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Ancmpakm

JlujarHocTuukara UCTOpUja Ha ayTH3MOT, JIUCIICK-
cHjaTa W XHUMEpIIEKCHjaTa € KOMIUIEKCHA. 3aroa
IITO OBHE COCTOjOM nenarT Mely ce0e M KOHBEp-
TCHTHH W JTUBEPIeHTHU COCTOjOH, BXKHO € Ja Ce
pazbepaT oBHE BPCKH, OCOOCHO BO CIydaj Ha HC-
TpaXyBamke U Ha KOj HAYMH CE MHTEPIIPETUpaar
CTYJIMM KOW TIOMUHYBaaT HHU3 JICKAJU CO TIPOMEH-
JIMBH KpUTEpUyMU. MHOTY € BaXKHO J1a c€ CHHTe-
TH3UpA IITO € JJocera Mo3HaTo 3a Mopdoorujara
Ha OBHE COCTOjOH | J1a ce TIOBIICYE IIITO € CE YIII-
TE HEMO3HATO. AyTH3MOT U TUCITICKCH]jaTa, Ha IIPU-
Mep, IeNIaT aHTUIIOIHU LiepeOpaHi MOP(HOIOTHH,
KaKo LITO c€ MUHUKOJyMHapHATa T'yCTHHA, HEYPo-
MOJTHATA [IMPUHA, TOJIEMHUHATA HA KIIETKHTE, BO-
JYMEHOT Ha KOPIYC Kalo3yM, THpaHaTa KOM-
IUIEKCHOCT, TUpAJTHATA TOJIEMUHA U [IepeOpaTHHOT
BOJTyMEH, JI0ZIicka XHIepieKcHjata e Oere mpoy-
YCHa Ha OBOj Ha4yWH, MAKO Taa MMa MHOry CJIM4-
HOCTH CO ayTu3MoT. Bo meryBpeme, ¢uiykrya-
nyjata Ha KPUTEPUYMUTe Ha JUCIEKcHjara
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Abstract

The diagnostic histories of autism, dyslexia,
and hyperlexia are complex. Because these
conditions share both convergent and diver-
gent properties, it is important to understand
these relationships, especially in the case of
research and how we interpret bodies of work
which span decades of fluctuating criteria. It is
also important to synthesize what we already
know about the morphology of these condi-
tions and pinpoint what we still don’t. Autism
and dyslexia, for instance, share antipodal
cerebral morphologies, such as minicolumnar
density, neuropil width, cell size, corpus callo-
sal volume, gyral complexity, gyral window
size, and cerebral volume, while hyperlexia
has not been studied in this fashion, although it
shares much in common with autism. Mean-
while, the fluctuation in criteria of dyslexia
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MEDICAL TREATMENT

HHU3 TOAMHHUTE 3HAYM JIeKa TOCTapUTe CTYAUH,
KaKo IITO C€ HEKOW Of HajMHOTY IIUTHUPAHUTE BO
MOCTMOJIEPHHTE UCTPAXKYBambha, BEPOjaTHO KOPUC-
Telle XeTepOTeHH TPYIH Ha CYOjeKTH 3a pasiiiKa
O]l TOA IITO KOPHUCTAT JICHEITHUTE UCTPaKyBamba
3a AWCIeKCHja. 3HAYUTeNHO 30YHyBauKd, OBHE
MOCTApPH UCTPAXKyBamba Ce YeCTO OCHOBUTE Ha HC-
TPaKYBambETO 38 TEKOBHUOT YKMBOTHHCKH MOJIEI
Y TeHeTHKa. Bo 3aximydok, 3eMajku TH TpeaBU]I
KOHTHHYUPAHUTE IPOMEHH BO KPHTEPUYMHTE,
0coOEHO OHHME KOW Ipeajiaraar mpoMeHa of ,,Ha-
pyILIyBamke BO YATAHETO™ BO MOILIUPOKOTO ,,CIie-
IU(PUYHO HAPYIIYBamkbe BO YUYCHETO BO COCTaB
Ha DSM-5, Hue mpernopadyBame cermaparuja Ha
pa3MYHA HapyIIyBamka BO YUTAHETO IO/ HUBHH
COITICTBEHH HACJIOBH CO 1] 1a C€ IPOMOBHPA CIie-
mUpUIHOCTA Ha J¥jarHO3aTa M TPETMAaHOT, U Ja
ce Jajie moao0pa MoIpIIKa 3a HCTPaXKyBarbe.

Knyunu 360poeu: exmonuja, oucniazuja, mu-
HUKOJYMHU, HEOKOPMEKC, KOPMUKO2EHEe3d, 2u-
paner uHoexc.

Boegeo

Haxo 3auymyBauky CIMYHHU TPYNU HA OJHECY-
Bame Oea 3a0enmexanu npen 1940-rtata roamHa
(1, 2), c& mo 1943 u 1944 xora Leo Kanner u
Hans Asperger tu o0jaBuja cBOMTE MOHOTpa-
¢un, He Oeme Mo3HaTa cocToj0aTa KOjalTo Je-
Hec ce HapekyBa ayTtu3aM. Jlomeka Kanner ce
¢doKkycupaiie Ha YMEPEHO PacTpPOCHH Jela, a
Asperger Ha XUNCPAKTUBHU WHIWBUIYHU, JBaj-
1aTa 3aeJIHO TY MOCTaBHja OCHOBHHTE KapakTe-
PHCTHKH KOH c¢ YIITE CE CMETaaT 3a CYIITHHA
Ha cocrojoure: 1) conujamTHM W KOMYHHKa-
IUCKK HEOCTATOIM W 2) TMOBTOPJIMBU U OTpa-
HUYCHU MaHHUPH, PYTHHU WA UHTEPECH.

MeryToa, 3a 1ja ce U3BPIIY TpeTie]] Ha HCTOPH-
jaTta Ha pa3BOjHaTa AMCIIEKCHja, CeTaKk Mopa Aa
ce 3eMe MpeNBU JUTepaTypara HaHasaa Jo 19
BEK. AJIeKcHjaTa, CTpPyYeH TEpPMUH 3a 300pOBHO
cienuiio, e 3abernexana kako cocrojoa ox 1870
roguHa. Jlomeka cep William Broadbent na-
YEeJIHO TBPJEN ACKa ,,300POBHOTO CJICHIIIO HE
MOXKE J]a TMOCTon 0e3 IPyrd KOMOPOUIHH COC-
T0jOM Kako WmMTO ce BepOanHaTa adasuja WIK
amuesnja, Adolph Kussmaul mokaxkan geka toa
BCYIITHOCT MOXE J]a Ce MO0jaBH Kako M30JIMpaHa
cocrojoa (3). IlomorHa Oemre qoKakaHO JeKa
mocrojat BpojaeHu (opMU Ha cocTojdaTa, Kou
Ce CO pasmudyHa CEepHO3HOCT. MeryToa, Oerre

over the years, means that older studies, such
as some of the most highly cited in post-
mortem research, have potentially used more
heterogeneous groups of subjects than dyslexia
research typically uses today. Considerably,
these older studies are often the basis of
current animal model and genetics research. In
conclusion, in consideration of the continued
flux in criteria, particularly the proposed
change from “Reading Disorder” to the broa-
der “Specific Learning Disorder” within the
DSM-5, we strongly recommend a separation
of the various reading disorders under their
own headings to promote specificity of diag-
nosis and treatment, and to support better
research.

Keywords: ectopia, dysplasia, minicolumn,
neocortex, corticogenesis, gyral index.

Introduction

Although strikingly similar clusters of
behavior were noted prior to the 1940s (1, 2),
it was not until 1943 and 1944 that Leo
Kanner and Hans Asperger published their
respective monographs on the condition
which we now know as autism. While Kanner
focused on moderately affected children and
Asperger on higher-functioning individuals,
they both hit upon fundamental traits which
are still considered the core of the conditions:
1) social and communicative deficiencies, and
2) repetitive or restrictive mannerisms, routi-
nes, or interests.

To review the history of developmental
dyslexia, however, one must trace the
literature back to the 19th century. Alexia, or
acquired word blindness, has been recognized
since the 1870s. While Sir William Broadbent
originally claimed “word blindness” could
not exist without other comorbid conditions
such as verbal aphasia or amnesia, Adolph
Kussmaul showed that it could in fact occur
as an isolated condition (3). Later it was
recognized that congenital forms of the
condition existed, spanning a range of
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TENIKO Ja Ce€ TOJETH WCTOpHjaTa Ha TaKBHTE
BPOJICHU W CTEKHATH HAapyIIyBamba BO YHTAmE-
TO, MOpaaX TOA LITO PAaHUTE HAYYHHUIH ja 3aMe-
HuIe 300pOBHATA arHO3Hja CO JACHEC MOIHUPOKO
MO3HATHOT 300p IuCIeKcHja. JleHemHuTe me-
(uHULIMY Ha pa3BOjHATA TUCIIEKCHja CE TBHKAT
O]l IPELM3HM IO HEjacHH, KaKO LITO MPUMAapHU-
OT KPUTEPUYM C€ IBIKU 01 MedunuT Ha (HOHO-
JIOUIKO JEKOJMpame Ha 300pOBH, IO TeHEPaITHO
HapyllyBamke MpU YuTameTo. Kako mro Moxe
Jla ce 3aMHUCIIM, BTOPHOT KpUTEpUyM ordaka
MoroJjieMa XeTeporeHOCT Ha MHAWBHIYH 3a pas-
JIMKa O]l TPETXOJHUOT.

Joneka pa3BojHaTa AWCIEKCHja € MOBpP3aHa CO
HOpMaJlHA WJIM HATIPOCEYHAa WHTEIUTEeHIIH]a,
XUIEPIIEKCHjaTa € HA4YeIHO MMOBP3aHa CO KOTHH-
TUBHO HapyILIyBame, U CE KOPUCTH 32 OIUIIyBa-
BEe Ha Jlella CO Pa3BOjHO 3aJOLHYBAmE KOU
MMaaT HallpeHH BEIITHHHU 3a TIPETIo3HaBambe Ha
300poBHU, HO HapyleHo pazbupame (4). Mako
MHOTY O]l JeliaTa BO JHUTeparypara cera O
OwiIe NWjarHOCTHUITUPAHW KaKO ayTHCTUYHU, BO
MHHATOTO OIICETOT Ha TIOBpP3aHUTE pPa3BOjHU
COCTOjOM BKITydyBallle ayTH3aM, MEHTAHA pe-
Tapanija u pa3iuyHu AETCKH IICUXOTUYHH Ha-
pylIyBama, Kako MITO € JIeTcKaTa Mu30oppeHmja
(5). MomenTanHo, HamieTo pa3dupame ce mpo-
MMPU U T BKIy4YH: |) HOpMaTHUTE WIM Ha-
JAapeHuTe JUIla KOM YHTaaT paHo, 2) JHIaTa
KOM IpojaByBaaT CHUMITOMH CJIIMYHH Ha
ayTh3aM, Mako He € IIeIOCHO H3pa3eHa CocC-
TOj0aTa W XWIIEPICKCHja U 3) Jyre CO JBETE
cocTojOM u ayTu3aM u xwurepiiekcuja (6).
Cropen Treffert, oBue paBe kareropum Ha
XUIEPIICKCHja MMOKaXyBaaT CIIOpPEeI0CHO T0CIa0o
pasbupame MpH YUTAKETO W MMOHEKOTall HeJl0C-
TaTOK Ha Ja3WYHO U3Pa3yBame, KapaKTePUCTUKU
KOH Ce MOBP3yBaaT CO OpUTHHAIHATA AepUHUIIH-
ja Ha TepMUHOT. Bo mpomomkeHue, nCTpaxxyBa-
YUTEe TPOHAjI0a JIeKa XUIEpIICKCHjaTa MPHIAPY-
JKE€Ha CO OCHOBHHTE yCIIOBH PA3IIUYHU O] ayTH3-
MOT € pelaTHBHO HEBOOOHMYAcHa, Ipemyiarajku
CTIOJICJICHH BPCKH BO €THOJIOTHjaTa Ha ayTU3MOT
u xuneprnekcujara (7).

W mokpaj nuBepreHIyjaTa BO HUBHHUTE KPHUTE-
PUYMH, U JBETE, XUNEPIIEKCHjaTa U TUCICKCH-
jaTa MOXe Ja ro TUpUApPYKYyBaaT ayTH3MOT,
Mako mpBara co moroiemMa (pexBeHnmja (6).
Kaj Hexon o mpeTXogHWTE WCTpaxKyBama HHE
OpeasioKyBaMe JieKa ayTH3MOT M XHUIepIieK-
cHjaTa CIIOJIeNyBaaT 3aeJHUYKA ETHOJOTH]a,

severity. It is, however, difficult to percolate
the history of such acquired and congenital
reading disorders because early scientists
collapsed the word agnosia with the dyslexia
more commonly known today. Today’s
definitions of developmental dyslexia span
from precise to vague, such that the primary
criterion ranges from a deficit in phonological
word decoding to that of a general reading
disorder. As one might imagine, the latter
criterion subsumes a greater heterogeneity of
individuals than the former.

While developmental dyslexia has been
associated with normal or above average
intelligence,  hyperlexia  was initially
associated with cognitive impairment, used to
describe children with developmental delay
who had advanced word recognition skills but
impaired comprehension (4). Although many
of the children in the literature would have
probably now been diagnosed as autistic, in
the past the range of associated develop-
mental conditions included autism, mental
retardation, and various childhood psychotic
disorders such as childhood schizophrenia
(5). Currently, our understanding has expan-
ded to include 1) normal or gifted individuals
who read early, 2) individuals who express
autistic-like symptoms, although not the full-
blown condition, and hyperlexia, and 3)
people with both, autism and hyperlexia (6).
According to Treffert, these latter two
categories of hyperlexia exhibit compa-
ratively poorer reading comprehension and
sometimes expressive language deficits, traits
which harken back to the original definition
of the term. In addition, researchers have
found that hyperlexia comorbid with primary
conditions other than autism may be
relatively uncommon, suggesting shared links
in autism’s and hyperlexia’s etiologies (7).
Despite the divergence in their criteria, both
hyperlexia and dyslexia may accompany
autism, although the former with greater
frequency (6). In some of our earlier work,
we proposed that autism and hyperlexia share
a common etiology, while autism and
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JOoAeKa ayTU3MOT W pa3BoOjHAaTa AMCIEKCHja
ongakaar CIPOTUBHH KPajHOCTH TpPU HEBPO-
Mopdoromkara auctpudynuja (8, 9). Hekoun
WHIWBUAYH UCIHMTYBaa KakKO ayTU3MOT M JHC-
JIeKCHjaTa IIOKa)KyBaaT IUBEPI€HTHA ETHOJIO-
THja, a Celmak ce jaByBaaT HCTOBpeMeHo. Hue
npeasaraMe JeKa, IoJieKa XHuIeplieKchjara ja
CIIOZIeTyBa €THOJIOTHjaTa CO ayTHU3MOT, Kora
JIMCIIeKCHjaTa ce TI0jaByBa BO COCTaB Ha ayTHC-
TUYeH clekTap Ha HapymyBame (ACH) e ce-
KyHIIapHO HapyllyBame KO€ MMa IOBEKe 3aei-
HruKka etrojordja co ACH otkonky co dhopma-
Ta Ha AMCIEKCHja Koja ce jaByBa onBoeHO. Bo
MIPUIOT Ha OBaa IMCTHHKLMja, HUE ja HApEKyBa-
Me nOucieKcHjata 0e3 MpHAPYKHHOT ayTH3aM
KaKo ,,IpUMapHa JUCIICKCcHja“ U KOMOpOUIHATA
¢dopma Ha TUCIEKCHja Kako ,,ceKyHIapHa AHC-
neKcuja‘.

Mopgponocuja na cocmojoume

Co men ma ce pazdepe MOTEKIOTO HAa OBHE CO-
CTOjOM M KaKo THE C€ CII0jyBaaT M pa3MHHYBaarT,
MPOYYyBamkETO HA OCHOBHATA MOP(OIIOTHja € 0]
KITy4HO 3Hauewe. O/ MOCMPTHU UCIIUTYBamkha Ha
JUI[Aa CO ayTu3aM, jacHO ¢ JieKa 3HAYUTeIIHA
MPOIOpIIMja HA CIyyaW MOKa)KyBaaT Tpard OJ
HecooaBeTHA HeBporenesa. Casanova u cop. (10)
OTKpWJIC JIeKa HEOKOPTEKCOT Ha JIIaTa co
ayTH3aM TMOKa)XyBa 3rojieMeH Opoj Ha MHHHKO-
JIYMHH Y JIeKa KJICTKUTE BO COCTaB HA OBUC MU-
HUKOJIYMHHU C€ TMOMaJli U TOMAJIKy KOMITAKTHU
3a pasiMKa OJi HUBHUTE CPOJHU JeioBH. He-
POIMMITHUOT TIPOCTOP KOj € CMECTeH IoMery
CPOJIHUTE KOJIYMHH € HUCTO TaKa peaylHpaH BO
rosieMuHara. Bo 1ienoct, oBue atpuOyTH mpes-
jaraar TOroJieMa BKyIIHAa TOMyJjaluja Ha
KJICTKHUTE, PE3yJITaT WIH Ha MPEKyMEpHA MPOJIH-
(eparyja Ha OCHOBAYKaTa IMOITyJIallkja 3a BpeMe
Ha HeBporeHara (aza Wi Ha HaMalleHa aromTo-
3a (11). 3ronemennor 6poj Ha HEBpOHM Oertie 3a-
OenexaH BO JPYrH 00JIACTH KAKO IITO CE XHIIO-
KaMITyCOT, aMUTIAJIaTa, KaKo U JAPYTH JICIIOBH OJT
JUMOUYHUOT CHCTEM, JOJCKa COMHHUTEIHO €
JeKa J0OpO pPEILTUIMPAaHOTO Haorame Ha pe-
Iykrpja Ha OpojoT Ha [lypKWHHMEBH KIETKH BO
COCTaB Ha MaJIMOT MO30K ¢ TpoHajaok (12, 13).
OBa ¢ eBUACHTUPAHO MPEKY PEaKTUBHATA TIIHO03a
YeCTO MPHUCYTHA BO MAaJMOT MO30K 3a BpeME Ha
CMPTTa W O]l CTpaHa Ha (aKTOT JieKa
[lypkuHHEBH KIETKH ce 0COOCHO PAaHIIMBA MOITY-
JIaIja v 3a XUIOKCHjaTa | 3a HallaJIuTe IITO MO-

developmental dyslexia occupy opposing
extremes on a neuro-morphological distributi-
on (8, 9). Some individuals have questioned
how autism and dyslexia display divergent
etiologies and yet occur comorbidly. We
suggest that while hyperlexia shares an
etiology in common with the autism, when
dyslexia appears in conjunction with an
autistic spectrum condition (ASC) it is
instead a secondary disorder that has more in
common etiologically with the overarching
ASC than with the form of dyslexia occurring
separately. In lieu of this distinction, we refer
to developmental dyslexia without comorbid
autism as “primary dyslexia” and the
comorbid form of dyslexia as “secondary
dyslexia”.

The Morphology of the Conditions

In order to understand the etiology of these
conditions and how they converge and
diverge behaviorally, studying the underlying
morphology is imperative. From the
postmortem examinations performed on those
with autism, it is clear that a significant
portion of cases display vestiges of aberrant
neurogenesis. Casanova et al. (10) have found
that the neocortex of autistic individuals
exhibits increased numbers of minicolumns
and that the cells within these minicolumns
are smaller and less compact than their
control counterparts. The neuropil space
which lies between adjacent columns is also
reduced in size. Overall, these attributes
suggest a larger total population of cells, the
result of either overproliferation of the
founder population during the neurogenic
stage or reduced apoptosis (11). Increased
neuron number have been noted in other areas
such as the hippocampus, the amygdala, and
other portions of the limbic system, while it is
suspected that the well-replicated finding of
reduction in the Purkinje’s cell number within
the cerebellum is an acquired artifact (12,
13). This is evidenced by the reactive gliosis
frequently present in the cerebellum at the
time of death, and by the fact that Purkinje’s
cells are a particularly vulnerable population
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JKe 1a 00jacHaT 30IITO OBHE KIETKH TTOKaKyBaaT
HajroneMa 3aryba Bo Opojuoct (13). Bo mpo-
JIOJDKCHUETO Ha TPOMEHUTE Ha OpOjoT Ha HEB-
poHH, Mopdosorujata U IUcliep3vjaTta Ha Tpak-
TOBUTE Ha OenaTta Maca ce HaMaleHH BO
rojemMuHa kaj ACH co npuapy»HO 3rojiemyBa-
BE Ha OpOjOT HAa TPAKTOBH CO KPATKH BIIAKHA
(14). Bo Bpcka co oBaa mpoMeHa BO ITOBP3yBa-
HETO, TUpATHATA KOMITJICKCHOCT CE 3roJIeMyBa, a
NPOCEYHHOT BOJYMEH Ha THPYCOT, KaKO M IO-
BpLIMHATA HU3 KOja apKyaTHUTE TPAKTOBU H3JiC-
ryBaar oJf TUPYCOT W TAaTyBaaT HU3 CYOKOpTEK-
coT, ¢ HamaseH kaj aytusmot (9, 15). Koneuno,
O]l TENOCHOTO HHUBO 3a cropenda, moman HO
3HAUUTENICH JIeJ Ha CTyYad Ha ayTH3aM c¢ yIITe
craraaT o MakpouedatHuoT orcer (16).
TekoBHaTa TeopHja HATEKHyBa KOH MOJIEJIOT Ha
npeKyMepHa mpoiindepalyja HaMecTo acollyja-
jaTa Ha ayTH3MOT CO TYMOpP CYIEPECOPHHUTE
rean kako Pten m TSCI1/2 n apyru nponudepa-
THUBHU MYTAllUH, J0/CKa TTOCMPTHUTE HCTPAXKY-
Bamba KOW TM UCIUTYBaa amoNTHKaJIHO MOBp3a-
HHUTE MOJICKYJIapHU MAaKEeTKH MOKaXkaa 3HAuYUTEN-
HU CKpHEHH (DaKTOpU U OCTaHyBaaT HeyOeaIuBU
(17-21). Ha mnpumep, wucTpaxyBamara Ha
Araghi-Niknam un Fatemi (22) u Sheikh u cop.
(21) Hajnoa penyxiuja Bo Bel-2 u 3rojemena mo-
jaBa Ha p53 BO MOCMPTHOTO MO30YHO TKHBO Kaj
ayTHCTH, HO HE CTIOMEHYBaaT KaKo MOYUHAI Cy0-
jexrot. Cemnak, 3aBUCHO O/ IPUYUHATA 33 CMPT,
MOJKE Jla CE€ cO37aaaT OpOjHH COCTOjOHM BO TIPH-
MEpPOKOT Ha MOCMPTHOTO TKUBO. 32 HIIyCTpaIy-
ja, mocrojar Tpu (opMH Ha TpeABpeMEHa CMPT
Kaj JIMIIaTa co ayTH3aM - Halau, 3a1ylIyBambe U
JaBeme, U CeKoja O HUB MOXeE Ja ja MOTTHKHE
XHUIOKCHjaTa WM aHOKCHjaTa BO MO30KOT (23).
WuTtepecHo, XUMOKCHjaTa ce MOKaxa JieKa Tpe-
IN3BHUKYBa cy30uBame Ha Bcel-2 npeky NFkB-3a-
BHCHA BPCKa M akyMyJaluja Ha p53—rmpoHajno-
I KOU HE Ce U3HECEHU BO Pe3yNTaTHTE OJl UCT-
paxyBamara Ha Araghi-Niknam u Fatemi (22) u
Sheikh u cop. (21) (17, 24).

Bo mponommkeHre Ha HECOOJBETHATA MPONHUQeE-
parja, abHOPMATHOCTUTE BO TH(epeHIIH]jaITHja-
Ta ¥ MUTpaIyjaTa ce UCTO TaKa YeCTH Kaj ayTH3-
MOT Kako JI0Ka3 Ha TeleHuedaIHaTa XeTepo-
TonMja W auciuasuja. Hamecto ma ce mojaBar
XOMOTE€HO HH3 pPa3BOjHATa KOPTUKAIHA ILIOYA,
OBHE OTCTAITyBara Ce M0jaByBaaT XeTEePOreHO 0
MO30KOT, HAQj9eCTO TapPTreTUPajKH THU IICPHBCH-
TPUKYJTAPHUTE U CYOKOPTHKAJIHTE PETHOHH, Ha-
3a0€HUOT THPYC BO PAMKHTE HA XHUIIOKAMITYCOT U
(hITOKYTOHOIYTapHUOT JIOOYC Ha MaluOT MO30K

to both hypoxia and seizures which may
explain why these cells exhibit the greatest
loss in numbers (13). In addition to the
changes in the neuronal number, morphology
and dispersion, white matter tracts are
reduced in size in the ASC, with a
concomitant rise in number of short-range
fiber tracts (14). In relation to this change in
connectivity, gyral complexity is increased
and average gyral window volume, the area
through which the arcuate tracts exit the
gyrus and travel through the sub-cortex, in
autism is decreased (9, 15). Finally, at the
gross level of comparison a minor yet
significant portion of cases of autism falls
within the macro cephalic range (16).

The current theory presently leans towards
the overproliferation model in lieu of
autism’s association with tumor suppressor
genes such as Pten and TSC1/2 and other pro-
proliferative mutations, while postmortem
studies investigating apoptotically-associated
molecular  pathways  have displayed
considerable confounds and remain in-
conclusive (17-21). For example, the Araghi-
Niknam and Fatemi (22) and Sheikh et al.
(21) studies, both of which found reduction in
Bcl-2 and increased expression of p53 in the
postmortem brain tissue of autists, make no
mention of how their subjects died. And yet,
dependent upon the mode of death numerous
artifacts can be created in postmortem tissue
samples. To illustrate this point, the three
common forms of premature death in autistic
subjects are seizures, suffocation, and
drowning, each of which can promote
hypoxia or anoxia in the brain (23).
Interestingly, hypoxia has been shown to
trigger suppression of Bcl-2 through an
NF«B-dependent manner and accumulation of
p53—findings which are unaccounted for in
the results of the Araghi-Niknam and Fatemi
(22) and Sheikh et al. (21) studies (17, 24).

In addition to the aberrant proliferation,
abnormalities in differentiation and migration
are also common in autism as evidenced by
telencephalic heterotopias and dysplasias.
Rather than occurring homogenously across
the developing cortical plate, these deviations
occur heterogeneously throughout the brain,
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(25). Co ormen Ha BpcKaTa IOMeEry KOPTH-
KaJTHaTa JQUCIUIa3fja, XeTepOTONHja U HaraauTe,
MOXKHO € HHMBHUTC TI0jaBU Kaj ayTU3MOT Ja ce
MpUYMHA 32 BHCOKATa CTalka Ha CIWICIICHja
(26-28). Jlomeka TOBEKETO  HCTpa)KyBauu
npeABUee JieKa emmwIenTU(OpPMHATa aKTHB-
HOCT MOTEKHYBa 0] CAMOTO XETEPOTOITHO U JIUC-
TUIACTUYHO TKWBO, HAMECTO TOA, YXKHBOTUHCKUOT
MOJieTT Ha TOJMMHUKPOTHUpPHja WHAYIUpPaHa OJ
JCIUIa3Kja Ipejyiara Jieka COCAMHYBAmETO Ha
HOPMaJTHOTO TKHMBO CO Maidopmaiyjara e
BCYIITHOCT CEAMIITETO Ha eNeKTporeHes3ata (29).
CnpoTHBHO Ha ayTH3MOT, MPOMECHIHMBOCTa Ha
KpUTEPUYMHTE Kaj AWCIICKCHjaTa BO TIOCICTHUTE
HEKOJIKY JIeKa i PeTU3BHKa MOTESIIKOTH]a J1a Ce
W3BPLIM COOABETHO OLICHYBam€ Ha HEBPOTCHHUTE
aHOMAaJIUM BO UCTpaKyBamaTa. Hekoiky Heopa-
MHEIIHN UCTPaXKyBamba ja OrpaHUuMja JIUjarHo-
3aTa 3a OHHME KOWINTO T'M HCIIONHYBaaT KpH-
TePUyMHUTE Ha cHila Ha (DOHOJIOMIKHUOT Je(UIINT,
J0/ieKa TOOJAMHEITHA HCTPAXKyBamkba KOM TH
BKIIy4yyBaa HajIIUTUPAHUTEC TIOCMPTHH  HC-
TpaXyBama OTKPUBAAT WIM HEjaCHH KPUTCPHY-
MU 32 WHKJIy3Wja HJIM OCHOBHA JWjarHo3a Ha Io-
MIUPOKO HapymryBame Tpu untame (30-33).
[Topamu Toa, mmcieKcHjaTa KOja HUE JIEHEC ja
3HaeMe, a TOTeKHYBa O MpOICCHpamke Ha
MOTpelIHnd 300pOBHU KOPEHH, HE € HCTa KaKo U
OIMITOTO HApPYyIIyBake BO YHUTAHETO IIPO-
y4yBaHO BO TOPAHEIIHUTE UCTPAXKYBamba, Ha TOj
HAa4YWH TIPaBEjKM TH OpOJHHUTE CTYIUH HECIIO-
pemmuBu. Ricketts (34), Ha mpumep, 3abemexan
JieKa JieriaTa co MOCHPOMAIITHU BEIITHHH 32 pa3-
Oupame, ITO € CHPOTHBHO Ha CHPOMAIIHOTO
Mpero3HaBamke Ha 300pOBH KOE ja KapaKTepH-
3Mpa JUCIEKCHjaTa, ce OTHPHIIMKA JIBAIlaTH I10-
gecTa T0jaBa 3a pasjfKa of camaTa AWCIICKCH]a.
Oga 00e30emyBa XeTeporena rpyrma Ha JUIHOCTH
KOM YJNTHMATHBHO MOXE J]a CE€ CyMHpaaTr IoJ
elHA TIONIMPOKA KaTeropHja II03HAaTa Kako
HApyuwysare 80 4umarbemo. 3a The CTyIUH KOU
ja BKIyuMja oOBaa MOMHPOKa AeHUHHIHM]A,
MOTCHI[IOHAIHATA XETEPOreHOCT HAa HHUBHHTE
MPUMEPOIIH JIOBEyBa JI0 3HAUYMTETHA 3a0yHa.

Cenak, MOXE Jla C€ CyMHpaaT pe3yJTaTuTe OJ
HEKOU OJ] TIOCTPOTHTE UCTPAXKyBarkba Kako M Ja
HampaBUME TPETJIe/ CO U3BECHA MPETHNA3IUBOCT
Ha pe3yNTaTHTe KOM BKIy1yBaaT MoOJIark Kpure-
puymu. Co BKIydIyBame Ha CTPOTH THjarHOCTHY-
K{ KPUTEPUYMH, HAIIETO HUCTPAXKYBambe 3a0ele-
Ka pas3irKa BO MHHUKOJTYMHapHATa MOpHOMET-
pHja BO mMpUMapHaTa IUCIEKCHja, BO CHopenda
CO KOHTpoOJHaTa rpymna. Bo cuiiHa KOHTpacT Ha

largely  targeting  periventricular  and
subcortical regions, the dentate gyrus within
the hippocampus, and the flocculonodular
lobe of the cerebellum (25). Given the
relationship between the cortical dysplasias,
the heterotopias, and the seizures, it is
possible that their occurrences in autism are
the cause of the high rate of epilepsy (26—
28). Significantly, while most researchers
have envisioned epileptiform activity arising
from the heterotopic and dysplastic tissues
themselves, animal models on dysplasia-
induced polymicrogyria instead suggests that
normal tissues adjacent to the malformation
are in fact the seat of epileptogenesis (29).

In contrast to autism, the fluctuation in
criteria of dyslexia over the last several
decades has made it extremely difficult to
adequately assess neurogenic anomalies
across research studies. A number of recent
studies restrict the diagnosis to those who
fulfill the stringent criterion of a phonological
deficit, while older studies including the most
highly cited of postmortem studies report
either vague diagnostic inclusion criteria or
base diagnosis on a broader reading deficit
(30-33). Therefore, the dyslexia we know
today which has roots in faulty speech
processing is not the same as the general
reading deficit studied in earlier research,
making numerous studies incomparable.
Ricketts (34), for instance, has noted that
children with poor comprehension skills, as
opposed to the poor word recognition which
typifies dyslexia, are approximately two
times more common than dyslexics. This
provides a  heterogeneous group of
individuals who ultimately may be subsumed
under the broad category of Reading
Disorder. For those studies which have
utilized this broader definition, the potential
heterogeneity of their subject samples leads
to considerable confounds.

Nevertheless, we can summarize the findings
of some of the more stringent studies and
review those studies which utilized more
lenient criteria with due caution. Utilizing
stringent diagnostic criteria, our own studies
have noted differences in the minicolumnar
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rpyrara co ayTh3aM, IpuMapHaTa JAUCIeKCHja ce
MaHH(ecTHpa TMpeKy 3rojieMeHa MHHHUKOIyM-
HapHa IMUPUHA, CPETHA TPOCTPAHOCT HA KIETKH-
TE€ ¥ HEYPONWIIHA IIUPHHA, BO CIIOpenda co KOH-
tponHata rpyma (10). Mcro Taka Oerie oTkprueHa
HaMaJleHa THpalHa CJI0KEHOCT, 3rojieMeH Ipoc-
TOp Mefy THPYCHTE W 3TOJIEMEH BOJIYMEH Ha
KOPITyC Kajio3yM Kaj IHCIeKCHjaTa, CIIOPEIcHO
CO JIBETE TPYIH, KOHTPOIHATA TPYTa U ayTUCTH-
te (9, 14, 35). Bo nponomkenue, auciekcujara
MMa HaMaJleHO (OKycuparme Ha BOJyMEHHTE Kaj
cuBata u Oenata Maca Kako BO JieBaTa CpeAiiHa U
WHPEPHOPHUOT CIIENIO0YEH THPYC, Taka M BO
arcuate fasciculus, HeBoOOWYacHa CHMETpPHja
noMery IeBata W jaecHara plana temporale n
BKyIIHa peAyKIrja BO MO30YHHOT BOJIyMeH (36—
39). OBue NpoHajIOLMU ce MPUAPYKEHH O KOp-
TUKaJIHATa XETEPOTONHja U JUCIUIa3uja 3abere-
»KaHU BO cocToj0aTa, 0COOCHO OHUE BO COCTaB Ha
neBata xemuchepa (31, 32). Kako mro Moxe 1a
ce 3a0erexu, ermuiericujaTa € 3HaYUTEITHO TTOBP-
3aHa CO OBaa COCTOj0Aa M MOXKE J]a MMa CIMYHH
KOPEHH CO I0jaBaTa Ha XeTepOTONHja U AUCIIIa-
3uja (40).

Kaj nucnekcujara, 3HaUMTEICH [T Ha OBUE CK-
TOIIMYHU KJTACTEPH Ce jaByBa BO COCTaB Ha MOJIe-
KYJIAPHUOT CJI0j Ha HEOKOPTEKCOT CIPOTUBHO Ha
ayTH3MOT KOj MMa CKJIOHOCT KOH MEpPBEHTPUKY-
JapHa B CyOKOpTHKaJIHA eKkTomuja (25). MoxkHO
€ OBHE pa3MYHH TUIIOBH Ha XETEPONUH 12
HACTaHAT OJ pasJMYHH BPOJEHH TPEIIKd Ha
KOPTHKOT'€HEe3aTa K0ja MOXKe Jla TIOMOTHE /1a ce
OJIBOM W HArjlaCdi HUBHOTO COOJIBETHO ITOTEKIIO.
[lopagu Toa mTO BpeMETO Ha OIpPXKyBame Ha
nponudepanyjara, MurpanijaTa u CMpTTa Ha
KJIETKUTE CE€ MCIIABMHA OJ] aBTOHOMHOCTa M
HEaBTOHOMHOCTA Ha KJIETKHUTE, Pa3InIHUTE Xe-
TEPOXPOHHUH BO aHAJIOTHUTE TKHBA MOXeE Jla pe-
3yITUPaaT BO Pa3IMYHU THIIOBH HA XETEPOTOIHH
Y TUCIUIA3UH, KaKO OHHE IITO ce 3a0enexaHt Kaj
ayTU3MOT ¥ Auciekcujata (41).

Bo cocraB Ha TanamycoT ce OTKpUeHH abHOp-
MaJIHOCTH Ha MarHoleiylliapHaTa ImareKa, BU3y-
€JTHa TIaTeKa Koja Tporiecupa Op3u HUCKOKOHT-
pacHU BH3YEIHHM WH(POpPMAIUH, 32 Pa3liuKa OJ
0aBHaTa BUCOKOKOHTpAcHa MapBoLeTyapHa Ta-
TeKa, KaJe Ce HajAeHH HEKOJIKY pasiuku (42).
[Mopanu oBue MpPOHAJIOIM, BO KOMOHMHAIH]ja CO
JPYTH UCTPaKyBama KOW IMOKaXkaa JIeKa JFCIIeK-
TUYapUTE WMaaT TEHIEHIMja JIOIIO Ja TH W3-
BpIIIyBaaT 33jJa4nTe Ha OpP30TO BHU3YEIHO TPO-
necupame, Livingstone u cop. (42) koHCTaTH-
pajie Jeka OCHOBHHOT Je(UIMT BO AWCIEKCHjaTa

morphometry in primary dyslexia as
compared to controls. In stark contrast to our
autism group, primary dyslexia displays
increased minicolumnar width, mean cell
spacing, and neuropil width as compared to
controls (10). We have also found reduced
gyral complexity, increased gyral window
size, and increased corpus callosal volume in
dyslexia, compared to both controls and
autistics (9, 14, 35). In addition, dyslexics
appear to have focal reductions in gray and
white matter volumes such as within the left
middle and inferior temporal gyri and arcuate
fasciculus; an unusual symmetry between the
left and right plana temporale; and an overall
reduction in the total brain volume (36-39).
These findings are complemented by the
cortical heterotopias and dysplasias noted in
the condition, particularly those within the
left hemisphere (31, 32). As is also seen in
autism, epilepsy is significantly associated
with the condition and may have similar roots
in the occurrence of heterotopias and
dysplasias (40).

In dyslexia, a significant portion of these
ectopic clusters occurs within the molecular
layer of the neocortex in contrast to autism
which has a predilection for periventricular
and subcortical ectopias (25). It is possible
that these different types of heteropias arise
from different inborn errors of corticogenesis
which could help differentiate and pinpoint
their respective etiologies. Because the timing
of proliferation, migration and cell death are a
mix of cell autonomous and non-autonomous
processes, different heterochronies within
analogous tissues may result in different
types of heterotopias and dysplasias such as
those seen between autism and dyslexia (41).

Within the thalamus, abnormalities have been
found in the magnocellular pathway, a visual
pathway which processes rapid low-contrast
visual information, whereas there are few
differences noted in the slow high-contrast
parvocellular pathway (42). Because of these
findings, in combination with other works
which have shown that dyslexics tend to
perform poorly on tasks of rapid visual
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HE JISKH BO COCTaB Ha JAJICHUTE CCH30PHH MO-
JAJIATETH, TYKY BO OP30TO MpOoIecUparme Ha WH-
(dbopmMarjaTa YMM KOPEHHM Ce HaoraaT BO Taja-
mycot. Cenak, Galaburda (43) Bo HajexeH K-
BOTMHCKU MOJEN MpPUKaKa JeKa HEOKOPTEKCHH-
T€ aHOMaJHH (Ha Tp.: eKTONHja, MUKPOTUPU) TH
WCTAaKHYBaaT OHME Ha TallaMyCOT BO TIHpa-
MuganeH mojenr. Ramus (44) wcrto Taka TBpAH
JieKa, JoJieKa YT CHMIITOMH MOXE Ja Oujar
CHOpeHH Ha cocTojdara, Kako INTO ce ab-
HOPMAJIHOCTHUTE BO BH3YEIHOTO U CEH30PHO-MO-
TOPHOTO TIpOLIECUpare, BO JINTEpaTypaTa IOC-
TOM 00pa3iokeHue jaeka neduIuToT Ha (OHO-
JIOITKOTO JNEKOIMparme IMTO ja JAcPUHMpa OBaa
coCTOj0a € mpuMapHaTa MPUYMHA Ka] HapyIIy-
BabETO BO YUTALETO.

CrnpoTHBHO M Ha ayTH3MOT M Ha JAUCIEKCHjaTa,
MaJIKy BHUMaHHUE € TIOCBETEHO Ha XUTICPICKCHY-
HHOT MO30K. Jlo JieHeC He MOCTojaT MOCMPTHU
WUCTpaXKyBama, a MaJKyTe WCTPaXyBama Ha
(yHKIIMOHAIHA BU3yenu3aiuja ce (Gokycupaar
Ha GKCTPEMHO MaJMOT Opoj Ha mareHTd. Ha
npumep, Turkeltaub u cop. (45) npoyuyBane 9-
TO/IMIIIHO MOMYE KaJie OTKPHUJIE 3roJieMeHa aKTH-
Ballfja Ha JICBUOT MHEPUOPEH (PpoHTalIeH, Jie-
BHOT CYINEPHOPEH TEMIIOPAICH U JICCHUOT HHpE-
propen TemmnopaieH rupyc. On oBue pe3yiaratu
UCTpaXyBaulTe 3aKiIydyHja JeKa paHO3pesocTa
BO YUTAKETO HACTAHYBA NMPEKY 3aCUIICHA aKTH-
BallMja ¥ Ha JIBaTa - JICBUOT M JICCHHOT BU3YyeEJeH
cucrem. Tirosh & Canby (46) Bo HUBHOTO Majo
UCTpaXyBambe, UCTO TaKa YTBPAWIC JeKa JIBE O]
MeT XWICPIEKCHYHH [lella ayTHCTH BO EKC-
NMepuMEHTANHATa Tpyma ce MakpolehalHH.
EnHo ox THe nBe Aenia umaino Opat/cectpa co Xu-
nepJyieKkcHja Koj/a He Omiia BKIIyUeH/a BO HCTpa-
JKYBambETO, 110jaBa Koja Cyrepupa IMOTCHIM]jaIHa
HACJICJIHOCT.

Hajronemuor 0poj wcTpakyBama 3a XHUITEPIICK-
chjara ce (hoKycupaaT Ha Hej3MHATa KOMOPOW-
HOCT €O ayTU3MOT. BcymrHoct, 3acHieHOTO
Mperno3HaBame Ha 300POBH M CHPOMAIITHOTO Pas3-
Oupame ITO € TUIIMYHO 332 MHOTY ()OPMHU Ha XHU-
MEePIICKCHja CEe UCTO TaKa JOMUHAHTHH TPEHIOBH
Kaj ayTH3MOT, MaKO HE CHTE ayTHCTH KOH IIO-
Ka)kKyBaaT KallallUTeT Ha CYNEpIaTUBHO MPENo3-
HaBame Ha 300poBH, OM ce obenexarne Kako XH-
MEPIICKTHYHN, ¥ WCTO TaKa, HE CHTE XHUIIepIIcK-
TUYapU TH KCIOJIHYBaaT KPUTEPUYMHTE 32 ay-
tu3am (47). Cimuno Ha osa Frith m Snowling
(48) xoHCTaTHpaar: AUCICKTHIAPUTE UUTAAT 3a
3HAuYCHE, ayTUCTHUTE 32 3BYIIH.

processing, Livingstone et al. (42) have
proposed that the fundamental underlying
deficit in dyslexia lies not within a given
sensory modality but with the rapid
processing of information which bears its
roots within the thalamus. However,
Galaburda (43) has shown in a promising
animal model that the neocortical anomalies
(e.g.: ectopias, microgyri) appear to promote
the thalamic ones in a top-down model of
thalamic pruning. Ramus (44) likewise argues
that while other symptoms may be secondary
to the condition, such as abnormalities in
visual and sensory-motor processing, the
literature  suggests  that  deficits in
phonological decoding are the primary cause
in the reading impairment which defines the
condition.

In contrast to both autism and dyslexia, little
work has been performed on the hyperlexic
brain. No postmortem work has been
performed to date, and the few functional
imaging studies that exist, focus on extremely
small numbers of patients. For instance,
Turkeltaub et al. (45) studied a 9-year-old
hyperlexic boy finding increased activation of
the left inferior frontal, left superior temporal,
and right inferior temporal gyri. From these
results, the researchers concluded that reading
precocity occurs via enhanced activation of
both the left auditory and right visual
systems. Tirosh & Canby (46) in their small
study also found that two of the five
hyperlexic  autistic  children in  the
experimental group were macrocephalic. One
of those two children had a sibling with
hyperlexia which was not included in the
study, an occurrence suggesting potential
heritability.

The majority of research on hyperlexia
focuses on its comorbidity with autism. In
fact, the enhanced word recognition and
poverty of comprehension which typify many
forms of hyperlexia are also the predominant
trends in autism, although not all autistics
exhibit such superlative word recognition
capacity as to be labeled hyperlexic and
likewise not all hyperlexics fulfill the criteria
for autism (47). As Frith and Snowling (48)
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Jlonexka HUCKara KOHEKTHBHOCT Ha JIOJNIO
BJIAKHECTUTE TPAKTOBH Kaj ayTH3MOT MOXE Ja
npUIoHece 3a cnabo pa3dupame MpU YUTAHETO
Kaj XHUIEPICKCHYHUTE W THIUYHUTE ayTHCTH,
npocevHara U HaTmpocevHara (OHOMOIIKA Bell-
THHA MOJXKE JIa CE JaBU MMOPaJIH JOKATHATA MPEKY-
MepHa KOHEeKTUBHOCT (8). Kako moBp3an mpu-
Mep, CHHECTe3HjaTa € MoYecTa Kaj ayTH3MOT OT-
KOJIKY Kaj TeHepaHaTa MomyJamuja; o1 HeoaaM-
Ha € YTBPJICHO JIeKa KalaluTeTOT KOj € OCHOBA
Ha rpadeMaTa Ha CHHECTe3HjaTa BO 0oja, € Io-
Bp3aH CO IOrojeMa KOHEKTHBHOCT BO HH(e-
PHOPHHOT TeMITopaiieH Kopteke (49). bu oueky-
BaJie CIMYHKA OTKPHUTHja BO PEICBAHTHU 00JIACTH
Kaj XUIEPICKTUYHHOT MO30K, Ha IIp. JIOKaJHa
npeKkyMepHa KoHeKTHBHOCT. Ce HajieBame Jieka
WJIHU WCTpaXx<yBama ke Ouat Bo cocrojda na ja
UCTpa)KyBaaT 0Baa MPETIIOCTABKA.

Bpckara nmomery ayTH3MOT W IMCIEKCHjaTa, ce
MOKJIONYBA U € TMX0TMOHa. /luciekcujata Moxe
Jla Omje cropeqHa TmojaBa Kaj ayTH3MOT, JA0/eKa
nprMapHaTa JUCICKCHja TIOKaXyBa LepeOpaina
Mopdornomka aHTHIONA 33 pa3liUKa  Of
nmperxogHara. Bo MeryBpeme, XumepieKcHjaTa
ce MaHudecTUpa TPEKYy CHIHH CIHYHOCTH CO
ayTH3MOT M MHOTY 4eCTO MOXe J1a Oue KOMop-
OugHa co Hero. Mako xumepieckujata € 4ecTo
CMETaHa KaKO CYIepCHOCOOHOCT, 4YeCcTO ce
NojaByBa 3ae/[HO CO HeKakBa opma Ha TOTEII-
KOTHja BO 4HUTameTo. M BCyHIHOCT, HapyIy-
BamkbaTa BO YUTAIHETO YECTO CE HAOraaT M Kaj
IPYTHTE YIEHOBH on cemejctBoTo (5, 50).
BruesnyBameTo Ha OBHE COCTOjOM MHOTY BEpO-
jaTHO TIpeTcTaByBa MOMEHT KOra OmimTonpHda-
TEHOTO OJIHECYBamE Ce€ MOKJIOMyBa CO J[BETE aH-
tunoaHu Mopdonoruu. U mopaau Toa, co men aa
ce oJIpellu Jajlk Toa Ce CIydyBa, MHOTY € BasKHO
HamuTe JeHUHHUIMH BO HCTPAKYBAmETO 1A
OWJaT MPEM3HN U KOH3UCTCHTHH.

Ilpoonem u depunuyuu

Frith u Happé (51) koHCcTaTHpaar neka ,,9uCTH-
Te“ cIydalm Ha pPa3BOjHU HapyIIyBama Kaje
MOCTOM CaMoO €JIHAa EIUHCTBEHa cocToj0a, ce
petku. Hamecto Toa, mapanienHaTa mojaBa Ha
HEBPO-Pa3BOjHUTE HAPYLIyBambha € YecTa U € Jell
O]l orojieMa JMHAMUKa Ha IPUMapHaTa CoCTOj-
0a. Kako mTo e IMCKyTHPaHO, ayTH3MOT MOXKeE
Ja Oume KOMOpOWICH WM CO XHUIEplieKCHjaTa
wi co aucnekcujata (7, 34).

On xapakrepuzanujata Bo 1940-rata ma HaBa-

have suggested: dyslexics read for meaning,
autistics read for sound.

While the under connectivity in long-range
fiber tracts in autism may underlie poor
reading comprehension in hyperlexic and
typical autism, average-to-above-average
phonological skill may be due to local over
connectivity (8). As a related example,
synaethesia is more common in autistics than
in the general population; it has recently been
found that the capacity which underlies
grapheme-color synaesthesia is related to
greater connectivity in the inferior temporal
cortex (49). We would expect similar findings
in relevant areas within the hyperlexic brain,
i.e., local over connectivity. Hopefully, future
research will be able to explore this
prediction.

The relationship between autism and dyslexia
is both an overlapping and dichotomous one.
Dyslexia can be secondary to autism, while
primary dyslexia exhibits cerebral
morphology antipodal to the former.
Meanwhile, hyperlexia presents with striking
similarities to autism and may frequently be
comorbid with the same. Although hyperlexia
is often regarded as a super ability, it usually
co-occurs with some form of reading deficit.
And in fact, reading disorders are often found
also in close family members (5, 50). The
imbrication with which these conditions
present likely represents the point at which a
common behavior overlaps two antipodal
morphologies. Therefore, in order to
determine whether this is the case, it is
imperative that our definitions in the research
are precise and consistent.

Problem and Definitions

Frith and Happé (51) have suggested that
“pure” cases of developmental disorders in
which only a single condition exists are rare.
Instead, co-occurring neurodevelopmental
disorders are both common and part of the
larger dynamic of the primary condition. As
discussed, autism can be comorbid with either
hyperlexia or dyslexia (7, 34).

Since its characterization in the 1940s, the
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My, JeUHHUIMjaTa 3a ayTH3aM HE ce MPOMEHHU
3HauyuTenHo. Mako Hue cera uMame IOIIMPOKa
neMa Koja BKJIyYyBa BHUCOKO(QYHKIIMOHATHH W
HUCKO(YHKIMOHAIHU WHAWBUAYH 32 pa3iuKa
oJ Toa mto Kanner mpBUYHO AWjarHOCTUIIMPAT,
neguHUpamkeTO Ha ayTU3MOT Of CTpaHa Ha He-
TOBHUTE COITMjATHH W ja3WYHU HEIOCTATOIN WIIH
MOBTOPJIMBA MaHHPH, HEMa 3HAYUTEITHO €BO-
nmyupaHo. buaejkm cé ymTe e Temko na ce
WACHTH(UKYBaaT BEPOJOCTOJHH OHOMAapKepH
WM OIIITH MaKPOCKOIICKH/MHUKPOCKOIICKH KO-
penanuu KOU Ce COOJABETHU HU3 XETEPOTECHHUTE
COCTOjOM JIO JICHEC, HUe CME MPHCUIICHH Jia Ce
noTnupamMe Ha OHMXEjBHOPAIHUTE KOHCTPYKTH.
Hamute concTBeHr UCTpaKyBama BP3 MUHUKO-
JyMHapHa MoppoMeTpHja OTKpHja JeKa 3HAYH-
TeJieH Opoj CiIydyau Ha ayTH3aM IIpojaByBaar pe-
nyuupanu Opoj Ha KJIETKH, TOJIEMHUHA HA MUHH-
KOJIyMHUTE M LIMpHHA Ha HeypormwioT. Cemnak,
OBa € IpyIllHAa aHalM3a U ja OApa3yBaaT roJieM
Opoj Ha TPEHIOBH, TaKa LITO MOXKE MAJIKY J1a Ce
KaXke 3a OJIJICJIHYU CITy4au.

3a ka1, uCTopHujaTa Ha TUCIEKCHjaTa Ce CO0Uy-
Ba CO NOToJIeMH NpoOjeMu, He caMmo Mopanu
TOA IITO HEBPOPA3BOJHUOT YCIIOB € MPETCTABEH
0]l IpacTHYHO MOETHOCTABEHA JICTA HA KPUTE-
PUYMH, HO M [Opajay Toa IITO Taa AeHuHUIM]ja
ce MPOMEHYBaIlle CO TEKOT Ha BPEMETO H C¢ YIII-
Te ¢ Bo (piykc (Bumu mosony 3a AITA TekoBHU-
ot mpemor 3a ,,Cneyuguunume Hapyuysaroa
60 yuervemo ). 3aToa IITO MHOTY IAaTOJOLIKU
OJHECYBama C€ MOTNHPAaT BP3 KOHTHHYYM CO
HOpPMaJIHOCTa, OMXejBUOpaTHUTE NeHUHHIINH Ce
YMHAT JeKa CE PENaTUBHO MPOU3BOJIHH, LITO 3H-
auy, 3a J]a ce IPOMEHAT CYLITUHCKH UCTHUTE, UC-
TPaXXyBambeTO M 3[JpaBCTBEHATA IPUKa CTaHyBa-
aT 0cOOEHO TEIIKH, UCTO KaKo LENCHhe KOH MoJI-
BMKHA MeTa. TEKOBHOTO UCTPa)KyBame TMOKa-
KyBa JeKa HaKo TUCIEKCHjaTa ce MaHh(ecTHpa
IPEKy TEIIKOTHja BO YHMTAHETO, BO CYIITHHA
MOJe€ JIa TOCTOjaT OCHOBHU Pa3iIMKH BO TOA Ka-
KO 3By4Yd TOBOPOT Kaj nuciektuyapute. OBa
pacTpojcTBO MOKE [1a IO HAapyIIX KOTHUTHUBHH-
OT MPEBOA Ha BU3YETHHUTE 300POBHU CUMOOIH
BO PENpPE3CHTAaTUBHU 3HadajHu 3ByHH. Kaxo
mro npemiara Snowling (52), oBa e mopamu
,,OCHOBHHOT HEIOCTATOK Ha TOBOPHA IEpLel-
1Mja, IPOU3BENYBake Ha I'OBOP WIIM IPUBpPE-
MEHO Mpoliecupame [U JeKka oBue JIyfe] umaar
TEIMKOTHU TIpes ¢€ BO (OPMHPAImETO, a IIo-
JIOI[HA W MIPHUCTAITYBAKBETO 10 COOABETHU (POHO-
JIOWIKK TBOPOU‘‘. BpojHU UCTpaxkyBama OTKpHja

definition of autism has not changed
considerably. Although we now have a
broader schema which includes higher-
functioning and lower-functioning individuals
than Kanner would have originally diagnosed,
defining autism by its social and language
deficits and its restricted or repetitive
mannerisms has not evolved considerably.
Science still struggles to identify a reliable
biomarker or common = macroscopic/
microscopic correlates which are consistent
across the heterogeneous conditions; to date,
however, we are forced to rely on behavioral
constructs. Our own studies on minicolumnar
morphometry reveal that a significant portion
of cases of autism exhibit reduced cell size,
minicolumnar size, and neuropil width;
however, this is a group analysis and reflects
larger trends and can say little of individual
cases.

Unfortunately, the history of dyslexia is
plagued by greater problems—not solely
because this neurodevelopmental condition is
represented by a drastically simplified criteria
list, but because that definition has changed
over time and is still in a fluctuation state
(sees below for the APA’s current proposal
for “Specific Learning Disorder”). Because
many pathological behaviors rely on a
continuum  with  normality, behavioral
definitions tend to be relatively arbitrary and
thus to alter them so fundamentally makes
research and health care extraordinarily
difficult, akin to hitting a moving target.
Current research suggests that while dyslexia
may reveal itself through its deficits in
reading, at its core may be underlying diff-
erences in how dyslexics’ process speech
sounds; this disruption may subsequently
disturb the cognitive translation of visual
word symbols into representative and
meaningful sounds. As Snowling (52)
suggests, this is due to “basic deficits in
speech perception, speech production, or
temporal processing [and that these people]
have difficulties first in establishing, and later
in accessing adequate phonological rep-
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JIcKa HOBOPOJCHYMEIbATA CO PHU3HK KOHU
MOTEKHYBaaT OJI MYJTHIDICKC JUCICKCUYHU
CeMejCTBa NOKaXyBaaT aOHOPMAaJHH TOBOPHU
npollecupama Iypd W Tpel Ja HaydaT Ja
30opyBaar (53-55). Bo mpomomkeHue, BO
(hyHKIIMOHATHO TPUKaXKaHHU CTYJUH 32 JTUCIICK-
cHjara, JIUCICKTUYAPUTE TMOKAXKYyBaaT CIIOpE]-
OcHO HaMajieHa aKTHBAllKja BO OOJACTHTE O]
TFOBOPHOTO TPOLIECHPAhE BO JieBaTa XeMHUC]e-
pa, co UTabOKO HapyIIyBamke Ha MYJITHIIONAP-
HaTa WHTErpaiuja 3a BpeMe Ha ()OHOJIOIIKH 3a-
Jladyl KOW BKITydyBaaT BHATpemieH rosop (56).
UctpakyBamaTa MpoHAILIe MOBPIIEH a cenak
TpacH NehHUIHUT Ha (DOHOJOMIKO MPOIECUPABLE
Kaj aloJICCIICHTH W MIIAJMHINA KOW eIHall ja
MPUMUJIC J¥jarHo3ara, HO MOBEKe HE Ce KBaJIH-
tdbuxyBanu (56, 57).

Xurnepiekcujara UCTO Taka UMalle yaen U BO
nqunemara 3a nehuHuIun. Bo eneH MOMEHT Taa
ce cMeTalle 3a HeJOCTaTOK MOBP3aH CO HEBPO-
pa3BojauTe cocTojou. Co TEeKOT Ha BPEeMETO Taa
He Oellle TOBEKe CMETaHa 3a HEJOCTaTOK, TYKY
cynep Wi HeHopMmaiiHa cmocoOHocT. Cera ce
cMeTa 32 KOMOWHAIMja 0] HeJOCTaTOIH (CHUPO-
MaITHO pa30Hpame BO YUTAHETO) U CIIOCOOHOCT
(moOpo 10 OATMYHO TPETNO3HaBaWke Ha 300pO-
BUTE) - WM BO CIYy4ajOT HAa ,,HCBPOTUITHYHHUTE
WHAWBUAYHU, HEC IOCTOU BOOIIIITO HEAOCTATOK
(4, 6, 50). Bo nponomkenue, mocrojar MHOTY
nebaTh manmu XWIepieKcHjara € cama Imo cebe
ACH, naxo Treffert (6) ro uma HariaceHo Toa,
npejsarajku eka MojeKa JBa OJ TPU THUIIOBH
XUIEPJICKCHja C€ TOBP3aHU CO AYTUCTUYHHTE
OJIHECYBama, TpeTaTa Tpyla He Ce CMeTa BO
Wi OJTUCKy 70 criekTapoT. OBaa mocieaHa rpy-
ma, cenak € 4ecTo Mpenr3Ha U CBETIa, H aKo ce
3eMe MpEeJBH BPCKaTa, ce MojaByBa CO 3roje-
MEH BOJIyMEH Ha cuBa u Oella Maca, OBUE HEB-
POTUIIMYHM JIella MOXKE Jia JIeJiaT aclieKTH Ha
nepedpanaa Mophoorija 3aeIHO CO ayTH3MOT
(59).

JlBa mpoOiieMa KoM MOBIIEKYBaaT UCTPaXKyBamba
BO 00JIacTa Ha HapYyIIyBamke BO YUTAKHETO ce: 1)
HEJIOCTaTOK Ha COTJIACeH JIOTOBOP IPH IITO CE
JneGHUHUpaaT pazinIHUATE HAPYIIyBama BO YH-
TamkETO U 2) CIEMU(PUIHO CUPOMAIIHH KPHUTE-
puymu. Bo opHOC Ha MPETXOIHUOT MPOOIEM,
JNeUHUIIMATE Ha JUCIICKCHja Ce MEHyBaa O]l
myonuKanmuu g0 Iyonukanww. Jlogeka MHOTY
UCTpa)KyBauH ja neuHUpaa AUCIEKCHjaTa Kako
nedunuT o7 (OHOJIONMIKO IMOTEKIIO0, TEKOBHH pe-
BU3HMK Ha [IpUpayHUKOT 3a CTATUCTUKA U JHja-

resentations”. Numerous studies have found
that at-risk infants from multiplex dyslexic
families exhibit abnormal speech processing
even prior to language acquisition (53-55).
Additionally, in functional imaging studies
dyslexics show comparatively decreased
activation in speech processing areas in the
left hemisphere, with a poignant dysregulation
of multimodal integration during phonological
tasks involving inner speech (56). Studies
have also found subtle yet enduring deficits in
phonological processing in adolescents and
young adults who once received the diagnosis
but were no longer qualified (56, 57).
Hyperlexia has also had its share of
definitional dilemmas. At one point it was
considered a disability associated with neuro-
developmental conditions; eventually it was
no longer a disability but a super- or savant
ability; and now it is considered a
combination of disability (poor reading
comprehension) and ability (good-to-excellent
word recognition)—or in the case of
“neurotypical” individuals, no disability at all
(4, 6, 50). In addition, there has been much
debate as to whether hyperlexia is by itself an
ASC, although Treffert (6) has addressed this,
suggesting that while two of the three types of
hyperlexia are associated with autistic or
autistic-like behaviors, the third group is not
considered on or near the spectrum. This final
group, however, is often precocious and
bright, and given the relationship intelligence
appears to have with increased gray and white
matter volumes, these neuro-typical children
may share aspects of cerebral morphology in
common with autism (58).

Two problems which have triggered a reading
disorder research are: 1) lack of consistent
agreement in what defines the various reading
disorders and 2) poor criteria specificity. In
regards to the former issue, definitions of
dyslexia have varied from publication to
publication. While many researchers have
defined dyslexia as a deficit of phonological
origin, current revisions for the Diagnostic
and Statistical Manual of Mention Disorders
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FHOCTMKA  Ha  MEHTAJHHUTE  PacTPOjCTBa

(IICAMP) ke ro mpoMeHH TEPMHUHOT HAPYULY-

6are 80 uumarbemo BO TIOTOJIEMa KaTeropuja

Ha cneyuguunu HApyuwlyeara 60 YUMAarbemo

IITO CUMYJIMPAHO BKJIYYyBa W JPYTH HAPYIIy-

Bama BO ynTameTo (59). Jloneka Hue ja pa3ou-

pame >xenbara 3a €ITHOCTaBHOCT, MPEKyMEpPHO

WHKITy3UBHaTa AepUHUIMja HA cneyupuyHu Ha-

pyuiyearba 60 yumarbemo TH omndaka cure pas-

JIMYHM HEJIOCTATOLM BO YUTAKETO 3€MEHH MPEa-

BUJI OJ1 CTpaHa Ha MHOTY UCTPa)KyBayH U CTPY4-

HHU JMIa, KoM omdakaaT o MOTEIIKOTUH HpH

(hOHOJOIIKOTO JNEKOAMpamke (IMOHU30K pem) 0

OIMIITO pa3dupame Ha MPOYNUTAHOTO (BUCOK Pex),

NpaBejKkh TO TPETMAHOT Ha OBHE COCTOJOM IO-

Texxok. Ha mpumep, aere co HeIOCTaTOK IPH OII-

HITOTO pa30OHpame Ha YHTAmETO MOXKE Ja HeMa

MPUIOOMBKH O] HEKOja WHTEPBEHIMja KaKo

JIeTeT0 co AuciieKkcuja. Bo mpomoinkeHne, uc-

TpaXyBamaTa yKa)XyBaaT JeKa HEI0CTaTOLUTE

BO OIIITOTO Pa30Hpame Ha YATAKETO CE TOYeC-

TH Kaj JelaTta of YUHIHIIHA BO3PACT 3a Pas3IvKa

on kmacumyHata guciekcuja (60, Error!

Reference source not found.). Meryroa,

ciopen mnpemnoxenute DSM-5 kpurepuymu,

KPUTEPUYMOT  CHeYyuUUHO HAPYUWY8arse 60

yumareemo ke oune nedunupan kaxo (59):

Hcropuja Ha MOMEHTanHa Tpe3eHTaluja Ha

YHOPHU MOTEIIKOTHH IPH YUEHETO Ha YUTAHE,

MUITYBalke, APUTMETUKA WM MaTeMaTHYKU

JIOTMYKHU BEIUTHHHU 3a BpeMe Ha (GopManHo 00-

pasoBaHue (Ha TIp.,3a BpeMe Ha pa3BOJHUOT Tic-

puox). I[loeannenor Mopa 1a uMa HajMaJIKy €A-

Ha O] CJICJHUTE T10jaBU:

1. HerouHo win 0GaBHO M HAIlOPHO YMTAEE HA
300poBH;

2. Temiko paz0upame Ha 3HAUCHETO Ha TOa ILTO €
MPOYMUTAHO (Ha Ip.: MOXeE [ia TO MPOYUTA TEK-
CTOT HO Jla He ro pa30dHpa macycoT, BpCKaTa,
BJIMjaHUETO WM MOJJIa00KUTE 3HaUCHa Ha Toa
IITO € TIPOYUTAHO);

3. Cupomariso crienyBame (Ha Ip.: MOXKE Ja JI0-
J1aBa, MCIYILITA WIX 3aMEHYBa BOKaJIM HJIH KOH-
COHAHTH);

4. CupomaliHo HaIMIIaHO H3pa3yBame (Ha TIp.:
MPaBU MOBEKEKPATHU I'PaMaTHUKH TPELIKH BO
COCTaB Ha peUYEHHIIATa, HEIOCTUT Ha KOHIIU3-
HOCT BO NHCMEHOTO H3pa3yBame¢ Ha HIIEHTE,
cimaba opraHm3zanuja Ha maparpadure, Wim wc-
KITYIHUTEIHO CJIa0 PaKOIINC);

. Iloremkorny npy moMHEHETO PakTy U OpoeBy;

. Herouna v 6aBHa apUTMETHYKA KAJTKYJIaITHja;

. HeedexTrBHa mim HeTouHa MaTeMaTH4Ka JIO-
T'HKa,;

~ O\ D

(DSM) will be collapsing the term “Reading
Disorder” into the larger category of “Specific
Learning Disability” which will simulta-
neously include other reading disorders (59).
While we understand the desire for simplicity,
the over-inclusive definition of “Specific
Learning Disorder” utilized will subsume
what many researchers and clinicians consider
a variety of reading deficits, ranging from
difficulties in phonological decoding (lower
order) to general reading comprehension
(higher order), making treatment of these
conditions more difficult. A child, for instan-
ce, with a deficit in general reading compre-
hension may not benefit from the same inter-
vention as one with classic dyslexia. In
addition, research suggests that deficits in
general reading comprehension are more
common in school age children than is classic
dyslexia (60, Error! Reference source not
found.). Nevertheless, according to the
proposed DSM-5 criteria, criterion A of
Specific Learning Disorder will now be
defined as (59):

History or current presentation of persistent
difficulties in the acquisition of reading,
writing, arithmetic, or mathematical reasoning
skills during the formal years of schooling (i.e.,

during the developmental period). The

individual must have at least one of the

following:

1. Inaccurate or slow and effortful word
reading;

2. Difficulty understanding the meaning of
what is read (e.g., may read text accurately
but not understand the sequence,
relationships, inferences, or  deeper
meanings of what is read);

3. Poor spelling (e.g., may add, omit, or
substitute vowels or consonants);

4. Poor written expression (e.g., makes
multiple grammatical or punctuation errors
within sentences, written expression of ideas
lack clarity, poor paragraph organization, or
excessively poor handwriting);

5. Difficulties remembering number facts;

Inaccurate or slow arithmetic calculation

7. Ineffective or inaccurate mathematical
reasoning;

o
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8. M3bernyBame Ha aKTUBHOCTH KoM OapaaT umTa-
€, CIICITyBarbe, MHIITYBAbE WA APUTMETHKA.

Hue nmpennarame AITA 3a BKIIydyBame Ha JIO-
o pa3bupame Ha MPOYUTAHOTO BO COCTaB Ha
HOBaTa JINCTA CO KPUTCPUYMH KOjaIlITO HajBe-
pOjaTHO Ke IoBeAe IO TorojieMa CHerupud-
HOCT, 3a pa3liuKa OJl MPETXOJAHUTE KPUTEPUYMHU
Ha HapynryBama Bo untamero. Cenak, HHKITY-
3MjaTa Ha HEKOJIKY €THUOJIONIKU Pa3IndyHu Hapy-
IIyBamka BO YUTAKETO O] €CH UCT HACIIOB MO-
ke Ja TIPOJIOJDKU Jla TPOMOBHUpPA 3a0yHH HCTH
KaKo W MPeTXOAHO. Mako KpuTepuymure ce ce-
ra pasJelieHH, OBaa HOBa Je(pHHHUIMja Cemak ja
3aMariyBa JHHHjaTa IOMery HapyIIyBameTO Ha
pa3oupameTo MpU YHTake W KIAaCHYHATa JIUC-
JICKCHUja, TIPEKY HUBHOTO BKJIYUYyBamkbe IOJ HC-
TaTa qUjarHosa. 3a yaj, He caMmo IITO JHjarHo-
3aTa M TPETMAHOT OCTaHyBaaT KOMIUIEKCHHU, MO-
ke Jla IPOJIOIDKU J1a TOKAXKYBa MPEAU3BUK TPH
MPOYYyBamETO HAa ETHOJIOIMIKUTE MEXaHU3MHU Ha
OBaa XETEpPOreHa Tpyna Ha COCTOjOU, mopaau
IITO CTPYKTYPHUTE M MOCMPTHUTE HUCTPaXKyBa-
Ba C¢ yIITe Ipemjiaraat JUBEPreHTHH Mopdo-
JIOTHHU Ha Pa3IYHUTE HAPYIIyBamkha BO YATAHC-
TO, KaKO IITO MPUKAXKYBA U HAIIHOT MPETJIe] Ha
MOCMPTHATA ¥ JIUTEPATypaTa 3a HEBPOBH3YCIIH-
3alMja, HaMeCTO THE Jla CE MOJABENAT MOJ| MCTa
KaTeropuja, HUEe OW TIPEAJIOKUIC HUBHO pas-
IBOjyBame. Ha OBOj HAUMH pa3IUIHUTE HAPY-
IIyBarha BO YHUTAETO K& OWMIAT NpOydyBaHU
MOOJIZICTTHO, TIOBTOPHATA I10jaBa HA CEKyHIapHa
JIUCIICKCH]ja cO ayTh3aMm Ou Ouiia pa3JBOCHA O]l
MpUMapHaTa JUCICKCHja U HAYMHUTE HA TPETH-
pame O0m Ouie mogoOpo MPOyUyBaHH 3a Jla Ce
CTpaBaT CO OCHOBHHUTE HEIOCTaTOIW, Ha Tp.,
pa3dupameTo Ha MPOYUTAHOTO HACTIPOTH Mpe-
Mo3HaBamkeT0 Ha 300poBu. OTTyka, HHE O
Owie mogo0po MOATOTBEHU Ja UM TIOMOTHEME
Ha MOCIUHIIM Ja TH TOJ00paT CBOUTE BEIITUHU
32 YHTambe MPEKy MPEHU3HO CO3MaJCHU IIpO-
rpaMHl W HCTPaXyBara, a UCTPaKyBamaTa 3a
eTHOJIOTHjaTa He O ce MmoOmBae mpeKy oopas-
JIOXKEHUETO JieKa BKIy4YyBaaT MpeTepaHa XeTe-
POTEHOCT BO COCTaB HA HUBHUTE MPUMEPOIIH.
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