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Abstract: In contrast to a normal gait, the locomotion of
people with infantile cerebral palsy (ICP) is character-
ized by great variability. An experiment was conducted to
determine if the use of whole-body vibrations changes the
time of support by each of the extremities as well as the
range of flexion of the hip and knee articulations. Three
women with ICP were involved in the whole-body vibra-
tion experiment. The parameters of the vibration adopted
during training were a frequency of 20 Hz and an ampli-
tude of 2 mm. The BTS Smart system for three-plane move-
ment analysis paired with a desktop computer was used
for the evaluation of gait parameters. The vibration pro-
cedure improved the range of flexion in knee articulation
but did not change the range of flexion in hip articulation.
The equalization of time disparities in the load of both
extremities was obtained after the first treatment proce-
dure. In this investigated group, the vibration procedure
may be a complement to the rehabilitation process.
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Introduction

Infantile cerebral palsy (ICP) is the most frequently occur-
ring clinical gait disorder in children. In contrast to a
normal gait, the locomotion of people with cerebral palsy
is characterized by great variability. A central nervous
system control disorder, it is reflected in the articulo-mus-
culo-skeletal structure. The functional disorder results
from long-lasting spasticity and pathological motor per-
formance. Skeletal muscle atrophy and progressive limi-
tations in the articular range of motion occur with age.
Additionally, frequently increasing muscle and articula-
tion pain limit everyday activity, which affects the intensi-
fication of symptoms and causes social exclusion and the
development of cardiopulmonary disease symptoms [1, 2].
For these reasons, an experiment was conducted to deter-
mine if the use of whole-body vibrations changes the time
of support by each of the extremities as well as the range
of flexion of the hip and knee articulations.

Methods

Three women with ICP, ranging in age from 22 to 30 years, were

involved in the experiment. The inclusion criteria were the following:

—  female

- aged between 20 and 30 years

—  spastic quadriplegia

— able to move independently without any type of orthopedic
equipment

— intellectual capacity enabling complete control of the therapeu-
tic situation

During the time of the experiment, the participants were asked not
to use any other forms of rehabilitation to carry out typical everyday
functions. The experiment was performed in accordance with the
principles of the Declaration of Helsinki. The women were informed
about the process of the research, presented with the exact meth-
odology of the research and advised that they could resign from the
experiment at any time and without stating a reason.

The participants’ biometrical data is presented in Table 1. Train-
ing was performed on a Fitvibe Excel (Fitvibe Coach Software, Gymna,
Bilzen, Belgium) vibration platform at the Centre of The Foundation
of Rybnik Power Plant. A preliminary analysis of the parameters
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Table 1: Research participants’ biometrical data.

Participant Age, years Height, cm Weight, kg
A 22 170 57
B 23 153 49
C 30 160 60
Mean 25 161 55.3

was implemented before the start of training to optimally adapt the
participants to the therapy. All participants were asked about their
perceptions, and the parameters from the lowest (frequency 20Hz;
amplitude 2 mm) to the highest values were applied. All participants
indicated that the lowest possible parameters possible on a given
machine were the most optimal for them. The lowest parameters of
the platform were adopted during training, i.e., a frequency of 20 Hz
and an amplitude of 2mm. Twelve treatment sessions were performed
during 4 weeks in April 2012. The treatment procedures were carried
out on Mondays, Wednesdays and Fridays. One session consisted of
two 1-min vibration procedures with a 10-min break between them.
During the break, the participants could rest in any way they chose.

The research was carried out based on a precisely adapted
schedule. It included gait analysis, which was carried out in a move-
ment analysis laboratory at the Academy of Physical Education in
Katowice. Two teams performed the experiment. The first team dealt
with the methodology and organization of the treatment procedures.
This team was responsible for coordinating transport issues for
the participants and performing the vibration treatment procedure
according to the intended parameters. The second team was respon-
sible for the organization and methodology of the measurements.
After drawing up the schedule for the experiment and determining
the research and treatment procedures, the two teams were not in
contact with each other on the subject of the research.

Instruments

The BTS Smart system for three-plane movement analysis paired with
a desktop computer was used for the evaluation of gait parameters.
The system included a central unit connected with BTS specialist
software, six infrared cameras that were adjustable on three planes
and a module recording the IR signal from the markers placed on the
bodies of the subjects. The cameras were equipped with lamps send-
ing infrared signals toward the markers, from which the reflected sig-
nals got to the central unit. The flat, two-dimensional image recorded
by the cameras was adapted by the BTS program. The Davis full clini-
cal protocol was used for data analysis [3].

The system was calibrated before every measurement by means
of the BTS equipment. The area for the static and dynamic test was
determined. The path for the gait test was set at 4.5 m length, 2 m
width and 1.7 m height. A horizontal 0.5-m-wide line was set as the
beginning. This line was also set as the place for the static test.

The cameras were placed in such a way that it was possible
to get the most precise recording. The device was calibrated before
every test. The anthropometric measurements, which were required
to conduct Davis protocol, were taken before the recording. Sixteen
spherical markers were carefully placed as required by the protocol.
Two additional hemispherical markers were used for the static test.
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In the next step, the static test measurement was recorded for the
three gait tests in the following phase.

The measurements connected with the gait analysis were taken
four times — before and after the first vibration, after 2 weeks, which
was after six vibration treatment procedures, and after 4 weeks,
which was after 12 treatment procedures. Each of the analyses was
carried out on a Tuesday afternoon, the day after the treatment pro-
cedure on the vibration platform.

Measurement procedures

The test in the laboratory was performed four times
according to the following schedule:

— Measurement I — before the first vibration treatment
— Measurement II — after the first vibration treatment

— Measurement II — after 6th vibration treatment

— Measurement IV — after 12th vibration treatment

The gait parameters subjected to analysis were the time
spent supported on each of the extremities and the range
of motion of the knee and coxal articulation. The obtained
results were subjected to statistical analysis. A descriptive
analysis of the obtained results was used due to the small
number of participants.

Results

The analysis of parameters connected with the time of
load of a given lower extremity indicates a consider-
able asymmetry between the left and right extremity. The
load of the left extremity lasted almost 10% longer. This
parameter equalized considerably after the first treatment
procedure. The subsequent procedures on the vibration
platform affected the percentage value of the load of both
extremities; this influence has not however been as signif-
icant as after the first treatment procedure. The detailed
results are presented in Table 2.

Table 2: Percentage and time parameters relating to the lower
extremities load during gait in the subsequent measurements.

Subsequent Left extremity Right extremity
measurements

Mean Mean Mean Mean

value, % time, s value, % time, s

Measurement | 66.7 1.67 75.17 1.86

Measurement I 70.25 1.76 73.75 1.78

Measurement IlI 70.57 1.45 73.6 1.48

Measurement IV 70.53 1.56 73.4 1.61
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Next, the kinematic parameters connected with
flexion of the knee and hip articulations were subjected
to analysis.

The mobility of the articulations of both hips did not
change considerably, although a significant increase in
the flexion mobility of both hips was observed in the third
measurement. However, the subsequent test on the vibra-
tion platform brought these values to the initial level. The
results are included in Table 3.

The results of the range of motion tests in the articu-
lations of both knees were considerably diverse between
the left and right sides. A noticeable increase in the range
of motion in the articulations of both knees was observed
after the first treatment procedure on the vibration plat-
form. It was also observed that the subsequent vibration
procedures gradually minimized the difference between
the range of motion of articulations on the left and right
sides. The results are presented in detail in Table 4.

Discussion

Gait disorders in people with ICP are the outcome of the
functional symptoms resulting from central nervous
system damage and the compensatory mechanisms
formed in a long-lasting process of motor rehabilitation.
The available rehabilitation methods concern mainly the
childhood period when it is still possible to control the
compensations. The number of ICP-specific therapeutic
solutions decreases with age and so does the organism

Table 3: Range of flexion of the hip articulations measured in the
subsequent tests in the sagittal axis.

Subsequent Flexion of the left Flexion of the right
measurements hip articulation [°] hip articulation [°]
Measurement | 18.1 15.7
Measurement Il 18.9 13.4
Measurement Il 21.3 20
Measurement IV 19.2 16

Table 4: Range of flexion of the articulations of knees measured in
the subsequent tests in the sagittal axis.

Subsequent Flexion of the Flexion of the
measurements left knee [°] right knee [°]
Measurement | 25.8 17.77
Measurement Il 27.35 21.55
Measurement Il 27.87 23.83
Measurement IV 27.33 23.47

Mysliwiec et al.: The influence of vibration on the quality of gait =—— 127

susceptibility to their corrective effect. It may be assumed
that, apart from the continuation of treatment procedures
from childhood, which are mainly based on neurode-
velopmental methods, adapted activities such as hip-
potherapy or activities in water are sometimes included.
The limitations resulting from age, caregivers’ age and,
very often, fatigue and weariness resulting from long-
term rehabilitation procedures create a need for simple
solutions that would be readily available and not take a
long time to perform. For that reason, vibration as a pro-
cedure, performed by means of a machine, may be used at
home and, if planned well, may improve or at least main-
tain functional capabilities. Haghbart first wrote about
the possibility of a therapeutic effect in hemiplegics as a
result of whole body vibration training [4, 5].

The issue of the influence of vibrations on adults
with ICP was also raised by Ahlborg et al. [6]. They com-
pared the effect of an 8-week course of resistance training
therapy on decreasing muscle spasticity and improving
motor functions and quadriceps femoris strength. Four-
teen volunteers with spastic diplegia (aged 21-41) were
randomized to specific groups. Seven patients performed
10-15 repetitions of resistance exercises for the lower
extremities, and the remaining patients underwent 6-min-
long vibration training with a frequency of 25-40 Hz three
times a week. During the vibration, a slight bend of the
knee and coxal articulation was adopted. Both groups pre-
sented with increased muscle strength without a negative
effect on spasticity. Additionally, the quadriceps femoris
increased, muscle tone reduced and motor performance
improved in participants who were subjected to vibration
therapy [6].

Literature analysis presents many applications for
vibrations in obtaining therapeutic effects. An increase
in lower extremity muscle strength and capacity, both in
people who are not physically active and in athletes, is
presented in the research carried out by Delecluse et al.
[7] and Fagnani et al. [8]. There are also studies referring
to a reduction of complaints in patients with osteoarthritis
[9], brain strokes [10], Parkinson disease [11] and multi-
ple sclerosis [12] as well as in geriatric patients [13-15] and
postmenopausal women [16]. It is important that while
analyzing the influence of vibration therapy on increases
of these parameters, most of the researchers have focused
on the articulation of the knee.

Delecluse showed an increase in quadricep femoris
dynamic strength or over 9.0% (+3.2%) after a 12-week-
long training course with a frequency of 35-40 Hz [7]. The
mechanism for the influence of vibrations on spasticity
reduction is probably underlain by an increase in muscle
bioelectrical activity [17]. The disorder in the muscle
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activity control, caused by damage to the central nervous
system, is intensified by the vibrations’ influence.

Among other things, it has been hypothesized that
vibrations of low frequency and low amplitude are very
subtle mechanical micro-impulses received by skin
receptors that affect change in nerve impulses (code)
from the muscles. In this way, the neural control is rein-
forced [18].

The influence of vibrations on the damaged central
nervous system was also analyzed by Tihanyi et al. [10].
They conducted a vibration procedure with a frequency
of 20 Hz in eight patients after brain strokes, obtaining
an increase in isometric and eccentric strength in exten-
sion of the articulation of the knee by 36.6% and 22.2%,
respectively.

Seeking optimal vibration parameters refers to the
frequency, amplitude and duration of the treatment proce-
dure. Amplitude is rarely stated in the methodology of the
performed procedures. It is assumed that it is at the level
of 2-5 mm. In the case of frequency, many authors point
out that a lower frequency, at the level of 2030 Hz, pro-
duces better results [15, 19, 20]. It has also been suggested
that the duration of the procedure should be between 1
and 2 min [19, 20].

The results obtained through this research cannot
be considered to refer to the population in general due to
the small number of participants. It was decided to intro-
duce very restrictive inclusion criteria to obtain as much
information as possible about the effects of the proposed
procedure and to have full control over the quality of the
conducted research. The results seem to support a finding
that the treatment procedure does produce good effects.
It may be said that a device that produces vibrations in
the frequency of 20 Hz and that a patient with CP could
be equipped with may be an easy-to-use and economical
element of everyday therapy.

Conclusions

1. The vibration procedure influenced an improvement
in the range of flexion in knee articulation.

2. The vibration procedure did not change the range of
flexion in hip articulation.

3. Equalization of the time disparities in the load of both
extremities was obtained after the first treatment
procedure.

4. In the case of this group of women, the vibration pro-
cedure may be complementary to the rehabilitation
process.
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