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Background and Objectives: The proliferation of computers, along with the
development of software and the Internet, has revolutionized the work and life of
people with disabilities, including those with spinal cord injuries with limited
mobility in the arms. The efficiency and usability of the aids provided to these people
is very important; because they have more limitations than ordinary people. The
purpose of this study was to compare the efficiency and usability of human-computer
interface in cervical spinal cord injury with two biofeedback EMG methods based on
computer games and without computer games.

Methods: The sample size was 20 participants (healthy and with spinal cervical
lesions) who were selected regarding availability. The statistical population of the
study (that was conducted 2019-2020) was spinal cord injury patients referred to
spinal cord injury clinic in Tehran. Participants received three 30-minute sessions per
week for 1 month of EMG biofeedback training and game-based biofeedback
interventions. SPSS version 23 was used for data analysis.

Results: Results showed that participants considered using EMG biofeedback
and game biofeedback as 75/8% and 72/0% usability. Over time, the “through put”
numerical values of the variable decreased in healthy individuals and spinal cord
injury. Also, the numerical values of this variable were lower in healthy individuals
than in individuals with spinal cord injuries. The maximum reduction in numerical
values of the “through put” variable appeared between the first and sixth sessions.

Conclusion: The EMG and gaming biofeedback system can be used for
interaction and control such as computers, wheelchairs, and more.

Keywords: Human-computer interaction, EMG game-based biofeedback,
Mouse control, Cervical spinal cord injury
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Extended Abstract

Introduction

The proliferation of computers, along with the
development of software and the Internet, has
revolutionized the work and life of people with
disabilities, including those with spinal cord
injuries with limited mobility in the arms. The
efficiency and usability of the aids provided to
these people is very important; because they have
more limitations than ordinary people. The purpose
of this study was to compare the efficiency and
usability of human-computer interface in cervical
spinal cord injury with two biofeedback EMG
methods based on computer games and without
computer games.

Methods

The sample size was 20 participants (healthy and
with spinal cervical lesions) who were selected
regarding availability. The statistical population of
the study (that was conducted 2019-2020) was
spinal cord injury patients referred to spinal cord
injury clinic in Tehran. Participants received three
30-minute sessions per week for 1 month of EMG
biofeedback training and game-based biofeedback
interventions. SPSS software version 23 (SPSS Inc.,
Chicago, Ill., USA) was used to analyze the data.
Statistical such as mean,
deviation and statistical tests of mean comparison,

indicators standard

Shapiro-Wilk, Tukey and repeated measures were
used to describe the data.

Table 1. Participating groups of EMG biofeedback and game species biofeedback

Group 1 Patient with EMG biofeedback

Group 2
Group 3
Group 4

Patient with playful biofeedback
Healthy with EMG biofeedback
Healthy with playful biofeedback

Figure 1. Location of electrodes on participants' biceps
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Figure 2. EMG biofeedback image (participants had to move the computer cursor in this green border).

task number:23 W=100 D=225

200.7677841159749

Figure 3. Test screen (participants had to move the computer cursor to the green circles and click).

Results

Results showed that participants considered using
EMG biofeedback and game biofeedback as 75/8%
and 72/0% usability. Over time, the “through put”
numerical values of the variable decreased in
healthy individuals and spinal cord injury. Also, the
numerical values of this variable were lower in
healthy individuals than in individuals with spinal
cord injuries. The maximum reduction in numerical
values of the “through put” variable appeared
between the first and sixth sessions.

Figure 4. Working with EMG biofeedback
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Table 2. Significant comparison between 4 groups participating in the SUS questionnaire

Mean difference P-value

Patient with playful

*11.000_
biofeedback 0.028
Patient with EMG Healthy with EMG
biofeedback biofeedback 1.000- 0.991
Healthy with playful
biofeedback 7.200- 0.207
Patient with EMG 11000
biofeedback 0.028
Patient with playful Healthy with EMG 10,000 0.049
biofeedback biofeedback g
Healthy with playful
biofeedback 3.800 0.701
Patient with EMG
biofeedback 1.000 0.991
Healthy with EMG Patient with playful 10,000 0.049
biofeedback biofeedback .
Healthy with playful
biofeedback 0200 0.319
Patient with EMG
biofeedback 7.200 0.207
Healthy with playful Patient with playful
biofeedback biofeedback 3.800- 0.701
Healthy with EMG
2 31
biofeedback 6.200 0.319

Table 3. Analysis of variance with repeated measurements of the first session, the sixth session and the twelfth session of the TP

variable in 4 groups of participants

Degree
Source of Total of Average Probabilit Eta Power of a
changes squares freedo squares y value squared test
m
Inside the
subjects
Time 641832.433 1.353 474233'57 32;5 0.000 0.668 1.000
Timeand ) 10041067 4060 52230736 3.541 0.022 0.399 0.783
group
Error 319335.600 21.652 14748.673
Between subjects
2 . 28.
Group 8755386 58 3 9585] 8.86 6.897 0.003 0.564 0.935
Error 2223357.60 16 138932.35
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Table 4. Test of Shapiro-Wilk test Normality of Throughput variable
Participants of

Group Test Probability value
each group
1 0.854 5 0.208
Through put 2 0.940 5 0.664
(before) 3 0.987 5 0.968
4 0.878 5 0.299
1 0.803 5 0.086
Through put 2 0.917 5 0.514
(while) 3 0.962 5 0.825
4 0.876 5 0.292
1 0.654 5 0.003
2 0.812 5 0.102
Through put 3 0.917 5 0.510
(after) 4 0.918 5 0.518
Table 5. In-group comparison of throughput variables
Group Mean difference P-value
Patient with playful
biofeedback 339.07 0.100
Patient with EMG Healthy with EMG 507.93 0.009
biofeedback biofeedback )
Healthy with playful SAIE
biofeedback 0.004
Patient with EMG
biofeedback 339.07- 0.100
Patient with playful Healthy with EMG
biofeedback biofeedback 168.87 0.611
Healthy with playful
biofeedback 221.07 0.394
Patient with EMG CSTCE
biofeedback - 0.009
Healthy with EMG Patient with playful
biofeedback biofeedback 168.87- 0.611
Healthy with playful
biofeedback 52.20 0.980
Patient with EMG *560.13
biofeedback ) 0.004
Healthy with playful Patleflt with playful 221.07- 0.394
biofeedback biofeedback
Healthy with EMG
biofeedback 52.20- 0980
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Table 6. Mean and standard deviation of the Through put variable in 4 groups of participants

Variable

First session

Total

Sixth session

Total

Twelfth

session

Total

Group

Patient with EMG biofeedback
Patient with playful biofeedback
Healthy with EMG biofeedback

Healthy with playful biofeedback

4 groups

Patient with EMG biofeedback
Patient with playful biofeedback
Healthy with EMG biofeedback

Healthy with playful biofeedback

4 groups

Patient with EMG biofeedback
Patient with playful biofeedback
Healthy with EMG biofeedback

Healthy with playful biofeedback

M (bits/s)

1061.80
653.80
371.00
301.60

597.05

705.80
383.20
255.00
246.00

397.50

644.40
357.80
262.20
184.00

?362.10

1200

1000
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Figure 5. Comparison of the mean of the Through put variable in the first, sixth and twelfth sessions of 4 participating groups
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SD (bits/s)

401.503
283.908
88.724
107.962

386.166

440.859
95.290
46.797
44.755

283.129

395.122
64.550
56.082
57.654

258.954
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Discussion

The maximum slope of change between the first
and sixth sessions was created in healthy
participants with SCI. This indicates the greatest
motor training and learning to use EMG
biofeedback with and without games to control the
computer marker in the first six sessions of the
study. Considering the numerical mean of the
variable Through put, it can be said that the amount
of changes between the sixth to twelfth sessions
was significantly less compared with the sessions
between the first and sixth. It can be said that due
to poor motor control of patients with spinal cord
injuries, the rate of displacement of computer
markers was higher than healthy participants;
therefore, it can be said that patients with spinal
cord injury have gained maximum control and
function using playful EMG biofeedback. It is
recommended to use playful EMG biofeedback to
improve accuracy and muscle control in patients

54

with spinal cord injury. The results of this study are
in line with the results of the study of Williams et
al. and Lu et al.

Conclusion

The EMG and gaming biofeedback system can be
used for interaction and control such as computers,
wheelchairs, and more.
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