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ABSTRACT

RITEETE As life expectancy increases, the incidence of degenerative diseases such as osteoarthritis also in-
¢ creases. Dynamic balance is one of the essential factors that affect the mobility and daily living activity of
Received: 07 Jan 2019 : patients suffering from knee osteoarthritis after undergoing Bilateral Total Knee Replacement (BTKR) surgery.
Accepted: 10 Jul 2019 ¢ Traditional rehabilitation approaches are based on reducing pain and increasing muscle strength, which are
: applied topically on the knee area. One of the new methods used to improve balance is neurofeedback, which
acts at the central nervous system level. This pilot study aims to examine the effect of neurofeedback on dy-
namic stability and sustained attention in women who underwent BTKA.
This is a quasi-experiment study with a pre-test/post-test design and no control group.
The study population consisted of all patients with BTKA referred to the outpatient clinic of the Department of
Occupational Therapy at Shahid Beheshti University of Medical Sciences from April 2017 to September 2017.
Of these patients, 8 female patients with a mean age of 67.5 years (3 months had passed since their surgery)
were selected using a convenience sampling method and based on the inclusion and exclusion criteria.
[T The inclusion criteria were being over 55 years old; having a history of BTKR surgery in the last 2 to 4
months; being able to walk independently; using a cement prosthesis; lacking a record of cognitive problems
(mini-mental state exam score> 20), cardiovascular diseases, uncontrolled high blood pressure, visual impair-
ment, drug abuse or alcohol use, vestibular disorders that can impair balance, use of neuroleptics and seda-
tives; not receiving neurofeedback before this study, or undergoing surgery in other joints of lower limbs, such
as ankle or hip. The exclusion criteria were the absence of more than two sessions from therapeutic protocol
and unwillingness to collaborate in the research process. All patients received 8 sessions of standard neuro-
feedback training. Assessments were done at three times: before the intervention, and at the 4th and 8th
sessions using vigilance subscale of Vienna test system and Biodex balance system (dynamic stability level 6
test). Data analysis was done in SPSS V. 22 using repeated-measures ANOVA and paired-samples t test. P<0.05
was considered as the significance level. There was a significant improvement in the mean score of dynamic
stability after neurofeedback training (P<0.05), but the mean scores of sustained attention did not change
significantly (P>0.05). However, the mean reaction time decreased significantly (P<0.05). Moreover, a gradual
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Keywords: ©increase in the beta wave was observed during treatment, but it was not statistically significant.
Arthroplasty, [@TEIERT Neurofeedback training can improve dynamic stability in female patients with knee osteoar-
Replacement, Knee, : thritis 4 months after BTKR surgery, but it has limited effects on their sustained attention. Therefore, this
Neurofeedback, non-invasive and uncomplicated program can be used as a complementary treatment method for the
Postural balance : rehabilitation of these patients.
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Extended Abstract

Introduction

s life expectancy increased to 77.5 years in

2016, a rise in the rate of degenerative dis-

eases such as knee osteoarthritis occurred

[1]. The prevalence of knee osteoarthritis

is higher in developed countries compared
to the developing countries [2, 3]. However, in certain
countries such as Iran, according to the Community Ori-
ented Program for the Control of Rheumatic Disease (COP-
CORD) data, its prevalence is relatively high, 19.3% in
rural areas [3]. Total knee replacement surgery is the most
effective treatment in the last stage of symptomatic knee
osteoarthritis, which significantly reduces joint pain and
dryness. However, about 37%-55% of patients do not expe-
rience significant improvement in functional mobility even
6 months after surgery, and about 50% of patients are not
satisfied with the outcome [4, 5]. Maintaining balance is a
fundamental predictor of postoperative improvement after
knee joint placement [6]. Studies have shown that postop-
erative balance training improves balance in patients with
osteoarthritis who have had a total knee replacement [7, 8].

Postoperative rehabilitation now focuses on increasing
the range of motion and strengthening, endurance, and
functional exercises, such as going up and down the stairs,
walking, etc. However, the use of such exercises to improve
balance is not always possible because balance impairment
is obvious in the first four months after surgery [9]. Also,
there are movement limitations, especially in older adults
prone to osteoporosis [10, 11] and consequently fractures
caused by falling. Therefore, we need a non-invasive meth-
od instead. One of these methods that improve balance at
the level of the central nervous system is neurofeedback. It
is one of the neurotherapeutic techniques that can improve
the abnormal pattern of cortical brain waves [12] and cor-
rect abnormal Electroencephalogram (EEG) by affecting
neurological physiology and active conditioning [13].

It thus improves behavioral, cognitive, and sports func-
tions [14]. Since there is a link between specific patterns of
cerebral cortex activity and specific levels of function, the
use of neurofeedback in patients with motor impairments
to restore normal patterns of brain activity can lead to im-
proved performance and cognition. Hammond is one of the
pioneers in using the neurofeedback protocol to improve
balance. He reported successful clinical treatment of bal-
ance problems caused by stroke and traumatic brain injury
in 4 patients [15]. Moshref-Razavi et al., after examining the
effect of 8 sessions of Hammond’s neurofeedback protocol
and mental imaging on the balance of aged people, reported
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its positive and significant effects [16]. Safari, after evaluat-
ing the impact of physical activity and neurofeedback on the
balance of stroke patients, also confirmed its positive effect
[17]. Because of few studies on the impact of neurofeedback
on the balance of patients with osteoporosis in Iran, the pres-
ent study aimed to test the effect of Hammond’s neurofeed-
back protocol on the balance and attention of patients with
Bilateral Total Knee Replacement (BTKR).

Materials and Methods

This is a quasi-experimental study with a pretest/posttest
design. The study population consisted of all female pa-
tients with BTKR referred to the occupational therapy clinic
of Shahid Beheshti University of Medical Sciences in 2017
(3 months after surgery). Considering the inclusion crite-
ria, we selected 8 patients using a convenience sampling
method. The inclusion criteria were being over 55 years
old, having a history of BTKR surgery in the last 2 to 4
months, using a cement prosthesis; being able to walk inde-
pendently; lacking cognitive problems (MMSE>20), acute
cardiovascular disease, uncontrolled high blood pressure
and visual impairment, use of neuroleptics and sedatives,
not receiving neurofeedback before this study, and lacking
any record of surgery in other joints of lower limbs such as
ankle or hip. The exclusion criteria were absence from the
intervention for more than two sessions and unwillingness
to continue participation. After obtaining ethical approval
from the university and necessary permissions from the
clinic, measurements were performed by the examiner in
the laboratory of the faculty once before the intervention,
and then at the 4" and 8" sessions.

To assess the balance in patients, we used the Biodex bal-
ance system, which tests the dynamics stability level 6. To
evaluate the sustained attention, the vigilance subscale of
the Vienna test system was used. For neurofeedback, the
SA7525 ProComp Infiniti system and BioGraph Infiniti
Software (Thought Technology Co., Canada) were used.
The neurofeedback training program was applied for each
patient three days a week, in eight 30-min sessions. The
subject is placed in front of the computer. After adjusting
the seat, installing the electrodes, and checking the accu-
racy of their positions based on the International System
10/20 standard, the base brain signal was recorded with
both eyes open and closed for two minutes. In the end, the
recording was repeated for two minutes. Based on Ham-
mond’s neurofeedback protocol, the frequency of 4-7 Hz
(Theta wave) was decreased, and the frequency of 15-15
Hz (Beta 1 wave) increased.

The Shapiro-Wilk test was used to test the normality of
data distribution. Because of their normality, the paired t
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test was used to perform a pairwise comparison of the test
scores at three different measurement phases. Also, we used
repeated-measures ANOVA for evaluating the beta wave
changes during the intervention. Data analysis was carried
out in SPSS.

Results

Study participants were 8 women with BTKR having a
MeanSD age of 67.5£6.61 years (range: 56-75 years)
and mean body mass index of 30.7+2.65 kg/m? (ranged
28-35.38). Results of balance and attention tests at three
different measurement phases are presented in Table 1.
Regarding the attention scores, the repeated measures
ANOVA results showed no significant difference in cor-
rect and wrong responses at different measurement phases.
Still, in terms of reaction time, a significant difference was
observed (P=0.001). Moreover, the results of the pairwise
comparison showed a significant difference in the reaction
time scores between baseline and the third phase (P=0.001);
however, there was no significant difference in the scores
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between the baseline and the second phase (P=0.053) and
between the second and third phases (P=0.076).

Regarding the balance scores, the ANOVA results showed
a significant difference in the mean scores between the
three phases (P=0.004). Moreover, the pairwise comparison
showed a significant difference between the baseline and the
second phase (P=0.002) and between baseline and the third
phase (P=0.004). But there was no significant difference in
its scores between the second and third phases (P=0.998).

Table 2 presents the mean and standard deviation of the
beta wave changes during the intervention. According to
Figure 1, a gradual increase in the beta wave is seen, but
this increase was not statistically significant (P=0.192).

Discussion

This study aimed to investigate the effect of neurofeed-
back on postural stability and the attention of women with
BTKR after surgery. Patients were assessed at three times

Table 1. Results of balance and attention tests at three different measurement phases

Mean+SD
Test Variable P
Baseline The 4* Session, The 8 Session,
Correct response 83.75+16.35 83.37+15.04 82.12+18.02 0.685
Attention Wrong response 3.62+2.44 2.25+2.31 2.2543.1 0.445
Reaction time 0.70+0.11 0.66x0.09 0.62+0.09 001.
Balance Dynamic stability 3.4741.15 2.0310.75 2.0310.75 0.004
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Table 2. The mean and standard deviation of the beta wave changes during the eight sessions of neurofeedback training

Session MeantSD Min Max
1 5.465+1.915 8.230 3.050
2 1.675+4.806 7.430 2.440
3 5.851+1.856 7.730 3.360
4 5.443+1.781 8.165 3.445
5 6.287+1.831 9.160 3.385
6 5.915+1.727 8.495 3.640
7 6.268+1.693 9.225 3.885
8 6.812+1.611 9.695 3.945
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Figure 1. The beta wave changes during eight sessions of neurofeedback training

(before the intervention, at the fourth session of treatment,
and after the intervention) by using the vigilance subscale
of the Vienna test system and the Biodex balance system.
Findings related to postural balance in this study showed
that neurofeedback training had a significant and positive
effect on patients’ postoperative balance. These findings are
consistent with the results of Hammond [15] and Azarpai-
kan et al. [18] who conducted their studies on patients with
stroke and Parkinson disease, respectively.

But these findings are against the findings of Nan et al.
[19] who examined the effect of neurofeedback on healthy
individuals. Healthy people already have higher perfor-
mance and scores than patients, so patients with balance
problems can be improved more than healthy people.
Moreover, the effect of neurofeedback on improving the
balance of healthy individuals is difficult due to their nor-
mal functional level. Besides, the method of assessing bal-
ance in healthy people and patients is very different. Almost
all patient evaluation methods have a ceiling effect when
used for healthy individuals, or healthy people may need a
longer training process for better balance.

The study results showed a significant difference in the
postural balance scores between the first and second phases
of assessment. Still, no significant difference was observed
between the second and third phases. This result indicates a
rapid improvement in postural balance and nervous system
function in receiving proprioception information by only
four sessions of neurofeedback therapy. However, neuro-
feedback training had no significant effect on patients’ at-
tention after BTKR surgery. This finding is in agreement
with the results of Vernon et al. [20] but is against the find-
ings of Kristi [21]. Vernon et al. reported that the protocol
had little effect on cognitive performance. Kristi showed an
increase in the sensorimotor rhythm wave in the Cz area
could affect cognitive performance in stroke patients.

Each brain wave has a specific function depending on
the frequency. Therefore, the type of the used protocol is
also very important, and special attention should be paid in

Archives of

Rehabilitation

choosing the right protocol. In this study, neurofeedback
was presented in 8 sessions. It is possible that with more
training sessions, better results be achieved.

Regarding the attention score of patients, our results in-
dicated an increase in the reaction speed and a decrease in
the reaction time of patients. The results of this study with
the findings of Nabavi Aleagha et al. [22] who showed that
neurofeedback training could improve executive perfor-
mance and reaction time of participants, Doppelmayr and
Weber [23] who reported that neurofeedback training im-
proves simple and selective reaction time as well as spatial
ability and creativity, and Parsaei et al. [24] who found out
that neurofeedback can significantly improve the reaction
time of the older adults.

By increasing age, the sensitivity of transmitters and sen-
sory receptors decreases. Body reactions are impaired be-
cause of ambiguity in receiving signals due to the lower
intensity and accuracy of sensory inputs and outputs [25].
Regarding the amplitude of the beta wave, there were few
positive changes over time, but this increase was not statis-
tically significant. According to Keller [26], the amplitude
may not be the most critical factor in therapeutic changes
[26]. Maybe more therapeutic sessions are needed to make
significant changes in brain waves.

One of the limitations of this research was its sample size
due to the time and financial constraints, and lack of a con-
trol group due to the low number of samples. Moreover,
this study was performed in only one health care center,
with no access to male patients. Given these limitations and
the nature of this study, it is not possible to generalize the
results to all patients with BTKR, especially male patients.
Still, the results indicate the possibility of using neurofeed-
back therapy in orthopedic rehabilitation. It is recommend-
ed that further studies be performed with larger sample
size and a stronger design (randomized controlled trial) to
obtain stronger evidence. More clinical trials should be de-
signed to evaluate the long-term effects of neurofeedback
intervention in these patients.

Jamebozorgy AA, et al. Effect of Neurofeedback on Postural Balance and Attention. RJ. 2020; 21(1):40-53.
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Conclusion

Neurofeedback may improve postural stability in women
with knee osteoarthritis in four months after BTKR surgery,
but it has limited effects on sustained attention. Therefore,
this non-invasive and uncomplicated program can be used
as a complementary treatment method for the rehabilitation
of these patients.
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9. Sensory Motor Rhythm

Sl ghaalllas i35 Juado 5,15 gl 4 ybogd (A2 31 omg S5 lgiind! 43 Yisn ot 13 dngd 9 Jlpgeigy IOT p1 Satidly 198 13T (o 32y K0 9 1ol



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

ey

00 S Sledsl a5 o oals liadsl .ad sals ylej y2 4o
o asdlho o OS5 0y dales alle e BaseS Ll
bl GBS S i sl slas 3o

o ol
(93 iy 0l ot IS iyl 5 a8 Sy allie )

Sy pale olBiils ¢ ciselyr pole oasladls ¢ Sloys 1569,
Sl Ty Qg

sl o8 Lo dllie 3155 50 o5lasl G 4y B sy g5
&8be )l

e ol 5o (Hlie (A5 g il (S gi JLel Sy
3,85 g9
u.‘b)ﬁsm

oBizalesl g (sloyo,l5 09,5 aslul g o)) Sen 51 LG o
A Sl dped (Sby pele olBiils odselei eaSiiils

Owizrad w135 ol wiail; )L 1) Lo 2yl ol sl o
555 9 Poke 550 GhBT Clizr (s aslul e S

ey 585 LS llews gl )| ez 5,8 5l

—
n Sloso glantllas 935 Juado (5,15 gl adybogd (A2 51 omg S5 lgind! 43 Yise 3ot 3 dng3 9 Jlyzeigy IO p1 Satidy 198 33T (o 320 9 1ol



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Archives of

Rehabilitation

References

[1] World Health Organization. Life expectancy [Internet]. 2017
[Updated 2017]. Available from: Not Found Link

[2] Cross M, Smith E, Hoy D, Nolte S, Ackerman |, Fransen M, et
al. The global burden of hip and knee osteoarthritis: Estimates
from the global burden of disease 2010 study. Annals of the
Rheumatic Diseases. 2014; 73(7):1323-30. [DOI:10.1136/an-
nrheumdis-2013-204763] [PMID]

[3] Chopra A. The COPCORD world of musculoskeletal pain and
arthritis. Rheumatology. 2013; 52(11):1925-8. [DOI:10.1093/
rheumatology/ket222] [PMID]

[4] Muraki S, Oka H, Akune T, Mabuchi A, En-yo Y, Yoshida M, et
al. Prevalence of radiographic knee osteoarthritis and its asso-
ciation with knee pain in the elderly of Japanese population-
based cohorts: The ROAD study. Osteoarthritis and Cartilage.
2009; 17(9):1137-43. [DOI:10.1016/j.joca.2009.04.005] [PMID]

[5] Sharma L, Kapoor D. Epidemiology of osteoarthritis. In:
Moskowitz RW, Altman RD, Hochberg MC, Buckwalter JA,
Goldberg VM, editors. Osteoarthritis, Diagnosis and Medical/
Surgical Management. Philadelphia, PA: Lippincott Williams &
Wilkins; 2007. https://books.google.com/books?id=YfFj8Gbq
S5HOC&printsec=frontcover&dq

[6] Guccione AA, Felson DT, Anderson JJ, Anthony JM, Zhang
Y, Wilson P, et al. The effects of specific medical conditions
on the functional limitations of elders in the Framingham
Study. American Journal of Public Health. 1994; 84(3):351-8.
[DOI:10.2105/AJPH.84.3.351] [PMID] [PMCID]

[7] Felson DT, Zhang Y. An update on the epidemiology of knee
and hip osteoarthritis with a view to prevention. Arthritis
and Rheumatism. 1998; 41(8):1343-55. [D0I:10.1002/1529-
0131(199808)41:8<1343::AID-ART3>3.0.CO;2-9] [PMID]

[8] Weinstein AM, Rome BN, Reichmann WM, Collins JE, Burbine SA,
Thornhill TS, et al. Estimating the burden of total knee replace-
ment in the United States. The Journal of Bone & Joint Surgery.
2013; 95(5):385-92. [DOI:10.2106/JBJS.L.00206] [PMID] [PMCID]

[9] Stratford PW, Kennedy DM, Maly MR, Maclntyre NJ. Quanti-
fying self-report measures’ overestimation of mobility scores
postarthroplasty. Physical Therapy. 2010; 90(9):1288-96.
[DOI:10.2522/ptj.20100058] [PMID]

[10] Vissers MM, de Groot IB, Reijman M, Bussmann JB, Stam
HJ, Verhaar JA. Functional capacity and actual daily activity
do not contribute to patient satisfaction after total knee ar-
throplasty. BMC Musculoskeletal Disorders. 2010; 11:121.
[DOI:10.1186/1471-2474-11-121] [PMID] [PMCID]

[11] Schwartz I, Kandel L, Sajina A, Litinezki D, Herman A, Mattan Y.
Balance is an important predictive factor for quality of life and
function after primary total knee replacement. The Journal of
Bone and Joint Surgery. British Volume. 2012; 94-B(6):782-6.
[DOI:10.1302/0301-620X.94B6.27874] [PMID]

[12] Gage WH, Frank JS, Prentice SD, Stevenson P. Organization of
postural responses following a rotational support surface pertur-
bation, after TKA: Sagittal plane rotations. Gait & Posture. 2007;
25(1):112-20. [DOI:10.1016/j.gaitpost.2006.02.003] [PMID]

Spring 2020. Vol 21. Num 1

[13] Gage WH, Frank JS, Prentice SD, Stevenson P. Postural re-
sponses following a rotational support surface perturbation,
following knee joint replacement: Frontal plane rotations.
Gait & Posture. 2008; 27(2):286-93. [DOI:10.1016/j.gait-
post.2007.04.006] [PMID]

[14] Piva SR, Gil AB, Almeida GJ, DiGioia Il AM, Levison TJ, Fitzger-
ald GK. A balance exercise program appears to improve
function for patients with total knee arthroplasty: A rand-
omized clinical trial. Physical Therapy. 2010; 90(6):880-94.
[DOI:10.2522/ptj.20090150] [PMID] [PMCID]

[15] Liao CD, Liou TH, Huang YY, Huang YC. Effects of balance
training on functional outcome after total knee replace-
ment in patients with knee osteoarthritis: A randomized
controlled trial. Clinical Rehabilitation. 2013; 27(8):697-709.
[DOI:10.1177/0269215513476722] [PMID]

[16] Wegener L, Kisner C, Nichols D. Static and dynamic balance
responses in persons with bilateral knee osteoarthritis. Journal
of Orthopaedic & Sports Physical Therapy. 1997; 25(1):8-13.
[DOI:10.2519/jospt.1997.25.1.13] [PMID]

[17] Hassan B, Mockett S, Doherty M. Static postural sway, pro-
prioception, and maximal voluntary quadriceps contraction
in patients with knee osteoarthritis and normal control sub-
jects. Annals of the Rheumatic Diseases. 2001; 60(6):612-8.
[DOI:10.1136/ard.60.6.612] [PMID] [PMCID]

[18] Ritter M, Mamlin LA, Melfi CA, Katz BP, Freund DA, Arthur DS.
Outcome implications for the timing of bilateral total knee ar-
throplasties. Clinical Orthopaedics and Related Research. 1997;
345:99-105. [DOI:10.1097/00003086-199712000-00014]

[19] Sawada Y, Akagi M, Hamanishi C, Aasada S, Mori S, Maruo Y,
et al. Perioperative changes in proprioception after total knee
arthroplasty and identification of factors affecting it. Rigakury-
oho Kagaku. 2008; 23(2):279-83. [DOI:10.1589/rika.23.279]

[20] Ryu J, Saito S, Honda T. Simultaneous bilateral total knee ar-
throplasty. Journal of Orthopaedic Science. 1996; 1(6):351-5.
[DOI:10.1007/BF02348764]

[21] Levinger P, Menz HB, Wee E, Feller JA, Bartlett JR, Bergman
NR. Physiological risk factors for falls in people with knee
osteoarthritis before and early after knee replacement sur-
gery. Knee Surgery, Sports Traumatology, Arthroscopy. 2011;
19(7):1082-9. [DOI:10.1007/s00167-010-1325-8] [PMID]

[22] Fitzgerald GK, Childs JD, Ridge TM, Irrgang JJ. Agility and
perturbation training for a physically active individual with
knee osteoarthritis. Physical Therapy. 2002; 82(4):372-82.
[DOI:10.1093/ptj/82.4.372]

[23] Moffet H, Collet JP, Shapiro SH, Paradis G, Marquis F, Roy L.
Effectiveness of intensive rehabilitation on functional ability
and quality of life after first total knee arthroplasty: A single-
blind randomized controlled trial. Archives of Physical Medi-
cine and Rehabilitation. 2004; 85(4):546-56. [DOI:10.1016/].
apmr.2003.08.080] [PMID]

[24] Gstoettner M, Raschner C, Dirnberger E, Leimser H, Kris-
mer M. Preoperative proprioceptive training in patients
with total knee arthroplasty. The Knee. 2011; 18(4):265-70.
[DOI:10.1016/j.knee.2010.05.012] [PMID]

Jamebozorgy AA, et al. Effect of Neurofeedback on Postural Balance and Attention. RJ. 2020; 21(1):40-53.



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1136/annrheumdis-2013-204763
https://doi.org/10.1136/annrheumdis-2013-204763
https://www.ncbi.nlm.nih.gov/pubmed/24550173
https://doi.org/10.1093/rheumatology/ket222
https://doi.org/10.1093/rheumatology/ket222
https://www.ncbi.nlm.nih.gov/pubmed/23843110
https://doi.org/10.1016/j.joca.2009.04.005
https://www.ncbi.nlm.nih.gov/pubmed/19410032
https://books.google.com/books?id=YfFj8Gbq5H0C&printsec=frontcover&dq
https://books.google.com/books?id=YfFj8Gbq5H0C&printsec=frontcover&dq
https://doi.org/10.2105/AJPH.84.3.351
https://www.ncbi.nlm.nih.gov/pubmed/8129049
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1614827
https://onlinelibrary.wiley.com/doi/abs/10.1002/1529-0131%28199808%2941%3A8%3C1343%3A%3AAID-ART3%3E3.0.CO%3B2-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/1529-0131%28199808%2941%3A8%3C1343%3A%3AAID-ART3%3E3.0.CO%3B2-9
https://pubmed.ncbi.nlm.nih.gov/9704632/
https://doi.org/10.2106/JBJS.L.00206
https://www.ncbi.nlm.nih.gov/pubmed/23344005
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748969
https://doi.org/10.2522/ptj.20100058
https://www.ncbi.nlm.nih.gov/pubmed/20592271
https://doi.org/10.1186/1471-2474-11-121
https://www.ncbi.nlm.nih.gov/pubmed/20553584
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2896921
https://doi.org/10.1302/0301-620X.94B6.27874
https://www.ncbi.nlm.nih.gov/pubmed/22628592
https://doi.org/10.1016/j.gaitpost.2006.02.003
https://www.ncbi.nlm.nih.gov/pubmed/16580837
https://doi.org/10.1016/j.gaitpost.2007.04.006
https://doi.org/10.1016/j.gaitpost.2007.04.006
https://www.ncbi.nlm.nih.gov/pubmed/17499994
https://doi.org/10.2522/ptj.20090150
https://www.ncbi.nlm.nih.gov/pubmed/20378678
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879033
https://doi.org/10.1177/0269215513476722
https://www.ncbi.nlm.nih.gov/pubmed/23463772
https://doi.org/10.2519/jospt.1997.25.1.13
https://www.ncbi.nlm.nih.gov/pubmed/8979171
https://doi.org/10.1136/ard.60.6.612
https://www.ncbi.nlm.nih.gov/pubmed/11350851
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1753664
https://doi.org/10.1097/00003086-199712000-00014
https://doi.org/10.1589/rika.23.279
https://doi.org/10.1007/BF02348764
https://doi.org/10.1007/s00167-010-1325-8
https://www.ncbi.nlm.nih.gov/pubmed/21107530
https://doi.org/10.1093/ptj/82.4.372
https://doi.org/10.1016/j.apmr.2003.08.080
https://doi.org/10.1016/j.apmr.2003.08.080
https://www.ncbi.nlm.nih.gov/pubmed/15083429
https://doi.org/10.1016/j.knee.2010.05.012
https://www.ncbi.nlm.nih.gov/pubmed/20801047

Spring 2020. Vol 21. Num 1

[25] Bade M, Stevens-Lapsley JE. Early high-intensity rehabilita-
tion following total knee arthroplasty improves outcomes.
Journal of Orthopaedic & Sports Physical Therapy. 2011;
41(12):932-41. [DOI:10.2519/jospt.2011.3734] [PMID]

[26] Leidig G, Minne HW, Sauer P, Wiister C, Wiister J, Lojen M,
et al. A study of complaints and their relation to vertebral
destruction in patients with osteoporosis. Bone and Mineral.
1990; 8(3):217-29. [DOI:10.1016/0169-6009(90)90107-Q]

[27] Madureira MM, CiconelliRM, Pereira RM. Quality of life meas-
urements in patients with osteoporosis and fractures. Clinics.
2012; 67(11):1315-20. [DOI:10.6061/clinics/2012(11)16]

[28] Niv S. Clinical efficacy and potential mechanisms of neu-
rofeedback. Personality and Individual Differences. 2013;
54(6):676-86. [DOI:10.1016/j.paid.2012.11.037]

[29] Berner |, Schabus M, Wienerroither T, Klimesch W. The signifi-
cance of sigma neurofeedback training on sleep spindles and
aspects of declarative memory. Applied Psychophysiology and
Biofeedback. 2006; 31(2):97-114. [DOI:10.1007/510484-006-
9013-7] [PMID] [PMCID]

[30] Wang JR, Hsieh S. Neurofeedback training improves attention and
working memory performance. Clinical Neurophysiology. 2013;
124(12):2406-20. [DOI:10.1016/j.clinph.2013.05.020] [PMID]

[31] Hammond DC. What is neurofeedback: An update. Journal
of Neurotherapy. 2011; 15(4):305-36. [DOI:10.1080/1087420
8.2011.623090]

[32] Moshref-Razavi S, Sohrabi M, Sotoodeh MS. [Effect of neu-
rofeedback interactions and mental imagery on the elderly’s
balance (Persian)]. Salmand: Iranian Journal of Ageing. 2017;
12(3):288-99. [DOI:10.21859/sija.12.3.288]

[33] Safari H, Eskandarnejad M. [Effect of physical training and
neurofeedback on balance in patients with stroke (Persian)].
Motor Behavior. 2015; 7(21):95-110.

[34] Rezayi S, Mohammadzadeh H, Eskandar-Nejad M. [Impact of
neurofeedback on static and dynamic balance in old men (Per-
sian)]. Journal of Health & Care. 2013; 15(1,2):9-15.

[35] Rezaye S, Eskandarnejad M, Mohammadzadeh H, Abedini M.
[Effect of neurofeedback training on dual balance tasks of mo-
tor and cognitive in older men (Persian)]. Scientific Journal of
Rehabilitation Medicine. 2015; 4(3):19-27.

[36] Cachupe WJ, Shifflett B, Kahanov L, Wughalter EH. Reli-
ability of biodex balance system measures. Measurement in
Physical Education and Exercise Science. 2001; 5(2):108-97.
[DOI:10.1207/515327841MPEE0502_3]

[37] Ha K, Yoo H, Lyoo IK, Jeong DU. Computerized assessment
of cognitive impairment in narcoleptic patients. Acta Neuro-
logica Scandinavica. 2007; 116(5):312-6. [DOI:10.1111/j.1600-
0404.2007.00891.x] [PMID]

[38] Azarpaikan A, Torbati HT, Sohrabi M. Neurofeedback and
physical balance in Parkinson’s patients. Gait & posture. 2014;
40(1):177-81. [DOI:10.1016/j.gaitpost.2014.03.179] [PMID]

[39] Nan W, Qu X, Yang L, Wan F, Hu Y, Mou P, et al. In: Jaffray D,
editor. World Congress on Medical Physics and Biomedical En-
gineering, June 7-12, 2015, Toronto, Canada. IFMBE Proceed-

Archives of

Rehabilitation

ings. Vol. 51. Cham: Springer; 2015. [DOI:10.1007/978-3-319-
19387-8_294]

[40] Vernon D, Egner T, Cooper N, Compton T, Neilands C, Sheri A,
et al. The effect of training distinct neurofeedback protocols
on aspects of cognitive performance. International Journal of
Psychophysiology. 2003; 47(1):75-85. [DOI:10.1016/S0167-
8760(02)00091-0]

[41] Kristi B. Neurofeedback efficacy in the treatment of a 45-years
old female stroke victim: A Case Study. Neurotherapy. 2010;
14(2):107-21. [DOI:10.1080/10874201003772155]

[42] Nabavi Aleagha F, Naderi F, Heidarei A, Nazari M, Nicksirat A,
Avakh F. [The effect of neurofeedback (SMR training) on per-
formance and reaction time of individuals who undertake dif-
ficult tasks (Persian)]. Ebnesina. 2014; 15(4):36-41.

[43] Doppelmayr M, Weber E. Effects of SMR and theta/beta neu-
rofeedback on reaction times, spatial abilities, and creativity.
Journal of Neurotherapy. 2011; 15(2):115-29. [DOI:10.1080/1
0874208.2011.570689]

[44] Parsaei S, Shetab Bushehri N, Alboghebish S, Rezaeimanesh
S, Barati P. Effect of neurofeedback training on improvement
of reaction time in elderly, passive males. Iranian Journal of
Ageing. 2017; 11(4):550-7. [DOI:10.21859/sija-1104550]

[45] Woodford HJ, Price CIM. EMG biofeedback for the recovery
of motor function after stroke. Cochrane Database of System-
atic Reviews. 2007; (2):CD004585. [DOI:10.1161/STROKEA-
HA.107.482687]

[46] Keller 1. Neurofeedback therapy of attention deficits in pa-

tients with traumatic brain injury. Journal of Neurotherapy.
2001; 5(1-2):19-32. [DOI:10.1300/J184v05n01_03]

Jamebozorgy AA, et al. Effect of Neurofeedback on Postural Balance and Attention. RJ. 2020; 21(1):40-53.



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.2519/jospt.2011.3734
https://www.ncbi.nlm.nih.gov/pubmed/21979411
https://doi.org/10.1016/0169-6009(90)90107-Q
https://doi.org/10.6061/clinics/2012(11)16
https://doi.org/10.1016/j.paid.2012.11.037
https://doi.org/10.1007/s10484-006-9013-7
https://doi.org/10.1007/s10484-006-9013-7
https://www.ncbi.nlm.nih.gov/pubmed/16845599
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3000596
https://doi.org/10.1016/j.clinph.2013.05.020
https://www.ncbi.nlm.nih.gov/pubmed/23827814
https://doi.org/10.1080/10874208.2011.623090
https://doi.org/10.1080/10874208.2011.623090
https://doi.org/10.21859/sija.12.3.288
https://doi.org/10.1207/S15327841MPEE0502_3
https://doi.org/10.1111/j.1600-0404.2007.00891.x
https://doi.org/10.1111/j.1600-0404.2007.00891.x
https://www.ncbi.nlm.nih.gov/pubmed/17854401
https://doi.org/10.1016/j.gaitpost.2014.03.179
https://www.ncbi.nlm.nih.gov/pubmed/24746035
https://doi.org/10.1007/978-3-319-19387-8_294
https://doi.org/10.1007/978-3-319-19387-8_294
https://doi.org/10.1016/S0167-8760(02)00091-0
https://doi.org/10.1016/S0167-8760(02)00091-0
https://doi.org/10.1080/10874201003772155
https://doi.org/10.1080/10874208.2011.570689
https://doi.org/10.1080/10874208.2011.570689
https://doi.org/10.21859/sija-1104550
https://doi.org/10.1161/STROKEAHA.107.482687
https://doi.org/10.1161/STROKEAHA.107.482687
https://doi.org/10.1300/J184v05n01_03

