Effect of Pro-kin visual feedback balance training on balance function of individuals
with early Parkinson's disease: a randomized controlled pilot trial
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Abstract

Background: Parkinson's disease (PD) is the second most common neurodegenerative disease. Patients often present with bal-
ance dysfunction. Several studies have applied visual feedback training to stroke patients and demonstrated significant improve-
ment. However, the application of visual feedback balance training in PD patients has not been reported.

Objective: To observe the effects of visual feedback balance training combined with conventional rehabilitation training on the
balance function of patients with early PD.

Methods: Fifty patients with eatly PD were randomly divided into control group and observation group. The control group
received conventional rehabilitation training, including body position transfer, weight shifting, movement in all directions and
gait training. The observation group were added with visual feedback balance training on the basis of the training above. All
patients were trained 5 times per week for 4 weeks. Berg Balance Scale (BBS), Time Up-and-Go test (TUG) and Pro-Kin balance
training instrument were used to evaluate the balance function of patients before and after treatment, and the balance function
were compared between the two groups.

Results: The BBS and TUG scotes of the observation group and the control group were improved significantly (P<0.01), and
the BBS and TUG scores of the observation group were improved more obviously than control group (P<0.01). The length and
area of eye open and closed condition in the observation group and the control group were significantly reduced compared with
those before training (P<0.01), and the degree of reduction in the observation group was more obvious (P<0.01). The length
and area of the observation group and the control group before and after training when eye open were smaller than those when
eye closed (P<0.01).

Conclusion: The conventional rehabilitation therapy can improve the balance function of PD patients, but the combination
of visual feedback balance training and conventional rehabilitation therapy can improve the balance function more significantly.
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Introduction by prominent death of dopaminergic neurons in the sub-
Parkinson's disease (PD) is a chronic progressive neuro-  stantia nigra pars compacta and wide spread presence of
degenerative disease in the eldetly, which is characterized alpha synuclein, an intracellular protein'. The disease is

- the second most common neurodegenerative disease, af-
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fecting approximately 7 million people worldwide®. PD is
the fastest growing disease among neurological disorders
which are now the leading cause of disability. The number
of individuals with PD is poised for exponential growth
because the world's population is aging®. The symptoms
of PD include tremor, bradykinesia, rigidity, balance dys-
function and non-motor disorders like sleep problems”.

Falls are frequent and recurrent events in individuals with
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PD, with 45-68% of people with PD falling annually and
two-thirds of them experiencing more than once’. Falls
cause many problems such as hip fracture, pain, loss of
independence and activity limitations. The risk factors
associated with falls in PD include balance dysfunction,
freezing gait, cognitive impairment, reduced leg muscle
strength, fear, depression’. Among these factors, balance
dysfunction leads to increased body swing, poor coordi-
nation and posture instability. It becomes more serious
with PD progressing. As the result, balance dysfunction
has been regarded as one of the independent risk factors
of falls’.

Non-pharmacological treatment, such as exercise and
physical therapy, demonstrates many benefits for individ-
uals with PD including improvements in stability and bal-
ance, gait and independence®. Study has shown that long-
term rehabilitation training can improve the motor ability
and balance function of individuals with PD’. Howev-
er, conventional rehabilitation training, such as muscle
strengthening, center of gravity shift and stretching, is
difficult to arouse interest and maintain long-term train-
ing. In addition, conventional rehabilitation treatment is
difficult to evaluate the training result in real time, which
makes it difficult for the therapist to make further treat-
ment plans.

The Pro-kin system is designed for balance training,
which provides visual feedback of center of gravity in
real time, making it possible to adjust balance according
to system feedback.

The Pro-kin training system has been reported for the
balance function treatment of individuals with white
matter lesions!’, cerebral small vessel disease!!. The two
studies have demonstrated that it is a feasible method to
improve balance function. However, it has never been re-
ported in the treatment of PD patients. The purpose of
this study was to investigate the effect of Pro-kin visual
feedback training system on balance function of individ-
uals with early PD.

Materials and methods

Patients who were diagnosed with PD by a doctor from
June 2020 to October 2021 were recruited from the Si-
no-French Department of Neurological Rehabilitation
of Gansu Provincial Hospital. Patients should have no
less than two of the four classic motor symptoms of PD,
including resting tremor, rigidity, bradykinesia and asym-
metric onset'”. The inclusion criteria were: (1) Hoehn and
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Yahr stage 1 to 2, (2) 45 to 70 years, (3) the course of dis-
ease is within 3 years, (4) stable medication, (5) ability to
understand instructions from therapist or instrument and
perform required actions”. The exclusion criteria were:
(1) secondary Parkinson's syndrome and Parkinson's syn-
drome caused by infection, cerebral arteriosclerosis and
trauma. (2) inability to cooperate with treatment because
of consciousness disorder or severe mental disorder, (3)
unable to perform balance training because of lower limb
fracture, severe pain or tumor. (4) prior history of epi-

lepsy.

Fifty patients were recruited into this study and randomly
divided into two groups: the control group and the inter-
vention group. Randomization was performed by a doc-
tor who was not involved in the study. All participants
signed informed consents.

The study was a single blind randomized controlled trial
in which the evaluator was unaware of the treatment. Pre-
test and post-test designs were used to evaluate the effec-
tiveness of the training, Participants were randomly as-
signed to the control group or the observation group by
a physician who was not involved in the study. An opaque
sealed envelope was selected from 50 sealed envelopes
containing group assignment.

All subjects were assessed by the Berg Balance Scale (BBS),
the Time Up-and-Go Test (TUG) and the built-in assess-
ment procedures of the Pro-Kin balance training system
before the training. span style="font-family: “Times New
Roman'; color:#0070c0; background-color:#£fffff">The
specific evaluation methods are as follows: First, subjects
were asked to complete 14 items in turn according to the
BBS scale, including sitting independently, standing with
eyes closed, standing on one leg, walking up and down
stairs, turning around for a week and so on14. Each item
is rated from 0 to 4 points according to the degree of
completion. The higher the score is, the better the com-
pletion is. The scores of all items are added up to obtain
the total score of the BBS test. Then, the subjects were
asked to conduct TUG test15. The subjects were asked to
stand up from the chair, walk 3 meters to the indicating
line, then turn around and sit on the chair. The thera-
pist recorded the time spent. The average time of three
tests were the result of TUG test. Finally, the built-in
evaluation program of Pro-kin Visual Feedback Balance
Training System (PK254, Tec nobody, Italy) was used for
testing balance function. Turn on the computer and click
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the "Static stability Test" option on the screen. Therapist
asked the subject to stand on the test table with their eyes
looking straight ahead and tell the subject to hold as still as
possible for 30 seconds. Then, therapist asked the subject
to close eyes and hold as still as possible for 30 seconds.
The system automatically recorded the movement of the
center of gravity and depicted the curve of change. The
total length of the trajectory generated by the center of
gravity motion was called the trajectory length, and the
area enclosed by the trajectory generated by the center of
gravity motion was called the area of the moving ellipse.
The smaller the value of these two parameters, the better
the balance function. Each patient was tested twice.

After the evaluation, all subjects received rehabilitation
training, All participants were given conventional balance
training, including body position transfer, weight shifting,
movement in all directions, standing on one leg, touching
objects, turning around and throwing a ball. The training
was conducted 30 minutes per session, 5 times a week,
for 4 weeks.

The observation group was added with visual feedback
balance training in addition to conventional balance
training, for 20 minutes per session, 5 times a week for 4
weeks. The Pro-kin visual feedback balance training sys-
tem was used. The subjects stood on the training board.
The central axis of the feet was located on the A1 and A5
lines of the balance platform. The highest points of the
bilateral arches were located on the A3 and A7 lines of
the balance platform respectively. The Angle between the
feet was 60 degrees. The training method was as follows:

four fixed locks were placed under the training board,
then the subjects stood on the board and looked at the
computer screen. By clicking on the "stability limit" mod-
ule on the computer, the subjects controlled the slight
movement of the training table with their feet to control
the cursor on the screen to a specified position. Next,
the therapist removed the fixed lock under the training
board and adjusted the resistance value to the system-rec-
ommended 5. Then the subject placed one foot on the
training board and the other foot on the ground, keeping
the upper body still. The subject looked at the computer
screen and controlled the large amplitude movement of
the balance board through the ankle joint according to
the cursor indication on the screen, making the cursor on
the screen reach the specified position.

Statistics

SPSS 24.0 software were used to analyse the data. De-
scriptive statistics were used for all outcome variables.
The means and standard deviations were reported, which
were expressed as-xts. independent t-test was used for
between-group comparison, and paired t-test was used
for within-group comparison. The quantitative data were
compared by chi-square test. P <0.01 was considered sta-
tistically significant.

Results

One case fell off in the observation group and one
case fell off in the control group after training, which
was due to unwillingness to continue the training, There
were no difference between groups in terms of gender,

age, duration of disease and the Hoehn and Yahr scale
grades(Table 1).

Table 1: Demographic data of the participants

Observation Control P
group(n=24) group(n=24)
Gender(n)
Men 12 11 0773
Women 12 13 '
Age(years) 58.1715.36 56.25+4.82 0.199
Height(cm) 1.66+0.04 1.66+0.03 0.345
Weight(kg) 65.791+2.36 64.5412.36 0.073
Disease N +
duration(years) 1.71x0.75 1.83+0.70 0.554
Hoehn and
Yahr 1.33+0.48 1.3810.49 0.769
scale(grades)
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The BBS and TUG scores of the observation group and
the control group were improved significantly after train-

Table 2: BBS and TUG score

ing (P<0.01). The BBS and TUG scores of the observa-
tion group were improved more obviously than those of
the control group (P<<0.01) (Table 2).

s before and after treatment

Intervention
group (n=24)

Control group P
(n=24)

BBS (scores)

Pre-test 43,04+1.52

Post-test 45,96+1.12
P 0.000

TUG (seconds)

Pre-test 15.73£0.88

Post-test 11.73£0.60
P 0.000

42.67£1.40 0.379
50.29+1.85 0.000
0.000

15.9240.84 0.444
13.08%0.58 0.000
0.000

The length and area of eye open and eye closed condi-
tion in the observation group and the control group were
significantly reduced compared with those before training
(P<0.01), and the degree of reduction in the observation

group was more obvious (P<0.01) (Table 3). The length
and area of the observation group and the control group
before and after training when eye open were all smaller

than those when eye closed (P<0.01) (Table 3).

Table 3: Evaluation results from Pro-kin balance system

Observation Control group
group (n=24) (n=24) P
Eyes open
Trajectory length(mm)
Before 701.174£29.21 666.71£130.11 0.212
treatment
After treatment ~ 327.54143.82 411.00£18.35 0.000
P 0.000 0.000
Ellipse area(mm?®)
Before 1231.42£152.27  1185.96£153.42  0.308
treatment
After treatment  649.96131.56 834.88+22.23 0.000
P 0.000 0.000
Eyes closed
Trajectory length(mm)
Before 931.29£71.97 959.42%69.95 0.176
treatment
After treatment  443.13144.76 617.831£14.40 0.000
P 0.000 0.000
Ellipse area(mm?)
Before 2161.38£155.84  2090.42%£149.01  0.114
treatment
After treatment  1166.17£83.31 1684.50£52.33 0.000
P 0.000 0.000
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Discussion

There are many factors leading to abnormal balance
function in PD patients. On one hand, the loss of do-
pamine substantia nigra neurons leads to the decrease
in dopamine, which in turn leads to motor dysfunction.
On the other hand, decreased activity of the cholinergic
system as a result of cholinergic neurons in peduncu lo-
pontine nucleus and basal forebrain leads to balance dys-
function. In addition, abnormal activity in the cerebral
cortex, the brain stem network and the midbrain motor
area substantia nigra may cause motor dysfunction. Cer-
ebellar lesions can also cause motor abnormalities and
balance disorders'®. Balance dysfunction is not always im-
proved by dopami nergic drugs'’, and also can interfere
with walking'®. As shown in this study, before treatment
the TUG time of the experimental group and the control
group was 15.73%0.88 seconds and 15.92%0.84 seconds
respectively, which means an increased risk of falls in pa-
tients with PD". Studies have shown that improved bal-
ance function may reduce falls and disability due to frac-
tures”. Drug therapy cannot completely resolve the loss
of balance function, so non-drug therapy is necessary. Lei
gave virtual reality rehabilitation training to PD patients
on the basis of conventional treatment, which showed
significant improvement in balance ability*'. Yang provid-
ed rehabilitation training for early PD patients with drugs
combined with TaiChi, and the results showed that the
balance and motor ability were significantly improved®.
This study also showed that whether combined with vi-
sual feedback balance training or just conventional reha-
bilitation training, balance function was improved. Stud-
ies have shown that drug therapy focuses on improving
myotonic and bradykinesia of PD patients, but does not
improve balance ability®’. Strength and balance training
can improve muscle strength, coordination and balance
function of PD patients.

The conventional rehabilitation treatment for PD patients
has been reported, such as endurance training*, Nordic
walking training”, which showed significant improvement
in balance function. Now there are more and motre schol-
ars combined conventional rehabilitation training with
audio-biofeedback training®, or resistance training”, or
thythmic auditory stimulation with visual stimuli*®. The
methods above all improve balance function, but there is
no study about which is better. Some studies have applied
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visual feedback training to stroke patients and proved
that it can improve balance function significantly. How-
ever, no visual feedback balance training has been applied
to PD rehabilitation treatment®.

This study shows that the combination of conventional
rehabilitation training and visual feedback balance train-
ing can improve the balance ability of early PD patients
more significantly. Conventional rehabilitation training
focuses on the movement control, center of gravity shift
and precision training”. PD patients are often unable to
complete the movement accurately and co-ordinately due
to the presence of tremors, myotonia and other obstacles.
By training patients to touch objects, reach for objects
and alternate weight bearing, coordination and accuracy
of motor completion can be strengthened’. However,
conventional rehabilitation training cannot distinguish the
three sensory systems on which human balance depends.
Visual and proprioceptive assistance interferes with train-
ing. In addition, conventional rehabilitation training needs
to repeat fixed action for many times, while patients are
easy to get bored. The data of evaluating the quality of
each training cannot be objectively given. The visual
feedback balance training has a good human-computer
interface, which can develop a gradual training mode for
patients and strengthen the proprioception training. Pro-
prioception is an efferent activity which senses joint po-
sition, joint velocity and muscle tone. It plays an import-
ant role in balance maintenance. Visual feedback balance
training system is a combination of coordination training,
muscle strength training and proprioception training32.
Therapists can adjust the balance system according to
the situation and change the difficulty of training, The
built-in procedure can accurately feel the load change of
each point so that patients can gradually and accurately
carry out the balance training of load control. In addi-
tion, the good human-computer interaction mode greatly
improves the interest of patients. Patients can conduct
treatment in the game and therapists can make rehabilita-
tion plans according to the system feedback.

Conclusion

The conventional rehabilitation treatment can improve
the balance function of PD patients. This study shows
that the combination of visual feedback balance training
and conventional rehabilitation treatment can improve
the balance function of PD patients more significantly.

African Health Sciences, Vol 23 Issue 2, June, 2023



Acknowledgments
The authors thank all of the study participants.

Conflict of interest
The authors have no conflicts of interest to disclose.

Funding

Lanzhou City Science and Technology Development-
Guiding Plan Project (grant number: 2017-Z1D-45); Re-
search Foundation of Gansu Provincial Hospital (Key-
Disciplines) (grant number: 2019-395); Gansu Province
Natural Science Foundation Project (22JR5RA673); Gan-
su Provincial Key Laboratory of Cerebrovascular Diseas-
es (20JR10RA431).

References

1. Radhakrishnan DM, Goyal V. Parkinson's disease:
A review. Neurol India. 2018 Mar-Apr;66(Supplement):
S26-835.

2. Mak MKY, Wong-Yu ISK. Exercise for Parkinson's
disease. Int Rev Neurobiol. 2019 Jan; 147:1-44.

3. Dorsey ER, Bloem BR. The Parkinson Pandemic-A
Call to Action. [AM.A Neurol. 2018 Jan 1;75(1):9-10.

4. Sveinbjornsdottir S. The clinical symptoms of Parkin-
son's disease. | Newurochen. 2016 Oct;139 Suppl 1:318-324.
5. Canning CG, Paul SS, Nieuwboer A. Prevention of
falls in Parkinson's disease: a review of fall risk factors
and the role of physical interventions. Newrodegener Dis
Manag. 2014 Jan;4(3):203-21.

6. Latt MD, Lord SR, Morris JG, Fung VS. Clinical and
physiological assessments for elucidating falls risk in Par-
kinson's disease. Mov Disord. 2009 Jul 15;24(9):1280-9.

7. Li H, Liang S, Yu Y, Wang Y, Cheng Y, Yang H, et al.
Clinical experience of comprehensive treatment on the
balance function of Parkinson's disease. Medicine (Balti-
more). 2020 May;99(19): e20154.

8. Keus SH, Bloem BR, Hendriks EJ, Bredero-Cohen AB,
Munneke M. Evidence-based analysis of physical therapy
in Parkinson's disease with recommendations for practice
and research. Mov Disord. 2007 Mar 15;22(4):451-60; quiz
600.

9. Corcos DM, Robichaud JA, David FJ, Leurgans SE,
Vaillancourt DE, Poon C, et al. A two-year randomized
controlled trial of progressive resistance exercise for Par-
kinson's disease. Mov Disord. 2013 Aug;28(9):1230-40.

10. You H, Zhang H, Liu J, Han T, Zhang M, Zhao W, et
al. Effect of balance training with Pro-kin System on bal-

African Health Sciences, Vol 23 Issue 2, June, 2023

ance in patients with white matter lesions. Medicine (Balti-
more). 2017 Dec;96(51): €9057.

11. Zhao W, You H, Jiang S, Zhang H, Yang Y, Zhang M.
Effect of Pro-kin visual feedback balance training system
on gait stability in patients with cerebral small vessel dis-
ease. Medicine (Baltimore). 2019 Feb;98(7): e14503.

12. Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for
Parkinson disease. Arch Neurol. 1999 Jan;56(1):33-9.

13. Hoehn MM, Yahr MD. Parkinsonism: onset, progres-
sion, and mortality. 1967. Neurology. 2001 Nov;57(10 Sup-
pl 3): S11-26.

14. Park SH, Lee YS. The Diagnostic Accuracy of the
Berg Balance Scale in Predicting Falls. West | Nurs Res.
2017 Nov;39(11):1502-1525.

15. Podsiadlo D, Richardson S. The timed "Up & Go": a
test of basic functional mobility for frail elderly persons.
J Am Geriatr Soc. 1991 Feb;39(2):142-8.

16. Takakusaki K. Functional Neuroanatomy for Posture
and Gait Control. | Mov Disord. 2017 Jan;10(1):1-17.

17. Chastan N, Westby GW, Yelnik ], Bardinet E;, Do MC,
Agid Y, et al. Effects of nigral stimulation on locomotion
and postural stability in patients with Parkinson's disease.
Brain. 2009 Jan;132(Pt 1):172-84.

18. Curtze C, Nutt JG, Carlson-Kuhta P, Mancini M,
Horak FB. Levodopa Are a Double-Edged Sword for
Balance and Gait in People with Parkinson’s Disease. Mo
Disord. 2015 Sep;30(10):1361-70.

19. Mak MK, Pang MY. Balance confidence and functional
mobility are independently associated with falls in people
with Parkinson's disease. | Nexro. 2009 May;256(5):742-9.
20. Giardini M, Nardone A, Godi M, Guglielmetti S,
Arcolin I, Pisano F, et al. Instrumental or Physical-Ex-
ercise Rehabilitation of Balance Improves Both Balance
and Gait in Parkinson's Disease. Newural Plast. 2018 Mar 7,
2018:5614242.

21. Lei C, Sunzi K, Dai F, Liu X, Wang Y, Zhang B, et
al. Effects of virtual reality rehabilitation training on gait
and balance in patients with Parkinson's disease: A sys-
tematic review. PLoS One. 2019 Nov 7;14(11): e0224819.

22.Yang Y, Li XY, Gong L, Zhu YL, Hao YL. Tai Chi for
improvement of motor function, balance and gait in Par-
kinson's disease: a systematic review and meta-analysis.
PILoS One. 2014 Jul 21;9(7): €102942.

23. Feng YS, Yang SD, Tan ZX, Wang MM, Xing Y, Dong
F, et al. The benefits and mechanisms of exercise training
for Parkinson's disease. Lzfe Sez. 2020 Mar 15; 245:117345.
24. Lamotte G, Rafferty MR, Prodoehl |, Kohrt WM, Co-

587



mella CL, Simuni T, et al. Effects of endurance exercise
training on the motor and non-motor features of Parkin-
son's disease: a review. | Parkinsons Dis. 2015 Jan;5(1):21-
41.

25. Monteiro EP, Franzoni LT, Cubillos DM, de Oliveira
FA, Carvalho AR, Oliveira HB, et al. Effects of Nordic
walking training on functional parameters in Parkinson's
disease: a randomized controlled clinical trial. Scand | Med
Sci Sports. 2017 Mar;27(3):351-358.

26. Mirelman A, Herman T, Nicolai S, Zijlstra A, Zijlstra
W, Becker C, et al. Audio-biofeedback training for pos-
ture and balance in patients with Parkinson's disease. |
Neuroeng Rebabil. 2011 Jun 21; 8:35.

27. Ortiz-Rubio A, Cabrera-Martos 1, Torres-Sanchez
I, Casilda-Lopez |, Lopez-Lopez L, Valenza MC. Ef-
fects of a resistance training program on balance and
fatigue perception in patients with Parkinson's disease:
A randomized controlled trial. Med Clin (Barc). 2018 Jun
22;150(12):460-4064.

28. Song JH, Zhou PY, Cao ZH, Ding ZG, Chen HX,
Zhang GB. Rhythmic auditory stimulation with visual
stimuli on motor and balance function of patients with

588

Parkinson's disease. Ewur Rev Med Pharmacol Sci. 2015
Jan;19(11):2001-7.

29. Yang YR, Chen YH, Chang HC, Chan RC, Wei SH,
Wang RY. Effects of interactive visual feedback training
on post-stroke pusher syndrome: a pilot randomized con-
trolled study. Clin Rehabil. 2015 Oct;29(10):987-93.

30. Feng H, Li C, Liu J, Wang L, Ma J, Li G, et al. Vir-
tual Reality Rehabilitation Versus Conventional Physical
Therapy for Improving Balance and Gait in Parkinson's
Disease Patients: A Randomized Controlled Ttrial. Med Sci
Monzt. 2019 Jun 5; 25:4186-4192.

31. Stozek ], Rudzinska M, Pustulka-Piwnik U, Szczudlik
A. The effect of the rehabilitation program on balance,
gait, physical performance and trunk rotation in Parkin-
son's disease. Aging Clin Exp Res. 2016 Dec;28(6):1169-
1177.

32. van den Heuvel MR, Kwakkel G, Beek PJ, Berendse
HW], Daffertshofer A, van Wegen EE. Effects of aug-
mented visual feedback during balance training in Parkin-
son's disease: a pilot randomized clinical trial. Parkinsonism
Relat Disord. 2014 Dec;20(12):1352-8.

African Health Sciences, Vol 23 Issue 2, June, 2023



