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Abstract
Objective:� dhe� auditory� brainstem� response� ;��ZͿ� is� oŌen� aīected� in�
neurodeǀeůopmentaů�disorders.�dhe�aim�oĨ� this� study�ǁas� to� inǀesƟŐate�Őender�
diīerences�in���Z�betǁeen�younŐ�Ĩemaůes�and�younŐ�maůes�ǁith���,�͕�compared�
to�controů�subũects.�

Method: te�studied�ϲϯ�Ĩemaůes�ǁith���,��;mean�ϭϯ.ϴ�yearsͿ͕�Ϯϲ�Ĩemaůe�controůs�
;mean�ϭϯ.ϴyearsͿ͕�ϰϴ�maůes�ǁith���,��;mean�ϭϯ.ϭ�yearsͿ͕�and�ϮϬ�maůe�controůs�
;mean�ϭϮ.ϴyearsͿ.��ůů�paƟents�ǁere�diaŐnosed�accordinŐ�to�the��^DͲ/s.��n���Z�
consists�oĨ�seǀen�posiƟǀe�peaŬs�;ǁaǀe�/ʹs//Ϳ�ϭϬ�ms�ĨoůůoǁinŐ�a�sƟmuůus͕�recorded�
by�eůectrodes�on�the�mastoid�processes�oĨ�each�ear�and�on�the�Ĩorehead.�

Results: then� anaůysinŐ� the� ��Zs� oĨ� the� Ĩemaůe� ��,�� paƟents� ϯ� traits� ǁere�
idenƟĮed͖�dZϲ͕�dZϭϰ�and�dZϭϱ.�dhe�hiŐher�ǀaůue�in�dZϲ�;pсϬ.ϬϬϬϬϲϰͿ�is�eǆpůained�
as� an� aberrant� thaůamus� proĮůe.� /n� dZϭϰ� ;pсϬ.ϬϬϬϱϵͿ� presence� oĨ� ϯϱϬϬ� ,ǌͲ
ĨreƋuencies� in� the� reŐion� Ĩrom� superior� oůiǀary� compůeǆ� to� thaůamus.� dZϭϱ�
;pсϬ.ϬϬϬϯϱͿ�represents�more�aberrant�curǀe�proĮůes�in�the�reŐion�oĨ�the�ůateraů�
ůeminiscus.� /n�the���Z�oĨ�the�maůe�paƟents�ǁe�Ĩound�ǁe�ϯ�traits͖�dZϰ͕�dZϱ�and�
dZϭϰ.�dZ�ϰ�;pсϬ.ϬϬϭϬϱͿ�is�a�ůoǁer�correůaƟon�to�a�norm�curǀe�in�inĨerior�coůůicuůus�
and�thaůamic�area.�dZϱ�;pсϬ.ϬϬϬϮϳͿ�idenƟĮes�irreŐuůar�curǀe�proĮůes�represenƟnŐ�
the�nucůeus� cochůea.� dZϭϰ� ;pсϬ.ϬϬϬϭϯͿ�presence�oĨ�ϯϱϬϬ�,ǌͲĨreƋuencies� in� the�
reŐion�Ĩrom�superior�oůiǀary�compůeǆ�to�thaůamus.�

Conclusion:�zounŐ�Ĩemaůes�ǁith���,��eǆhibited�a�siŐniĮcantůy�diīerent���Z�in�a�
reŐion�betǁeen�cochůear�nucůeus�and�superior�oůiǀary�compůeǆ�and�in�the�thaůamic�
reŐion.� /n� the�maůe� ��,�� Őroup� ��Z� aberrancies� ǁere� Ĩound� in� the�midbrain�
reŐion�and�in�the�more�peripheraů�part͖�nucůeus�cocůeus.�dhe�onůy�trait�that�ǁas�
siŐniĮcantůy�diīerent�betǁeen�the���,��Őroup�and�the�controů�subũects͕�Ĩor�both�
maůe�and�Ĩemaůes͕�ǁas�dZϭϰ.�dhese�data�indicate�both�Őender�speciĮc�aberraƟons�
in�the���Z�in���,��subũects�as�ǁeůů�as�speciĮc�diīerences�betǁeen���,��subũects�
and normal controls.

Keywords:� ��Z͖� ��,�͖� �hiůd� and� adoůescent� psychiatry͖� �iaŐnosƟcs͖� 'ender͖�
zounŐ�paƟents�

Received: Darch�Ϭϲ͕�ϮϬϭϲ͖ Accepted: Darch�Ϯϯ͕�ϮϬϭϲ͖ Published: Darch�ϯϬ͕�ϮϬϭϲ

Introduction
�ttenƟon� deĮcit� hyperacƟǀity� disorder� ;��,�Ϳ� has� been�
recoŐniǌed� as� one� oĨ� the� most� common� neurodeǀeůopmentaů�
disorders� in� chiůdhood� ϭ.� /t� is� a� heteroŐeneous� condiƟon�
ǁith� persistent� symptoms� oĨ� hyperacƟǀity͕ � inattenƟon� and�
impuůsiǀeness� ǁhich� impair� ĨuncƟoninŐ� in� muůƟpůe� seƫnŐs�
Ϯ͕� ϯ.� ��,�� is� a� hiŐhůy� heritabůe� disorder� and� tǁin� studies�
haǀe� shoǁn� a� heritabiůity� rate� oĨ� approǆimateůy� ϴϬ� й� ϰ.� dhe�

esƟmated�ǁorůdǁide�preǀaůence�oĨ���,�� in�chiůdren� is�around�
ϱй�ϱ.�dhe�symptoms�ĨreƋuentůy�persist�into�aduůthood�and�are�
associated�ǁith�ĨuncƟonaů� ůimitaƟons�as�ǁeůů�as�psychiatric�and�
somaƟc�morbidity.���,��is�a�considerabůe�burden�to�the�aīected�
indiǀiduaů�and�to�society�ϭ͕�ϲ.���,��is�aīecƟnŐ�both�seǆes͕�ǁith�
a�maůe�to�Ĩemaůe�raƟo�approachinŐ�ϭ:ϭ�ϳ�contrasƟnŐ�to�preǀious�
studies�shoǁinŐ�a�Őender�raƟo�;Őirů:boyͿ�ranŐinŐ�Ĩrom�ϭ:ϯ�to�ϭ:ϭϲ�
ϴ.�Kǀer�the�years�research�has�been�tryinŐ�to�Įnd�diīerences�
in�symptoms�to�eǆpůain�the�Őender�diīerences�in�preǀaůence.� /t�
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has�been�proposed�that�Őirůs�ǁith���,��may�be�more� ůiŬeůy�to�
haǀe� the� inattenƟǀe� type� oĨ� ��,�� and�may� suīer�more� Ĩrom�
internaůiǌinŐ�symptoms�and�inattenƟon�ǁhiůe͕�boys�on�the�other�
hand�haǀe�more�hyperacƟǀe�and�aŐŐressiǀe�symptoms�ϵͲϭϮ.�

�n���,��diaŐnosis�shouůd�be�based�on�neurodeǀeůopmentaů�and�
cůinicaů�history�ϭ͕�Ϯ.�/n�addiƟon͕�neuropsychoůoŐicaů�tesƟnŐ�and�
raƟnŐ�scaůes�are�oŌen�used�as�a�suppůement.�dhere�is�a�Őreat�need�
Ĩor�obũecƟǀe�measures�to�improǀe�the�diaŐnosƟc�accurancy�and�
to�Őuide�cůinicaů�interǀenƟons.�dhere�are�recent�studies�that�haǀe�
Ĩocused� on� tryinŐ� to� Įnd� obũecƟǀe� neuropsychoůoŐicaů� tesƟnŐ�
methods�Ĩor�the�diaŐnosƟcs�oĨ���,��ϭϯͲϭϳ.�

�uditory�brainstem� response� ;��ZͿ�ǁas�Įrst�described� in�ϭϵϳϭ�
ϭϴ�and�reĨers� to�the�parƟcuůar�Ŭind�oĨ�eǀent�reůated�potenƟaů�
;�ZWͿ�ǁhere�the�sƟmuůus� is�sound͕� in�this�case͕� in�the�shape�oĨ�
disƟnct� cůicŬs� at� Őiǀen� interǀaůs.� /n� ��Z͕� eůectrodes� are� půaced�
and� caůibrated� to� study� the� processes� that� occur� in� the� basic�
auditory�pathǁays͕�situated�in�the�brainstem�ϭϵ�;Figure 1).���Z�
reŇects�the�subcorƟcaů�neuronaů�eůectricaů�acƟǀity�in�the�auditory�
pathǁay�ǁithin�ϭϬ�miůůiseconds�;msͿ�aŌer�brieĨ�auditory�sƟmuůi.�

dhe� ��Z� ǁaǀeͲpattern� proǀides� inĨormaƟon� in� terms� oĨ� the�
ůatencies� and� ampůitudes� oĨ� these� peaŬs.� �naůysis� oĨ� the� ��Z�
ǁaǀe� patterns� normaůůy� comprises� measurements� oĨ� interͲ
peaŬ� ůatencies� as� ǁeůů� as� raƟos� oĨ� peaŬ� ampůitudes� ϮϬ͕� Ϯϭ.�
��Z� is� an� obũecƟǀe� method� that� does� not� reƋuire� acƟǀe�
paƟent� parƟcipaƟon� and� is� considered� an� obũecƟǀe� approach�
to� inǀesƟŐate� brainstem� ĨuncƟon.� /n� addiƟon͕� compůeǆ� sƟmuůi�
may�reǀeaů�aberraƟons͕�ǁhich�may�not�be�assessed�by�standard�
audioůoŐicaů���Z�procedures.��ompůeǆ�cůicŬ�sƟmuůi�;e.Ő.�Ĩorǁard�
masŬinŐͿ�ǁere� thereĨore�used� in� the�present� study� to� increase�
the�possibiůity�oĨ�detecƟnŐ�ǀariances�in�comparison�ǁith�matched�
heaůthy�chiůdren.�dhe�importance�oĨ�usinŐ�compůeǆ�sƟmuůi�is�aůso�
stated�Ĩor�auƟsm�spectrum�disorder͕ ��^��ϮϮ.

^eǀeraů� studies� haǀe� shoǁn� that� ��Z� is� oŌen� aīected� in� �^��
ϮϯͲϮϴ� aduůts� ǁith� ��,�� Ϯϵ͕� ϯϬ͕� schiǌophrenia� Ϯϴ͕� ϯϭ͕� ϯϮ�
and�bipoůar�disorders�ϯϯ.�Wossibůe���Z�abnormaůiƟes�in�younŐ�
paƟents�ǁith���,��need�more�studies�ϯϰ͕�ϯϱ.

te�haǀe�preǀiousůy�presented�a�study�on���Z�in�younŐ�Ĩemaůes�
ǁith���,��ǁhere�ǁe�Ĩound���Z�traits�speciĮc�Ĩor�younŐ�Ĩemaůes�
ǁith� ��,�� compared� to� controů� subũects� ϭϰ.� dhe� aim� oĨ� the�
present�study�is�to�inǀesƟŐate�possibůe�Őender�diīerences�in���Z�
betǁeen�younŐ�Ĩemaůes�and�younŐ�maůes�ǁith���,�͕�compared�
to�controů�subũects.

Methods
Subjects
dhis�study�incůuded�a�totaů�oĨ�ϲϯ�Ĩemaůes�ǁith���,��;aŐe�mean�
ϭϯ.ϴ�years͕�^��Ϯ.ϱͿ͕�Ϯϲ� Ĩemaůe�controů� subũects� ;aŐe�mean�ϭϯ.ϴ�
years͕�^��Ϯ.ϳͿ͕�ϰϴ�younŐ�maůes�ǁith���,��;aŐe�mean�ϭϯ.ϭ�years͕�
^�� ϭ.ϴͿ͕� and� ϮϬ� maůe� controů� subũects� ;aŐe� mean� ϭϮ.ϴ� years͕�
^��ϭ.ϳͿ.�WaƟents�and�controů� subũects�ǁere� in� the�aŐe�ranŐe�oĨ�
ϳͲϭϳ�years.�dhe�aŐe�diīerence�betǁeen�boys�and�Őirůs�ǁere�not�
staƟsƟcaůůy� siŐniĮcant.� �ůů� paƟents�ǁere� instructed� to� not� taŬe�
any�medicaƟon�the�day�oĨ�the�tesƟnŐ.

�ůů� paƟents� ǁere� recruited� Ĩrom� the� �hiůd� and� �doůescent�
Wsychiatry�outpaƟent�department�oĨ��sůƂǀ�and�>und͕�tǁo�ciƟes�in�
the�south�oĨ�̂ ǁeden.��ůů�paƟents�ǁere�diaŐnosed�accordinŐ�to�the�
�iaŐnosƟc�and�̂ taƟsƟcaů�Danuaů�oĨ�Dentaů��isorders͕�ϰth��diƟon�
;�^DͲ/sͿ.� dhe� diaŐnoses� ǁere� conĮrmed� by� the� same� senior�
psychiatrist.� dhe� controů� Őroups� ǁere� recruited� Ĩrom� schooůs�
in� >und� and� recruited� subũects� had� no� preǀious� record� oĨ� any�
psychiatric� disorder.� WaƟents� ǁith� other� concurrent� psychiatric�
diaŐnoses� ǁere� eǆcůuded� to� aǀoid� comorbidity.� ^ubũects� ǁith�
hearinŐ�impairment�ǁere�eǆcůuded�Ĩrom�the�study.

tritten�inĨormed�consent�ǁas�obtained�Ĩrom�aůů�the�subũects�and�
their�parents/Őuardians.�dhe�study�ǁas�approǀed�by�the�reŐionaů�
ethics�committee�at�the�>und�hniǀersity�;�nr:�ϮϬϭϬͲϭϮϬͿ.

Apparatus and stimulus 
dhe�eǀoŬed�potenƟaůs�ǁere� recorded�usinŐ�auditory�brainstem�
response͕���Z.�dhe���Z�consists�oĨ�a�seƋuence�oĨ�seǀen�posiƟǀe�
peaŬs� ;ǁaǀe� /ʹs//Ϳ� that� normaůůy� occur�ǁithin� ϭϬ�ms� ĨoůůoǁinŐ�
the� onset� oĨ� a� sƟmuůus� recorded� by� surĨace� eůectrodes� on� the�
mastoid�processes�oĨ�each�ear�and�on�the�Ĩorehead.�taǀes�/�and�
//�are�produced�by�the�auditory�nerǀe͕�ǁhereas�the�subseƋuent�
peaŬs� are� due� to� the� combined� eůectricaů� acƟǀity� oĨ� nucůei� at�
Őraduaůůy� hiŐher� ůeǀeůs� oĨ� the� ascendinŐ� auditory� pathǁay� in�
the� brainstem.�taǀes� ///� and� /s� are� beůieǀed� to� be� Őenerated�
in� the� cochůear� nucůeus� and� superior� oůiǀary� compůeǆ� ;^K�Ϳ͕�
respecƟǀeůy͕ �ǁhereas�ǁaǀe�s�is�thouŐht�to�represent�acƟǀity�at�
the� ůeǀeůs�oĨ� ůateraů� ůemniscuses�and� inĨerior�coůůicuůus� ϯϲ͕�ϯϳ.�
dhe�measurinŐ�system�used�ǁas�^enso�etect����Z��;�rainstem�
�ǀoŬed� Zesponse� �udiometryͿ� �ϭϬϬϬ.� dhe� sƟmuůi� ǁere�
presented� ǀia� d�,ͲϱϬW� headphones� ǁith� Dodeů� ϱϭ� cushions�
;deůephonics͕�&arminŐdaůe͕�Eeǁ�zorŬ͕�h^�Ϳ.�WresentaƟons�ǁere�
made�binauraůůy�ǁith�the�sƟmuůi�in�phase�oǀer�headphones.

Inferior 
colliculus 

/ůůustraƟon�oĨ�ǁaǀe�pattern�oĨ�the�standard���Z�and�
correspondinŐ�anatomicaů�structures�ǁithin�the�Įrst�ϭϬ�
ms�aŌer�sƟmuůaƟon.

Figure 1 
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/n�totaů͕�ϰ�sound�sƟmuůi�ǁere�used.�dhe�sound�sƟmuůi included 
sƋuareͲshaped� cůicŬ� puůses͕� hiŐh� ĨreƋuency� ǀaried� puůses͕�
Ĩorǁard�masŬinŐ�and�bacŬǁard�masŬinŐ�sƟmuůi.�dhe�cůicŬ�puůses�
ǁere�repeated�unƟů�a�totaů�oĨ�ϭϬϮϰ�accepted�eǀoŬed�potenƟaůs�
had� been� coůůected� Ĩor� each� sound� sƟmuůus.� dhus͕� each� ��Z�
ǁaǀeĨorm� represents� an� aǀeraŐe� oĨ� the� responses� to� ϭϬϮϰ�
sƟmuůus� presentaƟons.� dd>� ;transistorͲtransistor� ůoŐicͿ� triŐŐer�
puůses� coordinated� the� sǁeeps� ǁith� the� auditory� sƟmuůi.� ��
dd>�puůse� is� the� siŐnaů�ǁhich� teůůs� the���Z� system� to�measure.�
tith� a� correctůy� Ɵmed� dd>� puůse͕� aůů� ��Z� representaƟons� ǁiůů�
be� synchroniǌed.� �berrant� acƟǀity͕ � such� as� eǆtremeůy� hiŐh�
ampůitudes�due�to�eǆtraordinary�moǀements�ǁas�reũected.�̂ ound�
ůeǀeůs�ǁere�caůibrated�usinŐ�a��rueů�and�<ũaer�sound�ůeǀeů�meter�
and�dype�ϰϭϱϮ�arƟĮciaů�ear�;�rueů�Θ�<ũaer�^�Θ�s�Deasurement͕�
Eaerum͕� �enmarŬͿ.� dhe� acousƟc� output� Ĩrom� the� earphones�
corresponded�to�^W>:�ϴϬ�d��,>�or�ϭϬϵ�pe^W>�;peaŬ�eƋuiǀaůenceͿ.�
�� sƋuareͲshaped�cůicŬ�puůse�ǁas�used�as�probe� in� the�auditory�
masŬinŐ�sƟmuůi�ϯϮ.�dhe�sound�sƟmuůi�incůuded�sƋuareͲshaped�
cůicŬ� puůses� ;Ϭ.ϭϯϲ� ms� duraƟon͕� incůudinŐ� Ϭ.ϬϮϯ� ms� rise� and�
Ĩaůů͖� ϭϵϮ�ms� intersƟmuůus� interǀaůͿ͕� hiŐh� pass� Įůtered� puůses� ;a�
�utterǁorth�hiŐhͲpass�Įůtered�sƋuare�shaped�cůicŬ�puůse�ǁith�a�
cutoī�oĨ�ϯϬϬϬ,ǌͿ͕�Ĩorǁard�masŬinŐ�;ϭϮ.ϯ�ms�Őap�Ĩrom�masŬer�to�
cůicŬ�puůseͿ�and�bacŬǁard�masŬinŐ�;ϭϮ.ϯ�ms�Ĩrom�cůicŬ�puůse�to�the�
masŬerͿ�sƟmuůi�as�preǀiousůy�described.���ϭϱϬϬͲ,ǌ��utterǁorth�
ůoǁͲpass� Įůtered� ǁhite� noise͕� ǁith� ϭϱ� ms� duraƟon� ;incůudinŐ�
Ϭ.ϰ�ms�rise�and�Ĩaůů�ƟmesͿ�ǁas�used�as�masŬer�Ĩor�both�Ĩorǁard�
and� bacŬǁard� masŬinŐ� sƟmuůi.� �ůů� sƟmuůi� ǁere� constructed 
usinŐ�D�d>���^iŐnaů�WrocessinŐ�dooůboǆ� ;dhe�DathtorŬs͕� /nc.͕�
EaƟcŬ͕�Dassachusetts͕�h^�Ϳ�and�stored�in�a�Ňash�memory�in�the�
SensoDetect���Z��system.�

Procedure
�ůů� tests� ǁere� perĨormed� in� a� soundprooĨ� sůiŐhtůy� darŬened�
room.� WarƟcipants� ǁere� comĨortabůy� seated� in� an� armchair�
ǁith�their�ůeŐs�on�a�smaůů�Ĩootstooů�to�assure�a�resƟnŐ�posiƟon.�
&iǀe� surĨace�eůectrodes�ǁere�appůied:� tǁo� reĨerence�eůectrodes�
on�the�mastoid�bone�behind�the�ůeŌ�and�riŐht�ear͕ �respecƟǀeůy͕ �
and�tǁo�acƟǀe�eůectrodes�and�one�Őround�eůectrode�půaced�on�
the�Ĩorehead.�do�maŬe�sure�a�Őood�transmission�the�sites�ǁere�
ǁashed�ǁith�disinĨectant�and�abrasiǀe�paste�ǁas�used�to�sƟcŬ�the�
eůectrodes.��bsoůute�impedances�and�inter�eůectrode�impedances�
ǁere�measured�beĨore�and�aŌer�the�eǆperiments�to�ǀeriĨy�that�
eůectrode� contact� ǁas� maintained� ;beůoǁ� ϱϬϬϬ� ɏͿ.� �arphones�
ǁere�Įtted�to�coǀer�both�ears.�dhe�subũects�ǁere� instructed�to�
turn� oī� their� ceůůuůar� phones� and� reůaǆ� ǁith� their� eyes� cůosed�
and�ǁere� permitted� to� Ĩaůů� asůeep.� dhe� test� reƋuires� no� acƟǀe�
parƟcipaƟon� other� than� beinŐ� subũected� to� sound� sƟmuůaƟon.�
�eĨore�the�test�situaƟon�ǁritten�inĨormaƟon�had�been�sent�home�
to�the�subũect s͛�parents�or�Őuardians�as�ǁeůů�as�to�the�subũect.�Kn�
site�oĨ�the�test�session͕�subũects�ǁere�aŐain�ǀerbaůůy�inĨormed�oĨ�
the�nature�oĨ�the�eǆperiments.�dhe�cůicŬ�sounds�ǁere�presented�
to�the�subũects�beĨorehand�to�maŬe�them�acƋuainted�ǁith�sƟmuůi.�
dhe�subũects�ǁere�tested�one�at�a�Ɵme�and�the�duraƟon�oĨ�the�
tesƟnŐ�procedure�ǁas�approǆimateůy�ϯϬ�minutes.

Data analysis
Wrior� to� Ĩurther� anaůysis� the� audioŐram�ǁas� correůated� to� ��Z�
data͕� Ĩrom� a� Őroup� oĨ� heaůthy� and� normaů� hearinŐ� indiǀiduaůs͕�
deriǀed�Ĩrom�a�normaƟǀe�database�to�depict�Őeneraů�audioŐram�
Ƌuaůity.� dhis� is� a� standard� operaƟnŐ� procedure� oĨ� this�method�
in� order� to� Őrant� audioŐram� Ƌuaůity.� �� ůoǁ� correůaƟon� ůed� to�
eǆcůusion�oĨ�the�paƟent�due�to�risŬ�oĨ�erroneous�measurement�
;e.Ő.�ůoose�eůectrodes�or�head�phonesͿ.�dhe�^ensodetect�system�
reũected�aůů�eǀoŬed�potenƟaůs�beinŐ�oĨ�abnormaůůy�hiŐh�ǀoůtaŐe�
;i.e.� aberrant� acƟǀityͿ͕� typicaůůy� triŐŐed� by� paƟent� moǀement͕�
couŐhinŐ� or� tension.� �oůůected� eǀoŬed� potenƟaůs� Ĩor� each�
sound�sƟmuůus�Ĩrom�each�indiǀiduaů�ǁas�imported�to�DicrosoŌ�
�ǆceů� ;DicrosoŌ��orp͕�Zedmond͕�t�͕�h^�Ϳ�and�anaůyǌed�usinŐ�
^enso�etectΠ� ��^.� &reƋuencies͕� ůatencies͕� ampůitudes� and�
correůaƟon� coeĸcients� to� a� normed� ��Z� curǀe͕� respecƟǀeůy͕ �
ǁere�inǀesƟŐated.��mpůitudes�ǁere�measured�Ĩrom�the�posiƟǀe�
peaŬ�oĨ�a�Őiǀen�ǁaǀe�to�the�bottom�oĨ�the�preǀious�ǁaǀe.�^ince�
the� ampůitude� ǀaůues� obtained�ǁere� not� read� in� ʅs͕�microǀoůt�
outputs� ǁere� indeǆed� ;i.e.͕� normaůiǌed� by� addinŐ� constants� to�
aǀoid�neŐaƟǀe�ǀaůues͕�then�aůů�ampůitude�ǀaůues�ǁere�diǀided�by�
the�hiŐhest�obserǀed�ampůitudeͿ.�dhus͕�reůaƟǀe�ůinear�ampůitudes�
are� used� in� this� study.� /n� order� to� idenƟĨy� speciĮc� pathoůoŐies�
aůonŐ� the� auditory� pathǁay͕ � correůaƟon� ǀaůues� to� a� normaƟǀe�
��Z� curǀe� ǁere� caůcuůated� Ĩor� diīerent� secƟons� oĨ� the� ��Z.�
saůues� ranŐinŐ� Ĩrom� Ͳϭ� to� нϭ� ǁere� obtained� usinŐ� ^pearman�
rho.�,iŐh͕�posiƟǀe�ǀaůues� indicate�simiůarity� ;e.Ő.�no�pathoůoŐyͿ�
ǀaůues�around�ǌero�indicate�no�reůaƟon͕�and�ůoǁ�ǀaůues�cůose�to�
Ͳϭ�indicate�inǀerse�reůaƟonship.��Ōer�the�rͲǀaůues�Ĩor�aůů�secƟons�
oĨ�the�totaů���Z�curǀe�;ϬͲϭϬ�msͿ�had�been�computed͕�the�resuůts�
ǁere�ranŬed.�dhus͕�the�test�subũect s͛�most�aberrant���Z�reŐion͕�
ǁhen�compared�ǁith�the�norm�curǀe͕�depicts�a�hiŐh�number͕ �and�
vice versa (Figure 2).

dhe� same� principůe� ǁas� used� in� order� to� idenƟĨy� occurrence�
oĨ� hiŐh� ĨreƋuencies� in� the� ��Z� curǀes� oĨ� the� test� subũects.� ��
mathemaƟcaůůy�constructed�arƟĮciaů���Z�;a�sine�ǁaǀe�ǁith�the�
ĨreƋuency�ϯϱϬϬ�,ǌͿ�ǁas�used�as�norm.�Eorm�popuůaƟon�median�
ǀaůues� Ĩor� eǀery� data� point� in� the���Z�ǁere�used� to� construct�
the� arƟĮciaů� ��Z.� �ǀery� paƟent s͛� ��Z� curǀe�ǁas� correůated� to�
this�arƟĮciaů���Z.�dhe�correůaƟon�ǀaůue�ǁas�caůcuůated�Ĩor�each�
possibůe� starƟnŐ�point� in� the���Z�and� the� r� ;maǆͿ�ǁas�used� to�
indicate� occurrence� oĨ� the� speciĮc� ĨreƋuency.� �s� the� ambiƟon�
ǁith�this�operaƟon�ǁas�to�see�ǁhether�the�test�person�had�an�
occurrence�oĨ�the�ĨreƋuency�or�not͕�the�outcomes�ǁere�ranŬed�

Dedian��urǀes�oĨ�aůů�,eaůthy�Ĩemaůes͕���,��Ĩemaůes͕�
,eaůthy�maůes�and���,��Ĩemaůes.�^ound�ϭ͕�ůeŌ�ears.

Figure 2 
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Ĩrom�ϭ�Ĩor�aůů�ǀaůues�betǁeen�rсͲϭ�to�rснϬ.ϭ�and�thereaŌer�Ϯ�Ĩor�
rсϬ.ϭ�to�rсϬ.Ϯ�and�so�Ĩorth͕�ǁith�ϭϬ�Ĩor�rсϬ.ϵ�to�rсϭ͕�indicaƟnŐ�a�
perĨect�match�to�the�normed���Z.

�berrancies� in� the���Z�ǁere�denoted�traits� ;dZͿ.�dhe���Z�trait�
numberinŐ� emanated� Ĩrom� the� Ĩact� that� a� hiŐher� number� oĨ�
potenƟaůůy�interesƟnŐ�traits�ǁere�oriŐinaůůy�inǀesƟŐated.�,oǁeǀer͕ �
not�aůů�oĨ�these�ƋuaůiĮed�in�terms�oĨ�testͲretest�predicƟon�ǀaůues.�
dhus͕�the�traits�presented�in�this�study�shoǁs�Őaps�in�numberinŐ.�

&or� measurinŐ� diīerences� betǁeen� younŐ� maůes� ǁith� ��,��
compared� to� aŐe� matched� controů� Őroup� and� younŐ� Ĩemaůes�
ǁith� ��,�� compared� to� aŐe� matched� controů� Őroup͕� the�
nonparametric�test�Dannʹthitney�h�ǁas�used.

Results
then�anaůysinŐ�the���Zs�oĨ�the�Ĩemaůe���,��paƟents�ǁe�Ĩound�
aberrancies� in� three� ǁaǀe� areas� these� incůuded� ǁaǀe� s/� ;i.e.�
denoted�dZϲ:��berrant�thaůamus�proĮůe�ranŐinŐ�Ĩrom�ϲ.ϬͲϳ.ϬmsͿ͕�
ǁaǀe�/sͲs/�;i.e.�denoted�dZϭϰ:�Wresence�oĨ�ϯϱϬϬ�,ǌͲĨreƋuencies�
in�the�reŐion�ϰ.ϬͲϳ.ϱms�ranŐinŐ�Ĩrom�̂ K��to�thaůamusͿ�and�ǁaǀes�
///Ͳ/s�;i.e.�denoted�dZϭϱ:��berrant�proĮůe�in�the�reŐion�ϯ.ϯͲϰ.ϯms�
ranŐinŐ� Ĩrom� cochůear� nucůei� to� ^K�Ϳ.� /n� the� ��Z� oĨ� the�maůe�
paƟents� ǁe� Ĩound� aberrancies� in� three� areas͖� ǁaǀe� /sͲs/� ;i.e�
denoted�dZϰ:�>oǁ�correůaƟon�to�norm�curǀe�in�the�reŐion�ϯ.ϱͲϳ.ϱ�
ms�ranŐinŐ�Ĩrom�inĨerior�coůůicuůus�to�thaůamus�and�i.e�denoted�
dZϭϰ:�Wresence�oĨ�ϯϱϬϬ�,ǌͲĨreƋuencies� in�the�reŐion�ϰ.ϬͲϳ.ϱms�
ranŐinŐ�Ĩrom�̂ K��to�thaůamusͿ�and�ǁaǀe�///�;i.e�denoted�dZϱ:�>oǁ�
bacŬǁard�masŬinŐ�correůaƟon�to�norm�curǀe�in�the�reŐion�Ϯ.ϱͲϰ�
ms� indicaƟnŐ�a�peripheraů� ĨuncƟon�deĮcit� in� the�earůy�auditory�
pathǁay.�

�omparinŐ�the���Z�oĨ�ϲϯ�Őirůs�ǁith���,��to�Ϯϲ�aŐe�correůated�
controů�subũects�three�traits�ǁere�idenƟĮed͕�denoted�dZϲ͕�dZϭϰ�
and�dZϭϱ�(Figure 3a-e).

dhe� hiŐher� ǀaůue� in� dZϲ͕� speciĮc� Ĩor� the� ��,�� Ĩemaůes�

;pсϬ.ϬϬϬϬϲϰͿ͕�as�compared�ǁith�the�Ĩemaůe�controůs͕�is�eǆpůained�
by�more�aberrant�curǀe�proĮůes�in�the�thaůamic�reŐion�at�ϲ.ϬͲϳ.Ϭ�
ms.� /n� dZϭϰ͕� a� hiŐher� presence� oĨ� ϯϱϬϬ� ,ǌͲĨreƋuencies� in� the�
midbrain� reŐion�at�ϰ.ϬͲϳ.ϱ�ms� ;ranŐinŐ� Ĩrom�^K�� to� thaůamusͿ͕�
ǁas� obserǀed� Ĩor� the� ��,�� Őroup� as� compared� ǁith� controůs�
;pсϬ.ϬϬϬϱϵͿ.� dhe� hiŐher� ǀaůue� in� dZϭϱ͕� speciĮc� Ĩor� the� ��,��
Ĩemaůes�at�ϯ.ϯͲϰ.ϯ�ms�;pсϬ.ϬϬϬϯϱͿ͕�as�compared�ǁith�the�Ĩemaůe�
controůs͕� is� eǆpůained� by� more� aberrant� curǀe� proĮůes� in� the�
reŐion�oĨ�the�ůateraů�ůeminiscus�(Table 1). 

then�ůooŬinŐ�at�the���Z�Ĩrom�ϰϴ�younŐ�maůes�ǁith���,��and�
comparinŐ� them� to� their� ϮϬ� aŐe� correůated� controů� subũects�
ǁe� Ĩound� three� traits͖� dZϰ͕� dZϱ�and�dZϭϰ� (Figure 3a-e).� dZϰ� is�
described� as� a� ůoǁer� correůaƟon� to� a� norm� curǀe� in� inĨerior�
coůůicuůus� and� thaůamic� area� at� ϯ.ϱͲϳ.ϱ� ms� ;pсϬ.ϬϬϭϬϱͿ.� dZ� ϱ�
idenƟĮes� irreŐuůar� curǀe� proĮůes� ǁithin� peaŬ� ///͕� ranŐinŐ� Ĩrom�
at� Ϯ.ϱͲϰ.Ϭ� ms͕� represenƟnŐ� the� cochůear� nucůeus� ;pсϬ.ϬϬϬϮϳͿ.�
dZϭϰ� is�described�as�a�hiŐher�presence�oĨ�ϯϱϬϬ�,ǌͲĨreƋuencies�
in�the�reŐion�at�ϰ.ϬͲϳ.ϱms�;ranŐinŐ�Ĩrom�^K��to�thaůamusͿ͕�ǁas�
obserǀed� Ĩor� the���,��maůe� Őroup�as� compared�ǁith� controůs�
;pсϬ.ϬϬϬϭϯͿ.

dhe�onůy�trait�that�ǁas�siŐniĮcantůy�diīerent�betǁeen�the���,��
Őroup�and�the�controů�subũects͕�Ĩor�both�maůe�and�Ĩemaůes͕�ǁas�
dZϭϰ�(Table 1).

Discussion
�ue� to� the�maũor� rise� in� reported���,��preǀaůence�durinŐ� the�
past� decades� ϯϴ͕� the� pubůic� debate� concerninŐ� the� need� Ĩor�
more�obũecƟǀe���,��diaŐnosis�has�been�ǀiǀid�ϭϵ͕�ϯϵ͕�ϰϬ.�te�
haǀe� recentůy�pubůished�an�arƟcůe�ǁith� resuůts� shoǁinŐ�speciĮc�
��Z�diīerences�in�the�younŐ�Ĩemaůe�Őroup�ǁith���,��compared�
to�heaůthy�controůs�ϭϰ.�

dhe� aim� oĨ� this� study� ǁas� to� idenƟĨy� diīerences� in� brainstem�
responses͕� ��Z͕� in� younŐ� paƟents� diaŐnosed� ǁith� ��,��
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compared�to�a�controů�Őroup.�do�our�ŬnoǁůedŐe�this� is�the�Įrst�
��Z� study� done� on� younŐ� paƟents� ;ϳͲϭϴ� yearsͿ� ǁith� ��,��
tryinŐ� to�Įnd�Őender� speciĮc���Z�diīerences.� /n� this� study�ǁe�
compared�the�younŐ�Ĩemaůes�ǁith���,��both�to�a�younŐ�Ĩemaůe�
controů�Őroup�but�aůso�to�younŐ�maůes�ǁith���,��and�their�maůe�
controů�Őroup.�/n�the�Őroup�oĨ�younŐ�maůes�ǁith���,��ǁe�Ĩound�
three�traits�speciĮc�Ĩor���,��compared�to�heaůthy�controůs͖�dZϰ͕�
dZϱ�and�dZϭϰ.�/n�the�younŐ�Ĩemaůe�Őroup�ǁe�Ĩound�three�traits�
not�present�in�the�heaůthy�controůs͖�dZϲ͕�dZϭϰ�and�dZϭϱ.�Kne�trait�
coͲoccurred�in�both�Őender�Őroups͖�dZϭϰ.

>ooŬinŐ� at� the���Z�ĮndinŐs� Ĩrom�a� bioůoŐicaů� ǀieǁ͕� tǁo�oĨ� the�
Ĩemaůe� traits� ;dZϲ� and� dZϭϰͿ� and� one� oĨ� the�maůe� traits� ;dZϰͿ�
ǁere� Ĩound� in� the� thaůamic� area�or� in� the�near� proǆimity.� dhis�
supports�other�studies�that�haǀe�shoǁn�structuraů�and�ĨuncƟonaů�
abnormaůiƟes� in� the�deep�parts�oĨ� the�brain�oĨ� younŐ�paƟents�
ǁith���,��ϰϭͲϰϯ.� /t�has�been�described�earůier� that� thaůamic�
dysĨuncƟon�ůeads�to�symptoms�oĨ�hyperacƟǀity͕ �inattenƟon�and�
dysreŐuůaƟon�oĨ�sůeep�and�ǁaŬeĨuůness�aůů�oĨ�ǁhich�are�symptoms�
oĨ���,��ϰϰ͕�ϰϱ.�dhe�onůy�trait�that�is�not�in�the�thaůamic�area�
is�dZϱ�represenƟnŐ�the�cochůear�nucůeus͕�a�more�peripheraů�part�
oĨ�the�brain.�dhe�cochůear�nucůeus�is�ǁhere�parts�oĨ�the�auditory�
temporaů� processinŐ� occurs.� /t� is� an� important component in 
sound�detecƟon�in�noisy�enǀironments�and�in�seůecƟǀe�auditory�
attenƟon�ϰϲ͕�deĮcits�in�these�aspects�oĨ�sound�processinŐ�are�
ĨreƋuent�symptoms�in���,�.

dZϭϱ͕�onůy�present� in� the�younŐ� Ĩemaůe���,��Őroup� is� ůocated�

in�ůateraů�ůeminiscus͖�pons�area.�Wreǀious�studies�reŐardinŐ�brain�
acƟǀity�haǀe�shoǁn�hiŐher�resƟnŐͲstate�acƟǀity�in�younŐ�paƟents�
ǁith���,��compared�to�controůs�in�this�area�ϰϳ.

dZϭϰ� ǁhich� is� present� in� both� Őender� Őroups� is� ůocated� in�
the� midbrain� ranŐinŐ� Ĩrom� ^K�� that� is� the� Įrst� maũor� site� oĨ�
conǀerŐence�oĨ�auditory� inĨormaƟon� Ĩrom�both�ears� important�
Ĩor�ůocaůiǌaƟon�oĨ�sound�to�thaůamus.�/n�dhaůamus͕�transĨormaƟon�
oĨ� soundsource� acousƟcs� ;ĨreƋuency͕ � Ɵme� and� ampůitudeͿ� into�
perceptuaů�Ĩeatures�;i.e.�acousƟc�ĨeaturesͿ�beŐins�to�Ĩorm�ϰϴ.�

/t�is�possibůe�that�these�diīerent�traits�Ĩound�represent�diīerent�
subŐroups�oĨ���,�.�&urther�research�areas�ǁouůd�be�to�ůinŬ�the�
person�ǁith� a� speciĮc���Z� trait� to� its� reported� symptoms.� &or�
eǆampůe� do� paƟents� ǁith� prominent� dZϱ� report� more� ��,��
symptoms�inǀoůǀinŐ�hearinŐ�and�sound�detecƟon͍

�arůy�studies�haǀe�shoǁn�aŐe�and�Őender�diīerences�in���Z�ϰϵ͕�
ǁhereas�there�are�other�more�modern�studies�that�demonstrate�
that� the� aŐinŐ� process� is� essenƟaůůy� a� peripheraů� phenomenon�
ǁhich�does�not�inǀoůǀe�the�centraů�part�oĨ�the�acousƟc�pathǁays�
ϱϬͲϱϮ.�Eeurodeǀeůopmentaů�diīerences�may͕ �at� ůeast�parƟaůůy͕ �
eǆpůain� ǁhy� Őirůs� are� diaŐnosed� so�much� ůater� than� boys� ϱϯ.�
^ince�our�paƟents�are�aŐe�matched�ǁe�beůieǀe�that�ǁe�haǀe�Ĩuůůy�
controůůed�Ĩor�this�Ĩactor�in�our�study.

/t�is�cůear�Ĩrom�our�materiaů�that���Z�in�younŐ�paƟents�ǁith���,��
is� Őender� speciĮc.�Knůy�one� trait�nameůy�dZϭϰ�oǀerůapped͖� the�
others�are�Őender�speciĮc.
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drait�ϰ͕�ϱ͕�ϲ͕�ϭϰ�and�ϭϱ�and�their�p�ǀaůues.�Dean�and�^tandard��eǀiaƟon�is�indicated�in�the�ĮŐures.Figure 3E 

Trait Female ADHD mean 
(S.D.)

 Female controls mean 
(S.D.)  Female p-value Male ADHD group 

mean (S.D.)
Male controls mean 

(S.D.) Male p-value

 median median     
dZϰ Ϭ.ϲϮ�;Ϭ.ϮϵͿ͖�Ϭϳϭ Ϭ.ϳϯ�;Ϭ.ϭϵͿ͖�Ϭ͕ϴϭ Ϭ.Ϭϴϰ Ϭ.ϱϳ;Ϭ.ϮϲͿ͖�Ϭ͕ϲϮ Ϭ.ϳϳ�;Ϭ͕ϭϴͿ͖�Ϭ.ϴϬ Ϭ.ϬϬϭϬϱ
dZϱ Ϭ.ϴϱ�;Ϭ.ϭϰͿ͖�Ϭ.ϵϬ Ϭ.ϴϱ�;Ϭ.ϮϮͿ͖�Ϭ.ϵϰ Ϭ.ϯϮϭ Ϭ.ϴϬ�;Ϭ.ϭϴͿ͖�Ϭ.ϴϳ Ϭ.ϵϯ�;Ϭ͕ϬϲͿ͖�Ϭ.ϵϱ Ϭ.ϬϬϬϮϳ
dZϲ ϭϳϮ�;ϱϲͿ͖�ϭϳϰ ϭϭϲ�;ϰϵͿ͖�ϭϮϯ Ϭ.ϬϬϬϬϲϰ ϭϱϳ�;ϲϯͿ͖�ϭϱϲ ϭϯϵ�;ϲϰͿ͖�ϭϮϮ Ϭ.ϮϬϴ
dZϭϰ ϯ.ϴ�;ϭ.ϴͿ͖�ϰ Ϯ.Ϯ�;ϭ.ϵͿ͖�Ϯ Ϭ.ϬϬϬϱϵ ϰ.ϱ�;ϭ.ϴͿ͖�ϱ Ϯ.ϯ�;ϭ.ϴͿ͖�Ϯ Ϭ.ϬϬϬϭϯ
dZϭϱ ϲϲ�;ϰϳͿ͖�ϲϭ ϯϭ�;ϮϰͿ͖�Ϯϳ Ϭ.ϬϬϬϯϱ ϱϳ�;ϰϮͿ͖�ϱϮ ϰϳ�;ϯϰͿ͖�ϯϵ Ϭ.ϱϭϴ

Tabel 1:���Z� resuůts� Ĩor� younŐ�paƟents�ǁith���,��compared� to� controůs.�DannͲthitney�h� test�ǁas�used.� &emaůe���,��Őroup� ;EсϲϯͿ͕� Ĩemaůe�
controůs�;EсϮϲͿ͕�maůe���,��Őroup�;EсϰϴͿ�and�maůe�controůs�;EсϮϬͿ.
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Kur�ĮndinŐs�support�the�Ĩact�that���,��needs�to�be�ůooŬed�upon�
as�a�diaŐnosis�composed�oĨ�subŐroups�ϵͲϭϮ͕�ϱϰ͕�ϱϱ�a�ǀieǁ�that�
�^Dϱ�and�its�subŐroupinŐ�oĨ���,��supports.�Kur�study�shoǁs�that�
��Z�has�the�potenƟaů�to�be�the�obũecƟǀe�diaŐnosƟc�instrument�
chiůd� and� adoůescent� psychiatry� has� been� ůooŬinŐ� Ĩor.� ��Z� is� a�
nonͲinǀasiǀe�method�that�is�easiůy�administered�to�paƟents͖�it�is�
not�dependent�on�ůanŐuaŐe�sŬiůůs�or�cuůturaů�bacŬŐround�ϭϵ.�Kur�
ĮndinŐs�suŐŐest�that���Z�couůd�be�used�as�a�compůement�and�a�
support�ǁhen�diaŐnosinŐ�younŐ�paƟents�ǁith���,�.��y�means�
oĨ�our���Z�ĮndinŐs�ǁe�haǀe�Őot�a�deeper�understandinŐ�oĨ�the�
bioůoŐicaů�nature�oĨ���,��and�its�subŐroups.�dhe�present�study�
suŐŐests�that�the���Z�method�miŐht�proǀide�useĨuů�biomarŬers�
to�support�the�cůinicaů�diaŐnoses�oĨ���,�.�

Dany�reports�shoǁ�possibůe�reŐuůaƟon�oĨ�ůocus�coeruůeus�acƟǀity�
by�metyůphenidates�and�by�atomoǆeƟn�ϱϲͲϱϵ.�&uture�research�
areas� oĨ� interest� ǁouůd� be� to� inǀesƟŐate� ǁhether� medicaƟon�

ǁouůd� decrease� the� ��Z� diīerences� betǁeen� the� Őroup� oĨ�
chiůdren�ǁith���,��and�heaůthy�controůs͕�and�iĨ�it�is�possibůe�to�
predict� choice� oĨ� medicaů� treatment� accordinŐ� to� trait� match.�
dhere� is� aůso� a� need� Ĩor� ůonŐitudinaů� studies� ǁith� chiůd� and�
adoůescent� controů� subũects� ǁith� other� psychiatric� diaŐnoses�
to� Ĩurther� substanƟate�our�ĮndinŐs.�te�haǀe� thereĨor� recentůy�
iniƟated�a�study�oĨ���Z�and��^��in�younŐ�paƟents.��nother�study�
reŐardinŐ���Z�and�K���has�started�in�the�autumn�oĨ�ϮϬϭϱ�at�the�
hniǀersity�oĨ�>und.�&indinŐs� Ĩrom�these�studies�ǁiůů�be�oĨ�Őreat�
interest�to�inǀesƟŐate�possibůe�oǀerůap�ǁith���,��traits�and�the�
possibůe�roůe�oĨ�comorbidity.
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ĮndinŐs�in�chiůdren�ǁith���,�.��rƋ�EeuropsiƋuiatr�ϲϬ:�ϳϰϮͲϳϰϳ.

ϯϲ� <ůin� �� ;ϭϵϵϯͿ� �uditory� brainstem� responses� in� auƟsm:� brainstem�
dysĨuncƟon� or� peripheraů� hearinŐ� ůoss͍� :ournaů� oĨ� �uƟsm� and�
�eǀeůopmentaů��isorder.�Ϯϯ:�ϭϱͲϯϱ.
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ϯϳ� WarŬŬonen�>͕�&uũiŬi�E͕�DćŬeůć�:W�;ϮϬϬϵͿ�̂ ources�oĨ�auditory�brainstem�
responses�reǀisited:�contribuƟon�by�maŐnetoencephaůoŐraphy.�,um�
�rain�Dapp�ϯϬ:�ϭϳϳϮͲϴϮ.

ϯϴ� �ecŬ�D�;ϮϬϭϬͿ�Dind�'ames:��ttenƟonͲ�eĮcit��isorder�/sn͛t�:ust�Ĩor�
<ids.�thy��duůts��re�Eoǁ��einŐ��iaŐnosed͕�doo.

ϯϵ� 'reŐoire���;ϮϬϭϰͿ�torůdǁide���,��Zates��re�,iŐher�dhan��ǀer͕ ��nd�
/t�DiŐht��e��mericaΖs�&auůt.

ϰϬ� Zetteǁ� �� ;ϮϬϭϰͿ� dhe� ��,�� �ebate.� WsychoůoŐy� doday� Knůine͕�
:anuary�ϲ͕����s�oĨ��hiůd�Wsychiatry.

ϰϭ� �icŬstein� ^'͕� �annon� <͕� �asteůůanos� &y͕� Diůham� DW� ;ϮϬϬϲͿ� dhe�
neuraů�correůates�oĨ�attenƟon�deĮcit�hyperacƟǀity�disorder:�an��>��
metaͲanaůysis.�:��hiůd�Wsychoů�Wsychiatry�ϰϳ:�ϭϬϱϭͲϭϬϲϮ.

ϰϮ� �hu� ��͕� �anŐ� z&͕ � �ao� Y:͕� zan� �'͕� ,e� z͕ � et� aů.� ;ϮϬϬϴͿ� &isher�
discriminaƟǀe�anaůysis�oĨ�resƟnŐͲstate�brain�ĨuncƟon�Ĩor�attenƟonͲ
deĮcit/hyperacƟǀity�disorder�EeuroimaŐe�ϰϬ:�ϭϭϬͲϭϮϬ.

ϰϯ� �ortese�^͕�/mperaƟ��͕��hou�:͕�Wroaů��͕�<ůein�Z'͕�et�aů.�;ϮϬϭϯͿ�thite�
matter� aůteraƟons� at� ϯϯͲyear� ĨoůůoǁͲup� in� aduůts� ǁith� chiůdhood�
attenƟonͲdeĮcit/hyperacƟǀity�disorder��ioů�Wsychiatry�ϳϰ:�ϱϵϭͲϱϵϴ.

ϰϰ� ^teriade�D͕�>ůinĄs�ZZ�;ϭϵϴϴͿ�dhe�ĨuncƟonaů�states�oĨ�the�thaůamus�
and�the�associated�neuronaů�interpůay�Whysioů�Zeǀ�ϲϴ:�ϲϰϵͲϳϰϮ.

ϰϱ� /ǀanoǀ� /͕� �ansaů� Z͕� ,ao� y͕� �hu� ,͕� <eůůendonŬ� �͕� et� aů.� ;ϮϬϭϬͿ�
DorphoůoŐicaů� abnormaůiƟes� oĨ� the� thaůamus� in� youths� ǁith�
attenƟon�deĮcit�hyperacƟǀity�disorder��m�:�Wsychiatry�ϭϲϳ:�ϯϵϳͲϰϬϴ.

ϰϲ� &ortune� d͕ � >urie� �/� ;ϮϬϬϵͿ� �hronic� ůoǁͲůeǀeů� ůead� eǆposure� aīects�
the�monoaminerŐic�system�in�the�mouse�superior�oůiǀary�compůeǆ�:�
�omp�Eeuroů�ϱϭϯ:�ϱϰϮͲϱϱϴ.

ϰϳ� �anŐ�z&͕ �,e�z͕ ��hu���͕��ao�Y:͕�^ui�DY͕�et�aů.�;ϮϬϬϳͿ��ůtered�baseůine�
brain� acƟǀity� in� chiůdren� ǁith� ��,�� reǀeaůed� by� resƟnŐͲstate�
ĨuncƟonaů�DZ/��rain��eǀ�Ϯϵ:�ϴϯͲϵϭ.

ϰϴ� �artůett��>� ;ϮϬϭϯͿ�dhe�orŐaniǌaƟon�and�physioůoŐy�oĨ� the�auditory�
thaůamus�and�its�roůe� in�processinŐ�acousƟc�Ĩeatures�important�Ĩor�
speech�percepƟon��rain�>anŐ�ϭϮϲ:�ϮϵͲϰϴ.

ϰϵ� �ůůison� d͕ � tood� ��͕� 'oī�tZ� ;ϭϵϴϯͿ� �rainstem� auditory͕ � patternͲ

reǀersaů� ǀisuaů͕� and� shortͲůatency� somatosensory� eǀoŬed�
potenƟaůs:�ůatencies�in�reůaƟon�to�aŐe͕�seǆ͕�and�brain�and�body�siǌe�
�ůectroencephaůoŐr��ůin�Eeurophysioů�ϱϱ:�ϲϭϵͲϯϲ.

ϱϬ� �osta� W͕ � �enna� W͕ � �ianco� �͕� &errero� W͕ � �erŐamasco� �� ;ϭϵϵϬͿ� �ŐinŐ�
eīects� on�brainstem�auditory� eǀoŬed�potenƟaůs� �ůectromyoŐr��ůin�
Eeurophysioů�ϯϬ:�ϰϵϱͲϱϬϬ.

ϱϭ� �urŬard�Z&͕ �^ims���;ϮϬϬϭͿ�dhe�human�auditory�brainstem�response�
to�hiŐh�cůicŬ�rates:�aŐinŐ�eīects��m�:��udioů�ϭϬ:�ϱϯͲϲϭ.

ϱϮ� <onradͲDarƟn��͕��iůůe�D&͕ �DcDiůůan�'͕�'riest�^͕�Dc�ermott��͕�et�aů.�
;ϮϬϭϮͿ��ŐeͲreůated�chanŐes�in�the�auditory�brainstem�response�:��m�
�cad��udioů�Ϯϯ:�ϭϴͲϯϱ.

ϱϯ� Dahone� �D͕�todŬa� �>� ;ϮϬϬϴͿ� dhe� neurobioůoŐicaů� proĮůe� oĨ� Őirůs�
ǁith���,���eǀ��isabiů�Zes�Zeǀ�ϭϰ:�ϮϳϲͲϮϴϰ.

ϱϰ� 'raetǌ��t͕�̂ aǁyer�D'͕��aŐhurst�W�;ϮϬϬϱͿ�'ender�diīerences�amonŐ�
chiůdren�ǁith� �^DͲ/s� ��,�� in� �ustraůia� :� �m� �cad� �hiůd� �doůesc�
Wsychiatry�ϰϰ:�ϭϱϵͲϭϲϴ.

ϱϱ� >eǀy�&͕ �,ay���͕��ennett�<^͕�Dc^tephen�D�;ϮϬϬϱͿ�'ender�diīerences�
in� ��,�� subtype� comorbidity� :� �m��cad� �hiůd� �doůesc� Wsychiatry�
ϰϰ:�ϯϲϴͲϯϳϲ.

ϱϲ� ,arro�:͕�DeriŬƺůa��͕�>epiŬu�D͕�Dodiri��Z͕�ZinŬen��͕�et�aů.�;ϮϬϬϬͿ�>esions�
oĨ�ůocus�coeruůeus�proũecƟons�by��^WͲϰ�neurotoǆin�treatment:�eīect�on�
amphetamineͲinduced� hyperůocomoƟon� and� dopamine� �Ϯ� receptor�
bindinŐ�in�rats.�Wharmacoů�doǆicoů�ϴϲ:�ϭϵϳͲϮϬϮ.

ϱϳ� �eǀiůbiss��D͕��erridŐe��t�;ϮϬϬϲͿ�>oǁͲdose�metyůphenidate�acƟons�
on�tonic�and�phasic�ůocus�coeruůeus�discharŐe�:�Wharmacoů��ǆp�dher�
ϯϭϵ:�ϭϯϮϳͲϭϯϯϱ. 

ϱϴ� ,oǁeůůs�&D͕�^tein��:͕�Zusseůů�s��;ϮϬϭϮͿ�^ynerŐisƟc�tonic�and�phasic�
acƟǀity� oĨ� the� ůocus� coeruůeus� norepinephrine� ;>�ͲE�Ϳ� arousaů�
system� is� reƋuired� Ĩor�opƟmaů�attenƟon�perĨormance�Detab��rain�
�is�Ϯϳ:�ϮϲϳͲϮϳϰ.

ϱϵ� �ari� �͕� �stonͲ:ones� '� ;ϮϬϭϯͿ� �tomoǆeƟn�moduůates� spontaneous�
and� sensoryͲeǀoŬed� discharŐe� oĨ� ůocus� coeruůeus� noradrenerŐic�
neurons�EeuropharmacoůoŐy�ϲϰ:�ϱϯͲϲϰ.


