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SUMMARY

Introduction/Objective The development of speech is the result of interaction of different systems of
the cortex, which gradually acquires the ability of phonological presentation and motor control, in the
presence of a series of physical and physiological changes in the morphology of the articulation system.
The objective of the study was to examine the impact of laterality and cortical responses on the develop-
ment of speech in children.

Methods Research is a quasi-experimental design with two groups. The sample covered 60 children
from Belgrade, of both sexes, ages 5.5-7 years, divided into two groups, experimental (30) and control
(30). We used the following instruments: test for assessing laterality and ascertaining evoked potentials.
Results On the visual lateralization subtest there was a statistically significant difference (x> = 7.56,
p < 0.05) between the observed groups. The visual evoked potentials on all measured parameters gave
a statistically significant difference between the groups: waveform cortical responses - left (x* = 30.00,
df = 1, p < 0.05); cortical responses — right (x> = 6.667, df = 1, p < 0.05); waveform amplitude — left
(> = 13.469, df = 1, p < 0.05); amplitude - right (x> = 40.00, df = 1, p < 0.05), somatosensory potentials
(x> = 18.261, df = 1, p <0.05); waveform amplitude (x> = 12.000, df = 1, p < 0.05); waveform latency
(x> = 5.455,df =1, p < 0.05).

Conclusion Visual laterality, as well as visual and somatosensory cortical responses to stimuli is better in
children without the present articulation disorder, which could be used for timely prevention planning.
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INTRODUCTION

What distinguishes people from animals is
evolution of the brain. The brain is the man-
ager of all physical and psychological activi-
ties. Due to the complex organization of the
nervous system, man can produce a large
number of voices with meaning and use hands
to perform fine movements. Language allows
man to control his behavior and behavior of
others [1]. The brain is anatomically divided
into two hemispheres that are approximately
identical. Despite the relative similarity of brain
hemispheres, they do not perform the same
function. Due to the fact that the hemispheres
have specialized, some skills became possible
[2]. The left hemisphere plays a role in the
creation of language, which is confirmed by a
series of research. It has been found that in 95%
of right-handed people speech is controlled by
the left hemisphere, as well as in 70% of the left-
handed people, while in 15% of others speech
is controlled from both hemispheres [3]. The
exact role of the right hemisphere is not known.
It is considered to be responsible for perform-
ing visual-spatial tasks and for processing in-
formation simultaneously and holistically. In

addition, its role in controlling and processing
musical abilities is indisputable [4, 5]. Neurons
have to be stimulated in order to develop new
synaptic connections. The development of new
connections creates new opportunities for neu-
ral communication. Each new skill contributes
to the new element of sensory perception and
motor skills of the child. As a child’s number
of neural connections increases, it becomes
more capable of learning [6]. Functional brain
differentiation indicates that different aspects
of language and speech are located in different
regions of the cortex [7, 8]. This points to the
genetic basis of the development, during which
different aspects of language are distributed in
different brain regions [9].

Laterality is determined simultaneously with
the determination of the hemisphere domina-
tion. Through motor development, bilateral
control is established first, followed by unilat-
eral control. Laterality is established between
the age of three and four years. It is achieved
gradually during maturation and the accumu-
lation of experience acquired by observation,
kinesthesia, manipulative activity, and finally
the realization that this laterality has occurred
[10]. In the next phase of maturation, the dif-
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ferentiation of laterality occurs when it becomes domi-
nant for one side and subdominant for the other side of
the body - it is recognized that one extremity or sensory
organ leads and thus dominates the other [11]. Harmonic
laterality implies identical dominant laterality level with
the arm, eye, ear, and leg. The category of disharmonic lat-
eralization consists of subjects with complete discrepancy
between the dominance of the arm, the eye, the ear, and
the leg. The process of developing the ambivalence of the
movement to selecting a leading right or left hand can be
considered a process of maturation, because from laterality
we are going to dominate the hemispheres and movements
in the manipulative field, from the lower forms of organiz-
ing activities to more complex and more suitable levels, of
the differentiated sensory needs and the enforcement of
intelligence [12, 13]. Assessment of laterality and dominant
laterality indicates the organization of the ability of senses
and movements in the function of voluntary motor activity
and the level of practicality of the cortex in relation to the
development of the dominance of the hemisphere [14].

The processes that precede the development of proper
articulation are swallowing, sucking, and chewing. Proper
stimulation of these functions in the earliest age affects the
good development of oral practice and, consequently, the
smooth development of articulation [15, 16]. The child,
by vocalization, elaborates the movements and coordina-
tion of peripheral speech organs. The speech production
mechanism undergoes significant changes during growth,
and the progressive maturation of motor control capabili-
ties is the basis of this process [17]. Motor control of the
articulation mechanism, as in adults, reaches the middle
of childhood. More complex motor patterns require longer
time for automation, and such are the patterns of articula-
tion movements. The speed of automation is also affected
by the plasticity of the nervous system. Automated articu-
lation movements constitute the articulation base of native
speakers of a language [18, 19].

The pathological articulation is a deviation in the pro-
nunciation of the voices of the mother tongue, both on the
visual and on the acoustic and the kinesthetic level [20].
Poorly placed voice organs misjudge the air current, lead-
ing to articulation disorders. Parents and the environment
often find that the child speaks well of a certain voice, not
knowing that the visual presentation of this voice is not
good and that for this reason the pronunciation of a cer-
tain voice is considered pathological [21, 22]. This is due
to ignorance of motor patterns that are necessary for the
proper pronunciation of the given voice [23].

The aim of the study was to examine the impact of later-
ality and cortical responses on the development of speech
(articulation) in children.

METHODS

The basic method of organization of research is a quasi-
experimental design with two groups. The sample in-
cluded 60 children, of both sexes, aged 5.5-7 years of age.
The research was performed at the Children’s Outpatient
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Department of the Vozdovac Community Health Center
and University Children’s Clinic in Belgrade, from 2015 to
2016. The research was carried out in accordance with the
Declaration of Helsinki on Ethical Principles for Medical
Research Involving Human Subjects. The Ethical Commit-
tee approved the research and, taking into account that the
research subjects were children, the informed consent was
obtained from their parents/guardians. The experimen-
tal group (E) consisted of 30 children with articulation
disorders diagnosed with Articulation Test, who were on
continuous logopedic treatment, which lasted six months
on average. The control group (C) of 30 children consisted
of children from the general population who did not have
any articulation disorders. We used the individual testing
technique for both E and C group.

The instruments used in the research included: special-
ized test for lateralization assessment and evaluation of
evoked potential recordings. Lateralization test consists
of questions and tasks classified according to the levels for
the assessment of usage and gesture laterality of extremi-
ties, sight, and hearing. The tested child was supposed to
ask the questions by showing certain action or complete
a specific task using the appropriate equipment offered.

Evoked potentials [visually evoked potential (VEP) and
somatosensory evoked potential (SSEP)]: the VEP chal-
lenge was performed by the rhythmic repetition of the
light signal of a certain intensity, duration, and defined
distance of the light source from the subject. Light stimuli
are structured or unstructured, and the test is performed
by binocular, whole field of vision, and half of the field of
view. The series contains at least 128 stimuli that are ana-
lyzed and moderated by soft-technique, while responses
contaminated by artifacts are rejected. Registration is done
using surface electrodes at the head position determined
by the 10-20 EEG system. Examined: configuration of the
induced response, waveform amplitude, P100 waveform
latency, and interocular latency P100 waveform.

SSEPs were tested by stimulating both n. medianus in-
dividually, averaging 512 stimuli of low intensity (5-15,
mA), frequency of three stimuli per second, duration of
0.2 ms. Detection of the induced responses was performed
above the Erb’s point (brachial plexus), at C7 and C2, spinal
cord segments, as well as on the scalp above the contra-
lateral sensory cortical field. N. medianus is stimulated in
the wrist, while the electrodes on the scalp are positioned
according to the international 10-20 system. The follow-
ing parameters were analyzed: absolute primary cortical
response waveform latency (N20), configuration and wave-
form amplitude of the primary complex (N20-P25).

Statistical processing and analysis were performed in
IBM SPSS Statistics, Version 20.0 (IBM Corp., Armonk,
NY, USA). The measure of descriptive statistics used the
arithmetic mean with the corresponding standard devia-
tion, as well as the minimum and the maximum. Frequen-
cy and percentage were used. Chi-squared test was used
to examine the relationship of two categorical variables,
as well as to determine the cross-ratio of the results of the
applied instruments.
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RESULTS

Table 1 shows that the age of the subjects ranged 5.5-7
years. After the categorization of these variables into three
categories (5.5-6 years, 6.1-6.5 years, and 6.6-7 years) we
obtained the following percentile representation of re-
spondents by category: 60% of the experimental group is
5.5-6 years old, 13.3% are 6.1-6.5 years old, and 26.7% of
the group are 6.6-7 years old. Within the control group,
23.3% of the respondents belong to the group 5.5-6 years
old, 46.7% belong to the group 6.1-6.5 years old, and 30%
belong to the group 6.6-7 years old.

Table 2 shows that the average age of the E group was
M = 6.07 + 0.5 years of age, while the average age of the C
group was M = 6.34 * 0.46 years of age.

Figure 1 shows that E group comprised more respon-
dents of male sex (76.7%), while the C group comprised
more female sex respondents (56.7%).

Figure 2 shows that a statistically significant difference
exists only on visual laterality (x* = 7.56, p < 0.05). The
statistical significance is below the limit of 0.05. A statisti-
cally significant difference between the experimental and
the control group does not exist on other laterality tests.

Table 3 shows that when we categorize the results ob-
tained on VEP, we obtain statistically significant differenc-
es on all measured parameters, between the experimental
and the control group of the respondents.

Table 4 shows that when categorizing the results of E
and C groups measured on SSEP, statistically significant
differences are obtained on all measured parameters, ex-
cept on the waveform cortical response — right.

Figure 3 shows that respondents with lower waveform
amplitude on the left eye dominantly use the right eye
(68.4%). Those who use this waveform amplitude have a
regular dominant use of the left eye (54.5%). The finding
of VEP (amplitude to the left) is statistically significant in
relation to visual laterality (x> = 7.56, df = 2, p = 0.023).

Figure 4. shows that respondents with lower waveform
amplitude are predominantly left-handed (50%), while sub-
jects with a regular waveform amplitude are predominantly
right-handed (70%), indicating that the finding on the SSEP
(amplitude) is in a statistically significant relationship with
gestural laterality (x> = 6.72, df = 2, p = 0.035).

DISCUSSION

The study included children 5.5-7 years of age. This age
was observed because it is considered that the development
of articulation should be finished at 5.5 years of age. The
sample was divided into three subgroups, at the age of half
the age of children (Table 1). The average age of E group was
M = 6.07 £ 0.5 years, while the average age of C group was
M = 6.34 + 0.46 years (Table 2). All the achievements of the
examinees were analyzed collectively for both subgroups
and individually for each subgroup. We started from the fact
that speech (articulation) and laterality, as cortical functions
of the developmental category, are adopted by learning and
intensively develop during the pre-school period.
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Figure 2. Test of assessment of laterality — the difference between the
experimental and the control group
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Figure 4. Cross-sectional relationship between somatosensory evoked
potential (amplitude) and gestural laterality

The analysis of the results in relation to sexes (Fig-
ure 1) showed that there were more boys (76.7%) than
girls (23.3%) in E group, while the number of girls in C
group was larger (56.7%) compared to the number of
boys (43.3%). As a prospective section study, the sample
structure by sex reflects the numerical representation of
groups in the population. The results of the laterality test
show that a statistically significant difference exists on the
visual laterality subtest (x> = 7.56, p < 0.05). By analyzing
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Table 1. Structure of the sample according to the age categories of
the respondents

Age of respondents (years)
Parameter Total
5.5-6 6.1-6.5 6.6-7
) Total (n) 18 4 8 30
o | Experimental
3 % 60 13.3% 26.7% 100
IG] Total (n) 7 14 9 30
Control
% 233 46.7% 30.0% 100
Total (n) 25 18 17 60
Total
% 41.7 30.0% | 283% | 100

Table 2. Sample structure according to average age of the respondents

Group n Min. Max. M SD

Experimental 30 5.50 7 6.0700 | 0.50729
Control 30 5.50 7 6.3433 | 0.46065
Total 60 5.50 7 6.2067 | 0.49979

Min. - sample minimum variable value; Max. - sample maximum variable
value; M - sample arithmetic mean (sample average variable value); SD - stan-
dard deviation (average deviation of individual sample variable values)

the percentage representation of certain categories, we
can see that both groups are predominantly right lateral-
ized. The analysis shows that there were more left-handed
individuals in E group (36.7%) than in C group (13.3%).
The number of ambidextrous respondents was higher in E
group (13.3%) compared to C group (3.3%), which shows

Davidovi¢ M. et al.

the existence of a larger number of respondents with undif-
ferentiated lateralization within E group (Figure 2). This
indicates the existence of disharmonic laterality and slow
maturation of certain functions in these subjects. The cat-
egory of disharmonic laterality consists of subjects with
complete discrepancy between the dominance of the arm,
the eye, the ear, and the leg. In addition, we registered the
presence of undifferentiated lateralization, i.e. the presence
of an ambient, within the group [24-27]. The results of
evoked potentials show that both groups of subjects are
at the physiological age limits, but that certain differences
within these values exist. The results of VEP show that
waveform cortical responses to the left were less formed
in 66.7% of the subjects in E group, and 33.3% were well
formed; in C group, 100% of the respondents were well
formed, which gave statistically significant difference
(x*=30,df =1, p < 0.05). A better waveform cortical re-
sponse to the left was present in the subjects in C group.
Waveform cortical responses to the right were less formed
in 20% of the examinees of E group, and they were well
formed in 80% of the respondents; within C group, cortical
responses were 100% well-formed, and there was a statisti-
cally significant difference (x* = 6.667, df = 1, p < 0.05). The
waveform amplitude was on the right in 20% of E group
examinees, while it was regular in 80% of the subjects.

Table 3. Visually evoked potential - the difference between the experimental and the control group on the measured parameters

Experimental Control 2
Parameter X Df p
Total (n) % Total (n) %
Well formed 10 33.3% 30 100%
Cortical response - left Less formed 20 66.7% 0 0% 30.000 1 0.000
No response 0 0% 0 0%
Well formed 24 80% 30 100%
Cortical response - right | Less formed 6 20% 0 0% 6.667 1 0.010
No response 0 0% 0 0%
i . Lower 6 20% 30 100%
Amplitude - right 40.000 1 0.000
Good 24 80% 0 0%
. Lower 19 63.3% 30 100%
Amplitude - left 13.469 1 0.000
Good 1 36.7% 0 0%
Latency Within physiological limits 30 100% 30 100% / / /
Equal 0 0% 4 13.3%
Interocular difference Prolonged at the cost of the left side 24 80% 17 56.7% 5.795 2 0.050
Prolonged at the cost of the right side 6 20% 9 30%

Df - degrees of freedom

Table 4. Somatosensory evoked potential - the difference between the experimental and the control group on the measured parameters

P " Experimental Control @ OF
arameter
Total (n) % Total (n) % P

Well formed 16 53.3% 30 100%

Cortical response - left Less formed 14 46.7% 0 0% 18.261 1 0.000
No response 0 0% 0 0%
Well formed 29 96.7% 30 100%

Cortical response - right | Less formed 1 3.3% 0 0% 1.017 1 0.313
No response 0 0% 0 0%

. Lower 10 33.3% 0 0%

Amplitude 12.000 1 0.001
Good 20 66.7% 30 100%
Within physiological limits 25 83.3% 30 100%

Latency 5.455 1 0.020
Prolonged latency 0 0% 0 0%

Df - degrees of freedom
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In 100% of C group, waveform amplitude on the right is
regular (x> = 40.000, df = 1, p < 0.05). Waveform amplitude
on the left 63.3% of the examinees in E group is lower, and
in 36.7% of the examinees it is regular, while in 100% of
the C patients it is regular (x> = 13.469, df = 1, p < 0.05)
(Figure 3). Waveform latency is within the physiological
limits of the examinees of both groups. In the assessment
of the waveform cortical response of the left eye, the results
showed that the cortical response was worse in 43.3% of the
subjects of E group, while 56.7% of the subjects were with-
out clear lateralization (equal to the left and right eye); there
was a statistically significant difference between the groups
(x* =16.596, df = 1, p < 0.05), as in 100% of patients in
group C the response was without clear laterality — equable.

The distribution of the results for interocular difference
shows that 80% of the examinees in E group had poorer
results on the left eye and 20% of them had poorer results
on the right eye. In C group, in 13.3% of the examinees
there was no interocular difference, 56.7% of the examinees
confirmed poorer result on the left eye, while 30% of them
had poorer result on the right eye. In the final analysis of
the results, the difference would be reflected in the larger
number of subjects with a balanced interocular latency
of 13.3% within C group, which is a better result. This
result can be observed through the functional localization
of parts of the body in the cerebral cortex (eye, mouth-
tongue, arm, leg) [28].

The SSEP results show that waveform cortical responses
on the left side were less formed in 46.7% of the respondents
in E group, and in 53.3% they were well formed; in C group,
100% of the respondents had well-formed waveform corti-
cal responses on the left side (x* = 18.261, df = 1, p < 0.05)
(Figure 4). A better waveform cortical response on the left
is present in C group subjects. Waveform cortical responses
on the right were less formed in 3.3% of the respondents
in E group, and 96.7% of respondents were well formed;
within C group, waveform cortical responses on the right
side were 100% well-formed (x* = 1.017, df = 1, p > 0.05).
Sophisticated and coordinated movements of the hands af-
fect the sensorimotor development of the central nervous
system and, by doing so, the development of speech, which
requires a higher level of sensorimotor coordination [26].

The waveform amplitude is lower in 33.3% of E group
of examinees, while it is regular in 66.7% of the subjects.
In 100% of group C respondents, the amplitude is regular,
which gives a statistically significant difference (y* = 12, df =
1, p < 0.05). Waveform latency is in 83.3% of the experimen-
tal group in the physiological limits, while in 16.7% of the
subjects, latency is at the limit value (which implies latency
at the physiological limit for the age); in 100% of examinees
of C group, latency is at physiological limits (x* = 5.455, df
=1, p <0.05). After evaluation of the waveform cortical re-
sponse, the left n. medianus results of 46.7% of subjects in E
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CONCLUSION
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YTuuaj AMHaMMUKe U HUBOA 3PEeIOCTU KOPTUKANHUX PYHKLM]ja Kao npeaycnos 3a

pa3Boj roBopa Kopa aele

Maja JaBugosuh', Jagpatka Otawesnh?, Haga Jo6poTa-faBraosuh? MeaHa Metponuh?, Iparomup JaBugosuh', laHa Jepkuh?

'KnuHuka 3a ncuxujatpujcke 6onectu ,Jlaza Jlasapesuh’, beorpag, Cpbuja;
2YHuBep3uTeT y beorpagy, GakynTeT 3a cneymjanty egykauujy n pexabunutauujy, beorpag, Cpbuja;

YHuBep3uTeTCKa fieunja KnuHuKa, beorpag, Cpbuja;

“3aBog 3a ncuxodusnonoluke nopemehaje 1 rosopHy natonorujy,Jp Lisetko bpajosuh’, beorpag, Cpbuja

CAXETAK

YBopa/Lnmb Pa3Boj rosopa of poheka 1o ogpacior foba je pe-
3yNTaT MHTEPaKLMje pa3nnunTUX cMCTEMa KOpe BEIMKOT MO3ra,
nomohny Kojux ce MoCTENeHo CTUY COCOBHOCTY GOHOMOLLIKE
npe3seHTaLyje 1 MOTOPHE KOHTPOJIE, Y3 MPUCYCTBO H3a GpuUany-
KnX 1 G131ONOLLKMX NPOMEHa Y MOpdOoruju apTMKynaLoHor
cucTema.

Linmb ncrpaxkusatba je 6o ncnuTaTv yTrLaj atepanv3osa-
HOCTV 1 KOPTVKaHWX OAroBOPa Ha pa3Boj roBopa Kop feLle.
MeTope VicTpaxmBame je KBa3neKkcnepumeHTasHn An3ajH ca
IBe rpyne. Y3pokom je obyxsaheHo 60 geue (30 y ekcnepu-
MeHTanHoj 1 30 y KOHTposnHOj rpynu) u3 beorpapaa, oba nona,
y3pacTa Of MeT 1 no Ao ceaam roavHa. Of MHCTpymMeHaTa CMO
KOPWCTWIN TECT 3a MPOLIEHY NIaTepanM30BaHOCTM 1 Hana3 eBo-
LpaHuX noteHuujana.

Pe3syntatu Ha cyntecTy Bu3yeniHa natepanv3oBaHOCT MOCTOju
CTaTUCTUYKM 3HaYajHa pas3finka ()(2 =7,56, p < 0,05) uamehy noc-

Ball: https://doi.org/10.2298/SARH180510046D

MaTpaHvX rpyna. BuayenHu eBoLMpaHn MOTEHLMjanN Ha CBIM
MepEeHUM NapameTprma cy Aani CTaTUCTUYK 3HaYajHYy pasnnky
n3mehy eKcneprMeHTaiHe 1 KOHTPOJIHE rpyne KOPTUKanHu
oarosopy — neso (y?= 30,00, df= 1, p < 0,05); KOPTUKaHN Of-
roBopy — fiecHo (x’= 6,667, df =1, p < 0,05); aMnnuTysa — €8O
(x*= 13,469, df= 1, p < 0,05); amnamutyga — gecHo (x*>= 40,00,
df =1, p < 0,05). COMaTOCEH30PHV NOTEeHLWjanu cy Aanu cTa-
TUCTVYKM 3HaYajHy PasnnKy Koj KOPTUKaHVX OAroBopa — JIeBO
(x*=18,261,df=1, p < 0,05), amnautyge (x>= 12,000, df =1,
p < 0,05), nateHuuja (y*>= 5,455, df =1, p < 0,05).

3akrpyyak BrisyenHa natepanv3oBaHOCT, Kao U BU3YEHU U
COMATOCEH30PH KOPTUKAHY OAFOBOPY Ha CTUMYYCe Cy 605bU
Kog AeLle 6e3 npucyTHor nopemehaja apTrkynauuje, Wwro 6u ce
MOIJ10 MCKOPUCTUTY 32 611aroBpeMeHO MiiaHnpame NpeBeHLmje.

KrbyuHe peun: roBop; natepann3oBaHoCT; AeLia; apTUKyaLmno-
H1 nopemehaju; eBoLpaHN NoTeHLMjanm
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