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Abstract

Background: The aim of the clinical study was to investigate and compare the impact of
non-robotic assisted therapy to classical kinesiotherapy to improve the function abilities
of upper extremity.

Patients and methods: Sixty patients were divided randomly into two study groups.
In the main group, patients completed a non-robotic assisted therapy and in the com-
parative group, they completed a classical kinesiotherapy. The age range of patients
was from 6 to 17 years of age with impaired upper extremity. They all participated in
20 therapies.

Results: Statistically significant results were obtained in patients who completed the
Armeo® therapy in all ranges of motion, the best improvement (p = 0.000) of shoulder
and elbow flexion, and wrist extension, in all grips of the hand, the best improvement
(p =0.000) in lateral pinch, spherical and cylindrical grip and in Frenchay Arm Test in all
tasks, the best improvement (p = 0.000) in tasks 1 and 5. The comparative group of the
patients achieved statistically significant results only in elbow flexion (p = 0.005), radial
deviation (p = 0.046), in ulnar deviation (p = 0.011). In other movements, grips and tasks
were the results that are not statistically significant.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [®)sy ]
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Conclusion: For the improvement of function ability of the paretic upper extremity, the
patients with cerebral palsy are statistically more effective from the non-robotic assisted
therapy than those who completed the classical kinesiotherapy.

Keywords: cerebral palsy, upper extremity, non-robotic assisted therapy, classical
kinesiotherapy

1. Introduction

This clinical study has tested improvement of the movements of upper extremity in children
and adolescents with cerebral palsy (CP). Arm rehabilitation is applied in neurorehabilita-
tion for patients with paralyzed upper extremities due to lesions of the central or peripheral
nervous system, for example, after stroke or spinal cord injury [1]. Lengthy physical inactivity
in patients with chronic neurological disease can lead to prolonged recovery [2]. The goals of
the therapy are to recover motor function, to improve movement coordination, to learn new
motion strategies (“trick movements”), and/or to prevent secondary complications such as
muscle atrophy, osteoporosis, and spasticity. The advantages of robotic training are that the
therapist can get assisted, for example, relieved from the weight of the patient's arm, the train-
ing can get longer and more intensive (up to 20 times more movement repetitions per training
session), and the movements can be measured and used for therapy assessment. Furthermore,
special virtual reality technologies can make the training much more entertaining and moti-
vating as well as task-oriented and functional and, thus, more relevant for daily living activi-
ties [1]. Cerebral palsy (CP) is defined as a group of permanent disorders of movement and
posture, causing activity limitations attributed to a static lesion in the developing brain, often
accompanied by secondary impairments. Predominant clinical manifestations found in CP
include weakness, loss of selective motor control, spasticity, and antagonist contraction.
Significant impairments caused by this disorder may compromise motor function, and as a
result, individuals with CP experience functional limitations that affect activities of daily life
ranging from mild incoordination to total body involvement [3]. One of the clinical features
of cerebral palsy that perhaps has been least appreciated is impaired selective motor control
(SMC). The National Institutes of Health Task Force defined SMC as the “ability to isolate
the activation of muscles in a selected pattern in response to demands of a voluntary move-
ment or posture’. This can be extended to include movement of intended body segments in
isolation. The intricate process of developing motor pathways establishing connections at the
spinal-segmental level is susceptible to prenatal and perinatal brain damage that affect SMC.
For example, it has long been established that the corticospinal tract directly innervates hand
motor neurons, which provides the capacity for selective upper extremity movement control,
and that damage to these tracts impairs this control [4]. Children and adolescents with CP
have decreased levels of physical activity compared with their peers without CP. The abil-
ity to sustain physical activity at the intensity and duration necessary for participation is an
important outcome of intervention. Young children with CP may be at risk for reduced physi-
cal activity and/or ability to sustain physical activity secondary to impairments in muscle
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performance, limitations in mobility, high calorie demands for growth, and decreased aerobic
capacity [5]. Hemiparesis is usually a lifelong health problem, but is not unsolvable. By the
effort to stifle debilitating disorder in hemiparesis and to therefore prevent its progression, it
needs to be followed by restoration of lost functions and paretic upper extremity, which have
created different methodological techniques and concepts. These are mostly based on the
neurophysiologic basis [6].

1.1. Non-robotic therapy by Armeo® equipment

The therapy was implemented by means of the equipment Armeo®. The Armeo® equipment is
an arm orthosis equipped with various components, including a pressure-sensitive handgrip.
A spring mechanism provides adjustable weight support for the arm requiring treatment,
which also facilitates functional arm movement. The Armeo® is used to support functional
therapy for patients who lose function in their upper extremity caused by cerebral, neuro-
genic, spinal, muscular or bone-related disorders. Taking into account the contraindications
and every patient's individual profile, the Armeo® is used in the case of: strokes, multiple
sclerosis (MS), cerebral palsy (CP), follow-up care after brain-tumor operations, spinal cord
injuries (SCI), traumatic brain injury (TBI), endoprostheses, follow-up care for elbow and
shoulder endoprostheses, muscular atrophy, muscle weakness due to lack of mobility, hemi-
plegic patients. Just as for any other therapy, the physician in charge is always responsible for
the indication. Functional training with the Armeo® is not possible or indicated in every case.
In general, the Armeo® must not be used in the following cases to avoid causing harm to the
patient. The following contraindications must therefore be observed in particular: orthosis
cannot be fitted to the relevant arm, bone instability (non-consolidated fractures, severe osteo-
porosis), pronounced, fixed contractures affecting the relevant extremity, open skin lesions in
the area of the relevant upper extremity, paraesthesia, shoulder joint subluxation or pain in
the shoulder joint, severe spasticity, severe spontaneous movements, for example, ataxia, dys-
kinesia, myoclonic jerks, non-stable vital functions: pulmonary or cardio-circulatory contrain-
dications (instability or instrumental support for these functions), need for long-term infusion
therapy, severe postural instability, contraindicated sitting position, confused or non-cooper-
ative patients, severe cognitive deficits, patients requiring isolation due to infections, severe
visual problems (patient is not able to see displayed elements on the computer screen).

The Armeo® is based on the product “T-WREX”. It is a passive (non-robotic) upper
extremity orthosis, which lightens the weight of the upper extremity in 3D space. It
allows natural movement in the workspace of approximately 66% of normal work-
ing area in the vertical and 72% in the horizontal plane. It allows quantifying range
of motion and gripping strength in the patient's interaction with the software during
therapy. This facilitates for users with moderate to severe hemiparesis to achieve greater
range of motion that is possible without derating weight of the upper extremity. It also
allows the use of upper extremity targeted and coordinated, although it retained resid-
ual possibility of movement. Since this is non-robotic, equipment requires the initiation
of patient motion, which requires the active participation of the patient during training
[7] (Figures 1 and 2).
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Figure 1. Therapy by using Armeo® equipment in 3D workspace.

1.Caster

2.Base plate

3.Lifting column

4.Linear guide

3. Transport handle

6.Arm with integrated electronics

7.Upper arm module with weight compensation mechanism and cuff

& Forearm module with weight compensation mechanism and cuff
9.Pressure sensitive handle with degree of freedom for pronation / supination

Figure 2. General overview of Armeo® equipment according to Hocoma (2008).
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After the setting of therapy, the patient performs the specified sequence of exercise as
an individual training. All exercises are performed in environment of virtual reality,
which clearly displays functional tasks and performances of the patient [7]. Therapists
can choose exercises, which they want to add to the users' therapy plan (e.g., Window
Mopping, Reveal Panorama, Popping Air Bubbles) (Figures 3 and 4) [7]. Upon adding
new exercises to the therapy plan, the plan definition screen appears. In this screen, all the
exercise parameters such as difficulty level, time limits, number of repetitions and so on
can be adjusted to the patients' needs. The Augmented Performance Feedback provided
by the shared software platform, encourages and motivates patients to achieve a higher
number of repetitions, and this leads to better, faster results and improved long-term
outcomes. The software also provides automatic, ongoing assessment of motor functions
and patients that can readily track their progress, helping them to grasp the initiative and
reach toward recovery [7].

Figure 3. Grating carrot.
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Figure 4. Shopping in 3D workplace.

The purpose of this clinical study was to determine the effect of therapy in the system Armeo®
and on the movements and the grip's of the ability of upper extremity in children and ado-
lescents with cerebral palsy. In this study, we sought to identify and verify the comparison
of the impact of non-robotic assisted therapy to classical kinesiotherapy on the functionality
effect of self-sufficiency and improvements of paretic upper extremity in the patients with CP.
Even though we know that the complete elimination of paresis is impossible, we believe that
paresis of the upper extremity can effect to a large extent, so that children and adolescents can
improve their independence and quality of life.

2. Patients and methods

The object of investigation consisted of two groups. In the main group, patients completed a
non-robotic assisted therapy and in the comparative group they completed a classical kinesio-
therapy (e.g., passive movements, active-assisted exercises, Bobath concept, Kabat method).
The age range of patients was from 6 to 17 years of age with impaired upper extremity. In
the main group: 30 children (mean age 12.73) and in the comparative group: 30 children
(mean age 11.33).They all have taken 20 therapies, whereas in the main group by Armeo®
equipment and in the comparison group by classical kinesiotherapy. One therapy lasted 45
min of active exercise and frequency was minimal to twice a week. The patients were tested
before and after the completion of therapy using goniometric investigation [7], by testing
grips of paretic's hand (cylindrical, spherical, lateral, hook...) [8] and by using Frenchay Arm
Test [9] for investigation of function ability of paretic upper extremity.
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2.1. The statistical methods used in the study

For processing the collected data, a numerical evaluation and statistical methods were chosen.
It was used as a descriptive analysis, Student's paired dependent t-test, Wilcoxon Signed Ranks
Test and Effect size. Student's paired dependent t-test was used to evaluate the range of motion
of the upper extremity for shoulder flexion and extension, wrist flexion and for evaluating the
hand grip for palmar pinch, pinch grip and hook grip only. This test investigates the differences
of two quantitative variables in the same investigating population. The result of the test is the t
value (positive or negative), and significance. If the significance of the test is on the value higher
than 0.05, then our observation of an intervention is not random. For other range of motions
of the upper extremity and for other evaluation, the hand grip was used the Wilcoxon Signed
Ranks Test — nonparametric statistical test, because in comparing to the test of the range of
motions didn't work the test of normality for variances. This test does not compare the obtained
values but the order of assigned values from the smallest to the largest. The study also shows
the effect size. Effect size is used to obtain the size of standard rates of our observations. Effect
size with significance, gives us information about the size and significance of the effect. Data
were processed by using the software Microsoft Office Word 2007, Microsoft Office Excel, 2007.
For mathematical-statistical evaluation, descriptive statistical methods SPSS 16.0 were used.

The study was conducted in accordance with ethical principles, based on the Declaration of
Helsinki (1964) [10].

3. Results

In the main group after rehabilitation by equipment Armeo®, the patients achieved greater
range of motions in the upper extremity than the patients in comparison group. After the
testing of obtained input and output data, we used tests of normality (Kolmogorov-Smirnov
and Shapiro-Wilk). The tests have confirmed homogeneous and inhomogeneous distribution
of the data in the study, we used parametric statistical test—Student's paired dependent t-test
and nonparametric statistical test—Wilcoxon Signed Ranks Test.

After the treatment had occurred in the patients of the main group, there was statistically signifi-
cant improvements in range of motions of the upper extremity, which resulted in a higher aver-
age output score in shoulder flexion (M =131.83, SD + 29.55) than the input score (M =111.33, SD
32.59), t(29) =-7.894, p = 0.000, r = 0.826, a higher average output score in shoulder abduction (Md
=100.00, SD +15.60) than the input score (Md =82.50, SD +20.91), T =0.00, Z(30) =—4.642, p = 0.000,
r=-0.599, a higher average output score in elbow flexion (Md = 130.00, SD + 11.84) than the input
score (Md =120.00, SD £ 13.61), T=0.00, Z(30) =-4.342, p=0.000, r =—-0.561, a lower average output
score in elbow extension (Md = 0.00, SD + 4.69) than the input score (Md = 5.00, SD +7.03), T =
0.00, Z(30) =-3.397, p = 0.001, r =-0.439, because in elbow extension it has achieved the reduction
until to elimination of flexion contractures, a higher average output score in wrist extension (Md
=30.00, SD +18.02) than the input score (Md =20.00, SD +15.83), T=0.00, Z(30) =-4.371, p = 0.000,
r=-0.564, a higher average output score in radial deviation (Md =20.00, SD =+ 7.93) than the input
score (Md =20.00, SD +10.97), T =0.00, Z(30) =-3.154, p = 0.002, r = -0.407. Statistically significant
improvements also occurred in the other range of motions of the upper extremity (Table 1).
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In the patients of the comparison group, there was statistically significant improvements in range
of motions of the upper extremity only in the three motions, which resulted in a higher average
output score in elbow flexion (Md = 140.00, SD + 13.88) than the input score (Md = 140.00, SD +
13.88), T=0.00, Z(30) =-2.828, p=0.005, r =-0.365, a higher average output score in radial deviation
(Md=10.00, SD +9.21) than the input score (Md =10.00, SD +9.26), T =0.00, Z(30) =-2.000, p = 0.046,
r=-0.258, a higher average output score in ulnar deviation (Md =20.00, SD + 14.37) than the input
score (Md =20.00, SD + 13.81), T = 0.00, Z(30) = -2.530, p = 0.011, r = -0.327. In the other range of
motions have not occurred statistically significant improvements of the upper extremity (Table 2).

Count Mean Maximum Minimum Median Standard Standard Student Sig.  Effect size

errorof  deviation t-test/ (two-
mean Wilcoxon tailed)
signed
ranks test
Shoulder 30 99.50 150 60 90 4.357 23.866 Z=-1.633 0.102 *
flex. input
Shoulder 30 100.23 160 60 90 4.447 24.359
flex. output
Shoulder 30 27.67 60 0 30 2.783 15.241 t=-1439 0.161 *
ext. input
Shoulder 30 28.00 60 0 30 2.729 14.948
ext. output
Shoulder 30 85.50 130 20 90 3.493 19.134 Z=-1.000 0317 *
abd. input
Shoulder 30 85.67 130 20 90 3.505 19.197
abd. output
Shoulder 30 26.83 45 0 22.50 2.790 15.284 Z=-1414 0157 *
add. input
Shoulder 30 2717 45 5 25 2.741 15.011
add. output
Elbow flex. 30 1325 145 100 140 2.534 13.881 Z=-2.828 0.005 r=-0365
input
Elbow flex. 30 133.83 150 100 140 2.533 13.877
output
Elbow ext. 30 7.83 40 0 5 1.773 9.710 Z=-1414 0157 *
input
Elbow ext. 30 750 40 0 5 1.741 9.537
output
Wristext. 30 3250 70 0 30 4.233 23.184 Z=0.000 1.000 *
input
Wristext. 30 3250 70 0 30 4.233 23.184
output
Wrist flex. 30 4217 60 10 47.50 3.039 16.645 t=-1.633 0.102 *
input
Wrist flex. 30 4283 60 10 47.50 2.982 16.331

output
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Count Mean Maximum Minimum Median Standard Standard Student Sig.  Effectsize

error of deviation t-test/ (two-
mean Wilcoxon tailed)
signed
ranks test
Radial 30 12.83 30 0 10 1.690 9.255 Z=-2.000 0.046 r=-0.258
deviat. input
Radial 30 13.50 30 0 10 1.681 9.206
deviat.
output
Ulnar 30 2117 50 0 20 2.522 13.814 Z=-2530 0.011 r=-0.327
deviat. input
Ulnar 30 2250 55 0 20 2.623 14.369
deviat.
output

Flex., flexion; ext., extension; abd., abduction; add., adduction; deviat., deviation.

*Not-statistically significant p > 0.05.

Table 2. Descriptive statistic of the measurement range of motion of the upper extremity in the comparison group of
patients, who completed classical kinesiotherapy.

Significantly better results demonstrated the improvement in hand grip in the main group
of patients, which resulted in a higher average output score in lateral pinch (Md = 3.00, SD +
1.19) compared with the input score (Md =2.00, SD + 1.44), T = 0.00, Z(30) = —4.264, p = 0.000, r
=-0.550, a higher average output score in spherical grip (Md =4.00, SD + 0.92) compared with
the input score (Md = 3.00, SD + 1.30), T = 0.00, Z(30) = —4.400, p = 0.000, r = -0.568, a higher
average output score in cylindrical grip (Md = 3.50, SD + 1.22) compared with the input score
(Md =2.00, SD + 1.32), T = 0.00, Z(30) = —4.534, p = 0.000, r = -0.589, a higher average output
score in key (lateral) grip (Md = 2.00, SD + 1.22) compared with the input score (Md = 1.00, SD
+1.31), T=10.00, Z(30) = -4.001, p = 0.000, r = —0.516, a higher average output score in scissors
grip (Md =1.00, SD + 1.45) compared with the input score (Md = 0.00, SD +1.39), T =0.00, Z(30)
=—4.000, p = 0.000, r = -0.516, a higher average output score in conical grip (Md = 3.00, SD +
1.22) compared with the input score (Md =2.00, SD + 1.37), T = 0.00, Z(30) = —4.025, p = 0.000,
r=-0.520 (Table 3).

Count Mean Maximum Minimum Median Standard Standard Wilcoxon Asymp. Effectsize

error of deviation signed sig.
mean ranks test (two-
tailed)
Palmar 30 190 5 0 1.50 0.232 1.269 Z=-3.771 0.000 r=-0.487
pinch input
Palmar 30 243 5 1 2.00 0.238 1.305
pinch

output
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Count Mean Maximum Minimum Median Standard Standard Wilcoxon Asymp. Effectsize
error of deviation signed sig.
mean ranks test (two-
tailed)
Tip to tip 30 1.97 2.00 0.277 1.520 Z=-3.742 0.000 r=-0.483
pinch input
Tip to 30 243 2.00 0.290 1.591
tip pinch
output
Pinch grip 30 1.60 1.00 0.233 1.276 Z=-3.742 0.000 r=-0.483
input
Pinch grip 30 2.07 2.00 0.230 1.258
output
Tabletop 30 117 1.00 0.215 1.177 Z=-3.162 0.002 r=-0.408
grip input
Tabletop 30 1.50 1.00 0.248 1.358
grip output
Lateral 30 2.30 2.00 0.263 1.442 Z=-4264 0.000 r=-0.550
pinch input
Lateral 30 2.97 3.00 0.217 1.189
pinch output
Spherical 30 3.03 3.00 0.237 1.299 Z=-4.400 0.000 r=-0.568
grip input
Spherical 30 3.90 4.00 0.168 0.923
grip output
Cylindrical 30 2.67 2.00 0.241 1.322 Z=-4.534 0.000 r=-0.589
grip input
Cylindrical 30 3.53 3.50 0.224 1.224
grip output
Hook grip 30 1.30 1.00 0.221 1.208 Z=-2972 0.003 r=-0.384
input
Hook grip 30 1.70 1.00 0.254 1.393
output
Claw grip 30 1.43 1.00 0.218 1.194 Z=-3.500 0.000 r=-0.452
input
Claw grip 30 1.90 1.50 0.26 1.423
output
Tip to palm 30 0.60 0.00 0.286 1.567 Z=-2.032 0.042 r=-0.262
distance
input
Tip to palm 30 0.23 0.00 0.141 0.774
distance
output
Key (lateral) 30 1.50 1.00 0.239 1.306 Z=-4.001 0.000 r=-0.516
grip input
Key (lateral) 30 2.20 2.00 0.222 1.215

grip output
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Count Mean Maximum Minimum Median Standard Standard Wilcoxon Asymp. Effect size

error of  deviation signed sig.
mean ranks test (two-
tailed)

Pencil grip 30 187 5 0 1.00 0.261 1.432 Z=-3.494 0.000 r=-0.451
input
Pencil grip 30 243 5 1 2.00 0.228 1.251
output
Tweezers 30 130 5 0 1.00 0.250 1.368 Z=-3317 0.001 r=-0.428
grip input
Tweezers 30 167 5 0 1.50 0.251 1.373
grip output
Scissors 30 1.07 5 0 0.00 0.253 1.388 Z=-4.000 0.000 r=-0.516
grip input
Scissors 30 160 5 0 1.00 0.265 1.453
grip output
Conical 30 200 5 0 2.00 0.249 1.365 Z=-4.025 0.000 r=-0.520
grip input
Conical 30 260 5 0 3.00 0.223 1.221
grip output

Table 3. Descriptive statistics of the testing grips of paretic's hand in the main group of patients, who completed non-
robotic therapy.

In testing grips of paretic's hands, there were statistically significant results of the main group
of patients, unlike of the comparative group of patients, where they have not achieved statisti-
cally significant results in testing of paretic's hands (Table 4).

Count Mean Maximum Minimum Median Standard Standard Student Asymp. Effectsize

error of  deviation t-test/ sig. (two-
mean Wilcoxon tailed)
signed
ranks test
Palmar 30 287 5 0 3.00 0.313 1.717 t=-1.795 0.083 *
pinch input
Palmar 30 297 5 0 3.00 0.294 1.608
pinch
output
Tip to tip 30 280 5 0 3.00 0.337 1.846 Z=-1.732 0.083 *
pinch input
Tip to 30 290 5 0 3.00 0.312 1.709
tip pinch
output
Pinch grip 30 237 5 0 2.00 0.327 1.790 t=-1.439 0.161 *
input
Pinch grip 30 243 5 0 2.50 0.321 1.755

output
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Count Mean Maximum Minimum Median Standard Standard Student Asymp. Effectsize
error of  deviation t-test/ sig. (two-
mean Wilcoxon tailed)
signed
ranks test
Tabletop 30 1.93 2.00 0.321 1.760 Z=-1414 0.157 *
grip input
Tabletop 30 2.00 2.00 0.314 1.722
grip output
Lateral 30 2.57 3.00 0.313 1.716 Z=-1.000 0.317 *
pinch input
Lateral 30 2.60 3.00 0.306 1.673
pinch
output
Spherical 30 3.40 4.00 0.286 1.567 Z=-1414 0.157 *
grip input
Spherical 30 3.47 4.00 0.278 1.525
grip
output
Cylindrical 30 3.63 4.00 0.297 1.629 Z=-1732 0.083 *
grip input
Cylindrical 30 3.73 4.00 0.291 1.596
grip
output
Hook grip 30 243 2.50 0.298 1.633 t=-1.439 0.161 *
input
Hook grip 30 2.50 2.50 0.295 1.614
output
Claw grip 30 2.13 2.00 0.310 1.697 Z=-0.000 1.000 *
input
Claw grip 30 2.13 2.00 0.310 1.697
output
Tip to palm 30 0.53 0.00 0.243 1.332 Z=-1414 0.157 *
distance
input
Tip to palm 30 0.47 0.00 0.218 1.196
distance
output
Key (lateral) 30 2.97 3.00 0.320 1.752 Z=-1414 0.157 *
grip input
Key 30 3.03 3.00 0.301 1.650
(lateral)
grip output
Pencil grip 30 2.50 3.00 0.306 1.676 Z=-1.732 0.083 *
input
Pencil grip 30 2.60 3.00 0.309 1.694

output
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Count Mean Maximum Minimum Median Standard Standard Student Asymp. Effectsize
error of  deviation t-test/ sig. (two-
mean Wilcoxon tailed)

signed
ranks test
Tweezers 30 247 5 0 2.00 0.348 1.907 Z=-1.000 0.317 *
grip input
Tweezers 30 250 5 0 2.00 0.342 1.871
grip
Output
Scissors 30 243 5 0 2.50 0.317 1.736 Z=-0.000 1.000 *
grip Input
Scissors 30 243 5 0 2.50 0.317 1.736
grip
output
Conical 30 287 5 0 3.00 0.338 1.852 Z=-0.000 1.000 *
grip input
Conical 30 287 5 0 3.00 0.338 1.852
grip
output

*Not-statistically significant p > 0.05.

Table 4. Descriptive statistics of the testing grips of paretic's hand in the comparison group of patients, who completed
classical kinesiotherapy.

By testing the Frenchay Arm Test, significant improvements have occurred in patients of the
main group in all tasks, where the highest statistically significance was tasks 1 and 5, which
resulted in a higher average output score in task 1 (Md =1.00, SD + 0.31) than the input score
(Md =0.00, SD = 0.51), T = 0.00, Z(30) = -3.606, p = 0.000, r = —0.465, a higher average output
score in task 5 (Md = 1.00, SD * 0.35) compared with the input score (Md = 0.00, SD + 0.47), T
=0.00, Z(30) = -4.123, p = 0.000, r = -0.532 (Table 5).

Count Mean Maximum Minimum Median Standard Standard Wilcoxon Asymp. Effect size
error of deviation signed sig. (two-
mean ranks tailed)
test
Task 1 30 0.47 1 0 0.00 0.093 0.507 Z=-3.606 0.000 r=-0.465
input
Task1 30 0.90 1 0 1.00 0.056 0.305
output
Task2 30 0.33 1 0 0.00 0.088 0.479 Z=-2646 0.008 r=-0.342
input
Task2 30 0.57 1 0 1.00 0.092 0.504
output
Task3 30 0.20 1 0 0.00 0.074 0.407 Z=-2.646 0.008 r=-0.342
input
Task3 30 0.43 1 0 0.00 0.092 0.504

output
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Count Mean Maximum Minimum Median Standard Standard Wilcoxon Asymp. Effect size
error of  deviation signed sig. (two-
mean ranks tailed)
test
Task4 30 0.13 1 0 0.00 0.063 0.346 Z=-2236 0.025 r=-0.289
input
Task4 30 0.30 1 0 0.00 0.085 0.466
output
Task5 30 0.30 1 0 0.00 0.085 0.466 Z=-4123 0.000 r=-0.532
input
Task5 30 0.87 1 0 1.00 0.063 0.346
input

Table 5. Descriptive statistics of the testing Frenchay Arm Test in the main group of patients, who completed non-robotic

therapy.

In the patients of the comparison group, improvements have not occurred of statistically sig-

nificant in task of Frenchay Arm Test (Table 6).

Count Mean MaximumMinimumMedian Standard Standard Wilcoxon Asymp. Effect
error of deviation signed sig. (two- size
mean ranks test tailed)

Task 1 30 0.67 1 0 1.00 0.088 0.479 Z=-1.732 0.083 *
input

Task 1 30 0.77 1 0 1.00 0.079 0.430

output

Task 2 30 0.77 1 0 1.00 0.079 0.430 Z=-0.000 1.000 *
input

Task 2 30 0.77 1 0 1.00 0.079 0.430

output

Task 3 30 0.43 1 0 0.00 0.092 0.504 Z=-0.000 1.000 *
input

Task 3 30 0.43 1 0 0.00 0.092 0.504

output

Task 4 30 0.47 1 0 0.00 0.093 0.507 Z=-0.000 1.000 *
input

Task 4 30 0.47 1 0 0.00 0.093 0.507

output

Task 5 30 0.57 1 0 1.00 0.092 0.504 Z=-0.000 1.000 *
input

Task 5 30 0.57 1 0 1.00 0.092 0.504

input

*Not-statistically significant p > 0.05.

Table 6. Descriptive statistics of the testing Frenchay Arm Test in the comparison group of patients, who completed
classical kinesiotherapy.
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4. Discussion

Robot assisted upper extremity therapy has been shown to be effective in adult stroke
patients and in children with cerebral palsy (CP) and other acquired brain injuries (ABI). The
patient's active involvement is a factor with its effectiveness. However, this demands focused
attention during training sessions, which can be a challenge for children [11]. We agree with
the authors, however, with our children, we would like to highlight the increased attention
needed, because then the games would interest them and they would be completely focused
on the therapy. Krebs [12] published a study, where he tested in children with cerebral palsy
(CP). He tested whether or not motor habilitation resembles motor learning. Twelve children
with hemiplegic CP, aged 5 — 12 years with moderate to severe motor impairments under-
went a 16-session robot-mediated planar therapy program to improve their upper extremity
reach, with a focus on shoulder and elbow movements. Participants were trained to execute
point-to-point movements (with robot assistance) with the affected arm and were evalu-
ated (without robot assistance) in trained (point-to-point) and untrained (circle-drawing)
conditions. Outcomes were measured at baseline, midpoint, immediately after the program,
and 1-month post completion. Outcomes measured were the Fugl-Meyer (FM), Quality of
Upper Extremity Skills Test (QUEST), and Modified Ashworth Scale (MAS) scores, parent
questionnaire, and robot-based kinematic metrics. After robotic intervention, the authors
found significant gains in the FM, QUEST, and parent questionnaire. Robot-based evalua-
tions demonstrated significant improvement in trained movements and that improvement
was sustained at follow-up. Furthermore, children improved their performance in untrained
movements indicating generalization. Therapy in our study was focused to determine
the effect of non-robotic assisted therapy for children with cerebral palsy. We focused on
improving the range of motions in the upper extremity, improving grips of paretic hand and
on testing of Frenchay Arm Test.

Robotic and non-robotic training devices are increasingly being used in the rehabilitation
of upper extremity function in subjects with neurological disorders. As well as being used
for training such devices can also provide ongoing assessments during the training sessions.
Therefore, it is mandatory to understand the reliability and validity of such measurements
when used in a clinical setting [13]. We consent, therefore, started using non-robotic Armeo®
equipment in our rehabilitation center.

Lo and colleagues [14] demonstrated that the robotic system for shoulder/elbow rehabilita-
tion on chronic post-stroke patients did not significantly improve motor performance after
12 weeks compared to usual care or intensive therapy. Nevertheless, secondary analyses
showed that the robot-assisted therapy compared to usual care rather than intensive therapy
improved outcomes over 36 weeks. We achieved in our clinical study statistically signifi-
cant results after the completion of 20 therapies in non-robotic equipment of patients with
cerebral palsy compared to the comparative group of patients who have completed classical
kinesiotherapy.

Studies have confirmed significant improvement in mobility of the upper extremity in
patients with hemiparesis. It has increased the muscle strength, increased the range of joint
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mobility, improved the neuromuscular coordination, improved the upper extremity function,
and increased the patient's motivation and lastly the improvement of self-sufficiency. The
results of the available studies have supported the current theory of motor learning by repeat-
ing the motions, which it describes the correlation between the repetition of activities and
improving motor function, therefore being the key to stimulate motor plasticity [15]. Recent
studies have demonstrated that robot-assisted therapy, in combination with new rehabilita-
tion techniques, motivates the patient (which is very important in the case of children) and
improves the treatment. A new and advanced method of feedback is the application of virtual
scenarios, where the user can interact with a virtual object in real time and feels that he or she
is part of a virtual environment during the therapy. Changes in cortical maps are driven by
specific aspects of behavioral demand (i.e., motivation, skill acquisition) and are not simply
the result of repetitive use or strength training. Virtual reality is a very attractive tool to enable
the adoption of biofeedback techniques for the treatment of children with CP. In this scenario,
biofeedback can be defined as the use of sensory feedback through which objective perfor-
mance observation related to a specific motor task is presented to provide the child with
immediate, consistent feedback of their performance. The aim of providing patients with bio-
feedback during exercise is twofold: first, to improve the effectiveness of the rehabilitation
treatment, both by allowing patients to adjust their movements according to the feedback of
performance and by providing an incentive to exercise; and second, recording the physiologi-
cal parameters to be fed back to the patient, provides quantitative monitoring and documen-
tation of the patient's progress during treatment. The latter feature is particularly important
when the rehabilitation treatment is extensive and prolonged, which is typically the case with
patients with CP [16]. We have to agree here with the authors of international clinical studies,
because it has showed greater interest in the therapy from the patient's side and greater moti-
vation especially in children and adolescence age, where it is well known that it is difficult to
motivate and to improve attention in therapy. There is evidence that not only severe stressful
events, but also common low-threat events, in particular chronic ones, may cause or provoke
some mental disorders, especially in childhood [17]. Patient motivation is absolutely critical
for successful rehabilitation after neurological injury. First, motivation in terms fun is impor-
tant to maintain compliance, on a psychological level. Second, recent neuroscience research
has shown that obtaining reward and challenge can enhance performance even on a deeper,
neuro-physiological level [18]. A study in non-clinical populations demonstrated that depres-
sion diminishes the capability of imagining future positive outcomes and strengthens the
ability to imagine negative outcomes. Patients with affective disorders also present cognitive
dysfunction in areas such as working memory, attention and learning. Depression has been
shown to significantly impair attention and word memory [19]. From our experience, child
and adolescent patients with cerebral palsy are often depressed, especially when therapy is
less effective or when progressing very slowly, we want to highlight the therapy by equip-
ment Armeo® where we utilize motivation and cooperation of the patient, and therefore the
therapy is more effective and faster.

The existing shortage of therapists and caregivers assisting physically disabled individuals
at home is expected to increase and become serious problem in the near future. The patient
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population needing physical rehabilitation of the upper extremity is also constantly increas-
ing. Robotic devices have the potential to address this problem as noted by the results of recent
research studies. However, the availability of these devices in clinical settings is limited, leav-
ing plenty of room for improvement [20]. Rehabilitation programs based on robotics adapted
to the special needs of an individual user are expensive and therefore limited resources hinder
the achievement of optimal therapy. Moreover, specialized technicians are needed to control
the robotic technology, and this means higher costs to the family and society [16]. Despite the
success of the treatment of non-robotic equipment, we are in our rehabilitation center, the only
one who owns a non-robotic equipment of Armeo® in Slovak Republic.

5. Conclusion

This clinical study has achieved statistically significant results in the main group of the
patients with cerebral palsy, who completed non-robotic assisted therapy compared to the
comparative group of the patients who have completed classical kinesiotherapy. Therapy has
improved the range of motions in the upper extremity; similarly, significant results have been
shown in improvements in grip ability of paretic hand and by testing Frenchay Arm Test in
the patients of the main group. The co-operation with patients during the non-robotic assisted
therapy was very good. They were coming to the therapy regularly and really looking forward
to it. We can say based on the analysis results, that non-robotic assisted therapy of Armeo®
positively effects the rehabilitation of the children and adolescents with cerebral palsy. We
would like to emphasize not only the positive effect of therapy, but also the patient's suc-
cessfulness of motivation in the adolescent age. Although the therapy in system of Armeo® is
more costly than conventional methods, successfulness of the treatment has a very high rate.
As we know, we can never completely get a patient with cerebral palsy back to full health, but
we can help them to improve the function abilities of paretic upper extremity with interesting
non-robotic assisted therapy with Armeo® equipment.
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