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COMPARATIVE STUDY OF THE NEUROPSYCHOLOGICAL
AND NEUROIMAGING EVALUATIONS IN CHILDREN

WITH DYSLEXIA

Rodrigo Genaro Arduini’, Simone Aparecida Capellini?, Sylvia Maria Ciasca’

ABSTRACT - We analyzed re t rospectively the neuroimaging exams of children with a confirmed diagnosis
of dyslexia and correlated our findings with the evaluation of higher cortical functions. We studied 34
medical files of patients of the Ambulatory of Neuro-difficulties in Learning, FCM/UNICAMP. All of them
had been sent to the ambulatory with primary or secondary complaints of difficulties at school and were
submitted to neuropsychological evaluation and imaging exam (SPECT). From the children evaluated 58.8%
had exams presenting dysfunction with 47% presenting hypoperfusion in the temporal lobe. As for the
higher cortical functions, the most affected abilities were reading, writing and memory. There was signif-
icance between the hypoperfused areas and the variables schooling, reading, writing, memory and math-
ematic reasoning. The SPECTs showed hypoperfusion in areas involved in the reading and writing process
es. Both are equivalent in terms of involved functional areas and are similar in children with or without
specific dysfunctions in neuroimaging.
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Estudo comparativo das avaliac6es neuropsicolégicas e de neuroimagem em criancas com dislexia

RESUMO - Analisamos re t rospectivamente exames de neuroimagem de criangas com diagnéstico de disle-
Xia e correlacionamos os achados com avaliacdo das funcdes corticais superiores. Estudamos 34 prontuarios
de pacientes atendidos no Ambulatério de Neuro-Dificuldades de Aprendizado, FCM/UNICAMP, no perio-
do de 1994 a 2002. Todas foram encaminhadas com queixa primaria ou secundaria de dificuldade escolar
e submetidas a avaliacdo neuropsicolégica e exame de imagem (SPECT). Das criancas avaliadas, 58,8% apre-
sentaram exames alterados. Dentre as alteragdes, 16 possuiam hipoperfusdo no lobo temporal. Nas fungbes
corticais superiores, as habilidades mais prejudicadas foram leitura, escrita e meméria. Houve significan-
cia entre as areas hipoperfundidas com a variavel escolaridade, leitura, escrita, memoria e raciocinio mate-
matico. Os SPECTs mostraram hipoperfusdo em areas envolvidas nos processos de leitura/escrita. Ambos se
equivalem em termos de areas funcionais e sdo semelhantes nas criangas com e sem altera¢des especificas
a neuroimagem.

PALAVRAS-CHAVE: dislexia, neuroimagem, neuropsicologia.

The act of reading, apparently simple, involves a
whole linguistic, anatomic and neuropsychological
process’; there f o re, a failure in this process of corre-
spondence of sounds (phonemes) with graphical sym-
bols (graphemes), or in case this correspondence does
not occur, brings about the specific learning disabil-
ity (SLD), known as dyslexia. Some authors?® suggest
that dyslexia consists of a suspension or deceleration
in the normal sequence of acquisitions of the differ-
ent procedurss for the identification of a word, who-
se deficits result in a ru p t u re of the underlying neu-
rological system. The SLD in the recognition of writ-

ten words may affect children or adults; and this dif-
ficulty, which varies in intensity and nature, may per-
sist until adulthood under the form of misspelling of
w o rds or difficulty in assimilating written text, or al-
so, difficulty in learning a foreign language®. The pre-
valence of dyslexia in developed countries is from 8
to 10% of school-aged children in initial grades, with
significant predominance in males. There have been
several attempts to explain the etiology of dyslexia
in the last years, suggesting the implications of var-
ious factors, such as: Genetics — explaining the preva-
lence in males, connected to the existence of family

Discipline of Infant Neurology, Department of Neurology, Faculty of Medical Sciences State University of Campinas, Brazil (UNI-
CAMP): 'Student in the 6t year of Medical School; 2PhD. Professor Participating in the Program of Post-Graduation in Medical

Sciences; *PhD. Professor of the Discipline of Child Neurology.

Received 1 September 2005, received in final form 16 January 2006. Accepted 20 February 2006.

Dra. Sylvia Maria Ciasca - Departamento de Neurologia - FCM/UNICAMP [ Caixa Postal 6111 - 13083-970 Campinas SP - Brasil.

E-mail: sciasca@mpc.com.br



370 Arq Neuropsiquiatr 2006;64(2-B)

heritage, notably in the chromosomes 6 and 15°. Ce -
rebral lateralization — or GBG theory (Geschwind-Be-
han-Galaburda) suggesting that high levels of fetal
testosterme produce reduction in the neuroanatom-
ic and functional development of the left hemisphere
of the brain. The act of reading activates several cor-
tical areas generating the interaction mainly of areas
like the superior posterior temporal gyrus (Wernicke’s
area), the angular gyrus (Brodmann'’s area 39), the
striate cortex (Brodmann's area 17), the inferior fron-
tal gyrus (Broca’s area) and, marginally, Brodmann'’s
areas 46, 47 and 11%°.

The SPECT can demonstrate important disorders
in the cerebral blood flow' besides observing other
structures and deficient regions in the learning pro-
cess of patients with dyslexia. Authors found disor-
ders in the blood flow of the left hemisphere in dys-
lexic adults and children during reading tasks, indi-
cating that their brains operate in an inefficient form
during this activity'"'2. Therefore, in the last years,
the cognitive processes were understood through
neuroimaging techniques which correlated the stages
of information processing with the activation/inac-
tivation of neuronal circuits™ 4.

Based on the above explained, the objective of
this work was to correlate the findings of the evalu-
ation of higher cortical functions with the results of
the neuroimaging exam (SPECT) in children diagno-
sed with dyslexia.

METHOD

Subjects — A total of 50 medical files were analyzed of
children taken to the ambulatory of learning disabiilities,
Discipline of Infant Neurology, FCM/UNICAMP, S&o Paulo -
Brazil, with specific complaints of difficulty in reading and
writing. The inclusion criteria were: having specific diffi-
culty in reading and writing; chronological age ranging
from 6 years and 0 months to 14 years and 11 months;
schooling ranging from kindergarten to 8t grade, attend-
ing a public school; having been thoroughly diagnosed in
the neuropsychological and neuroimaging evaluations; not
having any complaints of physical, mental, social and emo-
tional nature associated. The exclusion criteria were: age
above the established limit; other diagnosis not related to
reading and writing; incomplete diagnosis in the neuropsy-
chological and neuroimaging evaluations; associated com-
plaints of physical, mental, social and emotional nature
identified through complementary exams performed by
interdisciplinary team; not being attending school.

Based on such criteria, a final number of 34 children
were chosen, being 24 males (70.6%) and 10 females
(29.4%), with 9.32 years average age, attending from
kindergarten to 4t grade of a public school, medium-low
socioeconomic level, determined by the protocol of patient
profile, made by Hospital das ClinicassfUNICAMP.

Material

Elaboration of protocols for the analysis of data collect -

ed in the folders: two protocols were elaborated

1. Protocol for analysis of the data in the folders, con-
taining: identification of the subjects, results of the tradi-
tional neurological examinations, results of the evolutive
neuroogical examination, results of the neuropsycholog-
ical evaluation, results of the evoked potential: cognitive
(P300), auditory and visual, results of the SPECT exams and
other imaging exams.

2. Protocol for the analysis of the imaging exams, con-
taining the identification of the subjects, hemispherical
location of the dysfunction, intensity of perfusion and
affected area.

Analysis of the diagnostic instruments obtained in the

medical files

1. The Wechsler intelligence scale for children's, for chil-
dren aged 5 to 15, whose basic objective is to measure
guantitatively the general cognitive level, through mental
operations.

2. The Luria-Nebraska neuropsychological battery for
children’®, with the objective of evaluating 10 neuropsy-
chological areas which produce and determine behavior
and which implicate in the interaction of cerebral areas
through a functional system.

3. Traditional neurological examination.

4. Evolutive neurological examination.

5. Neuroimaging exam: SPECT, with the objective of ver-
ifying the functioning of cer ebral blood flow in terms of
p e rfusion, that is, observing cerebral activity through the
areas with hypoperfusion (lower activity or lower flow) and
hyperperfusion (higher activity or higher flow).

After all the evaluations were performed, the subjects
who presented cognitive level corresponding to their chro-
nological age, specific disabilities in reading, writing, mem-
o ry and presence of minor signals, with absence of other
disabilities or deficits, were classified as dyslexic. Such eval-
uations were performed by the same professionals of the
team of the laboratory of researd on learning disabilities
and difficulties and attention deficit - DISAPRE.

Statistical analysis of the results — Initially all the vari-
ables were studied in a descriptive way, through the calcu-
lus of absolute and relative frequencies, and as for the con-
tinuous variables, through the calculus of average, stan-
darddeviation, percentage (25% and 75%), median, min-
imum and maximum values. In order to study the associa-
tion of the categorical variables with the response variable,
each one of them was studied bivariately through the Fisher
exact test considering a=5%". As for the analysis, the pro-
gram SAS version 8.2 was used.

RESULTS

As for sex, age and schooling — We analyzed the
39 medical files, 28 were males (71.8%) and only 11
(28.2%) were females. The chronological age varies
from 6 years and 0 months to 14 years and 11 months
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Chart 1. Distribution of the intelligence quotient (IQ): verbal, execution and total.

old, with higher incidence in the range of 8 years and
0 months to 9 years and 11 months old (43.6%). As
for schooling, the children attended from kindergar-
ten to 4t grade of public schools in the city of Cam-
pinas — Sdo Paulo - Brazil and its region.

As for the neuropsychological evaluation — In the
neurgsychological evaluation, 30 (76.9%) children
presented some kind of difficulty, only three (7.6%)
completely scored the tests correctly and six had no
evaluation in their medical files, which were perfor-
med later for their inclusion in the group.

As for the cognitive level: The intelligence quoti-
ent (1Q) was subdivided in 3 parts: verbal IQ which
ranged from 53, considered mild mental retardation
(MR), to 124, being the average suggested classifica-
tion of 89.9 (normal classification); the execution IQ
ranged from 63 (moderate M.R.) to 130 (superior),
with an average of 98; and the total 1Q from 57 (mod-
erate M.R.) to 130 (superior) with average of 93.5,
according to Chart 1.

As for the evaluation of higher cortical function:
The result of the Luria Nebraska battery (LNB) demon-
strated significant difficulty in the tests involving me-
mory(45.5%), reading (51.5%), writing (57.6%) and
mathematic calculus (45.5%).

As for the neuroimaging exam — In the SPECT,
from the 39 revised exams, 19 (48.7%) were normal
and 20 (51.3%) altered. The alterations were distrib-
uted according to the affected area, only one lobe
(95%), more than one lobe (5%), hemisphere (um he-
misphereaffected 55%; both hemispheres plus cere-

Table 1. Results of the affected areas in the SPECT.

Localization N 39 (%)
One affected lobe 19 95
More than one affected lobe 1 5

One hemisphere 11 55
Two hemispheres 4 20
Two hemisphere + cerebellum 3 15
Only cerebellum 2 10

bellum 20%) and cerebellum (10%), according to
Table 1.

As for the affected area, 10% presented hypop-
erfusion in the frontal, parietal lobes and cerebel
lum respectively, 20% had occipital hypoperfusion
and 80% in the temporal lobe.

As for the correlation between the SPECT and the
neuropsychological evaluation — Statistical analysis
was made correlating the altered imaging exam and
the normal one in relation to the neuropsychologi
cal evaluation, considering the prevalence ratio (Cl
95%) with the Fisher test (p-value), where the values
were within the expected for the test, but demon-
strated a tendency of correlation between the altered
exam and the reading, writing, mathematics and
memorytests of the neuropsychological evaluation,
according to Table 2.

Therefore the results demonstrated that despite
the absence of significant differences between groups
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Chart 2. Distribution of the value of p (P) in the reading, writing, mathematics and memory tests with the cerebral areas.

Table 2. Correlation between neuropsychological evaluation and neuroimaging exam (SPECT).

Neuropsychological Neuroimaging Exam (SPECT) Prevalence reason Value
evaluation Altered Normal of p
N % %
Memory 9 45.0 31.6 0.98 (0.41-2.37) 1.00
Rhythm 3 15.0 211 0.66 (0.19 — 2.24) 0.39
Reading 12 60.0 26.3 1.41 (0.58 - 3.45) 0.30
Writing 1 55.0 421 0.90 (0.37 - 2.17) 1.00
Tactile Skill 4 20.0 15.8 0.93 (0.37 - 2.17) 1.00
Motor Skill 1 5.0 0.0 1.68 (0.23 — 12.58) 1.00
Mathematics 8 40.0 36.8 0.80 (0.33 - 1.96) 0.49
Visual Skill 1 5.0 5.3 0.82 (0.11 - 6.09) 1.00
Normal 4 20.0 15.8 0.98 (0.31-2.78) 1.00

Table 3. Comparison of the significance level in reading,
writing and mathematics.

Reading Writing Mathematics
Schooling Schooling Writing
Neuropsychological  Neuropsychological Reading
evaluation evaluation

Writing Reading Temporal lobes

Mathematics Mathematics

Temporal lobes Temporal lobes

with or without altered exams, there is a tendency of
correlation between the exams made mainly inrel a-

tion to the area with higher hypoperfusion (left tem-
poral and bilateral occipital lobe) with the function dif-
ficulties of reading, writing, mathematics and memo-
ry, according to the indices of p-value equal or lower
than 0.05 (Fisher exact test), according to Chart 2.
When the reading and writing tests are specifi-
cally analyzed, it is possible to see that the values are
equivalent in all the researched areas, including in
the children who did not have alteration in the imag-
ing exam, and therefore it is evidenced in the tests
that the reading and writing processes are parallel,
independently of the areas and functional routes in-
volved, however the temporal and occipital lobes
show a tendency to significance, due to the N=34.
Considering the analysis of reading and writing,
specifically, it is possible to see that both skills become
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Charter 3. Correlation between reading and writing tests and cerebral areas.

or have a tendency to significance in common points,
such as: schooling (p=0.07 and 0.06, respectively); neu-
ropsychological evaluation (p=0.03 for both); math-
ematics (p<0.01 for both) and in the temporal hemi-
spheres (p=0.07 for both). Correlating reading and
writing, p<0.01; and the opposite, writing andread-
ing, maintains p<0.01. As for the mathematic skill,
thereis significance with: writing (p<0.01), reading
(p<0.01) and temporal hemispheres (p=0.01) accord-
ing to Chart 3 and Table 3.

DISCUSSION

The specific learning disability exists when there
is a significant discrepancy between normal intellec-
tual ability and academic perf o rmance presented in
one or more receptive or expressive skills, such as:
reading, writing or mathematics'. Specifically speak-
ing, the reading disability or dyslexia is the most com-
mon specific learning disability, being more associ-
ated to abnormalities or neurological dysfunctions.

The children diagnosed as dyslexic in this study de-
monstrated to have performances inferior to those
expected to their age or maturational level, even
though they presented normal intellectual potential
and absence of other sensorial deficits.

As for the neuropsychological battery, the cogni-
tive test showed levels compatible to nomality, whe-
re the IQs - verbal, execution and total - are equiva-
lent qualitatively, not presenting significant differ-
ences among them; but their uses in the diagnostic
p rocess are justifiable once they are indicators of the
child’s real performance. These data confirm Rotta’s?®
findings that “the intellectual capacity is not the only
responsible for success or failure at school”, but that
there are a number of factors associated with the
leaming process itself such as age, opportunities and
functional adequacy. The neuropsychological batter-

ies have been used as evaluation techniques of school
performance and they have demonstrated a good
number of results?'. The factors measured by the asso-
ciation of tests such as language, memory, reading,
writing and mathematics may determine the pres-
ence or absence of scholastic ability in a child.

In relation to the NLB, although it is a new instru-
ment for science, different studies of different
authors have demonstrated that through its subtests
it is possible to discriminate the child with different
levels of dyslexia, or even evaluate qualitatively the
functional performance of these children. In the pres-
ent study the subtests or exams that reflect these dif-
ferences are connected to the areas of reading, writ-
ing, mathematics and memory, exactly because they
e x p ress more significance in academic aspects. Thus,
we may consider several factors: besides the primary
evidence of a neurological deficit as the precursor of
dyslexia, we might propose, as in the classical work
of Rapin and Allen?, that the low performance in so-
me of the subtests connected to the academic area
may be classified as: associated signals, which, accord-
ing to the authors above cited, must be examined
along with other signals, the concomitant ones, which
imply the influence of biological factors, and become
determinant in the occurrence of specific leaming
disabilities.

In the neurological exam, signs were detected
which the literature considers as smaller or “soft signs”
(characterized by a discrete disturb of the tonus, ex-
tremity trembling, disdiadochokinesis, synkinesis, fin-
ger agnosia), which represent a subtle alteration of
the nervous system and are manifested as abnormall
movements, alterations in reflexes, associated move-
ments, delay in motor acquisition, incoordination
and general slowness®. However, the specificity and
sensitivity of these signs is extremely relative, not
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indicating the exact presence of a neurological prob-
lem that may correspond to an academic difficulty'.

During the last decades the neuroimaging techni-
ques have provided a significant impact for the inves-
tigation and correlation of the studies of the learn-
ing disabilities, revealing anatomical alterations'®,
besides dysfunctions in specific areas related to the
neural architecture of reading and writing?*%. Resear-
chers have demonstrated irregularities in the blood
flow of the left hemisphere in dyslexic readers?. Flo-
wers et al.? found a reduction in the correlation bet-
ween the volumes of blood flow of the left tempo-
ral lobe in participants with dyslexia, while controls
demonstrated high correlation. In this study, as for
the neuroimaging exams, the diagnostics demon-
strated the involvement of specific areas, mainly a
hypoperfusion in the mesial portion of the tempo-
ral lobe, left hemisphere, what might suggest an acti-
ve participation of this region in the reading ability.

In favor of the correlation between the neuropsy-
chological evaluation and the imaging exam, there
is the fact that children with specific difficulties for
reading and writing had reduction of the blood flow
in regions of the cerebral cortex which are involved
with highly determined functions such as:

Memory- whose capacity to acquire new infor-
mation is a distinct cerebral function, located preci-
sely in the mesial portion of the temporal lobe, which
is responsible for other cognitive or perception capac-
ities, for instance conscious rescue of memories and
acquisition of flexible knowledge, relatable?. Thus,
dysfunction of the temporal lobe causes dissociation
between immediate memory and long term memo-
ry, determining differences in the storage of new
memories and learning.

Reading —d e t e rmined by the capacity of gather-
ing information through written words, being, there-
fore, necessary a cerebral decodification which invol-
ves global, structural and contextual recognition (visu-
al areas of the occipital cortex), and phonological
synthesis and analysis (temporal-parietal association
area, left angular gyrus)®. It is known that, regard
less of the language used, dyslexic people present
deficits in the activation of the inferior and mesial
regions of the left temporal lobe*?*3°, |eading to the
hypothesis that this hypoperfusion may be directly
or indirectly secondary to cortical micro-lesions or
neuronal ectopies. In this way, any alteration in blood
flow in the region of the temporal lobe may bring
serious deficits to the reading capacity of the indi-
vidual.

Writing — writing involves a number of cerebral
mechanisms and re q u i res simultaneous and sequen-
tial integration of abilities such as memory, atten-
tion, motor skill, language and cognition. According
to Luria®'!, writing as a function most importantly re-
quires motor melody, which involves flexibility, libera-
tion of movements simultaneously, stimulating some
groups of muscles and at the same time inhibiting
other muscular groups. Learning how to write im-
plies, therefore, reproducing a word graphically, and
it depends, basically, on the development of the pho-
nological awareness of the child. Such awareness de-
pends on the capacity of managing to decode and
understand phonemes heard or read; therefore in
order to have a good performance in writing, it is
necessary to have full development of the cerebral
regions which develop reading and/or hearing.

Reading and writing abilities become significant
in determined areas of this work when cerebral hemi-
spheresandlocation are specifically correlated with
the neuropsychological evaluation. The same hap-
pens with the schooling of the children in the rese-
arch. Such fact is justifiable once both abilities de-
mand the same behavior and cognitive conditions
for their execution; the correlation with mathemat-
ics is justifiable because in order to develop the capac-
ity for such reasoning it is necessary to have well-de-
veloped reading and writing skills. In this way, for
the learning of reading and writing it is necessary
that all cerebral areas be functioning in an integrat-
ed and objective way so as to promote development;
when one or more areas fail in this intricate process,
specific reading, writing or general learning disabil-
ities appear.

In conclusion, there is higher incidence of male
childrenthan female ones with complaints of specif-
ic reading disabilities. The alterations found in the
neurdogical exam are not significant, although they
express light signals compatible with learning dis-
abilities. There is a discrepancy between the verbal
IQ and the execution one in children with dyslexia.
In the neuropsychological exam, the most evidenced
deficits in children with dyslexia were: reading, writ-
ing, short term memory and mathematics. The imag-
ing exams showed a hypoperfusion in areas involved
in the reading and writing process. Both processes
(reading and writing) are equivalent in terms of the
functional areas involved and are similar in childre n
with alteration in the imaging exams and those with-
out specific alterations.
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