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EEG Neurofeedback Treatment of Patients
with Down Syndrome

Tanju Sürmeli, MD
Ayben Ertem, PhD

ABSTRACT. Introduction: Down syndrome is the most common identifiable cause of intellec-
tual disability, accounting for almost one third of cases and approximately 1 in 800 births. 
Neurofeedback (NF) is an operant conditioning method for retraining brain wave (EEG) patterns. 
An increasing number of clinicians use operant conditioning of EEG activity as a method of help-
ing children with Attention Deficit Hyperactivity and Generalized Learning Disability (ADHD/
ADD or GLDO). Some Down syndrome children display symptoms of ADHD/ADD, GLDO or 
both. We believed that NF may have potential in helping children with Down syndrome.

Methodology: Eight children with Down Syndrome (ages 6-14) were evaluated through ques-
tionnaire, parent interview, and pre- and post-treatment quantitative EEG’s. All eight children 
were seen by the first author and by the special educator at the baseline, and at the 20th, 40th and 
60th treatment sessions. Pre-treatment QEEGs were analyzed using the NxLink normative data-
base and generally showed excess delta and theta EEG patterns. None of the subjects were able to 
speak more than one word sentences and they had very limited vocabulary (between 5-10 words). 
They usually pointed a finger to communicate and were not able to engage in basic conversation. 
All children displayed very poor attention and concentration, poor memory, impulsivity, behavior 
problems, in some cases balance problems. The purpose of this preliminary study was to evaluate 
whether QEEG guided, bipolar montage NF training is effective in developing speech, improving 
attention and concentration, improving learning, decreasing behavioral problems or impulsivity, 
and alleviating balance problems in Down Syndrome children. All subjects were medication-free 
during treatment. NF training was conducted using Lexicor Biolex software with electrode place-
ment guided by QEEG findings, seeking to normalize abnormal QEEG patterns. Training contin-
ued until the subjects demonstrated improvement and there were significant improvements in the 
reports of parents, or until a total of 60 treatment sessions were provided. Scores derived from a 
combination of questionnaire and parental ratings were obtained pre- and post-treatment in the 
areas of memory, speech and language, attention, behavior, and balance.

Results. One subject dropped out after eight sessions. All seven children who completed NF 
training showed significant (p < .02) improvement in all areas evaluated based on the question-
naire and parent interviewing, and changes were found in QEEGs. Further study with a control 
group and additional outcome measures is warranted. doi:10.1300/J184v11n01_07 
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INTRODUCTION

Down Syndrome is a disability that was first
described one hundred and thirty-five years
ago. It is the most common identifiablecause of
intellectual disability, accounting for almost
one third of cases (Wishart, 1993). It occurs
equally in all races with an overall incidence of
approximately 1 in 800 births (Regezi, 1989).
Neurofeedback(NF) isanoperantconditioning
method for retraining electroencephalographic
(EEG) patterns. An increasing number of clini-
cians use operant conditioning of EEG activity
as a method of helping children with Attention
Deficit Hyperactivity and Generalized Learn-
ing Disability (ADHD/ADD or GLDO) (Lubar,
1985; Lubar & Lubar, 1984). Some of the chil-
dren with Down Syndrome may have ADHD/
ADDorGLDOsymptoms,orboth.Theauthors
believed that NF might be successfully applied
to improve symptoms in children with Down
Syndrome.

Characteristics. The characteristics associ-
ated with Down Syndrome are many and var-
ied. The physical traits that have been charac-
terized as most common include low muscle
tone, flat facial profile, depressed nasal bridge
and small nose, upward slant to the eyes, an en-
largement of the tongue in relation to size of the
mouth, and an abnormal shape of the ear (Na-
tional Down Syndrome Society, 2001). Chil-
dren with Down Syndrome are also at greater
risk of developing medical health problems
(Wishart, 1993). Intellectual changes are also
present and researchers have stated that most
people with Down Syndrome display some
level of intellectual disability ranging from
mild to severe, although the mean level of dis-
ability remains mild to moderate (National
Down Syndrome Society (NDSS), 2001;
Wishart, 2001; 1993).

Teaching Strategies: The Most Important
One May Be Neurofeedback. Individuals with
Down Syndrome differ in their abilities and
their interests, and, therefore, it is clear that
teaching or learning strategies will vary greatly
from one child to the next. The varying abilities
within the classroom should not be ignored and
it is with the presence of an individualized edu-
cation plan (IEP) that teachers can maximize
such children obtaining an appropriate educa-
tion. The team, which includes the patient, his/

her parents, the classroom teacher, special edu-
cator, as well as other professionals that are
involved in the child’s educational develop-
ment,put togetheraneducationplan.Adiet that
includes low carbohydrates and high protein is
also recommended.

Common difficulties in children with Down
Syndrome include attentional and concentra-
tion problems, and problems with learning,
memory, speech, language, behavior, and
physical balance. They have problems focus-
ing on specific stimuli which can have serious
and very negative effects on their learning
(Biklen, Saha, & Kliewer 1993; NDSS, 2001).
Therefore, it isvery important touseavarietyof
strategies toaddress thisproblem.Thecommon
speech and language problems can include dif-
ficulties in expression, articulation, formal or
informal social changes, and fluency (Biklen et
al., 1993).

Memory Problems. Memory problems pres-
ent an impairment to some, but not all, forms of
learning in children with Down Syndrome
(Nadel, 1997). In the past decade research stud-
ies have begun to uncover the specific learning
defects observed in individuals with Down
Syndrome at various ages. Verbal short term
memory skills are commonly very poor. Cur-
rent evidence suggests that forms of learning
dependent on the hippocampus, cerebellum
and prefrontal cortex may be particularly
impaired in Down Syndrome.

Behavioral Profiles. Behavior problems are
also common in these children. The problems
often include aggression, hyperactivity and ex-
cessive noise, and problems complying with
rules (Collacott, Cooper, Branford, & McGrother,
1998). It is suggested that neurofeedback can
assist in addressing the problems described
above.

BACKGROUND AND METHODOLOGY

Traditional methods for assisting Down
Syndrome children such as neurocognitive re-
habilitation, special education, behavior train-
ing, and medication are expensive, time con-
suming, and of questionable effectiveness with
thispopulation.Thepurposeof thispreliminary
study was to evaluate whether QEEG-guided
neurofeedback training would be effective in
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improving speech, attention, concentration,
learning skills, and physical balance, and in de-
creasing behavioral problems and impulsivity
in Down Syndrome children.

Individuals with Down Syndrome were re-
cruited, excluding individuals with medical
problems. Eight subjects who were medica-
tion-free were selected for evaluation. They
ranged in age from 6 to 14 years old (mean 9.13
years). The parents of each child were given a
questionnaire prepared by the center which in-
cluded questions about attention, concentra-
tion, speechand languagecapabilities, learning
ability, and behaviors. Baseline history inter-
views on the children were gathered from the
parents for 30 minutes and were video re-
corded.Theaverageattentionspanof the8chil-
dren with Down Syndrome was 1-3 minutes.
The average number of the words in their vo-
cabulary was 5-10. They had severe articula-
tion problems, did not use more than a single
word in a sentence, did not obey rules, were
stubborn, and had difficulties in remembering
the things they learned. The children usually
pointed with a finger to communicate and
displayed poor attention/concentration, im-
pulsivity, behavior and balance problems. In
general they seemed relativelyunaware of their
surroundings.

A quantitative EEG was done on all subjects
at baseline and at the end of neurofeedback
treatment, and the data was processed with the
Nx Link database (John et al., 1989). Almost all
of the subjects were found to have an excess of
delta and theta activity, and excessive or defi-
cient beta activity, over some area of the cortex.
Based upon the findings of the QEEG analysis
and the clinical judgmentof the first author all 8
children were classified as having a global
learningdisabilityand3of thechildrenalsomet
criteria for a diagnosis of attention deficit and
hyperactivity disorder. These 3 children met an
averageof8of theDSM-IVADD/ADHD diag-
nostic criteria for inattention, and 6 symptoms
forADHD(4forhyperactivity,and2for impul-
siveness). Pre-treatment and post-treatment
questionnaire and parental ratings were com-
bined to form a single score in categories for
problems with speech and language, attention,
memory, behavior, and physical balance.
Scores in each of these categories were then
analyzed using Wilcoxon Signed Rank tests.

All subjects were seen by the first author and
by the special education teacher at baseline
evaluation, and after 20, 40, and 60 sessions of
neurofeedback. Neurofeedback training was
guided by the findings of the QEEG and con-
sisted of 30 minute training sessions conducted
twice a day, six days a week. Neurofeedback
training was done with Lexicor equipment us-
ing Biolex software, utilizing a bipolar mon-
tage. Neurofeedback training continued until
the subjects demonstrated improvement and
significant improvements in the reports of par-
ents, or until a total of 60 treatment sessions.
However, one subject dropped out of treatment
after only 8 sessions. Suggestions were also
made for diet and structured parenting skills.
Comparisons was made between the question-
naires given to the parents of the 7 children, the
parents’videorecordingreports, thespecialed-
ucator’sevaluation,andfirstauthor’s symptom
checklist from the baseline evaluation and fol-
lowing 60 neurofeedback sessions. QEEG
results were also evaluated pre- and post-treat-
ment.

The initial QEEG evaluation on the first
child revealed excess delta and theta absolute
power Z-scores over the cortex and some co-
herence abnormalities in different frequency
bands. Neurofeedback training was done in the
firstpatientwithabipolar (sequential)montage
at F7-T5, P3-T5, P4-T6, CZ-C3, F8-T6 elec-
trode sites while inhibiting 0-8 Hz. Training
was also done at Cz-C4, inhibiting 4-8 Hz and
reinforcing 12-15 Hz. Even though absolute
power Z-scores were not significantly abnor-
mal on the QEEGs for the other 6 children at
F7-T5, F8-T6, Cz-C4, and Cz-C3, when exam-
ined in the Biolex neurofeedback software
there appeared to be abnormalities. Therefore,
thesesubjectsalsoreceivedthesametrainingas
the first patient at these sites. When called for,
interhemispheric coherence training was also
done.

RESULTS

Generally the children needed somewhere
between 20-40 sessions of neurofeedback be-
fore changes started to become obvious. How-
ever, all 7 children who remained in neuro-
feedback showed significant improvement in
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their condition as measured on questionnaires
and through parental interviews. Initially the
children were unable to read or perform math,
but following treatment they were beginning to
demonstrate some ability to read, to count, and
to do simple addition. While initially unable to
write, they could now write their names and
some meaningful sentences.

Improvements in speech and language abili-
ties over the course of treatment are summa-
rized in Table 1. The children showed improve-
ment in articulation and could engage in more
meaningful conversations. Instead of one word
interactions, they were able to verbalize 4-5
meaningful words in a sentence. It can be seen
that working vocabulary noticeably improved,
increasing from an initial vocabulary of 5-10
words to 40-50 words.

Changes in memory are summarized in Ta-
ble 2. Short term memory and memory for pre-
viously learned material appeared to improve
as displayed in tests of letter span, word span,
and digit span. Attention and concentration
were noticeably enhanced following neuro-
feedback. Before treatment the children were
notable to followconversationswithotherpeo-
ple and they seemed to be lacking in awareness
of their surroundings. This improvedfollowing
neurofeedback. Insteadofonlybeingable to fo-

cus for 3-5 minutes, children could concentrate
for up to one hour in some cases. Two Down
Syndrome children transferred to a regular
school after treatment and their new teacher re-
ported that their attention and concentration
was actually better than that of their peers. In
general the children appeared more able to
think and attend, enabling them to have
enhanced capacity to learn.

Improvements were also seen in coordina-
tion, balance and behavioral control. Prior to
treatment the children typically demonstrated a
mild form of ataxic walk and were unable to
run. Following neurofeedback they were now
able to walk more normally and run. Their be-
havior was less impulsive, more controlled,
mature,andtheyweremoreobedient torules.

Figure 1 displays the pre- and post-treatment
changes in the QEEG of one of the Down Syn-
drome children who was treated. Prior to
neurofeedback the child showed a global ex-
cess in absolute power delta and theta. How-
ever, following treatment there is a very obvi-
ous reduction in absolute power in both delta
and theta. It is also apparent that relative power
theta was significantly reduced following
neurofeedback, with some degree of move-
ment toward normalization in relative power
alphaandan increase in relativepowerbeta.All
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QEEGsshowedimprovementsfollowingtreat-
ment.

At the completion of neurofeedback treat-
ment all 7 children showed considerably im-
proved functioning. Table 3 summarizes the
combinedparent ratingsandquestionnairedata
that were collected at baseline and at the com-
pletion of treatment and statistically analyzes
the results. These ratings were compiled for
problems in the areas of speech and language,
attention, memory, behavior, and physical bal-
ance. It can be seen that significant improve-
ments (p < .02) were noted in all areas. These
findingsaredisplayedgraphicallyinFigure2.

DISCUSSION AND CONCLUSIONS

In this uncontrolled open trial of bipolar (se-
quential) montage neurofeedback training, the
7 subjects with Down Syndrome who remained
in treatment experienced substantial and rela-
tively rapid symptomatic improvement. The
initial evaluations examining the EEG in bipo-
lar (sequential) placements and analyzed as
QEEGs suggested that the children had excess
delta and theta activity in at least some parts of
the brain. Following neurofeedback to de-
crease the amplitudes in these frequency bands
(and later to increase SMR and beta activity,
and seek to normalize coherence patterns),
attentionaldifficulties, speechproblems,mem-
ory, learningand behavioralproblems, and bal-
ance all appeared improved. Changes in these
areas were all significant (p < .025). This un-
controlled case series suggests that neuro-
feedback can improve symptoms associated
with ADD/ADHD and learning disability in
Down’s children. These changes can impact
their capacity to learn and what they are able to
accomplish in life. Some children were able to
leavespecial educationclassesandbe integrated
into regular classrooms.

Many teachers, special educators, parents,
and therapistsmayunderestimatethepotentials
of Down Syndrome children. Neurofeedback
seems to have potential to assist such children
to attain a higher level of functioning. This case
series has demonstrated that children with
Down Syndrome seem capable of obtaining
improvements in cognitive and behavioral
functioningthroughtheuseofneurofeedback.
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FIGURE 1. Baseline QEEG and Post-Neurofeed-
back Treatment QEEG
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TABLE 3. Pre- and Post-Treatment Ratings on Speech/Language, Attention, Memory, Behavior, and
Physical Balance with Wilcoxon Signed Rank Test Results (7 subjects)

FIGURE 2. Pre- and Post-Treatment Changes in
Ratings of Speech & Language, Attentional Prob-
lems, Behavioral Problems, and Physical Balance
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