Liranian [iehabilitationBlournal December 2023, Volume 21, Number 4

Research Paper |
Effect of LORETA Z-score Neurofeedback on Language,
Working Memory, and Attention in People With Aphasia

®

CrossMark

Farnaz Faridi' ©, Hayat Ameri'" (5, Masoud Nosratabadi’ ©, Seyed Majid Akhavan Hejazi’® (, Robert W Thatcher*

1. Department of Linguistics, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran.

2. Department of Clinical Psychology, School of Behavioral Sciences, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran.

3. Department of Head, Brain, and Spinal Cord Injuries, Rofeideh Hospital, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran.
4. Applied Neuroscience Inc, St. Petersburg, United States.

Use your device to scan

and read the atic onne (S{ETIETY Faridi F, Ameri H, Nosratabadi M, Akhavan Hejazi SM, Thatcher RW. Effect of LORETA Z-score Neurofeedback
on Language, Working Memory, and Attention in People With Aphasia. Iranian Rehabilitation Journal. 2023; 21(4):711-720.
http://dx.doi.org/10.32598/irj.21.4.1927.1

http://dx.doi.org/10.32598/irj.21.4.1927.1

ABSTRACT

Objectives: Aphasia is a language disorder caused by damage to a specific region of the
brain that regulates the expression and comprehension of language. For many years, attempts
to rehabilitate aphasic patients have been made. In this study, the efficacy of low-resolution
electromagnetic tomography analysis (LORETA) z-score neurofeedback (LZNFB) training
for enhancing language, working memory, and attention in a group of 13 non-fluent aphasic
patients was investigated.
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Methods: The quantitative electroencephalography (QEEG)/LORETA and behavioral tests
were administered at baseline and after 15 LZNFB treatment sessions. Using the NeuroGuide
software, version 3.0.9, the LORETA analysis was conducted

Results: The LORETA metrics revealed an increased high beta at the orbital frontal, beta at
the medial frontal, and Alpha at the superior frontal, as well as decreased delta and theta at the
cingulate gyrus. The behavioral tests revealed improved scores for language, working memory,

l(eyword CH : and attention.

Aphasia, LORETA Discussion: These results are extremely encouraging, as they suggest that LZNFB training
neurofeedback, Language, ¢ could provide a range of improvements and offer new hopes to individuals with aphasia who
Working memory, Attention :  were unable to achieve satisfactory improvements with conventional therapies.
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Highlights

¢ Low-resolution electromagnetic tomography analysis (LORETA) Z-score neurofeedback is effective in aphasia
recovery.

e LORETA Z-score neurofeedback can increase fast brain waves (high beta, beta, alpha) and decrease slow brain
waves (theta, delta) at specific brain regions to improve aphasia symptoms.

e LORETA Z-score neurofeedback can improve language, working memory, and attention performances.
Plain Language Summary

In this original study, we estimated the effectiveness of Low-resolution electromagnetic tomography analysis
(LORETA) Z-score neurofeedback on aphasia patients. According to literature, in aphasia brain waves alter to
decreased fast brain waves and increased slow brain waves. Moreover, neuromodulation represented by Neurofeedback
has been reported in past studies to be useful in normalizing brain waves. Therefore, we hypothesized that Loreta Z
score neurofeedback (LZNFB) can improve aphasia symptoms by normalizing brain waves. Our findings of LORETA
analysis showed increased fast brain waves and decreased slow brain waves over the 15 sessions of LZNFB. Moreover,
language, working memory, and attention improved after treatment. We concluded that this method is effective in

aphasia rehabilitation and can be used in the treatment of aphasia.

Introduction

phasia is a language disorder caused by

traumatic or stroke-related brain damage.

It frequently involves a variety of dete-

riorations and has a substantial effect on

communication abilities and quality of
life. Aphasia has been associated with a variety of struc-
tural and functional abnormalities. It has been associated
with grey matter damage [1], white matter loss [2], and
decreased brain connectivity [3]. Additionally, electrical
activity is disrupted following brain damage. Changes in
the membrane potential induced by energy deprivation
result in an electrical impairment of the neurons, which
leads to electroencephalography (EEG) changes. This
energy deprivation is caused by a reduction of cerebral
blood flow and can result in irreversible neural damage
if the blood flow is not restored promptly [4]. Accord-
ing to Rabiller et al. [4], aphasia is characterized by an
increase in slower frequency oscillations and a decrease
in faster ones. Multiple studies have demonstrated that
slow wave activity indicates pathological brain abnor-
mality resulting from neurological damage [5]. Simi-
larly, a significant relationship was reported between the
location of the slow-wave activity and the lesion [6]. In
addition, increased delta and theta activity in damaged
linguistic regions of the left hemisphere has been dem-
onstrated in patients with various aphasic diagnoses [7,
8]. During the phonological task, Spironelli et al. [9],

found that aphasic patients exhibited lower levels of high
beta activity in the left cluster of electrodes, which cor-
responded to the core of the damaged area. Moreover,
higher levels of slow waves were significantly correlated
with poor clinical outcomes in aphasia [7]. On the other
hand, researchers also examined brain activity after re-
covery and linked it to a decrease in slow waves and an
increase in fast waves in the aphasia brain [8, 9].

Due to the prevalence of aphasia and its complications,
aphasia rehabilitation is essential and may improve the
lives of aphasic patients. The recovery mechanisms de-
pend on the severity of linguistic deficits, the size and
location of the lesion, and the performance of residual
unimpaired linguistic centers [10, 11].

Neuroplasticity is the key to restoring human function-
ality, as it ensures the brain’s capacity to adapt, change,
self-repair, learn, and store memories [12]. For many
years, neuromodulation, represented by neurofeedback
(NFB), has been known as a potential therapeutic modal-
ity. It uses EEG displays in real-time to illustrate brain
activity and enables self-regulation of brain activity by
reducing excessive fast or slow waves, which are fre-
quently observed in several disorders. Multiple disor-
ders, including attention-deficit/hyperactivity disorder
(ADHD) [13], depression [14], schizophrenia [15],
reading disorders [16], and traumatic brain injury [17]
have been reported to be effectively treated by NFB.
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In previous case studies, different NFB protocols have
been utilized for the rehabilitation of aphasia. Rozelle
and Budzynski [18] used betal/theta NFB training on a
male stroke patient to increase betal and decrease theta
[18].They also reported improvements in speech flu-
ency, word-finding, balance, coordination, attention, and
concentration after NFB. Mroczkowska et al. [12], per-
formed sensory motor rhythms (SMR)/theta NFT on a
female stroke patient with aphasia to increase SMR and
reduce theta. Positive effects on concentration, visual
perception, and aphasia symptoms were reported by the
authors. Nan et al. [19] suggested that alpha NFT could
provide a variety of benefits for aphasia patients.

Relatively recently, low-resolution electromagnetic to-
mography analysis (LORETA) z-score NFB (LZNFB)
was introduced to the market (Applied Neurosciences,
Inc., USA). The application of a larger number of elec-
trodes (i.e. scalp sensors) during treatment has the po-
tential to expedite the effectiveness of this system [20].
The greatest advantage of LZNFB is its capacity to target
brain network hubs known as Brodmann areas (BAs). In
addition, it is capable of receiving instantaneous com-
parisons using a reference database of a healthy indi-
vidual’s z-score. These immediate benefits facilitate the
correlation between a patient’s symptoms and BAs [21].
This technology has recently been demonstrated to be
an effective treatment for a variety of neuropsychiatric
disorders, such as depression/anxiety and cognitive dys-
function [22], epilepsy [23], dementia [24], traumatic
brain injury (TBI) [22], addiction [25], pain [26], and
posttraumatic stress disorder (PTSD) [27]. Our recent
case report demonstrated the potential of LZNFB in
language rehabilitation for a patient with TBI [28]. To
our knowledge, however, no study has demonstrated the
effectiveness of this method on a group of aphasia pa-
tients. It was hypothesized that LZNFB would enhance
language, working memory, and attention by increas-
ing fast brain waves and decreasing slow ones. In this
study, LZNFB was administered to aphasic patients. The
QEEG/LORETA and behavioral tests were administered
at baseline and after 15 LZNFB treatment sessions, and
their results were analyzed.

Materials and methods
Participants

The study group consisted of 13 aphasic patients
(five females and eight males) with Mean+SD ages of
46.53£12.95 years and Mean+SD education histories of
10.38+1.16 years, who had suffered a stroke or trauma
(Table 1). They were chosen based on the following crite-

December 2023, Volume 21, Number 4

ria: 1) They were diagnosed as non-fluent aphasic patients
during the acute phase (Table 1) at the time of the study,
all patients had to be in a chronic state, as evidenced by
an average of 27.84+5.55 months since the lesion (range:
7-60 months). Before the experimental session, residual
language deficits in aphasic patients were assessed using
the Persian version of the aphasia battery [29]. According
to the aphasia assessment guide, A greater aphasia score
indicates less severe symptoms. (0-25: Very severe; 26-
50: Severe; 51-75: Moderate; 56-93: Mild).

Intervention

In 5-minute segments of eyes-closed resting states, pow-
er spectral analysis was carried out. The EEG was record-
ed from 19 scalp locations using a Medicom amplifier
(Medicom MTD., Russia) and the Encephalan software.
The QEEG data were edited and digitally analyzed using
NeuroGuide software, version 3.0.9 and its comparative
database. The protocol included language network-based
LZNFB. The BA language network consisted of num-
bers 22, 39, 40, 41, 42, 44, and 45. In addition, in NFB,
learning reinforcement was provided through the use of
television shows or animations that grew in size when the
defined difficulty thresholds were met.

LORETA source analysis was conducted using LO-
RETA-KEY software, version 3.0.9 which employs a
realistic head model [30]. Before and after LZNFB, the
available neurocognitive testing batteries; Persian apha-
sia battery [31], forward and backward digit/word/non-
word span [32], and Stroop test [33] were administered
to evaluate the language, working memory, and attention.

Persian aphasia battery includes several sub-tests in-
cluding naming, repeating, speed, utterance, auditory
perception, utterance, and lexicon. For evaluating work-
ing memory performance, at the first step, two materials
(digit, word, non-word) are presented to the patients and
if they can repeat them correctly, several items are added
accordingly. To estimate attention, we used computer-
ized Stroop color and word tests, which involve congru-
ent (word congruent with color) and incongruent items.

Then, the difference between baseline and post-treat-
ment scores (1-2) was compared using parametric (t-
test) or non-parametric (Wilcoxon) tests based on the
symmetric/non-symmetric distribution of data using the
SPSS software (Table 2).
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Table 1. Patients” demographic information and severity of their condition, etiology, post-onset, location of the lesion, educa-

tion, gender, and age

Name Severity Etiology  Post-onset (Months)  Lesion Location Education (y) Gender Age (y)

MA Moderate Stroke 10 Left frontal 5 Female 57
AZ Mild Stroke 25 Left frontal 12 Male 58
MM Moderate Stroke 12 Left frontal 12 Female 56
7B Mild Stroke 8 Left frontal 2 Female 58
PF Mild Trauma 11 Left frontal 14 Male 22
HS Medium Stroke 18 Left frontal 5 Male 53
FA Mild Stroke 19 Left frontal 12 Female 48
FK Mild Trauma 48 Left frontal 16 Male 34
HA Mild Trauma 60 Left frontal 12 Female 50
MK Mild Trauma 60 Left frontal 7 Male 23
MR Severe Trauma 48 Left frontal 14 Male 38
AM Mild Stroke 36 Left frontal 12 Male 54
NO Mild Stroke 7 Left frontal 12 Male 54
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Results frequency showed the greatest increase at BA 10 in the

We investigated the effect of language network-based
LZNFB on aphasia patients. The two components of our
analysis were LORETA analysis and behavioral analy-
sis. Figure 1 displays a summary of the LORETA anal-
ysis outcomes (in which the red and blue colors show
increased and decreased neural activity, respectively).
Analyses of behavior are shown in Table 2.

Figure 1 depicts the influence of LZNFB on the activ-
ity of high beta, beta, alpha, theta, and delta frequencies
in a group of aphasic patients. The images depict coro-
nal, sagittal, and axial views of the brain, from left to
right. Red indicates regions of increased activity, while
blue indicates regions of decreased activity in images. In
addition, the maximum and minimum voxel estimated
by LORETA are shown to the right of each image. In
specific brain regions, the results indicated an increase in
fast brain waves (high beta, beta, alpha) and a decrease
in slow brain waves (theta, delta). At BA 11 in the or-
bital frontal gyrus (X=11, Y=41, Z=-26), the maximum
increase in the current density at the high beta frequency
was observed. In addition, the beta frequency showed
the greatest increase in current density at BA 10 in the
medial frontal gyrus (X=9, Y=66, Z=8), and the alpha

superior frontal gyrus (X=-17, Y=66, Z=-6). Further-
more, BA 29 in the posterior cingulate gyrus exhibited
the greatest decline in the theta frequency current density
(X=1,Y=-46, Z=22), while BA 24 in the cingulate gyrus
exhibited the greatest decline in delta frequency current
density (X=11, Y=17, Z=36).

Changes in the activity of high beta (a), beta (b), alpha
(¢), theta (d), delta, and (e) frequencies by LZNFB treat-
ment. The images (from left to right) are coronal, sagit-
tal, and axial views of the brain. The red color in images
indicates regions of increased activity, and blue indicates
regions of decreased activity

The behavioral analysis included the Persian version
of the aphasia battery, the forward and backward digit/
word/non-word span, and the Stroop test, which were
acquired at baseline and the final LZNFB session. Each
exam contained multiple questions. For each sub-test,
the Shapiro-Wilk test was used to examine the normality
of the data. For normal and non-normal distributions, the
paired t-test (T) or Wilcoxon (Z) was subsequently used.
“indicates significant changes (P<0.05) in Table 2. On
the language test, participants’ naming, auditory percep-
tion, lexical richness, speed, repeat, and utterance items
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Figure 1. Neural activity changes over the LZNFB

improved. In terms of working memory, forward and
backward digit/word/non-word span scores increased.
In addition, the attention test analysis revealed a higher
score for congruent and incongruent correct answers and
a reduction in incongruent error over LZNFB. However,
despite a reduction in congruent error, the difference was
not statistically significant (P>0.05).

December 2023, Volume 21, Number 4

(X=11, Y=41, Z=-26)
BA 11
Orbital gyrus
Frontal lobe

26 Hz
(high beta)

(X=9, Y=66, Z=8)
BA 10
Medial frontal gyrus

20 Hz beta

(X=-17, Y=66, Z=-6)
BA 10
Superior frontal gyrus
Frontal lobe

13 Hz alpha

(X=1, Y=-46, Z=22)
BA29
Posterior cingulate
Limbic lobe

7 Hz theta

(X=11, Y=17, Z=36)
BA24
Cingulate gyrus
Limbic lobe

4 Hz delta

Mranian ehabilitation Mournal

Discussion

In this study, 13 non-fluent aphasic patients were
treated with LZNFB (based on language network pro-
tocol) to improve their language, working memory, and
attention. In a previous case study, we demonstrated
that this method improves aphasic patient’s linguistic
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Table 2. Behavioral assessment results for participants
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Test Sub-test T/Z P
Naming T=-4.015 0.002
Auditory perception =-2.201 0.028
Lexical richness T=-2.99 0.011
Language
Speed 7=-2.97 0.003
Repeat =-2.941 0.003
Utterance T=-3.66 0.003
Forward digit span T=-3.56 0.004
Forward word span T=-3.77 0.003
Backward non-word span T=-2.635 0.002
Working memory
Backward digit span T=-5.266 0.000
Backward word span T=-5.418 0.000
Backward non-word span 7=-2.236 0.000
Congruent error T=1.47 0.166"
Incongruent error 7=2.93 0.003
Attention
Congruent correct 7=-2.85 0.004
Incongruent correct T=-3.99 0.002

T: t-test; Z: Wilcoxon

P>0.05

performance. However, there is almost no evidence in
the scientific literature that LZNFB is effective for apha-
sia patients. In this study, patients were trained for 4-6
weeks using LORETA z-score neurofeedback based on
the language network (2-3 sessions per week and 40
minutes per session). The QEEG/LORETA and behav-
ioral tests were administered at baseline and during the
final LZNFB session. Moreover, LORETA analysis was
conducted using the NeuroGuide software, VERSION
3.0.9 and behavioral analysis was conducted employ-
ing the appropriate parametric and non-parametric tests.
The LORETA analysis revealed an increase in fast brain
waves and a decrease in slow brain waves in particular
brain regions due to LZNFB. In addition, the behavioral
analysis showed improvements in language, working
memory, and attention, indicating that the LZNFB train-
ing altered the underlying physiology of the patients,
which is discussed in the next section.

Mranian Fehabilitation Mournal

LORETA analysis

The LORETA analysis revealed elevated levels of
high beta, beta, and alpha in the inferior frontal gyrus,
medial frontal, and superior frontal regions, as well as
decreased levels of theta and delta in the posterior cin-
gulate and cingulate gyrus. Spironelli et al. [9] found
that, compared with controls, aphasic patients exhibited
lower levels of high beta activity in the left hemisphere,
which corroborated the increased high beta observed in
our study following treatment. Therefore, an increase in
high beta in the inferior frontal following treatment may
be indicative of a reduction in aphasia symptoms. The
inferior frontal gyrus (the classical Broca area) has tra-
ditionally been regarded frontal lobe’s primary language
hub. According to Hazem et al., this region is associated
with several language functions [34]. Our findings also
showed an increase in beta activity in the medial frontal
region. The beta frequency band is a recognized indica-
tor of cognitive arousal and language processing and it
is typically associated with active wakefulness and alert-
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ness [35, 36]. The medial frontal cortex, as demonstrated
by increased beta in our study, is involved in higher-
order cognition, especially episodic memory, and has a
strong connection to the hippocampus, cingulate, ento-
rhinal cortices, and anterior thalamus [37].

Previous case studies on stroke rehabilitation have reported
an increase in high beta, beta, and alpha, along with a de-
crease in theta over NFB [12, 18, 19]. Earlier findings associ-
ating recovery with decreased slow waves and increased fast
waves in the aphasia brain also support our findings [8, 38].
Decreased delta in the cingulate can support the recovery ef-
ficacy of LZFB. The delta band identifies pathological brain
abnormality caused by neuronal damage [10]. Therefore, a
smaller delta in the cingulate gyrus may indicate a greater
activation of this region relative to LZNFB. Our findings of
decreased delta activity in the cingulate cortical region are in
line with previous studies [39, 40]. Geranmayeh et al. [39],
demonstrated that the cingulate was activated when aphasic
patients attempted to speak. In addition, they discovered a
correlation between activity in the cingulate gyrus and the
degree of spontaneous speech production recovery after
stroke. Similarly, Brownsett et al. [40] demonstrated a posi-
tive correlation between cingulate activity during a language
task and performance on the picture description task. These
data may provide insight into the neural substrate of aphasia,
which can be modified using NFB [40].

Behavioral analysis

Language, working memory, and attention showed sig-
nificant changes (P<0.05) as a result of LZNFB based
on the language network training. Participants’ nam-
ing, auditory perception, lexical richness, speed, repeat,
and utterance of items improved on the language test.
Moreover, in terms of working memory, forward and
backward digit/word/non-word span scores increased. In
addition, analysis of attention tests revealed an increase
in congruent and incongruent correct responses and a de-
crease in incongruent error over LZNFB.

Both LORETA and behavioral analyses demonstrated the
beneficial effects of LZNFB on aphasia patients. Our find-
ings are consistent with previous research demonstrating
the efficiency of LZNFB on several disorders [22-27].

Notably, our LZNFB training was limited to language
networks only. However, its impact was not limited to
language proficiency. Rather, working memory and at-
tention skills were also enhanced. These alterations may
be attributed to the close relationship between language
and cognitive skills, which has been noted in previous
studies [41, 42].

December 2023, Volume 21, Number 4

Conclusion

LZNFB appeared to have induced neural changes in
aphasic patients. These changes were associated with
improved aphasia symptoms in terms of language,
working memory, and attention. These results are very
encouraging as they suggest that LZNFB training could
provide a range of improvements and offer new hope to
people with aphasia who could not obtain satisfying im-
provements through traditional therapies.

Limitations

Lack of a control group and heterogeneity in age, edu-
cation, cause, and severity of aphasia, which could in-
fluence language function differently, were limitations
of this study. In addition, given the small sample size,
our study may lack the statistical power to detect a sig-
nificant difference. However, these findings could be
considered exploratory. Future research can examine the
brain and behavioral changes in larger samples and pos-
sibly in a homogeneous group of aphasia patients.
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