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Abstract

Background: Some experts assert there is an association between traumatic brain injury and cognitive
impairments such as attention deficit hyperactivity disorder (ADHD) and depressive disorder.
Furthermore, children and adults with ADHD struggle with focusing, organizing tasks, and feeling
restless. They might experience sadness, guilt, irritability, low self-confidence and helplessness. In
this regard, ADHD and depressive disorder occasionally occur together. We aimed to compare the
clinical application of the Bender-Gestalt test (BGT) and electroencephalography in screening brain
damage in the patients with the mentioned disorders.

Methods: This was a cross-sectional study to assess diagnostic accuracy. Eighty patients with
depression (n=35) and ADHD (n=45) resulting from brain damage aged 10-35 years who had been
referred by the psychologist or psychiatrist to Imam Hossein Clinic in Yazd. Both the BGT and
quantitative electroencephalography (QEEQ) results existed in their files. Patients with any serious
medical, other psychiatric disorders or history of drug dependency were excluded. Paired t test was
used to analyze the differences.

Results: The brain damage score was different in the two tests. Based on the paired t test, the BGT
was a more valid screening test. Also, the score of the two tests were different in the depression and
ADHD mean scores (P<0.05).

Conclusion: BGT was a more reliable tool compared to QEEG for diagnosing brain damage within
the patients with the mentioned disorders.
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Introduction mentioned subjects have led the psychological clinics

In accidents, the head is exposed to the most damage
and it is the most common cause for hospitalization
and mortality (40%-50%) in injured people in different
incidents.! Currently, the longtime consequences of
brain damage are recognized more than before. These
problems are mostly physical, cognitive, emotional and
behavioral which might be aggravated significantly after
brain damage.? Clinical experience confirms this fact
that some of the neuropsychiatric symptoms can also be
seen in organic brain damages.’ Overlaps between the

to use special tests called neuropsychology tests for
differential diagnosis.* The Bender-Gestalt test (BGT)
is one of the simplest types of neuropsychological tests.’
It is considered as a current assessment tool for visual-
motor integration assessment.” Considering the growing
interest of neuropsychiatrists in the applicability of this
tool for diagnosing organic causes and on the other hand,
incompatibility of research results, it seems that more
studies need to be conducted and their results should be
carefully analyzed.®’
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Trauma Diagnosis and Cognitive Disorders

People who experience head damage are exposed
to the risk of depression and cognitive disorders; but
patients, their families and also the therapeutic teams
seem to be more concerned about the physical problems,
whereas depression and attention deficit hyperactivity
disorders (ADHD) are significantly growing. Depression
is the most common mood disorder and the most
important psychiatric disorder of the present century.?
Psychiatric disorders such as depressive disorders are
not accompanied by a tangible damage to the human
brain and nervous system; There has always been this
assumption that psychiatric disorders are only the
consequences of psychological processes and they are
not related to nervous phenomena. However, following
the advances in functional neuroimaging, the abnormal
activity of neural circuits in the brain is responsible for
many psychiatric disorders.” Another disorder is ADHD
which has caught the attention of psychiatrists as a
common disorder in childhood with obvious symptoms
of impulsivity. Follow-up studies imply the continuity
of the disorder up to adolescence and adulthood
and psychological disturbances in other life stages.
Amongst etiology hypotheses regarding this disorder
and based on conducted studies, a delay in growth or
abnormal morphology of the frontal cortex has been
mentioned. Neural histology studies emphasize that the
companionship of neuropsychiatric cognitive battery
tests with other clinical studies such as functional and
structural neuroimaging can give us a more comprehensive
view and understanding of this disorder. Head injury can
create a set of neuropsychiatric symptoms and even lead
to dementia or psychiatric disorders.”” These patients
are prone to progression and exacerbation of depressive
symptoms and a suitable evaluation and treatment
modality should be considered. Moreover, after returning
to the society, they might suffer from different disorders
such as Alzheimer’s or dementia and other illnesses that
can impair interpersonal relationships and lead to losing
job opportunities and performance capacity or possible
isolation and withdrawal.!

A study on the effectiveness of teaching neurofeedback
on brain waves pattern of children suffering from ADHD,
showed that neurofeedback treatment affects the brain
wave pattern of these children.”? Another study on the
effectiveness of teaching stress coping skills on parenting
stress of mothers whose child suffered from ADHD,
showed that an intervention modality could reduce the
parenting stress of these mothers."

Grover and colleagues studied the acute effects of near
infrared light therapy on brain state in healthy subjects
as quantified by quantitative electroencephalography
(QEEG) measures. They concluded that there was
no significant difference between the groups under
treatment.” In another study on defining abnormal slow
EEG activity in acute ischemic stroke, delta/alpha ratio as

an optimal QEEG index, the researchers concluded that
these two were significant indices.”” One study showed
that the EEG pattern in patients with brain lesion was
significantly different from healthy subjects.'¢

So far and based on our reviews, the difference between
the BGT and QEEG in brain damage has not been
analyzed. Also, the possibility of the existence of other
alternative tests for distinguishing differences in brain
damage is one of the reasons for this research. In this
regard, this study can play a significant role in the field
of neuropsychiatry about brain damage, BGT, and QEEG.
BGT and QEEG can help psychologists, neurologists,
neuropsychiatrists, and other researchers determine the
role of these two modalities in enhancing the physical
and mental health of the patients after a traumatic brain
damage. Also, the results of this study persuade therapists
to use these tests because of their availability and being
inexpensive. Considering the importance of early and
primitive diagnosis of patients with brain injury, a
measuring tool or device for early diagnosis of brain
lesions seems essential in order to help the experts. Thus,
we aimed to assess the difference between the BGT and
QEEG in brain lesion diagnosis.

Materials and Methods

This was an analytical-cross sectional study comparing the
diagnostic accuracy of the BGT and QEEG in screening
patients with brain damage.

Statistical Population; Sample and Sampling

Among the patients with ADHD and depression following
mild brain injury aged 10-35 years with Glasgow-Coma
score more than 13 referred to Imam Hossein Clinic in
Yazd, 80 people (35 with depression and 45 with ADHD)
were selected. The sample size was similar to a similar
study.”” The order of using the tests (BGT, QEEG) in
patients was completely random.

Inclusion Criteria

e Ageof 10-35 years

¢ Diagnosed with depression and ADHD by a
psychologist

* Absence of any important physical neurological
disease

Exclusion Criteria

* Addiction (drug/substance dependency)
*  Considerable neurological diseases

*  Other major psychiatric disorders

Research Tools

BGT: Visual-motor BGT, usually known as the BGT or
only Bender test, is used as a screening tool for studying
probable brain trauma. Clinical experience shows that
some psychiatric disorders overlap with symptoms
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related organic brain lesions, leading to the use of
neuropsychological tests for differential diagnosis. The
BGT is one of the most famous neuropsychological tests
which is easy to use.® It is one of the most successful
tests which neuropsychologists and neurologists used to
evaluate brain damages.'® It can be used easily and quickly
in revealing a person’s perspective and approach toward
his or her world.

Despite successful experiences, it faces some limitations
and precautions. BGT is only able to relatively detect
the extent of damage mostly in the right hemisphere
and it is unable to detect tiny brain damages in the
left hemisphere.” Another problem is that there is no
uniform scoring and interpretation system approved by
all experts.’

The test was given to the examinees and we asked
them to draw shapes in white papers measuring 11x8.5
inches. The drawing was assessed in terms of integrity
and accuracy. A study on 474 healthy people (control
group) and 187 people with neurosis and 136 people with
psychosis declared that reliability coefficient of the BGT
was 0.7 with the retest method.”

QEGG: Electroencephalography could be used for
research purposes to diagnose brain injury. EEG is the
digital or paper recording of brain waves. The human
brain is an electrochemical system. Brain electrical
activities can be transmitted on the skull surface. These
activities are very weak and on a microvolt scale. EEG
machine records them by electrodes connected to the
skull and shows it in brain waves.**? QEEG provides
quantitative information on brain functions.” It creates
live and dynamic maps of the brain and compares them
to normal data. QEEG provides additional information
to many clinical diagnoses.* It is a valuable diagnostic
application for cerebrovascular diseases of the brain, brain
damages, ADHD, learning disorders, anxiety, depression,
brain tumors, epilepsy, schizophrenia, and Alzheimer’s
disease.” It has 0.97 sensitivity and 0.84 specificities for
distinction between several psychiatric disorders.*

Data Analysis Method

e Descriptive Statistical Methods (such as average,
standard deviation, minimum and maximum score)

e Paired ¢ test to analyze the differences between
options

Table 1. Descriptive Data of the Research Variables

e  SPSS software, version 21, was used to analyze the
data. The significance level of 0.05 was considered
for all the hypotheses.

Results

Descriptive Findings

In order to inform the dispersion of the subjects’ scores
in each of the variables, the scores, average index and
standard deviations were shown separately. Also, 35
people had depression and 45 had ADHD. According to
Kolmogorov-Smirnov test and P<> 0.05, there was no
significant difference between two groups and they have a
normal distribution (Table 1).

Inferential Findings

Cohen’ kappa coefficient was applied to determine the
correlation between brain damage score and BGT/QEEG
values. There was a significant and positive relation
according to 0.99 confidence level. (P< 0.01, r=0.67)
There was a significant and positive relation between
BGT and QEEG values with depression according to 99%
confidence (P< 0.01, r= 0.65). Also, in the correlation
test, there was a significant and positive relation between
ADHD scores with BGT and QEEG values according to
99% confidence (P<0.01, r= 0.67).

Analyzing Paired t Assumptions

There was no significant relation between two groups
and they were statistically comparable. The mean scores
for the diagnosis of brain injury by BGT and QEEG were
0.362 and 0.200 based on paired ¢ test and P=0.0001
(Table 2).

The mean BGT and QEEG scores for the depressed
people were 0.38 and 0.2, respectively (P=0.012, Table
2). The mean QEEG and BGT scores for patients with
ADHD were 0.2 and 0.35, respectively (P=0.007, Table 2).

Discussion

This study showed that the BGT is more accurate than
QEEG for screening brain damage in ADHD and
depressive disorders. This is consistent with the findings
of Mirzavand et al,” Sheikhi,? Saravani,® Grover et al,"* and
Thornton & Carmody'® in which BGT was successfully
was used for assessing 81 to 120 patients with brain
trauma compared with healthy individuals. QEEG

Variables Sample Size Minimum Age Maximum Age Mean (SD)
Bender-Gestalt test scores for depression 35 10 35 0.38 (0.40)
QEEG scores for depression 35 10 35 0.21 (0.41)
Bender-Gestalt test scores for hyperactivity 45 10 35 0.36 (0.41)
QEEG scores for hyperactivity 45 10 35 0.20 (0.40)

Abbreviation: SD, standard deviation.

The subjects’ scores in each of the variables, the scores of average index and standard deviation, are shown separately.
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Table 2. Comparing Mean Bender-Gestalt Test Scores with QEEG
Scores in the Two Groups

Variable Test Mean (SD) t P Value
BGT 0.36 (0.483)
Brain damage 3.951  0.0001
QEEG  0.200 (0.402)
) BGT 0.38 (0.49)
Depression 2.66 0.012
QEEG 0.2 (0.41)
BGT 0.355 (0.484)
ADHD 2.847 0.007
QEEG 0.2 (0.404)

Abbreviations: ADHD, attention deficit hyperactivity disorder; SD,
standard deviation; BGT, Bender-Gestalt test; QEEG, quantitative
electroencephalography.

Values are given as mean and (SD) for three variables to compare
BGT with QEEG.

Paired t test, P< 0.05.

deficiency may be related to involuntary captured diverse
artifacts especially at low frequencies which are related to
brain trauma. Nevertheless, the BGT is flexible and can be
interpreted by different methods.

Consistent with our results, a study regarding the clinical
application of BGT compared with MRI images showed
that BGT can be used for diagnosing brain traumatic
injury screening in neurology clinics and to prevent some
unnecessary imaging.”’ Because of few disadvantages
such as lack of patient compliance and technical issues,
QEEG is less competent.

Application of the visual-motor BGT is more reliable
compared with QEEG in the screening of brain trauma
in patient with depression, while some researchers believe
that QEEG is a promising screening measure among
individuals with mild traumatic brain injury.*® Since the
latter study was conducted on healthy and older subjects,
this inconsistency may be related to patient characteristics.
Moreover, QEEG findings are related to only the cerebral
cortex and the information from deep brain regions are
not included.

There was a significant difference between the average
scores of BGT and QEEG in ADHD diagnosis; and this
difference is in favor of BGT. Consistently, it has been
shown that BGT was a reliable and powerful tool for
detection of many cognitive impairments in the ADHD
population.'®

With respect to QEEG failure, it can be said that fear
and anxiety in younger patients lead to unwanted artifacts
that might interfere with the results. Furthermore,
researchers have suggested that different brain areas
have abnormalities. For example, the reticular activating
system which is involved in attention and consciousness
does not work properly.” Neuroimaging analysis has
shown that children with ADHD have serious problems
in the cerebellum and the frontal lobe which is the region
that is involved in planning, organizing, decision-making,
time perception, active memory, inhibition, maintenance,

and thinking*® Regardless of what was mentioned,
analysis of the body’s metabolism also demonstrated
that these people have distinctive differences in brain
neurochemistry with other children.*

This is while the involved subcortical regions in ADHD
have been ignored during -electroencephalography.
Besides, therelation betweenbrain neurochemistryactivity
and QEEG is obscure. Considering the disadvantages of
QEEG such as artifacts and excluding subcortical data,
BGT may be more functional for detecting brain trauma
among the patients with cognitive impairment.
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