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研究成果の概要（和文）：本研究は一側喉頭麻痺による発声障害の治療として、声門閉鎖筋を刺激するための新
しい形状の電極を考案し、その有効性について実験動物を用いて検討した。実験には４頭の犬を用いた。刺激電
極は合計８個の刺激チャンネルを有するシリコン板を用いた。これを喉頭に留置した。喉頭の観察は経口的に内
視鏡で行い、それぞれのチャンネルを介した電気刺激による声帯の位置を評価した。４頭を反回神経切断群と神
経再吻合群の二群に分けた。その結果、神経切断群では十分な電気刺激により十分な声帯運動が誘発できなかっ
たが、再吻合群では新しい形状の電極を用いた内筋への電気刺激が声帯を内転させて持続的に正中位に固定でき
ることが確認された。

研究成果の概要（英文）：The aim of this study was to create a suitable electrode, and to examine the
 feasibility of unilateral stimulation to produce vocal fold adduction in unilateral paralyzed 
larynx. Four canines were used in this study, and divided into denervated group and reinnervated 
group by recurrent laryngeal nerve (RLN) section or neurorrhaphy. An electrode array consisted of 8 
disk electrodes, mounted on a silicone plate. This electrode array was implanted to stimulate 
thyroarytenoid (TA) muscle. In denervated group TA stimulation could produce nominal glottal closure
 with high current. On the other hand, in reinnervated group TA stimulation could produce optimal 
glottal closure with low current. This study demonstrated that TA stimulation with new created 
electrode could produce optimal glottal closure. However, reinnervation was desired for optimal 
glottal closure.

研究分野：耳鼻咽喉科

キーワード： 喉頭麻痺　機能的電気刺激

  ２版

令和

研究成果の学術的意義や社会的意義
喉頭は呼吸、発声、嚥下、気道防御と多彩な機能に関与する重要な臓器である。喉頭運動を制御する内喉頭筋
は、迷走神経から分枝する反回神経の支配を受けている。反回神経が悪性腫瘍や外科手術等によって損傷される
と声門の開大や閉鎖が起こらない喉頭麻痺の状態となり、喉頭の機能は著しく障害される。反回神経は末梢神経
であり神経吻合により比較的容易に再生するが、再生の段階では本来の選択的な筋支配が失われた過誤支配が起
こり、呼吸や発声に同期した合目的な喉頭運動は回復しない。一側性の麻痺では、発声時に声帯が完全に閉鎖し
ないことによる発声障害が問題となる。電気刺激を用いた治療によりこの発声障害を改善される可能性がある。
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Electrical(sBmulaBon(with(an(implanted(electrode(for(vocal(fold(
adducBon(in(unilateral(paralyzed(larynx(

Kenichiro'Nomura'MD,'Akihiro'Katada'MD,'Isamu'Kunibe'MD,'Yasuaki'Harabuchi'MD'
Department'of'Otolaryngology'�����
����������",'Asahikawa'Medical'University,'Asahikawa'Japan'

INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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Electrical(sBmulaBon(with(an(implanted(electrode(for(vocal(fold(
adducBon(in(unilateral(paralyzed(larynx(

Kenichiro'Nomura'MD,'Akihiro'Katada'MD,'Isamu'Kunibe'MD,'Yasuaki'Harabuchi'MD'
Department'of'Otolaryngology'�����
����������",'Asahikawa'Medical'University,'Asahikawa'Japan'

INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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Vocal fold angle�

ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Department'of'Otolaryngology'�����
����������",'Asahikawa'Medical'University,'Asahikawa'Japan'

INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'

Kenichiro Nomura 
����������� ��� ������"������"	
� �������!��
	�������
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��������!�	
�������
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ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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Electrical(sBmulaBon(with(an(implanted(electrode(for(vocal(fold(
adducBon(in(unilateral(paralyzed(larynx(

Kenichiro'Nomura'MD,'Akihiro'Katada'MD,'Isamu'Kunibe'MD,'Yasuaki'Harabuchi'MD'
Department'of'Otolaryngology'�����
����������",'Asahikawa'Medical'University,'Asahikawa'Japan'

INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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Electrical(sBmulaBon(with(an(implanted(electrode(for(vocal(fold(
adducBon(in(unilateral(paralyzed(larynx(

Kenichiro'Nomura'MD,'Akihiro'Katada'MD,'Isamu'Kunibe'MD,'Yasuaki'Harabuchi'MD'
Department'of'Otolaryngology'�����
����������",'Asahikawa'Medical'University,'Asahikawa'Japan'

INTRODUCTION(

RESULTS(

Table1:(SBmulus(threshold(of(each(channel((
Among' innervated' three' animals' posterior' channels'
produced'vocal'fold'adduc?on'by'using'less'than'1'mA'
with' either' pulse' dura?on.' Most' anterior' two'
channels,'1'and'5,'made'vocal'fold'adducted'at'higher'
current' but' the' s?mula?on' affected' mainly' anterior'
part' of' vocal' fold.' With' reinnervated' animals' same'
trend'was'seen,'demonstra?ng'that'posterior'channels'
created'vocal' fold'adduc?on'with' the'current'star?ng'
with'0.5–1.0'mA,'while'in'denervated'animals'nominal'
vocal'fold'adduc?on'with'higher'current.''

Figure(1A,(B:((The's?mula?on'electrode'array'is'consisted'of'8'ac?ve'
pla?num'disk'mounted'on'a'10×8×1'mm'silicone'plate.'

ABSTRACT'

METHODS(AND(MATERIALS(

CONCLUSIONS(

CONTACT'

The'aim'of'this'study'was'to'create'a'
suitable' electrode,' and' to' examine'
the' f eas ib i l i t y' o f' un i l a te ra l'
s?mula?on' to' produce' vocal' fold'
adduc?on' in' unilateral' paralyzed'
larynx.' Four' canines' were' used' in'
th is' study,' and' div ided' into'
denervated' group' and' reinnervated'
group' by' recurrent' laryngeal' nerve'
(RLN)' sec?on' or' neurorrhaphy.' An'
electrode'array'consisted'of'8'ac?ve'
pla?num' disk' electrodes,' mounted'
on' a' 10' x' 8' x' 1' mm' silicone' plate.'
Each'of'the'8'electrodes'was'1'mm'in'
diameter.' This' electrode' array' was'
implanted' into' thyroplasty' window'
to' s?mulate' thyroarytenoid' (TA)'
muscle.'S?mulus'frequency'was'fixed'
at'40'Hz'and'pulse'dura?on'was'used'
0.5' or' 1msec.' Vocal' fold' angle' from'
anterior'commissure'to'vocal'process'
resul?ng' from' TA' s?mula?on' was'
measured' endoscopically' in' the'
anesthe?zed' animal.' First' we'
examined' three' innervated' canines'
and'confirmed'that'this'new'created'
electrode' array' could' produce'
appropriate' vocalRfold' adduc?on.'
Then' RLNs' were' sec?oned,' or'
sec?oned' and' repaired.' Each'
endoscopic' session' with' a' chronic'
animal' model' was' conducted' four'
months'aAer'paralysis.'In'denervated'
group' TA' s?mula?on' could' produce'
nominal' glosal' adduc?on' with' high'
current.' On' the' other' hand' in'
reinnervated' group' TA' s?mula?on'
could' produce' op?mal' vocalRfold'
adduc?on' with' low' current.' With'
respect' to' the' loca?on' of' eight' disk'
electrodes,' glosal' angles' resul?ng'
from' posterior' disk' electrodes' were'
more' proper' than' those' from'
anterior' electrodes.' This' study'
demonstrated' that' TA' s?mula?on'
with' new' created' electrode' could'
produce' op?mal' glosal' closure.'
However,' reinnerva?on' was' desired'
for'op?mal'glosal'closure.'

SURGERY'
The's?mula?on'electrode'arrays'used' in' this' study'
were' manufactured' as' prototypes' (Bio' Research'
Center,'Nagoya,'Japan),'which'consisted'of'8'ac?ve'
pla?num'disk'electrodes'mounted'on'a'10×8×1'mm'
silicone'plate.'Each'of'the'disk'electrodes'was'1'mm'
in' diameter' (Figure' 1A,' B).' The' electrode' channels'
were'numbered'1'to'4'from'anterior'to'posterior'on'
the'caudal'row'and'5'to'8'on'the'cranial'row.''
' ' ' Four' canines'were' entered' into' the' study.' The'
electrode' array' to' s?mulate' the' TA' muscle' was'
inserted' through' a' minimal' size' window' on' the'
thyroid' car?lage' at' the' same' site' for' thyroplasty.'
Ini?ally'three'canines'without'the'RLN'sec?on'were'
used'for'preliminary'endoscopic'sessions'to'confirm'
that' the' electrode' array' could' produce' vocal' fold'
adduc?on.'Subsequently' four'canines'were'divided'
into' denervated' group' and' reinnervated' group.' In'
denervated'group'the'right'RLNs'were'transected'5'
cm'from'the'cricoid'and'ligated,'and'in'reinnervated'
group'those'were'anastomosed.''

We' designed' new' shaped' implantable' electrode'
to's?mulate'paralyzed'laryngeal'adductor'muscle.'

In' reinnervated'group,' FES' to'paralyzed' laryngeal'
adductor'(TA)'muscle'could'induce'op?mal'glosal'
closure'with'low'current.''

In'denervated'group,' FES' to'paralyzed'TA'muscle'
also' induced' vocal' fold' adduc?on.' But' high'
intensity's?mula?on'was'required.''

Induced' vocal' fold' adduc?on' by' FES' was' long'
enough' to' improve' voice' sounds' in' case' of'
unilateral'vocal'fold'paralysis.'

Unilateral' vocal' fold' paralysis' (UVFP)' causes' breathy'
hoarseness' because' of' the' glosal' gap' during'
phona?on.' To' offset' this' gap' medializa?on'
procedures,' such' as' type' I' thyroplasty' and' arytenoid'
adduc?on'are'currently'popular'treatments'for'UVFP.'
However,' because' these' treatments' do' not' restore'
paralyzed' vocal' fold,' pa?ents' do' not' recovery'
completely'normal'voice'as'before.''
' ' ' A' more' physiologic' approach' to' restore' the'
paralyzed' vocal' fold' involves' func?onal' electrical'
s?mula?on' (FES).' Both' animal' and' human' trials'
demonstrated' the' feasibility' of' FES' for' pa?ents'with'
bilateral' vocal' fold' paralysis,' which' allowed' them' to'
breath' through' the' abducted' glots'by' the'posterior'
cricoarytenoid' muscle' s?mula?on.' Although' UVFP'
does'not'need'a'dynamic' reanima?on'for'phona?on,'
to' apply' FES' to' UVFP' could' resolve' underlying'
problems'that'arise'because'medializa?on'procedures'
are'sta?c.'The'first'one'is'that'the'thyroarytenoid'(TA)'
muscle'do'not'contract'during'phona?on.'The'second'
is' that' most' of' the' medializa?on' procedures' should'
be'waited'un?l'muscle'atrophy'is'completed'because'
it' is'not'easy' to'fineRtune' the' treated'vocal' fold.' FES'
could' offer' vocalRfold' adduc?on' with' muscle'
contrac?ons,'and'also'fineRtune'vocalRfold'posi?on'by'
altering's?muli'parameters.'
' ' The' aim' of' this' study' was' to' create' a' suitable'
electrode' for' the' TA' muscle,' and' to' examine' the'
feasibility' of' TA' s?mula?on' to' produce' vocal' fold'
adduc?on' in' anesthe?zed' canines' with' paralyzed'
larynx.'
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stimulus intensity: 2.5 mA 
frequency:$40 Hz 
duration: 1.0 ms 
stimulation time: 3 min 

Vocal fold angle�

ENDOSCOPIC'SESSION'
Endoscopic' sessions' for' paralyzed' larynxes' were'
conducted' four' months' aAer' the' nerve' sec?on.'
With'the'animal'in'a'supine'posi?on,'an'endoscope'
(Hopkins#Telescope' 0°,' 10mm,' Karl' Storz' Inc.,'
Germany)' with' an' asached' video' camera' (HDRR
CX180,' Sony' Corp.,' Tokyo,' Japan)' was' inserted' to'
visualize'and'record'vocal'fold'mo?on'at'the'level'of'
the' glots.' S?mulus' frequency'was' fixed' at' 40'Hz,'
and' pulse' dura?on' and' s?mulus' amplitude' was'
used'0.5'or'1msec'and'0–5.0'mA,'respec?vely.'The'
threshold'current'for'each'channel'were'defined'as'
the' lowest' s?mulus'amplitude' (mA)' that'produced'
any'visible'glosal'response.'An'angle'between'a'line'
from'the'anterior'commissure'to'the'vocal'process'
and' the' glosal' midline' was' measured' in' each'
image.' The' median' posi?on' of' vocal' fold' was'
defined'as'0'degree'and'glosal'abduc?on'side'was'
defined' as' plus' degree.' TA' muscle' fa?gue' against'
con?nuous's?muli'was'measured'for'three'minutes'
s?mula?on'at'intervals'of'threeRminutes'rest.'

Figure(4:(TA(muscle(faBgue(against(conBnuous(sBmulaBon(
Con?nuous' ' s?mula?on' might' make' muscle' tension' loose'
resul?ng' in' glosal' gap.' This' muscle' fa?gue' is' known' to'
depend'on'a'parameter'of's?mula?on'and'muscle'fiber'type,'
fast' or' slow.' Although' the' vocal' fold' gradually' loosened' to'
the' lateral' by' con?nuous' s?mula?on' in' reinnervated'
larynxes,' it' sustained' un?l' 20' seconds' and' even' at' 120'
seconds'it'was's?ll'on'the'glosal'midline.'

Paralyzed' vocal' fold' of' any' animals' did' not' show' func?onal'
vocal' fold'movement'while'endoscopic' sessions.' Evoked'EMGs'
by' s?mula?ng' right' RLN' demonstrated' right' TA' muscle'
reinnerva?on' in' reinnervated' group,' and' lisle' response' in'
dennervated' group' (Figure' 2A,' 3A).' Vocal' fold' angles' of'
reinnrvated' animals' reached' over' the' glotc' midline' by' the'
current'between'1–2'mA'through'the'electrode'channels'except'
anterior'three'channels,'1,'2'and'5'(Figure'2B),'while'those'from'
denervated'group'showed'marginal'adduc?on'by'high'current,'
not'reaching'the'midline'(Figure'3B).''

Figure(3A,(B:(Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(denervated(group(
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Figure(2A,(B:((Evoked(EMGs(and(vocal(fold(angles(by(TA(
sBmulaBon(in(reinnervated(group(
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