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Abstract-The aim of the study is to develop visualisations
suitable for rehabilitation and training of patients with cerebral
palsy in home conditions. The specially prepared visualisations
were demonstrated to 10 children with cerebral palsy to find the
most effective visualisations based on their own opinion. During
the experimental part of this study, electromyogram, vital signs
and skin conductance measurements of volunteer participants
were registered. After the experimental part, participants and
physiotherapists were interviewed.

It was concluded that a biofeedback method of
electromyography is suitable as a rehabilitation method in home
conditions, if the visualisation is based on multimedia.
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|. INTRODUCTION

A cerebral palsy is damage to the parts of the brain that
control the motor function of the body. This damage results in
a group of permanent movement disorders, which are common
in children [1].

Rehabilitation of patients with cerebral palsy is a long and
expensive process, which in most cases includes long-term
hospitalisation [2].

Previous studies suggest that using a biofeedback training
method in rehabilitation of cerebral palsy can improve the
motor function of patients [3], [4].

Biofeedback method of electromyography is a simple, low-
cost method that together with a simple and comprehensible
visualisation could be performed in home conditions [5].

For implementation of biofeedback in these conditions, it is
necessary to develop the visualisation of electromyogram
suitable for children with cerebral palsy rehabilitation and
training. The goal of the present research is to prepare
different versions of electromyogram visualisations and
determine the best version based on a patient feedback.

Il. VISUALISATIONS AND THE WORKING PRINCIPLES

10 different visualisations were developed using
MindMedia software Biotrace+. Firstly, electromyogram
signal has to be converted to an amplitude envelope. Secondly,
inthe graph of the electromyogram the threshold level for
muscle biopotential must be set [6].

Fig. 1. Electromyogram converted to an amplitude envelope. The horizontal
line is threshold.

The level of threshold is selected and adjusted by the
physiotherapist during the biofeedback training. If the
electromyogram reaches the level of threshold or is above it,
the software activates the visualisation — plays a video, for
example. If the level falls back under the level of threshold,
the video is stopped.

The following
visualisations.
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Fig. 2. Visualisation “glowing lamps” — when a muscle biopotential reaches
the selected level of threshold, the lamps light in different colours
consecutively. If the muscle biopotential level falls back, the lights of the
lamp disappear.
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Fig. 3. Visualisation “video” (flying rocket in space) — when the muscle
biopotential is above the selected level, video is in play mode. When it falls
back, the video is in pause mode.

Fig. 4. Visualisation “electromyogram Ampl” (electromyogram converted to
an amplitude envelope) displays the muscle biopotential in real time.

Recorit: 0 seconds

Fig. 5. Visualization “game” — when the muscle biopotential is above the
threshold, athlete lifts weights and the timer is started. If the biopotential
decreases under the threshold, athlete lowers the weights and the timer is
stopped.

.

Fig. 6. Visualisation “spectral analysis” — the relocation of EMG —the signal
by the frequency is displayed.
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Fig. 7. Visualisation “speedometer” — when the muscle biopotential is above
the selected level, speedometer reading increases. If the muscle biopotential
decreases under the threshold, the reading decreases.

Fig. 8. Visualisation “level indicator” — the visualisation indicates the
amplitude of electromyogram “Envelope”, likewise Fig.4.

Fig. 9. Visualisation “electromyogram as is” — displays the muscle
biopotential curve in real time.

Fig. 10. Visualisation “traffic light” — when the muscle biopotential is above
the threshold, red light is displayed. If the biopotential reaches the threshold
level, yellow light is displayed. If the biopotential is above the threshold,
green light is displayed.
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Fig. 11. Visualisation “power level” — If the muscle biopotential is below the
threshold, there are no colours displayed. When the biopotential reaches the
threshold level, the red colour is displayed. If the muscle biopotential is held
above the threshold, orange, green and blue colours are displayed
consecutively.

All visualisations can be reversed — the feedback can be
implemented if the muscle biopotential is under the threshold,
for example, visualisation “video” is in “play” mode, if the
biopotential is under the threshold level and “pause” mode, if
the biopotential is above it. This way a relaxation exercise
could be performed.

I1l. TECHNOLOGY OF MEASUREMENTS

Patient vitals were registered using MindMedia device
NeXus-10 MKII, which includes 8-channel electromyography.
This device also registers vital measurements of patients —
respiration rate, pulse and skin conductivity.

There are two monitors used during the biofeedback
training of participants. Participant’s monitor displays only
one of the visualisations at a time. Physiotherapist monitor
displays electromyogram and participant’s  vital
measurements.

Fig. 12. Monitors used in biofeedback — monitor on the left side is
participant’s monitor.

Patient vitals were measured using pulse oximeter placed on
participant’s index finger, respiration sensor/belt placed
around chest (between breasts and belly button) and skin
conductivity sensors placed on participant’s middle and ring
fingers. Vitals were registered by obtaining a curve of
measurements before visualisations were demonstrated, during
the demonstrations and after the demonstrations. The software
allowed putting automatic markers in curves when the
visualisations were changed.

The pulse was calculated by counting the maximum
amplitudes of pulse curve during the visualisation and divided
by the interval of time. The pulse cure is shown in Fig. 13.
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Fig. 13. The curve of participant’s pulse.

The calculation formula of pulse is shown in (1). P is the
calculated pulse, P' is the counted maximum amplitudes of the
pulse curve in the time interval, t is the time interval.

P=P-2, 1)

Similar method was used to calculate a respiration rate. The
obtained respiration curve is shown in Fig. 14.

Fig. 14. The curve of participant’s respiration.

The calculation formula of respiration rate is shown in (2).
R is the calculated respiration rate, R" is the counted maximum
amplitudes of the respiration curve in the time interval, t is the
time interval.

R=R-2, @)

Measurements were made by comparing vital readings of
the current visualisation in relation to the previous one.

Skin conductivity measurements were taken by analysing
their graphical chart and by rehabilitation and training
observations. The example of the skin conductivity curve is
shown in Fig. 15.
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Fig. 15. The curve of participant’s skin conductivity.

To determine the visualisation which is the most suitable
for a certain participant, we look at their vitals during the test.
If the vitals go down, the visualisation is deemed fit for that
participant. In other words, the less worried the participant is,
the better a particular visualisation is for him or her. The most
appropriate visualisation (least stressful) is one that lowers or
at least does not increase skin conductivity. A minor or steady
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increase in conductivity is considered normal during a
physical exercise.

IV. PARTICIPANTS

10 anonymous participants took part in this research (5 men
and 5 women), aged 13-24. All participants are diagnosed
with cerebral palsy. None of the participants have mental
disabilities.

Cerebral palsy has affected the participants differently —
there are cases of hemiplegia, diplegia and tetraplegia. Each
participant’s body parts were affected differently; therefore,
the type of exercise was chosen individually for each
participant. The exercises were chosen by the physiotherapists
and it was the most difficult exercise for each of the patients
individually at that time. 3 participants during electromyogram
performed a hand rotation exercise, 3 performed a foot lifting
exercise and the remaining 4 performed a weight transferring
exercise in the hips.

V. METHOD

To determine the most suitable visualisation, the research
included three criteria:

1. Registration of vitals — pulse, respiration rate and skin

conductivity,

2. Questionnaire of patients,

3. Questionnaire of physiotherapists.

Before the biofeedback training, parents of the participants
were interviewed to determine whether the participants had an
understanding of the visual media environment (computer,
mobile phone etc.). 7 of 10 participants work with computer
daily and 3 participants — a few times a week. It was
concluded that all participants understood videos, games and
animations equally well.

At the beginning of the biofeedback training, a visualisation
screening was performed. All ten visualisations were
demonstrated to the participants. Each participant selected the
three most attractive and comprehensible visualisations in his
or her opinion, after which the biofeedback training was
performed. Every participant had three sessions with the
selected three visualisations. All three visualisations were
demonstrated in each session. Working with the visualisations
required some adaptation; therefore, it was necessary to avoid
the last visualisation having the best results. This was done by
choosing a random order in which the visualisations were
demonstrated.

Sessions were controlled and performed by certified
physiotherapists, 4 in total. During a session, a training
protocol was filled with the participant’s vital measurements,
observations of training and questionnaire. Physiotherapists
filled their questionnaire after the last session.

VI. RESULTS AND DISCUSSION

After the results of visualisation screening, the most often
selected visualisations were “traffic light” and “spectral
analysis” — these visualisations were selected by 5 out of 10
participants. According to the participants, the visualisation
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“traffic light” attracted attention because it was familiar and
easy to understand, while “spectral analysis” attracted
attention because the visualisation was very colourful. There
was no correlation between the age of the participants and
screening results of visualisations “traffic light” and “spectral
analysis”.

In the screening, none of the participants selected “level
indicator”. The visualiSation “glowing lamps” was selected by
3 women and Omen, the visualisation “speedometer” was
selected by 3 men and 0 women. Therefore, we believe that
these visualisations cause interest in certain gender.

The results of visualisation screening are shown in Fig. 16.

Results of the screening
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Fig.16. The results of the visualisation screening.

If we divide participants into two groups by age, the first
group is 13-18 and the second is 19-24. The visualisations
with electromyograms were selected by 1 participant in the
first group and 3 participants in the second group. In turn, the
visualisation “game” was selected by 3 participants in the first
group and 1 participant in the second group. Therefore, we
believe that these visualisations cause interest at a certain age.

Participants were asked in the questionnaire which
visualisation was the easiest and which the hardest to
understand and perform. The most successful visualisation,
according to the results, was “traffic light”. None of the
participants suggested “speedometer” as the less successful
visualisation.

The results of patients’ questionnaire are shown in Figs. 17
and 18.

The most successful visualization
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Fig.17. The results of participants’ questionnaire — the most successful
visualisation.
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Fig. 18. The results of participants’ questionnaire — the less successful
visualisation.

Visualisations “traffic light” and “spectral analysis” had the
highest result according to the vital measurements of the
participants. “Traffic light” and “spectral analysis” were
determined as the most suitable visualisations by 3
participants, while “game” caused additional stress to 3
participants.

After the biofeedback training, the physiotherapists were
interviewed. 2 out of 4 physiotherapists considered
visualisations “traffic light” and “speedometer” to be universal
visualisations suitable for all types of exercises during the
biofeedback training. One physiotherapist suggested “power
level” as the most successful visualisation. Physiotherapists
viewed “glowing lamps” as a suitable exercise for muscle
strength and “game” as an unsuitable exercise for muscle
relaxing. In physiotherapists’ opinion “video” could not be
used as a weight transferring exercise.

To compare the multimedia based visualisations with
visualisations of electromyogram, the screening was
performed repeatedly after the last session of biofeedback
training. None of the participants chose visualisations of
electromyogram or electromyogram converted to an amplitude
envelope. It may be concluded that visualisations of
electromyogram do not cause further interest in participants.

VII. CONCLUSION

1. Biofeedback method of electromyography is a suitable
rehabilitation method in home conditions, if the visualisation
is based on multimedia.

2. Visualisation “traffic light” is considered to be the most
suitable visualisation for rehabilitation and training in home
conditions because it attracts attention, causes interest, is easy
to understand and it is suitable for different types of exercises —
for improving muscle activity and relaxation.
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g 4. Future vision is to adapt the visualisations for
8 2 rehabilitation of cerebral stroke patients.
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Katrina Caikovska, Juris Lauznis. Elektromiogrammas vizualizicijas metode cerebralas triekas pacientu rehabilitacijai un treniniem
Raksta aprakstits petijums par bioatgriezeniskas saites elektromiografijas metodes piemérotibu bérnu cerebralas triekas rehabilitacijas nodarbibam majas

apstaklos.

Péttjuma mérkis ir izveidot elektromiografijas vizualizacijas metodi, kas blitu piemérota bérnu cerebralas triekas pacientu rehabilitacijai un treniniem majas
apstaklos. P&tljuma tika sagatavoti vizualizaciju varianti, un tie tika demonstréti 10 brivpratigajiem bérnu cerebralas triekas pacientiem, lai noteiktu efektivako
vizualizaciju pec pacientu uztveres. Eksperimentalas dalas laika pacientiem tika registréta elektromiogramma, vitalie mérjjumi un adas vaditsp&ja. Péc
eksperimentalas dalas tika veikta pacientu un fizioterapeitu aptauja. P&tfjuma eksperimentala dala tika izstradata, izmantojot razotaja MindMedia iekartu "Nexus-10".

P&tijuma rezultata tika izstradatas rekomendacijas registracijas iekartas izveidei.

Elektromiografijas bioatgriezeniskas saites metode ir piemérota ka rehabilitacijas metode majas apstaklos, ja tas vizualizacija ir veidota multivide.
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Karpuna Yaiikoscka, FOpuc Jlay3uuc. MeroJ BU3yaau3aluu 3J1eKTPOMHOTPaMM Il peadHIMTaluU 00JbHBIX HepedpaibHbIM NapajuioM

B HayuHO#i cTaTthbe ONMCHIBACTCS HCCIICIOBAHHE BO3MOXKHOCTH HCIOJIb30BaHHUS OHMOJNOrHYECKOd oOpaTHOW CBsA3M 1O 0OpabOTAHHOMY CHUrHAIY
JNeKTpoMHOrpadHX U IPUMEHEHHUE e IS peaOMINTaliy AIUEeHTOB C AeTCKUM LepeOpalbHbIM HapalndoM B JOMAIIHUX yCIOBHSX.

Ilens mccnenoBaHus—pa3paboOTaTh METOA DIEKTPOMUOTpadUIecKOl BU3yalM3allUuy, KOTOPEI MOXKHO Oy[eT NMPUMEHUTH Ul peabMIMTAMy, B TOM YUCIe HpH
TPEHUPOBKaX, B Cilydyae LiepeOpabHOro mapannya y nanueHra-pedénka. s toro, 4tolsl onpeaenuts Hanbonee 3GGEeKTHBHBIA METOI BH3yalH3aluH, ObLIO
pa3paboTaHO MHOXKECTBO BapUAHTOB, KIMHUUECKUH dP(EKT KOTOPHIX TecTHpoBayics Ha 10-Tu neTsax-1o0poBonblax. B xoxe skcriepuMeHTa perucTpupoBanach
JNIEKTPOMHOIPaMMa, OCHOBHBIE )KU3HEHHBIE II0Ka3aTellH, a Takoke MPOBOAUMOCTE KoxkH. [Tocie SKCIepuMeHTaNbHON YacTH IPOBOIIICS aHATIN3 Pe3yabTaToB Ha
OCHOBE OIIPOCOB NALMEHTOB M KBAJIM(UIHPOBAHHBIX CICLHAIMCTOB (Bpayeii-(pu3noTepaneBTOB). DKCIEPUMEHTAIbHAS YacTh MCCIECIOBAHUS MPOBOJMUIACH C
ucnonb3oBanueM amrapara Nexus-10 (mporpamma Biotrace+) kommannun MindMedia.

B xome mccnenoBaHus ObUIM pa3pabOTaHBl PEeKOMEHIALUH IS pa3pabOTKU YIPONIEHHOTO PerHcTpanuoHHoro npudopa EMIT u mporpaMMmbl BH3yanH3aluH.
PaspaGoTaHHblif MeTOJ] OHONOrHYECKON OOpaTHOW CBS3M IO O0OPabOTAHHOMY CHTHAIY JJEKTPOMHOrpadMy MPUMEHHM B KauecTBE METOAa PeaOWIMTALIMU B
JIOMAIIHUX YCIOBHSIX, IIPH YCIOBUH, YTO METO]] BU3yalInu3anuy ObUI pa3paboTaH B MyIbTHMEAUHHOI cpere.
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