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Abstract

Cerebral Palsy (CP) is a movement disorder caused by a non-progressive brain lesion and its
symptoms appear in the form of developmental damages. The aim of the present study was to
evaluate the Quantitative Electroencephalography (qEEG) signals upon carrying out a speech and
language task and to compare the components of language function and common spatial patterns
extracted from children with cerebral palsy and healthy ones. In this study, 17 children with CP
and 40 healthy children aged from 7 to 12 were studied. In order to evaluate the phonetic,
phonological, syntactic, and semantic features of the language in the CP group in comparison to
healthy control participants, a Test of Language Development (TOLD) was employed. To examine
their electrophysiological signals on the basis of amplitude and frequency of brain waves, as well
as brain connectivity across spectral bands, the 16-channel quantitative electroencephalography
was used. In addition, the qualitative evaluation and output of the language development test were
reported to determine the areas in need of improvement in both healthy and cerebral palsy groups.
The results of this study showed that children with cerebral palsy had significant problems in the
sub-scales of the language development test as compared to healthy children. It was also observed
that children with cerebral palsy scored the lowest score in the grammatical completion subtest.
The qEEG-based brain mapping revealed a significant difference in the amplitude of waves and
brain connectivity in the area needing improvement between the two groups.

Keywords: Cerebral Palsy, Language Development, Pathology of Language and Speech, Brain
Mapping.
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Introduction

Speech and language disorders are being widely discussed and identified as possible factors underlying
developmental disabilities. As might be expected, children with CP have an increased risk of speech and
language disorders. Cerebral Palsy is characterized by an atypical development of movement and posture
which is the result of non-progressive disturbance in the prenatal and postnatal periods. It is often linked to
developmental issues in musculoskeletal capacity, sensory, cognitive domains and subjects often find
difficulty in expressive interactions. One of the main methods to study language-brain relations in
Neurolinguistics studies is evaluation of language impairment due to brain lesions. The present study
analyzed the Quantitative Electrophysiological (QEEG) signals upon carrying out a speech and language task
in subjects with CP, as compared to language functions in typically-developing subjects. The study also
extracted common spatial patterns between CP cases and typically-developing children.

Materials & Methods

In this study, seventeen children with CP and 40 typically-developing children aged 7 to 12 were enrolled.
In order to evaluate phonetic and phonological, syntactic and semantic features of language in CP cases in
comparison to healthy control subjects, a Test of Language Development was employed. Their
electrophysiological signals on the basis of amplitude and frequency of brain waves and also, brain
connectivity across spectral bands were measured using a 16-channel quantitative electroencephalography.
In addition, to determine areas needing improvement of CP cases and healthy controls, the qualitative
evaluation and output of the language development test were reported.

Discussion of Results and Conclusions

Our findings indicated that phonetic and phonological, syntactic and semantic features of language were
significantly impaired in children with CP vs. healthy controls. The grammatical completion (GC) sub-scale
was found to be the domain acquiring the least score among CP cases. Moreover, the gEEG-based brain map
revealed a significant difference in amplitude and frequency of waves and brain connectivity in area needing
improvement state in CP subjects vs. healthy controls (P< 0.05).

Although some researches regarding linguistic functions of children with CP have been done in other
countries, linguistic features of Persian-speaking children with CP have been highly unveiled in Iran. CP
children with speech and language impairment have an increased risk of social communication problems.
The present findings may potentially assist clinicians, speech therapists and other professionals in identifying
delayed linguistic aspects in CP children and choosing timely and tailored interventions, therapeutic
approaches and individualized education plans. In the latter phase, these insights may pave the path for
future research to evaluate the usefulness of therapeutic approaches across clinical group so as to support
more general communication strategies. Therefore, speech therapy techniques and neuro-technological
advances can be practical in devising individualized rehabilitation program.
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4. Quantitative Electroencephalography (QEEG)



Y44 Ql:m{l}' 9 )Lq,g Y 6“2:}"' e)La.ﬁt LJ}‘ a)la.i: ‘VA-’).‘}-’ Jle LQW‘ e&i&\: cwuul.:) L;Lhui&)}; V¥

Sopon adlae ol 53 (LS GHe g S e eald ) GLS sladnl b fels licas jaie slacdles
WA (5,8 6505 5 b Ul ul 5528 €MOLIV LS ol EMotiv EPOC + o8 | 5 real time abises s
o 9325 5 &y AFg, Fe, Fg, T7, P, Oy, Oy, Pg, FCe, Fa, Fg, AF Juls (V+/Y+) S se ulul » 5 SPS
L35 Ta, Ts, T3, F7,To (o5 ol oSS el o EEG IS (257 LT (sl aiite ¢Sa T Jomsn el
Gl )lgs ¢ dbte Iy i€ ¢S s sl (Ol (baaalS asis Gl g Jols ea 528 Jle (slas S8 55 &S
ot 3 SIOAT T BB iy, oo he B Sl (15 ) el (B i 5 S e bl dizs e S

. . ¥
s S (g

Il oy F-Y
dw) (14_1}?\’/\» Al Ql_?j\)j «4_1}53‘“» gs—l“.J o\fjl;ac«g}fﬂ» S 55 ol_?j\) tels 0L Al Q}A}Tabﬁ "
Q}_A)'Tobj_"'- dww) «4_1}? YA) Lg)jda‘}_ﬁgjj«q;%»d@-.\:lj:c«q}f YO) (5 5w ¢Sy (o liline o,»ﬂw,s.
L;,_.ﬂjl(@suGl,ow'TquM)«QKMJ.@,:)«%?\?»@\,M‘«q;mww\fku (s 95e
S5m0 05T 5w el 55 55 (5 lbline 0 5n3T03 5 45 oy py i 43 5 0TS 51 6 i Sy K5 g T
LAQJ_AJ'ToJJ_;Lg\J_?\U.HJS..\..i,lﬁ-lL;;\Jéin)}.,aA{:Jéja:‘_g\ﬁCy)'j))sdz}t.icb;;yj\'uﬁw;r):jj))s

B Ol 53 aids Yo N0 spu 3 T gl ol 5 e Jsb ioman 5038 8 &y s 0l S35 b
Slme b s o il s 5l 31 5 ds e 0305 UL 558 4 slas SUS (g seas OB Sl OgeiTes 5 5 clandu
Slims el 53587 o) O 3l5 Cand 53 ST o5l 355 blie i Sler S (S w g S K pesT oS glanls’
S oales 0831y ise 55 .S Ol 1y OLabLs 1 das Laseis 1) 6T lns dib (S oS )5 1, KsesT stianil SledS”

35 o 5 B & ot Wl 0l O 51 otn ey S 15 S p05T 85428 A8 (Gline o7 s n it 2S5 S
Mo &5 ST OBl ) 6 2 508 bl OIS 55 5l 4 Oloo I Sl o 5738 (6 523 &S5 0305103 5 53
telS aaalS 5 alis 1) g3l ss0ks sladker Ld o atal s 5l 1 alan dldi S 53 das OLES 1) S5 5e5T 880k
Ctligr 25558 5 Ll on |y plosl sladbor SS5n3T 3 (35,8 JolS oy 7 (6o smws oo oo 53 kST 1SS
LT S Splids Gl oo 65558 waalS ()18 s Oge3Tos = 3 aS &)l 1) sdiode lis 51,5 IS
G SigsT (s o Comnd 3 slite b s OLSS (el 03 S 0Ly aliS O gt Jiiyﬂ‘*f«:é‘wf&é?
3 O 1) 4dS” s o il g gl 5l e 3 ST ST 1y OT i o il 55 575687 31 o 5 0 58 g0 1y &S oma 831
ijiiijcJuLaj OlS bl g adS W5 05e5Tes 5 Olen &S 5T 2w s .AKJIJQT;.A?:A s slad=ly

.-\AJCbﬁ‘%ﬁ‘bf@jd))y@\)ﬂjﬁa;QTQL.?,AMM\?@SJ;}\J{M&QJBQW

1. frontal
2. temporal
3. parietal
4. occipital
5. item



Vo OLes 5 sl 2 5L o (OB 355 500 b ALY BV OS5 55 S5 slaadl so anglie 5 (o)

Sy o alis O 3l Jay 08 318) elie - 3 # o3 amin ¥l w LBag L) delsl o o s s5he s 05,8
S e 5 ol tamie o pmen 5 b Ol 48 Ve wedd S5 0gaiTes 5 a3l s bl b3 oS sl

b CS ST e Ll O A O 5a5T 53 b e

)bkl Sgan Y
b3 Ay Og03T 4 318 el Sgud N —F-Y
S 5 pu Lale gl a6l 5 8 8 o Gl sl DgeSTes 5 pa 534S el 3 5l S e s

..uyugyﬂnf'oT,;d;syﬂruzﬁ;‘o}ﬁﬂa;ﬁ,ﬁ);omT@;@c)\ﬁ;CNu;l.maf%ﬁ

QEEG 3,59y wlwl g EEG cud Ol a5 sl 9 daswlono 8guss .¥-F-V
b aalls TSt Bench esls oL s sie o3 Sledbl EEG i 5 0L wi, 05037 88 Jid i 6l o 51 s
LI Ol U5 o5 0 sl A &L 5 Sl gl Oy poty ol ild 53 4 g0 5 TeSE Bench i3l 05
Az, OS> GYI0 s man 5 4 58,0 5 a5 5 5,80 SUlugd/fr b s 5 pdayls |y osllast
s ol 3 el 3T Ll ys 1) s ltkul Sledbl (o5 a5 A8 o Cod |y 81 St ax 5 (65508 i,

g 055 52 53 le s ol 5o BUF b ) s sbe 3 el (Gla b (1t Al plawil ) slatess Izl o
CSV i o ks 15 CSV b 4 (b (ool 3lp 5 5l eslizal Lo b o (sl B 5 gbay J 28 5 (6500
A et pB)) 5 sltel Jglia 5 Sledbl 4 sazme &) 5o ASCCL L TEXT L6 IB 5 (edeTimsa sliel as saes)
Applied  JLs” ool Yo A 2 X9 i Neuro Guide il s s)ls Sledbl cpl cdn Ao )
ple paaiie Dol s I Ble s (AST e b Db (e i 1 0T ) 5aS Neuroscience,Inc.Largo,FL
) T G 4 K31 F 5 5 slaatiss LIB s s 5 (SS sl ms 5 Sl Slae e 5 LS 33 Olael
23 S (ol lab O e 54830 o e Sty (¥ B ) 5 b p S (6ol 51 b b ok, 18 UST (slaarss
23 zlsal 55 Oljn 5 s (laaasee 51K a3 (63 30503 LSS (s Aited gl Lals 5 IS5 IB
c5 3K m plait o S a3 35 5m Calibee U 53 lpel (Salen b ol5Ton Olion copmen 5 Calibes sla ST
e 5 (5 bl hagl 53 Caal S5 0LLE Al et (G g 5 (Lo O3S 55 0L i) 0e5T sl bt
e onl 53 5 zen Tg, T, T, T3, Ty (o5 S5 slastu b plonit o EEG LS (257 LT (51 aiite &K 56T
el Jite F7-Ts amb Laseie 5 o Jlygead 5595 63 )5

05,5 33 53 S 4 Al Slaes s 03,5 jasie sl 0L b, 0peST &S s s bl FT A e s
sp 4 a3l 5 5 QEEG laadl e 5 baasls 1 e n claosls Jow Ly elsl js i 518 (I Saw

1. regions of interest



Y44 Ql:m{l}' 9 )Lq,g Y 6“2:}"' e)La.ﬁt LJ}‘ a)la.i: ‘VA-’).‘}-’ Jle LQW‘ e&i&\: cwuul.:) L;Lhui&)}; \'%4

Ldd

Boald i H-Y

Lad gt 5 Laolsgas 51 Judows YY 850us SPSS 153l 5 51 oslinal b i gesT (iS5 (A7 s il Shags 5o
d’Qijﬂ;'}jw\—gbjjf}‘J;ijTj\o.s\.&.:w\b.\.msl.s)\qaacj_,sQ@j@..&a:%\&b)&b\%ﬁélﬂ

LT sl sa5T 53 Jshe GUIT o s o3lizal (5500 b 5 (Il 05,5 53 ‘po anllas S i 4 Gy 1 Jie

el ok b 5 5 )30 /00 odbplon]

o9 slvast .f

Pl 0755575 (g 5ae b OS5 8 (g0 5 olime (- olsT Loy Ao 4 &7 2 g5 Il Sy 4 ey 1
Bl s a3l DM 1 g 555 5555 el 4 s 5 0503 T S eslizel L el 0L

oo 0LST3587 5, Shee 80Lee 015 sy 0057 53 s oo OLE (1) s sad 5 S 55 55 30 eI & 4 Dlas
3 Sl o3 g 3 omly (o 0755575 Shae (S0be 51 aalS A5 5 ol ot canlS (18 52L5 sla0yga3Tos 5 55 (5 500
gyl sy ol CU@ L se;Tes 5 43 ojjf}) ;ng‘.aw.a(P < a/eey) CI:M)J bl Hlaw gyl &l
sla S5y 5l SErd—zaerd) Kol ,kl S8 e, 5 o,k Glalhs 3 35 50 Sl 031U jasis ke
b S S x5 sl 0 baalS 05 Sa 2 (Ul (Il 0875 8L g lin 53 5 Sl 0353 (S 5he el OS5 87 500
Lsg 5y Glodose JSio LT gl (olaifls odddd 5 Slsol o byl jadeds 55 07558 ol e piopan Ll
(ol ) (il (glsoliadl § Cidibes slaadlS LsSils s A5 53 15U o gdeas (XERIQUS— Xeer and gu))

Wl (S 5o el OS5 S7 S 55 o 1T Bkt s 51T (S aigalidl 5| (K5 S5 (g SKen 0 S0 =

* haevid4 — @®vid} T Lol
* dotferxeh — dotfexeh Sl ol
* derext — derex Sbb Ol

* ketab — tetab 5 55en

* zaenbur — sanbur X ST

* fil — pil S s gl

ot 13linn Ssli 5 0L by O e 5T (aliilins pllai 3 Il 5 (5500 el O3 87 3 Shoe ke S35 gy 1 53

@)JU&SﬂMOK}‘jO}A}TOJF}J&}AGﬁOKD;J‘JOWFB&}}:‘SLQQQ‘Q(P< ~/~~\)a3;)3¢;\,¢.§
L Ly e slae 31 OLST368 ml 653 Ol 5 it oi oy &S5 09 ,m el 5 S5 5 mdls Sl Ol 23l 5l
Ol 5 8555 SIS 3 s ihe gl OS5 8 S1FL 58 o)l 0T 4 il o8 (6,505 e &5 .ol (sl )b slaaalS”

1. devoicing
2. stopping



Vv Q.)@jﬁmcujuu ,..Pjugls;;gépcuauwuvolf:;@pjéud}»w_u”w,ﬁ

O35 .z slb 1 BT Ol L5 Ol copimman 5 4dS 53 slire dib Laseis SUIs 0555 ol o g aadS 55 Ol alid
Chud g 2 s rj\_w OS5 S L awlas s Q\S:;O_i\ sls Ol O}ijéubu.jl Ol?j‘j Ol i o lolme Sl ¢ opl
OS5 S ol it o & Hls alis (:Liég.i;:))}‘p@ Sosd L3l T adkilejlo 5 585 slaaadS” Ol (b lae
lel_a'cwb«'.s}.&@ovL:w,;L@JleSw)lée”bkgLaufj\@u.&Lgu;jiﬁ iil)lai'cwbt);ywc?upéfﬁwq
I ek ae g b ga b (DL el o ST s b 4 s e

St e ol P < ~/~~\)L;j>=;¢m;)“,,?yOﬁ,\;mL;,uTc),u:pg}ﬁﬂau\yu&uuuw
QLf:jfd\cw.@\L;_}s'ucléi.)lfz}féjx;QYM:&-\)'\L;)j;wsdfﬁdijnJ}):cMJ:L;ud‘q- Sy
Glraler S5 gl b le adkilejle LaaedS” cpstln 5 o 53 Wl O3 557 L s e )3 o A5 090 jTo3 5 o
5 by Gy S eslinal 5 Lol S 5 sl s T I 5 Sladlos den 554155 (Slodes ST b e (5 523
5 LaaedS” 05 Slemarl Jali 090 5Tes 5 ol 53 065557 cpl slite 5wl slallast 553 go o> 28 LT 5 Lol o >
il Cllas (B o slacsy s 5 a3 ST Calies IS (6,8 580 s Kk cpl o sdhe .ol LT o jsb s 5
SLaiis (aor GLawlis 51 035508 T ¢ opimman 5 o 1 o plolid 5 e 1 oy B3lizal 53 Jl5L ¢ Jelby Job
Wl gyl 53 e Tty sl K05 51 (5 b 058 5 o 5 hodis
Wt &y 33— ol Sl bl bl 5 K
ol (90— ol gl ] g b sl (245 515 slew [2dST Huy Y

Sl Ltd g 93 2 T ey e (Zl ey e ¥

(e Sgal oaSle (ulsl ) 0L Wby 0gadT 18 G jke g 9 (b O35 8 ,loe Al ) Jur
Table 1. Comparison of performance of CP and TD children in TOLD (mean of optimal

responses)
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Graph 1. Comparison of performance of CP and TD children in TOLD test (mean of optimal
responses)
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Table 2. Quantitative comparison of amplitude and frequency of different brain waves of ANI
in two groups
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Figure 1. geEG-based brain map of amplitude of waves in different frequency bands in ANI

(Grammatical Completion). Brain map of total mean in gEEG of CP and TD children in right
and left panel, respectively.
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Table 3. Quantitative comparison of connectivity of brain waves in different frequency bands
of ANI in two groups
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Figure 2. gEEG-based brain map of brain connectivity in Theta, Alpha, and Beta frequency
bands in ANI (Grammatical Completion). Brain map of total mean in gEEG of CP and TD
children in right and left panel, respectively. This figure shows the quality of brain
connectivity with a significant difference in brain communication map.
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2 transcranial direct current stimulation
3. transcranial magnetic stimulation
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