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Abstract

Introduction: Home exercises are a promising alternative to outpatient care or in-hospital exercise programmes. The forms of exer-
cises with the use of robotic devices is constantly developing, and their positive effects have been well-documented.

Research objective: The aim of this study was to evaluate the effectiveness of upper limb home-based exercises with the use of the
“Best Arm” robot following the onset of diseases causing spastic paresis in long-term observation.

Materials and methods: The study comprised 40 participants at an average age of 58.73 =16.80. For a period of 8 months, train-
ing of the limb with paresis using the “Best Arm” device was carried out to test joint mobility, hand grip strength, and to measure the
circumference of the forearm and upper arm.

Results: Statistical analysis shows a significant change in active and passive range of motion, as well as muscle strength after an
8-month intervention period in the group under study.

Conclusions: Home-based exercises using a prototype of the “Best Arm” device for exercising the upper limb with paresis have had
a moderate effect on improving range of motion and muscle strength. However, these exercises did not significantly improve muscle
tone or the functional capabilities of the upper limb.

Stowa kluczowe
éwiczenia domowe, ciagly ruch bierny, niedowtad

Streszczenie

Wprowadzenie: Cwiczenia domowe s obiecujaca alternatywa dla opicki ambulatoryjnej lub programu ¢wiczen realizowanych
w szpitalu. Forma éwiczefi z wykorzystaniem zrobotyzowanych urzadzen jest stale rozwijana a jej efekty sg dobrze udokumentowane.
Cel pracy: Celem badan byta ocena skutecznos$ci domowych ¢wiczefi koficzyny gérnej z wykorzystaniem robota — ,,Best Arm”
w schorzeniach powodujacych niedowlad spastyczny w obserwacji dlugoterminowe;.
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Materiat i metody: Do badania zakwalifikowano 40 os6b ze $rednia wieku 58.73 +16.80. Przez okres 8 miesiecy zastosowano tre-
ning niedowladnej koficzyny przy pomocy urzadzenia ,,Best Arm”. Na poczatku i na koficu tego okresu interwencji zastosowano na-
stepujace testy: zmodyfikowana skala Ashwortha, skala Brunnstorma, czynny i bierny zakres ruchomosci stawdw, test oceny sity usci-
sku dtoni, pomiar obwodu przedramienia i ramienia.
Wyniki: Analiza statystyczna wskazuje na istotng zmiang¢ w badanej grupie czynnego i biernego zakresu ruchu oraz sity migsnio-

wej po okresie 8 miesiecznej interwencji.

Whioski: Cwiczenia domowe z wykorzystaniem prototypu urzadzenia ,,Best Arm” do ¢wiczen koficzyny gérnej z niedowladem maja
umiarkowany wplyw na poprawe zakresu ruchomosci oraz sily miesniowej. Cwiczenia te nie maja wplywu jednak na istotng popra-
we napiecia mig$niowego i mozliwosci funkcjonalnej koficzyny gorne;.

INTRODUCTION

Restoring the functions of the upper
limb requires intensive and systemat-
ic treatment. The need for constant
training has contributed to the devel-
opment of rehabilitation robots. The
results of this study allow to indicate
that passive and active therapy sup-
ported by rehabilitation devices is
safe and well-tolerated. Determining
the appropriate treatment strategy at
home, through the adoption of inno-
vative technologies, can support the
treatment of upper limb motor disor-
ders'?.

Home-based physical therapy (PT)
is a promising alternative to outpa-
tient care or hospital-based physi-
otherapy programmes due to its fa-
vourable family atmosphere. There is
a lack of literature in which the im-
pact would be described of home re-
habilitation programmes, specifical-
ly designed for people with various
types of physical disabilities®. Auto-
mated rehabilitation is a new method
of intervention. In a current review
of publications, it has been suggested
that this form of exercise, along with
the use of robotic devices, may im-
prove functioning of the upper limbs
and increase patients’ level of physi-
cal activity*.

RESEARCH OBJECTIVE

The aim of this study was to assess
the effectiveness of home-based ex-
ercises of the upper limbs with the
use of the “Best Arm” robot follow-
ing the onset of diseases causing spas-
tic paresis in long-term observation
and, above all, to answer the follow-
ing questions:
1. What is the impact of upper limb
home-based exercises with the use
of the “Best Arm” robot on im-

provement regarding range of mo-
tion and muscle strength in long-
term observation?

2. What is the impact of upper limb
home-based exercises with the use
of the “Best Arm” robot on im-
provement regarding muscle tone
and the functional capabilities of
the hand?

Based on such research questions, the

following research hypotheses have

been formulated:

1. Home-based exercises, performed
with the use of automatic exercise
rehabilitation devices, improve
muscle strength.

2. Home-based exercises, performed
with the use of automatic exercise
rehabilitation devices, improve the
functional capabilities of the upper
limbs.

MATERIALS AND METHODS
Materials

All the results of this research have
been presented in the format: meas-
urement value * standard deviation.
The study received funding for the
development and manufacture of the
“Rehabilitation Robot — Best Arm”
medical device from the Nation-
al Centre for Research and Develop-
ment — NCBiR. The conducted clin-
ical trial was carried out in accord-
ance with the guidelines proposed by
the institution supervising the trial,
which approved the clinical trial pro-
tocol, and the institution intermedi-
ating in the trial of the National Cen-
tre for Research and Development.
The sponsor of the study had the fi-
nancial means to test only 40 people
on the device.

This study has been approved by
the Bioethics Committee of the Med-
ical University of Silesia in Katow-

ice — Research Number: MIDMED/
BA/2017, and each participant signed
a consent form to participate in the
study. The study comprised 40 indi-
viduals from a group of 123 men and
women who met the inclusion crite-
ria for the study . The selection of the
study group was deliberate. Members
of the group were recruited via cor-
respondence in response to a written
invitation. The average age of groups
participants was 58.73 *16.80, the
mean body mass was 75.30 +12.78,
and the body mass index (BMI)* aver-
aged 26.16 *16.

The group of patients under study
was characterised by the following di-
agnosed diseases: 77.50% (n = 31)
stroke, not defined as haemorrhag-
ic or infarct - 1 64; 17.50% (n = 7)
post-cervical spinal cord injury caus-
ing total or partial inertia — G82,
5.00% (n = 2) multiple sclerosis —
G35.

The inclusion criteria were: pa-
tients after a stroke that occurred no
later than 4 weeks prior to enrolment
in the study or stroke after which at
least 6 months had passed; patients
with cervical spinal cord injuries
causing total or partial paralysis; and
patients with other medical condi-
tions and neurological disorders that
impair active movement within the
upper limb.

The exclusion criteria were: fixed
contracture in the area of the hand,
wrist and/or elbow joints preventing
the device from being put on; unu-
sual dimensions regarding individu-
al sections of the upper limb; preg-
nancy and/or breastfeeding; skin dis-
eases; unhealed wounds; allergies to
the material from which the device
is made; rheumatoid diseases caus-
ing changes to the joints of the upper
limb that prevent proper movement;
fresh thrombotic processes within the
arterial and venous vessels of the up-
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per limb; mental illness, including
lack of co-operation with the special-
ist; selected connective tissue diseas-
es such as scleroderma that prevent
freedom of movement in the upper
limb joints; and other diseases that
make the use of the “Best Arm” im-
possible.

Parameter measurements

The total duration of the observa-
tion was 8 months, during which
the following parameters were as-
sessed at the beginning and end of
this period: spastic tension scales —
the modified Ashworth scale® and
the Brunnstorm scale”®; the range
of motion (ROM)’; elbow, radiocar-
pal, metacarpophalangeal and meta-
carpophalangeal joints of the thumb
and finger joints; muscle strength
tests - the Lovett test and' hand grip
strength test'!; and the measurement
of forearm and upper arm circumfer-
ence using a measuring tape'2.

Intervention

The “Best Arm” rehabilitation robot
has been designed to improve paresis
of the upper limb-hand due to prop-
erly designed movement simulating
opening and clenching of the hand, as
well as the movement of the radiocar-
pal joint and elbow. During the opera-
tion of this device, movement is forced
in the joints of the hand through the
appropriate operation of motors imi-
tating its natural movement.

During the first visit, the patient was
informed on how to use the device,
while the range of motion and speed
of movement were adjusted to the
patient’s current functional abilities.
Within 8 months, a physical therapist
carried out a monthly control visit in
which the range of motion and speed
of movement were regulated during
the operation of the device depend-
ing on the current condition of the pa-
tient’s upper limb.

Patients had the opportunity to
comment on the operation of the
device. The “Best Arm” rehabilita-
tion robot is capable of performing
passive exercises in the elbow joint
during flexion and extension move-
ments, the radiocarpal joint in flex-

ion and extension movements, the
metacarpophalangeal and the inter-
phalangeal joints during flexion and
extension movements. Exercises us-
ing the “Best Arm” device were car-
ried out daily for a period of for-
ty-five minutes. The patient used
the device at home, in a sitting posi-
tion, and the lengths of the individu-
al components of the exercisers were
individually adjusted to the patient’s
individual values. The programmed
number of repetitions of a given ex-
ercise (100 for each exercise) was
a constant value for each patient. The
angle of movement and the speed of
the exercise were selected individual-
ly to the patient’s abilities. After four
weeks of exercising, during the next
visit, the device was reprogrammed
according to the patient’s suggestions
and his current state. This process
was repeated until the 32nd week of
exercises.

During the eight-month period of
physical therapy at home, patients
also had the opportunity for tele-
phone consultation with the physi-
cal therapist supervising this form of
treatment.

Statistical analysis

The collected results were analysed
and processed in the Microsoft Of-
fice program, whereas the statistical
calculations were made using the Sta-
tistica 10 program by the Stat-Soft
company. In order to test the rela-
tionship for nominal variables ¥’,
Pearson’s test was used, while the cal-
culated value of the p coefficient was
lower than the assumed level of sta-
tistical significance a#=0.05, and the
relationship between the variables
(statistical significance) was obtained.
Additionally, the strength of the re-
lationship between the variables was
calculated using Cramer’s V-correla-
tion coefficient, which is interpreted
only for statistically significant varia-
bles. In addition, the hypothesis con-
cerning normal distribution of the
studied variables was verified using
the Shapiro-Wilk test. When the cal-
culated value of the p coefficient is
greater than the assumed significance
level a=0.05, we obtain the normali-
ty of the distribution. In order to ver-
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ify the hypothesis concerning the dif-
ference between the variables, anal-
ysis of variance (ANOVA) was used
for variables with normal distribution
and the Wilcoxon test (non-paramet-
ric test) in the case of non-normally
distributed variables.

RESULTS

Body mass index did not vary be-
tween the sexes among the subjects
(Table 1). The most common comor-
bidities (n = 40) mentioned by the
patients were: (n = 23): hypertension
(n = 23; 57.50%); diabetes (n = 10;
25.00%); and epilepsy and coronary
heart disease (n = 4; 10.00%). It is
noteworthy that 70.97% (n = 22)
of the respondents from group 164
suffered from hypertension, while
29.03% (n = 9) had been diagnosed
with diabetes. Moreover, no comor-
bidities were diagnosed in the G82
group (n = 7). What is more, the di-
agnosis of comorbid disease had no
effect on the sex of the examined
people (p = 0.1725) (Table 2).

In the functional assessment, re-
spondents were able to perform ac-
tive movements in the elbow and ra-
diocarpal joints. According to the
modified Ashworth scale, the aver-
age spastic tension was less than 2
points. This movement improved sig-
nificantly after 8 months of exercise.
In the metacarpophalangeal and in-
terphalangeal joints, passive move-
ment was possible to evaluate, which
increased significantly in the 2", final
examination. There was a significant
increase in muscle strength as meas-
ured by the subjective Lovett test and
the standardised hand grip strength
test. Forearm and upper arm circum-
ferences are the other parameters in
which a significant change in value
was noted.

In the assessment of increased mus-
cle tone, according to the Ashworth
scale, the analysed values indicated
slight improvement in the group of
respondents, while maintaining sta-
tistical significance. Using another
scale related to the assessment of up-
per limb functional capabilities no
significant changes were demonstrat-
ed in the value (Table 3).
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Table 1
Characteristics of included patients
Study Group

Variables X = SD median min max
Age [years] 58.73+16.80 63 86 26
Body mass [kg] 75.30+12.78 75 126 50
Body height [m] 169.40+8.78 170 190 147
BMI/Females [kg/m?] 25.40+3.20 25.39 29.90 18.82
BMI/Males [kg/m?] 26.45+3.19 26.06 34.90 20.02
BMI* [kg/m?] 26.16+16 26.01 34.90 18.82
*Whole group
Table 2
Gender of respondents compared to diagnosis of comorbid disease

Diagnosed diseases Gender of the respondents Statistical analysis
Female Male x2 p v
n % n %
o Stoenosediedas 0 S0 E R4 am oms o
G82 — Paralysis of the limbs 0 0.00 7 2414
G35 - Multiple sclerosis 1 9.09 1 3.45
x2 - Pearson’s test
Table 3
Values of study variables
Study Group
pre- intervention post- intervention

Parameters X +SD M max min X +SD M max min z p
AROM° 30.56+14.16 35 45 0 37.22+12.35 40 55 5 3.52 0.0004
Radiocarpal joint — extension
AROM° 31.30+13.84 35 45 0 37.22+14.10 40 60 0 3.29 0.0010
Radiocarpal joint — flexion
AROM° 86.88+29.28 90 120 10 90.80=26.94 90 120 12 3.30 0.0010
Cubital joint - flexion
Grip strength [kg] 2.25+3.22 1 10 0 3.08+4.13 1 14 0 2.93 0.0033
PROM® 57.28+29.26 50 101 0 62.40+24.38 55 101 40 2.82 0.0049
Interphalangeal joints — flexion
Lovett scale score 2.65+1.48 3 5 0 3.03x1.42 3 5 0 2.80 0.0051
PROM® 54.85+26.85 40 101 10 57.25+24.74 47.5 101 10 2.42 0.0157
Metacarpophalangeal joints —
flexion
Arm circumference [cm] 26.05+3.06 255 38 22 26.28+3.17 26 38 22 2.37 0.0180
Forearm circumference [cm] 25+2.87 25 33 20 25.20+2.83 25 33 21 2.20 0.0277
Ashworth scale score 1.90+0.90 2 3 1 1.78+0.83 2 3 1 2.02 0.0431
Brunstorm scale [score] 2.08+1.47 1.5 5 0 2.15+1.5 1.5 6 0 1.21 0.2249

PROM - passive range of motion; AROM - active range of motion; M — median

DISCUSSION

Analysis of the obtained results has al-
lowed to indicate that in long-term ob-
servation, improvement was noted for
parameters which are important mo-
tor features, such as strength and flex-

ibility. Significant improvement in the
range of joint mobility in the examined
upper limb during active and passive
movement has demonstrated a posi-
tive effect on the amplitude of move-
ment. Subsequent tests, with an in-
crease in muscle strength, have demon-

strated a positive effect on the extend-
ed mobility of the upper limb subject-
ed to supervised home-based exercises
using the “Best Arm” robot. A signifi-
cant increase in upper arm and forearm
circumference of the examined upper
limb may be clinical confirmation of
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the increase in muscle strength. Other
important motor qualities are coordi-
nation and dexterity.

Evaluation of the variable using
the Brunnstorm Scale indicates a low
level of motor skills that did not im-
prove 8 eight months of exercise.
A slight but significant increase in
the score on the modified Ashworth
scale is not conducive to the improve-
ment of coordination and motor dex-
terity, which has impact on the fine
motor skills’!, One explanation is
that the “Best Arm” robot performs
a continuous passive movement with-
in the range of motion determined by
the physiotherapist and at an appro-
priate speed, comfortable for a given
patient.

The biological benefits of continu-
ous passive motion in preventing joint
stiffness, increasing joint metabolism
and improving blood and lymph cir-
culation have all been well-document-
ed. These effects can improve the
range of active and passive mobili-
ty in patients with paresis of the up-
per limbs caused by various neurolog-
ical diseases. However, improvement
in coordination and dexterity requires
the involvement of the patient’s atten-
tion through various forms of train-
ing, based on biofeedback!>:¢.

Based on a review of publications
by other authors, it can be seen that
exercise protocols vary in intensity,
duration and training amount. The
parameters for assessing the effects
of the exercises used were also differ-
ent'. The basis for the effectiveness
of physical therapy in patients with
paresis of the upper limb is its reg-
ularity. A caregiver-mediated exercise
programme can improve outcomes
for body function, activity, and par-
ticipation in stroke survivors. Moreo-
ver, caregivers were more actively in-
volved in the rehabilitation process,
which may have increased the pa-
tients” sense of independence'®.

In a systematic review of tele-reha-
bilitation interventions in post-stroke
care, promising results have been
shown, although the quality of evi-
dence on tele-rehabilitation in post-
stroke care is low?".

Stroke, as damage to the upper
motor neuron, causes an increase in
pathological muscle tension - spastic-

ity. As its result, spastic paresis of the
upper limb depends on the size and
course of the stroke. These patients
significantly increase their hand func-
tion, control, movement and grip ca-
pabilities under the influence of phys-
iotherapy. Paralysis, as damage to the
lower motor neuron as a result of
a spinal cord injury, causes reduction
in muscle tension - flaccidity. People
with paralysis are less likely to recov-
er, and physical therapy can inhib-
it the process of reducing hand func-
tionality. Devices using 3D technolo-
gy aid restoration of this the connec-
tion, possibly creating new connec-
tions responsible for the flow of the
impulse controlling the work of the
upper limb, or improving the con-
trol and accuracy of the upper limb.
The cost of physiotherapy with this
method is much higher, but its pur-
pose is also different. Many new de-
vices with the use of feedback have
been developed, however, it is diffi-
cult to indicate the greater usefulness
of one over the other?*.

The innovation of the Best Arm de-
vice is its availability and ease of use
at home. The intention of the authors
was that anyone in need could use
this device at home and exercise even
several times a day. The objective of
the designers was to create a device
available to everyone. The Best Arm
device should not be compared to
highly technologically-advanced ro-
bots. It should be treated as a supple-
ment to daily physiotherapy.

In the conducted research, the reg-
ularity of training was supervised by
monthly visits and telephone consul-
tations by physical therapists. This
supervision ensured control of train-
ing and gave the opportunity to sub-
mit comments on the prototype of
the device during its operation.

Nonetheless, there are some limi-
tations such as the lack of a control
group, small group size and no sta-
tistical analysis of differences be-
tween sexes and disease entity. The
adopted inclusion criteria have al-
lowed, however, to create a group in
which people with upper limb pare-
sis due to stroke, traumatic paralysis
of the upper limbs or multiple sclero-
sis have the same percentage of co-
morbidities, confirming a similar lev-
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el of health. The device itself is easy
to use and enables the performance
of home exercises according to the
patient’s physical therapist’s recom-
mendations. This method of physical
therapy, based on technological solu-
tions, can increase the availability of
physiotherapy and reduce its costs.

This article should be treated as
a pilot study. It is compliant with the
protocol approved by NCBiR. The
lack of a control group in this study is
also due to the fact that there was no
intention to compare the 2 groups,
but to confirm the overall suitabil-
ity of the designed device. Further
research, which will include divi-
sion into a control and test group, is
planned.

CONCLUSIONS

The obtained results authorise the
formulation of the following con-
clusions:

1. Home exercises with the use of
a prototype of the “Best Arm” de-
vice for exercising the upper limb
with paresis have had a moder-
ate effect on improving the range
of motion and muscle strength in
long-term observation.

2. These exercises do not significant-
ly improve muscle tone and func-
tional capabilities of the upper
limb.

3. Further research must be focused
on expanding the technological
capabilities of the device, which
will allow the patient to fully en-
gage in exercises based on biofeed-

back.
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