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Duchenne muscular dystrophy (DMD) is a progressing disorder characterized by muscle
wasting and weakness due to the absence or alteration of the function of dystrophin that
protects muscle cells from mechanical stress induced by a movement during contraction. The
function of dystrophin isoforms expressed in the brain is not fully understood, but the presence
of non-progressing cognitive impairment (including disorders of learning and memory) is a
common feature in patients with DMD. To establish correlation between the cognitive event-
related potential P300 and psychological evaluation with an intelligence test based on the
Stanford and Binet Intelligence Quotient (IQ) in patients with DMD and a control group,
the respective tests were performed in 31 patients with DMD and 30 controls. The mean
age of the group with DMD was 9.35 + 2.88 years, while that in control children was 9.43 +
+ 2.69 years (P = 0.89). The IQ was 90.77 + 12.62 in the DMD group and 106.77 + 9.62 in
the controls (P < 0.0001). The amplitude of the cognitive potential P300 in leads Fz, Cz, and
Pz showed no statistically significant differences between the groups. Thus, parameters of
the P300 potential and cognitive assessment showed no relationship in patients with DMD
vs. controls.

Keywords: Duchenne muscular dystrophy, cognition, event-related potentials, P300,

Intelligence Quotient (I1Q).

INTRODUCTION

Duchenne muscular dystrophy (DMD) is a neuro-
muscular disease characterized by progressing
weakness that eventually leads to disability and early
death [1]. This pathology is due to the absence of a
functional muscle protein, dystrophin; the reason is
mutations in the DMD gene located in Xp21.2 [2].
It is believed that the function of muscle dystrophin
is the protection from mechanical stress to muscle
fibers during contraction. Dystrophin isoforms are
also expressed in the brain, and their function is not
completely known [3]. Dystrophin with the molecular
mass of 427 kDa is expressed in cortical neurons and
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Purkinje cells of the cerebellum. Other four isoforms
are also located in the CNS; these are Dp260 (located
in the outer plexiform retinal layer), Dp140, Dpl16
(Schwann cells), and Dp71. Non-motor manifestations
of DMD have been described; these disorders may be
due to CNS-located dystrophin isoform alterations
affecting the ability to react to certain stimuli. It has
been shown that the retinal Dp260 isoform mutation
is associated with color (red and green) vision
impairment [4]. Furthermore, a DMD-related non-
progressing cognitive deficit has been reported, with
one standard deviation below the reference Intellectual
Quotient (IO) [5]. A recent study showed that there
are brain volume abnormalities in DMD patients, with
decreases in the total and gray matter brain volumes
[6]. On the other hand, cognitive event-related
potentials (CERPs), in particular the widely known
P300 wave, are long-latency potentials associated
with mental processes; they are generated in response
to informative auditory, visual, motor, or specific-task
stimuli.
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The P300 amplitude is related to the memory
formation and indicates the amount of CNS activity
related to the action of an information input. The
latency of this potential reflects the stimulus sorting
speed; it is independent of the reaction time behavior
and can be used for the measurement of a cognitive
function.

Parameters of P300 are affected in neuropsychiatric
diseases, normal aging, and other cognitive disorders;
these parameters can be used as indicators of mental
changes corresponding to the cognitive impairment
[7]. Cognitive deficit is associated with the P300
latency and amplitude changes.

Abnormalities of P300 potentials in myotonic
dystrophy-affected individuals have been described
[8], and cognitive deficiency in DMD patients has
also been widely documented. Our objective was to
establish whether there is a relationship between the
parameters of the P300 cognitive potential and results
of the psychological Stanford and Binet intelligence
evaluation test in DMD patients and in a control group.

METHODS

An open, prospective, comparative, and analytical
study was conducted at the “Luis Guillermo Ibarra
Ibarra” National Institute of Rehabilitation (INR) in
Mexico City. Five- to 15-year-old patients with DMD
were included. Definite diagnosis was made according
to STARnet MD criteria [9] (based on clinical
features, CPK level, DNA study, and protein analysis
by immunostaining). All participants were found to be
able to understand the study and agreed to participate.
Five- to 15-year-old healthy children with no illness
history or a current illness involving the CNS, with
normal auditory and visual potentials, were taken as
the control group.

All participants in the study underwent a
psychological evaluation and neurophysiological study
including (i) recording of cognitive event-related
potentials, (ii) that of auditory brainstem potentials,
(iii) that of visual potentials, and (iv) Stanford and
Binet Intelligence Test [10] with the assessment
of 1Q and estimation of the cognitive functions and
dimensions (language, memory, conceptual thinking,
reasoning, numerical reasoning, visual-motor area,
and social intelligence). To record the audio and visual
potentials, the Nicolet Biomedical Viking Select 9.0
(USA) equipment was used; for the measurements and
analysis of cognitive potentials, P300 ANT Neuro and
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Cognitrace Eemagine computer software was used.

Visual and binaural acoustic stimulations were
applied using a display module with a random-event
(stimulating signal) reproducing the conditions and
parameters described by the International Federation
of Clinical Neurophysiology [11]. Stimulation tone
parameters were composed of 75 dB-intensity 50-msec
segments (10-msec-long raising and lowering phases).
The tones were presented in randomized sequences
with 80% of the common tones of 1000 Hz and 20%
of the 2000-Hz infrequent tones. Significant stimuli
presentation likelihood was 0.5 tone per one second.
Interstimulus intervals randomly fluctuated within the
range of 1.0 to 1.5 sec. The children were instructed
to press a button immediately after presentation of
the significant stimulus (higher pitch). The electrode
impedance was kept below 5 kQ.

An EEG cap with surface electrodes was used for
recording of bioelectrical signals, as established by
the international 10-20 system. The latencies at the
maximum amplitude point of the evaluated component
in the Fz, Cz, and Pz electrodes were measured.

For statistical analysis, screening was performed
using descriptive methods to evaluate the sample
characteristics. Frequency measures were determined
for qualitative variables (maximum and minimum),
and central tendency, and dispersion measures were
estimated for numerical variables. The distribution
curves were evaluated with the Kolmogorov—Smirnov
test. For inferential statistics, the Student’s ¢-test was
used for those numerical variables that corresponded
to the normal law; for those that did not fit such a
curve, nonparametric tests were used. An adjusted
chi-square was used for qualitative variables. A
P < 0.05 was accepted to reject the null hypothesis;
SPSS, version 18 software was used.

RESULTS

Sixty-one 5- to 14-year-old boys were included in the
study. The DMD group comprised 31 children, whose
mean age was 9.35 £ 2.88 years (M =+ s.d.), while the
controls were 30 children, and their average age was
9.43 + 2.69 years (P = 0.89).

Eight children in the DMD group (25.8%) were
found to be deficient in concrete thinking evaluation,
while all 30 control children were normal (P <0.05). In
the language dimension, three DMD-affected children
(9.67%) demonstrated below-normal levels, while
the control-group boys were all normal (P = 0.23). In

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSN.—2017.—T. 49, Ne 5



COGNITIVE EVENT-RELATED POTENTIALS (P300) AND COGNITIVE IMPAIRMENT

Table 1. Proportions of Children with Below-Normal Results (Sanford and Binet Evaluation) in the Examined Group

T a6uauunal. Kintekicrs aitei i3 oninkamMu HHzKYe HOPMHU P BUKopHcTaHHi cuctemu Crendopaa—bine

Psychological sphere, DMD group Control group .
. . Intergroup comparison, P

dimension (n=31) (n=30)

Memory 12 (38.7%) 1 (3.22%) 0.001
Conceptual thinking 8 (25.80%) 0 0.005
Language 3(9.67%) 0 0.23
Reasoning 10 (32.25%) 0 0.001
Numerical reasoning 12 (38.70%) 0 0.001
Visuospatial perception 4 (12.90%) 0 0.113

Social Intelligence 8 (25.80%) 2 (6.45%) 0.08

reasoning, ten DMD-affected children (32.25%) were
deficient and none in the control group (P <0.001).
In the field of numerical reasoning, twelve DMD-
suffering children (38.7%) were below a normal range
vs. none in the control group (P < 0.001). Four subjects
of the DMD group (12.9%) were deficient in the spatial
perception dimension vs. none in the control group
(P £ 0.113). For social intelligence, eight DMD-
affected children (25.8%) were deficient vs. two
(6.45%) in the control group (P < 0.08) (Table 1).

As was observed, children with DMD were stratified
in a lower level compared to the controls (P < 0.001)
according to the Stanford and Binet Intelligence Test
(Table 2). The median IQ value for the DMD group
was 90.77 = 12.62, while in the control group this was
106.77 £ 9.62 (P < 0.0001); at the same time, both
these values remained within a normal range.

The results of analysis of the cognitive potential
P300 were the following. In site Fz, the mean
amplitude in the DMD group was 7.48 £ 7.46 puV,
while in the control group this was 7.80 = 5.07 uV

T a b le 2. Distribution of Cognitive Levels (According to the
Stanford-Binet Intelligence Test) in the Examined Group

T a6Juusa2. Po3noaiyi KOTHITHBHUX PiBHIB 3rigHO 3 TECTOM
Crendopna—bine

(P £0.48). The mean latency of P300 in this site was
316.03 £ 34.05 msec in the DMD group vs 318.30 +
+ 23.92 msec in the control group, i.e., these values
were practically equal to each other (P < 0.74). For
the Cz electrode, the mean latencies in the above
groups were 312.97 +£32.79 and 318.30 + 16.92 msec,
respectively (P < 0.89). The mean P300 amplitude
in this site in the DMD group was 7.83 + 5.24 puV,
while in the control group this was 6.03 + 3.41 puV
(the difference did not reach the significance level;
P < 0.11). For electrode Pz in the DMD and control
groups, the average latencies were 320.81 + 31.06 and
314.57 £ 23.41 msec, respectively (the difference also
was below the significance level; P < 0.378). In the
Pz, the mean amplitudes in DMD and control children
were 10.07 + 7.26 and 10.49 + 7.58 uV (P < 0.83)
(Table 3).

Thus, there were some intergroup differences
between mean values of the P300 latency and
amplitude, but in any case these dissimilarities were
statistically insignificant.

T able 3. Average Parameters of the P300 Cognitive Potential

T a6auuysa3. Cepenni 3HaueHHs1 NapaMeTPiB KOTHITHBHOTO
norenuiaay P300 B o0cTexkeHnx rpynax

Cognitive level DMD control

(n=31) (n=30)
Top 1 (3.22%) 3 (10.00%)
High Normal 0 10 (33.33%)
Normal 18 (58.06%) 16 (53.33%)
Normal-low 7 (22.58%) 1(3.33%)
Borderline 2 (6.45%) 0
Deficient 3 (9.67%) 0

P 0.001

Lead, parameter (’]1)2/13])1) ((;loztg(())l) P
Fz
Amplitude, pV 7.48 +£7.46 7.80 £5.07 0.48
Latency, msec 316.03 £34.05 318.30+23.92 0.74
Cz
Amplitude, pV 7.83+524 6.03+341 0.11
Latency, msec 312.97+32.79 318.30+16.92 0.89
Pz
Amplitude, pV 10.07 +7.26 10.49 +7.58 0.83
Latency, msec 320.81 +£31.06 314.57 £23.41 0.37
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DISCUSSION

Currently, the P300 is one of the best-known and
studied evoked potentials providing information about
the neural basis of cognition [12]. Its expression
is associated with conscious cognitive processes,
attention in particular [13], and storing of information
coded in short-term memory [14].

The P300 is a positive wave whose peak occurs
around 300 milliseconds after the significant
(informative) stimulus. It appears when a focused
subject is discriminating an important stimulus from
another; the amplitude of this wave correlates with the
amount of “attentional” sources in immediate memory
processes and reflects the brain work linked to the
tasks required for the memory maintenance. The P300
amplitude is proportional to the amount of attention
used in a particular task and is associated with the
memory performance [15, 16].

The P300 amplitude expresses the attention degree
to input information when memory is participating; it
increases with the interhemispheric communication
and decreases at dysfunction of the corpus callosum
[17]. The P300 latency measures the stimulus-
qualifying velocity, but not the response selection;
it expresses the pre-response processing time, or
cognitive processing velocity. It also reflects the time
required to allocate resources and to upgrade memory
in a given task.

A correlation between the P300 latency and mental
performance has been described. Abnormalities of this
parameter are linked to normal aging [18] and diseases
affecting cognition [19].

The DMD patients often have cognitive impairments.
Cyrulnik et al. [20] and Hinton [21] found cognitive
abnormalities in children with DMD detected by their
parents. These authors described weak verbal skills
and memory deficits in these children. Other studies
have shown deterioration of the cognitive functions in
children with DMD using different tools, such as the
Denver Developmental Screening Test, Griffith Mental
Development Scale, Stanford and Binet intelligence
test, and Bayley III evaluation [22—27] among others.
It has been convincingly documented that children
with DMD have a non-progressing cognitive deficit,
usually of one standard deviation. Cotton et al. [5] in
their meta-analysis of 1224 DMD patients (age from
2 months to 27 years) found that younger children
have deficits in verbal reasoning and processing,
while children over 14 years were less likely to have
these problems. Other researchers have found that
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children with DMD have below-normal scores in
global intelligence evaluations, especially in verbal
processing assessment [20, 23, 28]; language, memory,
attention, and emotional skills also demonstrated some
abnormalities in patients with DMD.

In our study, DMD patients and control children
were of a comparable school age. The 1Q estimated
in both groups was within “normal” limits, but
noticeably higher among controls. This difference
was significant in conceptual thinking, reasoning,
and numerical reasoning where there were lower
scores among patients with DMD. In the social
intelligence assessment, we found a noticeable trend
towards lower scores between DMD patients, although
statistically insignificant. Several researchers have
found differences in the cognitive status according
to age; however, in our study the subjects were 5 to
14 years old; so, we do not consider age stratification
appropriate.

Veiga et al. [29] found a great variability in normal
subjects during the procedure standardization;
the authors also noted that this was a consistent
neurophysiological marker in various neurological
diseases, and this peculiarity has been verified by
many studies.

The 1Q, although being within the normal range
(90.77 £12.62 vs. 106.77 £ 9.62), was lower in DMD-
affected children vs. controls with a statistically
significant difference. When the cognitive level was
evaluated, there was also a significant difference
with a lower performance in the DMD group.
Della Coletta et al. [7] studied 16 patients with DMD
vs. 20 controls; in their sampling, the mean 1Q was
64.35 vs. 82.68 (P <0.01). It is noteworthy that the
differences between the groups also do exist in
our study. The DMD children reached the levels of
“normality” unlike what Della Coletta et al. found.
This is probably due to the type of population, as our
patients were monitored in a national reference center
and usually had better socioeconomic conditions than
a national average. Other possibility could be that they
were too young to detect changes that dramaticaly
modified the 1Q. This opens the necessity of further
studies. Della Coletta et al. [7] did not find significant
differences in the values of both P300 latency and
amplitude between DMD patients and their controls;
three conventional electrodes were used. Nevertheless,
we found that some parameters differ in DMD patients;
especially this was related to the amplitude in the
center electrode (Cz).
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No satisfactory explanation for the lack of
correlation between cognitive impairment and changes
in P300 is yet established. One possibility is the great
variability within normal values of this potential in
both groups. A larger group of patients is probably
desirable. On the other hand, there are distractors
in pediatric evaluations that could affect the proper
execution of the test instructions. However, it is
obvious that this would affect both groups randomly. It
should also be considered that the examined potential
is not sensitive enough for the type of cognitive
disorders that occur in patients with DMD. Further
studies are needed to define the role of the P300 in
cognitive assessment in DMD-affected individuals.
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KOTHITUBHI MOTEHIIAJIH, [IOB’I3AHI 3 TIOJICIO
(P300), TA PO3JIAJIM KOTHITUBHOI COEPU V
MMALICHTIB 13 M’S30BOIO JUCTPO®ICIO JIIOLIEHA

" HanionanbHuuit iHcTUTYT peadinmitanii, Mexiko (Mekcuka).

2 HanionanbHUM MeaquaHui HeHTp «20 nucronagay [HCTUTYTY
colianbHOro 3a0e3nedeHHs AepiKaBHUX CIyKO0BIiB, Mexiko
(Mekcuka).

SeHTp acmipaHTypH Ta H0CHiAHUKIB HamioHaapHOro
MOJIITEeXHIYHOTO IHCTHTYTY, Mexiko (Mekcuka).

Pesome
M’sa30Ba guctpodis [Jromena (Duchenne muscular dystro-

phy — DMD) € mporpecyrounM po3jiagoM i3 BTPaTol0 M’ s30BOT
MacH Ta MociIabIeHHsIM M’ SI31B; MaTOJNOTis PO3BUBAETHCS Yepe3
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BifCyTHICTH abo0 anprepanito ¢yHKHIiH Oinka guctpodiny.
OcraHHI# 3axumiae M’ A30B1 KJIITHHU BiJl MEXaHIYHOTO CTpECY,
IHIYKOBAaHOTO CKOpoudyeHHsAMH M’ a3iB. Dynkuii i3odopm
IucTpodiHy, eKCIPECOBAHUX y TOJOBHOMY MO3KY, 3’ sICOBaHi
HE [0 KiHISl, ajJe¢ HAsBHICTh HENPOTIPECYI0YOro YIIKOIKEHHS
KOTHITUBHUX QYHKIIH (BKIOYal4Yd pO3JaAd HaBYaHHS Ta
nmam’sTi) € 3arajJbHOI 0COOJHMBICTIO manieHTiB i3 DMD.
Hamaramuuch OWIHUTH KOPENALi0 MiX HapamMeTpaMu
KOTHITUBHUX MNOTEHIialiB, moB’ s3aHux i3 moxaier (P300),
Ta NMCHUXOJOTIYHMMHU OUiHKaMHu piBHsA iHTedekty (IQ, Tect-
cucrema Crendopaa ta bine) y nauientis i3 DMD i ocid rpynu
KOHTPOJII0, MU MiJAalH BilIOBIAHOMY TeCTyBaHHIO 31 mamieHta
Ta 30 koHTpOoNbHUX cy0’ekTiB. Cepenniil Bik aiTeit y rpyni DMD
Ta Tpyni KoOHTpomto ckiagas 9.35 + 2.88 ta 9.43 + 2.69 poxky
Bigmosiguo (P = 0.89). Cepenni 3nauenHsa 1Q y nux rpymax
nopiBHooBanu 90.77 £ 12.62 ta 106.77 + 9.62 BignmosigHO
(P <0.001). Cepenni 3HaueHHS aMILTITY/ Ta JIATEHTHUX NEPioiB
korHiTusHoro notenniany P300 y BigBenennsax Fz, Cz ta Pz
HE MPOAEMOHCTPYBAJIU ICTOTHUX MIXIPYIOBUX BIAMIHHOCTEH.
O1xe, mapaMeTpu KOrHiTUBHOTO noteHuiany P300 y nanieHTiB
i3 DMD Ta KOHTpOJBHUX 0Ci0 HE Maju iCTOTHUX po30iKHOCTEH,
TOA1 AK MEeBHA PI3HHUIA crocTepiranacs B ominkax 1Q.

REFERENCES

1. W. D. Biggar, “Duchenne muscular dystrophy,” Pediat. Rev.,
27, No. 3, 83-88 (2006).

2. E. P. Hoffman, “Muscular dystrophy: identification and use
of genes for diagnostics and therapeutics,” Arch. Pathol. Lab.
Med., 123, No. 11, 1050-1052 (1999).

3. F. Muntoni, S. Torelli, and A. Ferlini, “Dystrophin and
mutations: one gene, several proteins, multiple phenotypes,”
Lancet Neurol., 2, No. 12, 731-740 (2003).

4. M. F. Costa, A. G. Oliveira, C. Feitosa-Santana, et al.,
“Red-green color vision impairment in Duchenne muscular
dystrophy,” Am. J. Human Genet., 80, No. 6, 1064-1075
(2007).

5. S. M. Cotton, N. J. Voudouris, and K. M. Greenwood,
“Association between intellectual functioning and age in
children and young adults with Duchenne muscular dystrophy:
further results from a meta-analysis,” Dev. Med. Child Neurol.,
47, No. 4, 257-265 (2005).

6. N. Doorenweerd, C. S. Straathof, E. M. Dumas, et al.,
“Reduced cerebral gray matter and altered white matter in boys
with Duchenne muscular dystrophy,” Ann. Neurol., 76, No. 3,
403-411 (2014).

7. M. V. Della Coletta, R. H. Scola, G. R. Wiemes, et al., “Event-
related potentials (P300) and neuropsychological assessment
in boys exhibiting Duchenne muscular dystrophy,” Arg.
Neuropsiquiat., 65, No. 1, 59-62 (2007).

8. A. Kazis, V. Kimiskidis, G. Georgiadis, et al., “Cognitive
event-related potentials and magnetic resonance imaging in
myotonic dystrophy,” Neurophysiol. Clin., 26, No. 2, 75-84
(1996).

9. K. D. Mathews, C. Cunniff, J. R. Kantamneni, et al., “Muscular
dystrophy surveillance tracking and research network (MD
STARnet): case definition in surveillance for childhood-onset
Duchenne/Becker muscular dystrophy,” J. Child Neurol., 25,
No. 9, 1098-1102 (2010).

401



N. ESQUITIN-GARDUNO, R. E. ESCOBAR-CEDILLO, B. G. FLORES-AVALOS, et al.

10.

20.

402

M. J. Keston and C. Jimenez, “A study of the performance on
English and Spanish editions of the Stanford-Binet intelligence
test by Spanish-American children,” J. Genet. Psychol., 85,
No. 2, 263-269 (1954).

. H. J. Heinze, T. F. Munte, M. Kutas, et al., “Cognitive event-

related potentials. The International Federation of Clinical
Neurophysiology,” Electroencephalogr. Clin. Neurophysiol.,
Suppl., 52, 91-95 (1999).

. T. R. Bashore and M. W. van der Molen, “Discovery of the

P300: a tribute,” Biol. Psychol., 32, Nos. 2/3, 155-171 (1991).

. W. S. Pritchard, “Psychophysiology of P300,” Psychol. Bull.,

89, No. 3, 506-540 (1981).

. T. Dierks, L. Frolich, R. Ihl, et al., “Event-related potentials

and psychopharmacology. Cholinergic modulation of P300,”
Pharmacopsychiatry, 27, No. 2, 72-74 (1994).

. M. Fabiani, D. Karis, and E. Donchin, “Effects of mnemonic

strategy manipulation in a Von Restorff paradigm,”
Electroencephalogr. Clin. Neurophysiol., 75, No. 2, 22-35
(1990).

. J. Polich, “Clinical application of the P300 event-related brain

potential,” Phys. Med. Rehabil. Clin. N. Am., 15, No. 1, 133-
161 (2004).

. A. Pfefferbaum, K. O. Lim, J. E. Desmond, et al., “Thinning

of the corpus callosum in older alcoholic men: a magnetic
resonance imaging study,” Alcohol Clin. Exp. Res., 20, No. 4,
752-757 (1996).

. J. Polich, “Meta-analysis of P300 normative aging studies,”

Psychophysiology, 33, No. 4, 334-353 (1996).

. J. Polich and J. Corey-Bloom, “Alzheimer’s disease and

P300: review and evaluation of task and modality,” Current
Alzheimer Res., 2, No. 5, 515-525 (2005).

S. E. Cyrulnik, R. J. Fee, D. C. De Vivo, et al., “Delayed
developmental language milestones in children with
Duchenne’s muscular dystrophy,” J. Pediat., 150, No. 5, 474-
478 (2007).

21.

22.

23.

24.

25.

26.

27.

28.

29.

V. J. Hinton, R. J. Fee, E. M. Goldstein, et al., “Verbal and
memory skills in males with Duchenne muscular dystrophy,”
Dev. Med. Child Neurol., 49, No. 2, 123-128 (2007).

A. M. Connolly, J. M. Florence, M. M. Cradock, et al., “One
year outcome of boys with Duchenne muscular dystrophy
using the Bayley-III scales of infant and toddler development,”
Pediat. Neurol., 50, No. 6, 557-563 (2014).

S. E. Cyrulnik and V. J. Hinton, “Duchenne muscular
dystrophy: a cerebellar disorder?” Neurosci. Biobehav. Rev.,
32, No. 3, 486-496 (2008).

J. L. Anderson, S. I. Head, C. Rae, et al., “Brain function
in Duchenne muscular dystrophy,” Brain, 125, Part 1, 4-13
(2002).

R. Kreis, K. Wingeier, P. Vermathen, et al., “Brain metabolite
composition in relation to cognitive function and dystrophin
mutations in boys with Duchenne muscular dystrophy,” NMR
Biomed., 24, No. 3, 253-262 (2011).

S. E. Cyrulnik, R. J. Fee, A. Batchelder, et al., “Cognitive and
adaptive deficits in young children with Duchenne muscular
dystrophy (DMD),” J. Int. Neuropsychol. Soc., 14, No. 5, 853-
861 (2008).

D. J. Blake and S. Kroger, “The neurobiology of duchenne
muscular dystrophy: learning lessons from muscle?” Trends
Neurosci., 23, No. 3, 92-99 (2000).

V. J. Hinton, D. C. De Vivo, N. E. Nereo, et al., “Selective
deficits in verbal working memory associated with a known
genetic etiology: the neuropsychological profile of duchenne
muscular dystrophy,” J. Int. Neuropsychol. Soc., 7, No. 1, 45-
54 (2001).

H. Veiga, A. Deslandes, M. Cagy, et al., “Visual event-related
potential (P300): a normative study,” Arq. Neuropsiquiat., 62,
No. 3A, 575-581 (2004).

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSN.—2017.—T. 49, Ne 5



