo-
skeletal system due to continuous pas-
sive movements of all muscles and joints 
of the lower extremities. Restoration of 
walking function using a robot motivates 
the patient to actively participate in the 
rehabilitation process, although for a 
short time [5–7].
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Despite the encouraging results 
obtained, the practical feasibility of using 
innovative robotic devices for rehabilita-
tion of the disabled persons with spinal 
cord injury is still questioned. In addition 
to the high cost, as well as operational 
difficulties associated with the technical 
complexity of the design and software, 
which requires special skills, the wide-
spread use of exoskeletons is hampered 
by the lack of consensus on the effective-
ness of a rehabilitation program using a 
robotic device. Most authors have ana-
lyzed exoskeleton capabilities based on 
individual cases or clinical studies in a 
small group of participants [8]. Random-
ized clinical studies with a sufficiently 
large number of participants are required 
to resolve controversial issues and pro-
vide scientific evidence for the use of 
robotic exoskeleton training for com-
prehensive rehabilitation of SCI patients.

The aim of the study is to analyze the 
effectiveness and safety of using exoskel-
eton during recovery and late periods of 
spinal cord injury.

Material and Methods

A clinical study of the effectiveness 
of rehabilitation based on exoskele-
ton-assisted walking was carried out 
at Novosibirsk Research Institute of 
Traumatology and Orthopaedics n.a. 
Ya.L. Tsivyan in 2017–2019. The study 
was designed as a prospective, one-
group, non-randomized, open-label, non-
comparative, and baseline-controlled 
study. The Russian hardware and 
software platform ExoAtlet was used for 
rehabilitation. The inclusion criteria are 
the following: patient’s age is in the range 
of 19–55 years; the weight does not 
exceed 100 kg; the height ranges from 
160 to 190 cm; neurological damage is 
at the ≤T1 vertebra level; impairment 
of sensory and motor conduction is 
classified as ASIA grade A–C; the patient 
can move independently in a wheelchair, 
perform self-care activities, use both 
upper extremities, and control muscle 
strength. The study included 80 patients 
(57 males and 23 females) with SCI in 
the thoracic and lumbar spine (Intent-
to-treat (ITT) population of all the 

included patients). A total of 31.25 % 
of patients (25 individuals) had injury 
at the T1–T7 level, 40.00 % of cases (32 
participants) received trauma at T8–T12, 
and 22.50 % of patients (18 individuals) 
were diagnosed with a L1–L5 level injury. 
There were five (6.25 %) patients with 
traumatic injury to the lower thoracic 
and upper lumbar vertebrae. Injury 
duration varied from one year to 15 
years; the average duration of the post-
traumatic period was 73.40 ± 5.31 
months. A total of 21 (26.3 %) patients 
were in the recovery period (1–3 years 
after injury); 59 (73.7 %) individuals were 
in the late period (more than 3 years after 
injury). The clinical study protocol was 
approved by the local ethics committee. 
All patients involved in the study gave 
an informed consent. A total of 65 
patients (Per Protocol (PP) population) 
completed their participation in the 
study; 15 participants dropped out for 
various reasons.

The rehabilitation program consisted 
of two 20-day courses conducted in sta-
tionary conditions for each participant. 
It included exercises using the ExoAt-
let hardware-software platform (at least 
15 30-min exercise sessions during each 
hospitalization), exercise therapy, phys-
iotherapy procedures (electromyostimu-
lation, as well as either magnetotherapy 
or laser therapy, if indicated), medical 
massage of the lower extremities and 
local spinal regions. The break between 
the courses was one month.

The effectiveness of rehabilitation 
measures was assessed before and after 
each course (visits 1–4), as well as one 
month after completion of the rehabilita-
tion program (visit 5). The SCIM (Spinal 
Cord Independence Measure) III scale, 
which is recommended for objective 
assessment of functional recovery after 
spinal cord injury, was used as the main 
assessment tool [9]. The SCIM III scale 
allows one to score the quality of daily 
life and social functions. The total score 
presents the sum of intermediate points 
for the following sections: self-care (0 
to 20 points), respiration and sphincter 
management (0 to 40 points), and mobil-
ity (0 to 40 points); it reaches 100 points 
in the absence of neurological deficit [10].

The ASIA/ISNCSCI scale (2015), 
which is the international standard for 
neurological and functional classifica-
tion of spinal cord injuries, was used to 
determine the severity of neurological 
deficits [11].

In order to assess the safety through-
out the entire period of the patient’s par-
ticipation in the clinical study, vital signs 
(blood pressure, heart and respiratory 
rate), patients’ complaints and physi-
cal condition, and all adverse events (i.e. 
any unfavorable change from a medical 
standpoint) were monitored. Data on 
adverse events were recorded in the pri-
mary documentation and individual reg-
istration cards with subsequent analysis 
of the presence or absence of causal rela-
tionships with the rehabilitation method 
under study.

The obtained data were processed 
using the IBM SPSS Statistics software 
version 25.0 by calculating descrip-
tive statistics and performing an intra-
group comparison of scale parameters. 
Descriptive statistics are presented as 
mean (M) and standard deviation (SD). 
The statistical significance of the dif-
ferences between the scale parameters 
was assessed using the non-parametric 
Wilcoxon signed-rank test and the non-
parametric Friedman test. The alpha 
level for accepting or rejecting the null 
hypothesis was considered as 0.05. The 
corrected alpha level for the Friedman 
test, with taking into account the Bon-
ferroni correction for four independent 
tests, was considered as 0.0125.

Results

Assessment of neurological status using 
the ASIA scale during visit 1 revealed 
that the majority (66.3 %) of the partici-
pants initially had complete neurologi-
cal impairment, which caused the loss of 
motor function of the lower extremities, 
as well as pain and tactile sensitivity 
below the neurological level. A total of 
13.7 % of the patients were unable to 
move their legs, while having a preserved, 
although significantly reduced, sensitivity 
below the injury level (Table 1).

The motor function of the lower 
extremities was partially preserved in 
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20.0 % of the patients. However, these 
individuals, as well as ASIA grade A and B 
patients, used a wheelchair for indepen-
dent mobility due to severe neurologi-
cal deficit, which significantly decreased 
strength of the key muscles below the 
injury level.

A total of 15 patients dropped out 
between visits 2 and 4 during the clinical 
study period. Patient disposition based 
on the study visits, including individu-
als who prematurely discontinued par-
ticipation with specification of the main 
reasons for dropping out, is presented 
in the Fig.

The adverse events were stratified as 
either mild (n = 5 (6.25 %) of the total 
number of study participants) or moder-
ate (n = 6 (7.50 %) of the total number 
of participants). Analysis of the degree 
of spinal cord injury in patients with 
adverse events using the ASIA impair-
ment scale showed that nine out of 11 
patients had the highest injury grade 
(ASIA grade A).

Adverse events of mild severity (five 
cases, which occurred during walking 
in the exoskeleton) included manifesta-
tions of edema and pain in either ankle 
(three cases) or knee (two cases) joints. 
Radiological examination revealed stage 
≥II osteoarthritis in all the cases, while 
the adverse events were insignificant 
and neither led to the patients’ refusal 
to participate in the clinical study nor 
increased the duration of hospitalization/
rehabilitation.

Moderate adverse events were 
observed in six patients: ankle (five cas-
es) and knee (one case) joint fractures 
occurred during exoskeleton use, which 
led to the cancellation of rehabilitation. 
Fractures in SCI patients were regard-
ed as adverse health threatening events 
requiring prolongation of hospitaliza-
tion. Monitoring of the patients’ con-
dition revealed fracture consolidation 
in all patients and no deterioration in 
general health and neurological status, 
as observed in the control images 8–10 
weeks after fracture.

Assessment using the ASIA scale dur-
ing visit 5 did not reveal any changes in 
the patients’ neurological status during 
rehabilitation (Table 1). The distribution 

of patients between grades A, B, and C 
in the PP population remained the same 
as for the ITT population before the 
beginning of rehabilitation. Quantitative 
assessment of motor and sensory func-
tions also revealed neither positive nor 
negative dynamics after two courses of 
rehabilitation.

In order to assess the impact of reha-
bilitation measures on the patients’ func-
tional status, the dynamics of the total 
SCIM III score in the PP population from 
visit 1 to visit 5 was statistically analyzed 
(Table 2).

The mean total SCIM III score 
increased by 3.20 ± 0.50 points relative 
to the initial value and equaled 69.70 ± 
9.45 points (M ± SD) by visit 5. Statis-
tical analysis using the non-parametric 
paired Wilcoxon test performed to estab-
lish the significance of differences in the 
parameter between visits 1 and 5 showed 
that the mean values differed significant-
ly (Z = -2.250; p = 0.023). The least sig-
nificant change in the total score was 
observed in ASIA grade A patients: the 
increase was only 0.900 ± 0.218 points 
in this group. The greatest increase in 
the SCIM (by 4.60 ± 0.22 points relative 
to the period before the start of rehabili-
tation) was noted in the grade C group. 
However, this increase was not statisti-
cally significant, which may be due to the 
small number of patients in the group 
(16 individuals). Positive dynamics in the 
total score was found in both the total 
group and ASIA subgroups A, B, and C at 
visit 4. This trend continued for a month 
after completion of rehabilitation. Thus, 
the total SCIM III score reached its maxi-
mum values by visit 5.

The proportion of participants whose 
total SCIM III score increased by ≥ 1 
point after rehabilitation was 50.8 % (33 
individuals). Moreover, seven patients 
had an increase of 10 to 40 points. The 
total score remained the same in 18 
(27.7 %) cases; negative dynamics in the 
range from 1 to 9 points was observed in 
14 (21.5 %) individuals. The proportion 
of patients with positive dynamics during 
rehabilitation was comparable between 
ASIA subgroups A, B, and C (50.0, 55.6, 
and 50.0 %, respectively). The vast major-
ity of patients with negative dynamics 

were classified as grade A (12 out of 14 
patients).

In order to answer the question of 
what functional area was influenced by 
rehabilitation using the exoskeleton, we 
analyzed the nature of changes in the 
intermediate score for sections “self-
care”, “respiration and sphincter man-
agement”, and “mobility” (Table 3).

Before the start of rehabilitation, the 
most restricted function among the 
patients was self-care, which includes 
daily activities such as eating, dressing, 
and personal hygiene. On the one hand, 
a relatively insignificant restriction in 
self-care can be explained by the fact 
that the level of neurological damage is 
≤ T1. On the other hand, it is because 
the patients have to adapt to the need to 
change their lifestyle in the late period 
of SCI [12, 13]. Respiration and sphincter 
management were reduced by 23 % due 
to the impaired control of urination and 
defecation. Respiration was not affected: 
the patients were adapted to use the toi-
let independently with the help of assis-
tive devices. The most restricted function 
was mobility. The mean score for this sec-
tion was reduced by 54 % during visit 1. 
This was expected because all study par-
ticipants moved in a wheelchair, could 
neither stand nor walk, and, even when 
having the skills to use a wheelchair, they 
experienced difficulties when moving 
outdoors, and could not go down and 
up the stairs.

A tendency to an increase in the func-
tioning level was noted for all three sec-
tions during rehabilitation. However, 
comparison of the mean score before 
and one month after the end of reha-
bilitation demonstrated a significant 
increase only for section “respiration and 
sphincter management” (p1–5 = 0.037; 
Table 3). An analysis of personal SCIM 
III questionnaires showed that positive 
dynamics for this section is associated 
with the ability to defecate independent-
ly at least once every three days in (6.2 
%) patients and improved urination con-
trol in three (4.6 %) cases. An intragroup 
comparison (visits 1–5) of the scores 
for all SCIM sections using the Friedman 
method, which allows to simultaneously 
compare the values of the studied vari-
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able for all five visits, taking into account 
the Bonferroni correction for multiple 
testing, confirmed significant differenc-
es between the visits for section “respi-
ration and sphincter management”(Q = 
14.459; p = 0.006) and revealed statisti-
cally significant positive changes in the 
mean score for mobility (Q = 13.473; 
p = 0.009) after rehabilitation. No signifi-
cant differences were noted for self-care 
(Q = 9.223; p = 0.056). The absence of 
significant changes in the intermediate 
score for this section can be explained 
by the fact that the functioning level of 
the patients remained quite satisfactory 
before the beginning of rehabilitation, 
and the mean score was only 11.0 % low-
er than the maximum possible value.

Discussion

The results of statistical processing of the 
clinical version of the SCIM III scale indi-
cate an improvement in the function-
ing level in half of the patients receiv-
ing exoskeleton-based rehabilitation. 
The specialized SCIM III questionnaire is 
currently used in international practice 
as one of the basic tools for assessing 
rehabilitation outcomes in spinal cord 
injury. The criterion for the adequacy 
and effectiveness of the implemented 

Screened
(n = 80)

Included 
in the study

(n = 80)

Completed 
the study
(n = 65)

Dropped out early
(n = 15)

n = 1: occurrence of contraindications preventing 
             further participation in the study from 
             a researcher’s standpoint;
n = 1: serious protocol violation by the patient;
n = 6: refusal to participate due to adverse events;
n = 5: withdrawal of the patient’s consent;
n = 2: unwillingness or inability of the patient 
             to comply with the protocol

Table 1

Neurological impairment degree according to the ASIA scale in patients with spinal cord injury before/after rehabilitation (n = 80/65)

Impairment degree Patients, n (%) Motor function, 

points*

Sensitivity, points*

pain tactile

A – complete: no sensory or motor function is 

preserved in segments S4–S5

53/44 (66.3/67.8)   51.00 ± 0.22/ 

52.30 ± 0.29

  69.10 ± 0.22/ 

69.80 ± 0.31

  69.10 ± 0.22/ 

69.40 ± 0.28

B – incomplete: only motor function (no sensitivity) 

is preserved below the neurological level (including 

S4–S5)

11/9 (13.7/13.8)   52.60 ± 0.37/ 

54.10 ± 0.61

  81.70 ± 0.74/ 

 82.00 ± 0.66

   81.70 ± 0.74/ 

 82.00 ± 0.66

C – incomplete: motor function is preserved below 

the neurological level, the strength of the majority of 

key muscles below the neurological level is graded < 

3 points 

16/12 (20.0/18.5)   71.80 ± 0.69/ 

72.70 ± 0.74

   93.60 ± 0.41/ 

  93.50 ± 0.52

  93.60 ± 0.41/ 

93.50 ± 0.52

Total 80/65 

(100.0/100.0)

  52.70 ± 0.59/ 

53.50 ± 0.42

   77.30 ± 0.36/ 

  77.80 ± 0.47

77.30 ± 0.36/ 

77.70 ± 0.49

The numerator presents scores before the beginning of rehabilitation (visit 1), the denominator contains scores after the end of rehabilitation (visit 5);

 *in the absence of neurological impairment, the maximum score for the motor and sensory functions on both sides is 100 and 112, respectively.

Скринированы
(n = 80)

Включены
в исследование

(n = 80)

Завершили
исследование

(n = 65)

Досрочно выбыли
из исследования

(n = 15)

n = 1: появление противопоказаний, по мнению
исследователя, препятствующих дальнейшему
участию в исследовании;
n = 1: серьезное нарушение протокола пациентом;
n = 6: отказ по причине нежелательных явлений;
n = 5: отзыв согласия пациента;
n = 2: нежелание или неспособность пациента
выполнять требования протокола

Fig. 
Disposition of patients included in the study

Screened
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(n = 80)
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the study
(n = 65)

Dropped out early
(n = 15)

n = 1: occurrence of contraindications preventing 
             further participation in the study from 
             a researcher’s standpoint;
n = 1: serious protocol violation by the patient;
n = 6: refusal to participate due to adverse events;
n = 5: withdrawal of the patient’s consent;
n = 2: unwillingness or inability of the patient 
             to comply with the protocol
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rehabilitation program is an increase in 
the total score during rehabilitation [14, 
15]. In our study, the mean total score 
increased by 3.20 ± 0.50 points by the 
final visit (visit 5). It is worth noting that 
some authors consider a 1-point increase 
as an indicator of treatment effectiveness 
[16].

Taking into account the fact that 
patients with complete conduction dis-
turbances (66.3 %) and more than 3-year 
trauma duration (73.7 %) prevailed 
among the participants, these results 
indicate effectiveness of the rehabilita-
tion program based on walking in the 
exoskeleton not only during the recovery 
period but also in the late period of inju-
ry, even in severe neurological deficits. 
The absence of the effect of exoskele-
ton-based rehabilitation program on the 
degree of neurological deficit was expect-
ed, since the overwhelming majority of 
the study participants were in the late 
period, when neurological condition is 
stable. The main rehabilitation goal dur-
ing this period is to increase the patient’s 
mobility and ability to self-care, as well 
as to prevent and correct internal organ 
disorders and the patient’s psycho-emo-
tional status [3, 17]. The rehabilitation 
program based on exoskeleton-assisted 
gait training meets these goals, which 
is evidenced by a significant increase in 
the mean score for sections “mobility” 
and “respiration and sphincter manage-
ment”. Of particular interest is the posi-
tive dynamics in pelvic organ functions, 
since improvement in the control of uri-
nation and defecation remains one of 
the most difficult tasks in managing SCI 
patients [18, 19]. The obtained results are 

consistent with the data of other authors 
reporting improved control of defeca-
tion after exoskeleton-assisted walking. 
Mechanisms for improving the func-
tion of anal sphincters may be explained 
by a tendency to normalize the tone of 
the pelvic diaphragm muscles, the dia-
phragm itself, as well as by increased 
intra-abdominal pressure during sys-
tematic standing in upright position 
and walking in the exoskeleton [20, 21]. 
Baunsgaard et al. [16] performed a mul-
ticenter clinical study using the “Ekso GT” 
exoskeleton and also noted an improve-
ment in stool incontinence. However, the 
authors did not reveal any changes in 
bladder function, which was impaired in 
all patients. It should be noted that mean 
intermediate scores for each of the sec-
tions and the total score did not change 
after the first course of rehabilitation; 
improvement was observed only during 
the second course of the recovery pro-
gram. Other authors recommend long 
(≥8-week) rehabilitation period with at 
least 25–30 sessions [22, 23]. Each par-
ticipant in our study received 30–36 ses-
sions in the exoskeleton for the period 
of 2.5 months, which included two sta-
tionary periods with a one-month break. 
During the first course, the patients were 
able to start walking independently in 
the exoskeleton with a cane and with the 
help of an assistant only after the adapta-
tion period, which included at least 8–10 
sessions of standing in the device with 
crutch support and bar walking. The lit-
erature provides data that certain effects 
can be achieved after 15 rehabilitation 
sessions in the exoskeleton. Neurologi-
cal impairment degree in these patients 

is usually incomplete, which corresponds 
to ASIA grades B and C [24].

During the study, six patients devel-
oped complications in the form of low-
er limb fractures. This complication is 
a serious adverse event. However, it is 
expected when walking in the exoskel-
eton [6, 25]. Cases with a severe degree of 
spinal cord injury predominated among 
patients with fractures: five individuals 
were classified as ASIA grade A. These 
patients are known to naturally develop 
osteoporosis and also have an increased 
risk of fractures even in the absence of 
physical activity [26].

Conclusion

The functional status of patients with 
severe neurological impairment (ASIA 
grades A and B in 80 % of the study par-
ticipants) improved after exoskeleton-
assisted rehabilitation in the recovery and 
late periods. The effectiveness of walking 
in the exoskeleton was confirmed by 
statistical data analysis using the clinical 
version of the SCIM III scale. According 
to SCIM III-based evaluation results, the 
total score increased by 1.80 ± 0.76 
points by the end of rehabilitation 
and by 3.20 ± 0.50 points one month 
after the completion of the recovery 
program. Analysis of the dynamics of the 
total and intermediate SCIM III scores 
during rehabilitation demonstrated that 
the effectiveness of recovery based on 
walking in the exoskeleton depends on 
the recovery period duration, which 
should include at least 30 sessions.

The obtained results allow recom-
mending exoskeleton-assisted walking 

Table 2

Dynamics of the mean total SCIM III score after comprehensive exoskeleton-assisted rehabilitation  (n = 65)

ASIA grade Mean SCIM score (M±SD)

visit 1 visit 2 visit 3 visit 4 visit 5

A (n = 44) 65.50 ± 7.51 65.20 ± 7.42 64.90 ± 7.34 66.00 ± 6.75 66.40 ± 6.76

B (n = 9)    66.80 ± 11.48   67.20 ± 10.16   68.10 ± 15.43    68.00 ± 15.41    69.10 ± 15.27

C (n = 12)    72.20 ± 12.13   72.20 ± 12.12   74.50 ± 11.56  76.30 ± 9.90  76.80 ± 8.03

The whole group   

(n = 65)

   66.50 ± 10.22 67.20 ± 9.74   67.50 ± 10.44     68.30 ± 10.02   69.70 ± 9.45*

      р1–5 = 0.023

 *statistical significance of the differences compared to baseline values.
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for rehabilitation in patients with para-
plegia and paraparesis during the recov-
ery and late periods of spinal cord injury.

A decrease in the total score was not-
ed in 21 % of the study participants. A 
total of 86 % of the patients with neg-
ative dynamics were classified as ASIA 
grade A. Adverse events associated with 

the studied rehabilitation method were 
also observed mainly in grade A patients. 
Apparently, further clinical studies are 
required in order to develop an effective 
and safe technology for using a robotic 
exoskeleton in patients with severe spi-
nal cord injury due to trauma.

This study was supported by the state assignment 
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Table 3

Dynamics of the mean intermediate score for each SCIM III section after comprehensive exoskeleton-assisted rehabilitation  (n = 65)

Section Maximum score SCIM section score  (M ± SD)

visit 1 visit 2 visit 3 visit 4 visit 5

Self-care 20 17.80 ± 2.23 17.50 ± 2.43

     p1–2 = 0.350;  

     р2–5 = 0.030*

17.90 ± 2.41

      р1–3= 0.128;  

     р3–5 = 0.428

18.10 ± 1.79

      р1–4 = 0.140;

     р4–5 = 0.713

18.20 ± 1.70

    р1–5 = 0.101

Respiration and 

sphincter management

40 31.00 ± 6.14 31.30 ± 5.43

     p1–2 = 0.386

     p2–5 = 0.061

31.10 ± 5.86

     р1–3= 0.386

      р3–5 = 0.023*

31.50 ± 5.12

     р1–4 = 0.088

     р4–5 = 0.113

31.90 ± 4.43

      р1–5 = 0.037*

Mobility 40 18.40 ± 4.36 18.30 ± 5.06

    р1–2 = 0.433

    р2–5 = 0.156

18.60 ± 4.77

      р1–3= 0.811

      р3–5 = 0.089

19.30 ± 4.64

    р1–4 = 0.081

     р4–5 = 0.882

19.10 ± 4.61

     р1–5 = 0.385

 *the level of statistical significance of the differences between the compared visits (the visit No is in lower case).
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