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Abstract	

Background.	Behavioural	variant	frontotemporal	dementia	(bvFTD)	is	a	form	of	frontotemporal	

degeneration	characterized	by	early	changes	in	personality,	emotional	blunting	and/or	loss	of	

empathy.	Recent	research	has	highlighted	that	these	features	may	be	at	least	partially	

explained	by	impairments	in	the	Theory	of	Mind	(ToM),	i.e.,	the	ability	to	understand	and	

predict	other	people’s	behaviour	by	attributing	independent	mental	states	to	them.		

Objective.	The	aim	of	this	randomized,	double-blind,	placebo-controlled	study	was	to	test	the	

hypothesis	that	transcranial	direct	current	stimulation	(tDCS)	over	the	medial	frontal	cortex	

(MFC)	selectively	enhances	communicative	intention	processing,	a	specific	ToM	ability.	

Methods.	Using	a	single-session	online	design,	we	administered	a	ToM	task	that	measures	the	

ability	to	represent	other	people’s	private	and	communicative	intentions	during	active	or	sham	

tDCS	to	sixteen	bvFTD	patients.	To	assess	the	impact	of	dementia	on	performance	on	the	ToM	

task,	we	included	16	age-matched	healthy	volunteers	who	were	asked	to	perform	the	entire	

experimental	ToM	task.		

Results.	bvFTD	is	characterized	by	an	impairment	in	the	comprehension	of	both	communicative	

and	private	intentions	relative	to	an	HC	group	and	by	a	disproportional	impairment	in	

communicative	intention	compared	with	private	intention	processing.	Significant	and	selective	

accuracy	improvement	in	the	comprehension	of	communicative	intentions	after	active	

stimulation	was	observed	in	patients	with	bvFTD.	

Conclusions.	This	is	the	first	study	that	analyses	ToM	ability	in	patients	with	bvFTD	using	tDCS	

stimulation.	Our	findings	could	potentially	contribute	to	the	development	of	an	effective,	non-

invasive	brain	stimulation	treatment	of	ToM	impairments	in	patients	with	bvFTD.	

	

Keywords:	Anodal	transcranial	Direct	Current	Stimulation	(tDCS);	Behavioural	variant	

Frontotemporal	Dementia	(bvFTD);	Theory	of	Mind	(ToM);	Medial	frontal	cortex	(MFC).	 	
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Introduction	

Behavioural	variant	frontotemporal	dementia	(bvFTD)	is	a	form	of	frontotemporal	degeneration	

characterized	by	early	and	progressive	changes	in	personality,	emotional	blunting	and/or	loss	of	

empathy	(Rascovsky	et	al.,	2011).	In	bvFTD,	difficulty	in	modulating	behaviour	results	in	socially	

inappropriate	responses	or	activities,	such	as	social	misconduct,	sexual	disinhibition,	and/or	

financial	loss,	which	results	in	a	poorer	prognosis,	faster	institutionalization	and	a	higher	level	of	

distress	for	caregivers	(Rascovsky	et	al.,	2011).	

Recent	research	has	highlighted	that	the	personality	changes	and	the	breakdown	in	social	conduct	

frequently	seen	in	bvFTD	may	be	explained	by	an	impairment	in	the	ability	to	explain	and	predict	

other	people’s	behaviour	by	attributing	independent	mental	states	to	them,	which	constitutes	the	

core	postulates	of	the	Theory	of	Mind	(ToM)	(Adenzato	&	Poletti,	2013;	Poletti,	Enrici,	&	

Adenzato,	2012).	ToM	abilities	form	the	basis	of	any	social	interaction,	and	they	have	been	

proposed	to	rely	on	a	distributed	neural	network	including	the	complex	formed	by	the	right	and	

left	temporoparietal	junctions,	the	temporal	poles,	the	precuneus,	and	the	medial	frontal	cortex	

(MFC)	(Carrington	&	Bailey,	2009;	Kampe,	Frith,	&	Frith,	2003).	In	particular,	studies	that	analysed	

the	neural	correlates	of	intention	processing	found	that	the	MFC	and	the	temporoparietal	

junctions	are	differentially	engaged	depending	on	the	nature	of	the	intention	involved,	with	a	

progressive	recruitment	of	the	ToM	network	along	the	theoretical	distinction	of	the	private	versus	

social/communicative	dimension	(Ciaramidaro	et	al.,	2007;	Enrici,	Adenzato,	Cappa,	Bara,	&	

Tettamanti,	2011;	Tettamanti	et	al.,	2017;	Walter	et	al.,	2004).	Recent	studies	have	used	ToM	

tasks	to	investigate	ToM	deficits	in	bvFTD,	in	which	a	significant	impairment	in	these	abilities	was	

observed	(Bertoux	&	Hornberger,	2015;	Brioschi	Guevara	et	al.,	2015;	Eslinger	et	al.,	2007;	

Gregory	et	al.,	2002;	Henry,	Phillips,	&	von	Hippel,	2014;	Ibanez	&	Manes,	2012;	Le	Bouc	et	al.,	

2012;	Lough	et	al.,	2006;	Pardini	et	al.,	2013;	Pardini	et	al.,	2015;	Snowden	et	al.,	2003;	Torralva	et	

al.,	2007).	
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Currently,	there	is	growing	interest	in	transcranial	direct	current	stimulation	(tDCS),	a	non-invasive	

technique	purported	to	modulate	neural	activity	via	weak,	externally	applied	electric	fields.	tDCS	

generates	an	increase	or	a	decrease	in	neuronal	excitability	that	can	modulate	cognitive	task	

performance	by	applying	weak	electrical	currents	directly	to	the	head	over	a	long	period	of	time,	

usually	on	the	order	of	minutes.	tDCS	delivers	a	weak	polarizing	electrical	current	to	the	cortex	

through	a	pair	of	electrodes,	and	brain	excitability	can	be	increased	via	anodal	stimulation	or	

decreased	via	cathodal	stimulation	depending	on	the	polarity	of	the	current	flow	(Nitsche	et	al.,	

2008;	Paulus,	2011;	Polania,	Nitsche,	&	Ruff,	2018).	Using	this	technique,	short-term	facilitation	

effects	on	the	cognitive	functions	of	normal	subjects	and	neurodegenerative	and	psychiatric	

patients	have	been	previously	reported	(Brunoni	et	al.,	2012;	Martins,	Fregni,	Simis,	&	Almeida,	

2017;	Vallar	&	Bolognini,	2011).	It	has	also	been	shown	that	a	single	tDCS	session	can	influence	

performance	on	a	social	cognition	task	in	healthy	subjects	(Adenzato	et	al.,	2017;	Conson	et	al.,	

2015;	Fumagalli	et	al.,	2010;	Mai	et	al.,	2016;	Martin,	Dzafic,	Ramdave,	&	Meinzer,	2017;	Martin,	

Huang,	Hunold,	&	Meinzer,	2017;	Santiesteban,	Banissy,	Catmur,	&	Bird,	2012).	

TDCS	(anode	over	the	left	frontal	cortex)	has	already	been	shown	to	improve	language	deficits	in	

patients	with	FTD	(Cotelli	et	al.,	2016;	Cotelli	et	al.,	2014;	Gervits	et	al.,	2016),	but	to	the	best	of	

our	knowledge,	no	study	has	investigated	the	capacity	of	tDCS	to	ameliorate	ToM	performance	in	

these	patients.	

In	the	current	study,	we	applied	anodal	tDCS	over	the	MFC	(Fpz	site,	with	the	cathode	between	Oz	

and	Inion)	to	modulate	ToM	performance	in	bvFTD	patients.	We	used	an	adapted	version	of	a	

ToM	task,	measuring	the	ability	to	represent	other	people’s	private	and	communicative	intentions	

from	the	observation	of	their	daily	actions.	The	theoretical	distinction	between	private	and	

communicative	intentions	has	been	proposed	within	the	Intention	Processing	Network	(IPN)	

model	(Bara,	Enrici,	&	Adenzato,	2016;	Ciaramidaro	et	al.,	2007).	According	to	this	model,	private	

intentions	only	involve	the	actor	satisfying	a	particular	goal	(e.g.,	working	in	the	kitchen	to	prepare	
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oneself	a	meal).	Conversely,	in	communicative	intentions,	the	goal	of	the	actor	is	satisfied	only	if	

at	least	one	other	person	is	involved	(e.g.,	pointing	to	a	bottle	to	request	it).	Thus,	while	a	private	

intention	can	be	realized	by	the	actions	of	an	isolated	person,	a	communicative	intention	can	

occur	only	during	social	interaction.	The	IPN	model	has	been	supported	by	experimental	studies	

showing	that	a	set	of	brain	areas,	i.e.,	the	right	and	left	temporoparietal	junctions,	precuneus,	and	

MFC,	are	differentially	involved	in	comprehending	these	different	types	of	intentions	(Bara,	

Ciaramidaro,	Walter,	&	Adenzato,	2011;	Ciaramidaro	et	al.,	2007;	Walter	et	al.,	2004;	Walter	et	al.,	

2009).	Strong	empirical	evidence	shows	that	the	MFC	is	engaged	during	social	inferences,	in	

particular	during	social	scripts	that	do	not	concern	only	a	single	actor	but	that	describe	adequate	

social	actions	for	all	of	the	actors	involved	in	a	social	context	(Van	Overwalle,	2009,	2011).	

Moreover,	meta-analysis	studies	have	implicated	the	precuneus	in	the	elaboration	of	contextual	

information	and	identification	of	situational	structure,	whereas	the	temporoparietal	junctions	

were	generally	associated	with	the	identification	of	end-state	behaviours	(Van	Overwalle,	2009;	

Van	Overwalle	&	Baetens,	2009).	In	particular,	according	to	Van	Overwalle	(2009),	the	

temporoparietal	junctions,	along	with	the	precuneus	and	MFC,	are	involved	in	the	broader	process	

of	goal	identification	in	a	social	context.		

The	rationale	of	the	present	study	stemmed	from	evidence	showing	that	the	MFC	is	already	

affected	in	the	early	stages	of	bvFTD	(Borroni	et	al.,	2007;	Buhour	et	al.,	2017;	Pan	et	al.,	2012;	

Salmon	et	al.,	2003;	Schroeter,	Raczka,	Neumann,	&	von	Cramon,	2008),	and	that	the	MFC	is	

involved	in	the	comprehension	of	communicative	intentions	rather	than	in	the	comprehension	of	

private	intentions	(Bara	et	al.,	2011;	Ciaramidaro	et	al.,	2007;	Enrici,	Adenzato,	Cappa,	Bara,	&	

Tettamanti,	2011;	Tettamanti	et	al.,	2017;	Walter	et	al.,	2004).		

In	consideration	of	the	bvFTD	neuropsychological	profile	previously	described,	here	we	

hypothesized	that	in	the	early	stages	of	bvFTD	i)	the	comprehension	of	communicative	and	private	

intentions	are	impaired	compared	to	a	healthy	control	(HC)	group;	ii)	the	comprehension	of	



7 
 

	

communicative	intentions	is	more	impaired	than	the	comprehension	of	private	intentions	as	a	

consequence	of	the	role	played	by	the	MFC	in	communicative	intentions,	and	iii)	anodal	tDCS	over	

the	MFC	(Fpz	site,	with	the	cathode	between	Oz	and	Inion)	is	able	to	enhance	communicative	

intention	performance.	

	

Material	and	Methods	

Patients	and	Control	groups	

Patients	fulfilling	current	clinical	criteria	for	probable	bvFTD	(Rascovsky	et	al.,	2011)	were	

recruited	at	the	Centre	for	Neurodegenerative	Disorders,	Neurology	Unit,	University	of	Brescia,	

Italy.	

At	enrolment,	patients	underwent	an	extensive	clinical	and	neurological	evaluation	and	a	

standardized	neuropsychological	assessment.	Diagnosis	was	corroborated	by	the	presence	of	

frontotemporal	atrophy	identified	with	conventional	structural	imaging	(Borroni	et	al.,	2015).	

Genetic	screening	of	the	most	frequent	monogenic	causes	of	FTD	in	Italy	was	carried	out,	and	

Granulin	(GRN)	mutations	and	C9orf72	gene	expansion	were	considered	(Premi	et	al.,	2017).	

Neuropsychological	testing	included	the	Frontotemporal	Lobar	Degeneration-Clinical	Dementia	

Rating	(FTLD-CDR)	scale,	the	Mini-Mental	State	Examination,	verbal	fluency	(phonemic	and	

semantic	cue),	the	Rey	complex	figure	copy	and	recall,	the	story	recall	test,	the	digit	span,	the	Trail	

Making	test	(part	A	and	B)	and	the	Token	test	(Lezak,	Howieson,	&	Loring,	2012).	Behavioural	

disturbances	were	evaluated	with	the	Frontal	Behavioural	Inventory	(FBI).	

Patients	with	severe	behavioural	disorders	or	FTLD-CDR>10	were	excluded	to	prevent	any	

confounding	in	the	experimental	task	results.	Moreover,	patients	with	contraindications	to	

performing	tDCS,	such	as	a	history	of	seizures,	major	head	trauma,	past	brain	surgery,	a	brain	

metal	implant	or	a	pacemaker,	were	excluded	as	well.		
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To	assess	the	impact	of	dementia	on	ToM	tasks,	we	also	included	16	healthy	volunteers,	matched	

for	age	and	education	(N=	16	[4	males],	age=	67.7	±	7,	education=10.5	±	4).	HC	were	asked	to	

perform	the	entire	experimental	ToM	task	without	tDCS	in	order	to	compare	their	comprehension	

of	communicative	and	private	intentions	to	that	of	bvFTD	patients.	HC	with	no	history	of	mental	

illness	or	cognitive	decline,	no	motor	or	cognitive	complaints,	normal	objective	cognitive	

performance	in	all	the	administered	neuropsychological	tests,	normal	scores	in	functional	

assessment,	and	an	absence	of	mood	and	anxiety	disorders	were	included.	

The	Brescia	Hospital	Ethics	Committee	approved	the	study	(NP2388),	and	all	participants	provided	

written	informed	consent	according	to	the	Declaration	of	Helsinki.	

	

Study	design	

The	present	work	was	a	randomized,	double-blind,	sham-controlled	study.	Each	patient	received	

both	active	and	sham	tDCS	over	the	MFC	(Fpz	site,	with	the	cathode	between	Oz	and	Inion)	in	

randomized	order	in	two	different	sessions,	separated	by	at	least	2	weeks;	the	first	session	was	

assigned	in	a	1:1	ratio	of	active	or	sham	tDCS.	The	patient	and	the	examiner	who	performed	

ratings	were	blind	to	the	type	of	tDCS	delivered.	During	each	session,	a	video	version	of	the	ToM	

task	was	administered,	and	video-clips	were	presented	in	a	randomized	order	(see	below).	

According	to	data	from	the	literature,	the	changes	in	excitability	induced	by	a	single	session	of	

anodal	tDCS	are	expected	to	last	for	up	to	1	h	if	the	stimulation	is	sufficiently	long	(Nitsche	et	al.,	

2007;	Nitsche	et	al.,	2003;	Nitsche	&	Paulus,	2000).	Hence,	patients	were	expected	to	return	to	

their	initial	clinical	status	between	the	two	sessions	of	stimulation.		

	

Table	1.	Demographic	and	clinical	characteristics	of	patients	with	behavioural	variant	

Frontotemporal	dementia	(n=16).	
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Demographic	and	clinical	features	    

Age	(years)	 64.9	(8.6)	

Gender	(male/female)	 13/3	

Education	(years)	 9.4	(5.0)	

Disease	duration	(years)	 1.3	(1.7)	

FTLD-CDR		 5.9	(3.9)	

Neuropsychological	Assessment	 Raw	score	 Adjusted	score	 *	Cut-off	

Screening	for	dementia	    

Mini	Mental	State	Examination	(MMSE)	 25.0	(4.0)	 23.3	(3.6)	 ≥24	

Praxia	    

Rey-Osterrieth	Complex	Figure-Copy	 27.0	(5.5)	 28.0	(5.0)	 >28.87	

Memory	    

Rey-Osterrieth	Complex	Figure-Recall	 8.8	(7.0)	 9.5	(7.1)	 >9.46	

Story	Recall	 9.9	(5.5)	 11.7	(5.8)	 >7.5	

Digit	Span	 5.0	(1.0)	 5.1	(0.9)	 >4.25	

Attentional	functions	    

Trail	Making	Test,	A	 89.2	(74.4)	 73.2	(72.1)	 <94	

Trail	Making	Test,	B	 189.1	(167.5)	 151.9	(151.4)	 <283	

Language	    

Fluency-Phonemic	 24.6	(11.7)	 27.2	(10.5)	 >16	
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Fluency-Semantic	 32.3	(8.3)	 34.9	(8.7)	 >24	

Token	Test	 30.9	(1.5)	 30.3	(1.5)	 >26.25	

Behavioural	disturbances	    

Frontal	Behavioural	Inventory	(FBI)	 16.6	(10.5)	 -	 -	

*	Cut-off	scores	according	to	Italian	normative	data	are	reported.	Values	are	mean,	standard	

deviations	between	brackets.	Bold	data	indicate	scores	below	the	cut-off.	FTLD-CDR:	FTLD-

modified	Clinical	Dementia	Rating	scale;	bvFTD=	behavioural	variant	frontotemporal	dementia.	

	

Theory	of	mind	tasks	

All	of	the	participants	performed	the	Attribution	of	Intentions	(AI)	task	to	test	the	effect	of	tDCS	

on	cognitive	ToM	ability.	The	AI	task	is	a	video	version	of	a	cognitive	ToM	task	previously	used	in	

young	individuals	(Adenzato	et	al.,	2017).	During	the	AI	task,	participants	were	asked	to	

demonstrate	their	comprehension	of	the	displayed	stories	(short	videos	of	1500	milliseconds	-	

development	phase)	by	choosing	the	most	appropriate	story	ending	(out	of	two	concluding	

pictures	displayed	until	the	response-response	phase).	The	two	possible	story	endings	were	shown	

simultaneously	on	the	left	and	on	the	right	side	of	the	screen	until	the	participant	responded	by	

pressing	the	corresponding	button	(right	for	the	right	figure	and	left	for	the	left	figure)	on	the	

button	box	as	quickly	as	possible;	the	correct	picture	represented	a	probable	conclusion,	whereas	

the	incorrect	picture	represented	an	improbable	ending	(see	Figure	1).	

Two	types	of	experimental	conditions	were	included	in	the	task	and	were	presented	in	the	video-

clips:	a)	Private	Intention	condition	(PInt),	in	which	participants	were	required	to	recognize	

another	person’s	intention	while	watching	his	or	her	isolated	actions,	e.g.,	hanging	a	picture	on	

the	wall;	and	b)	Communicative	Intention	condition	(CInt),	in	which	participants	were	required	to	
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recognize	another	person’s	communicative	intention	during	a	social	interaction,	e.g.,	asking	

another	person	to	obtain	a	glass	of	water	for	them.	

The	present	study	included	34	video	stories	for	each	condition,	for	a	total	of	68	stories.	

Participants	were	seated	in	a	quiet	room	facing	a	computer	monitor	placed	60	cm	away	from	

them.	The	stimuli	were	presented	using	Presentation	software	(Version	16.3,	www.neurobs.com)	

running	on	a	personal	computer	with	a	15-inch	screen.	Visual	location	(right	and	left	side	of	the	

screen)	of	the	correct	answer	was	randomized.	AI	accuracy	and	Reaction	Times	(RT)	were	

recorded.	

The	items	were	divided	into	two	blocks	(17	PInt	and	17	CInt	stimuli	each)	corresponding	to	the	

two	types	of	stimulation	(active	and	sham	stimulation).	The	visual	complexity	of	the	scenes	was	

matched	and	counterbalanced	between	the	two	experimental	sessions.	Moreover,	four	additional	

stimuli	were	selected	to	be	used	in	a	training	session	(2	PInt	and	2	CInt	stimuli).	Each	experimental	

block	took	approximately	4	minutes	to	complete.	
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Figure	1.	

A)	Experimental	design.	

Active	or	sham	tDCS	was	applied	2	minutes	before	the	beginning	of	 the	experimental	block	and	

covered	the	entire	AI	task.	In	the	AI	task,	a	short	video	was	played	and	the	participant	was	asked	

to	choose	the	picture	representing	a	logical	story	ending	by	pushing	one	of	the	two	buttons	on	the	

button	box.	One	example	of	 each	 stimulus	 condition	 (CInt	 and	a	PInt)	 is	 displayed	 (see	 text	 for	

details).	

B)	Current	flow	model	of	tDCS	montage.	
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Anode	over	MFC	and	cathode	between	Inion	and	Oz,	using	two	7×5	sponge	pads	represented	in	

transverse	 views	 from	 the	Male	 1	model	 in	 the	 Soterix	 HD	 Targets	 software	 (Soterix	Medical).	

Black	arrows	represent	the	direction	of	current	flow.	

	

tDCS	procedure	

tDCS	was	applied	using	a	battery-driven,	constant-current	stimulator	(HDCstim,	Newronika,	Milan,	

Italy)	through	a	pair	of	saline-soaked	sponge	electrodes	(7	cm	×	5	cm).		

The	target	area	for	tDCS	was	the	MFC,	recognized	as	pivotal	for	intention	processing	in	previous	

studies	(reference	Montreal	National	Institute	[MNI]	coordinates:	0,	60,	18;	see	(Ciaramidaro	et	

al.,	2007;	Poreisz,	Boros,	Antal,	&	Paulus,	2007;	Walter	et	al.,	2004;	Walter	et	al.,	2009).	

Accordingly,	the	anode	was	placed	over	Fpz	and	the	cathode	was	placed	between	Inion	and	Oz	

(Figure	1.B),	according	to	the	10-20	Electroencephalography	(EEG)	international	system	(Herwig,	

Satrapi,	&	Schonfeldt-Lecuona,	2003).	Specifically,	an	EEG	cap	was	gently	secured	on	the	head	of	

each	subject	and	positioned	with	Cz	at	the	vertex,	and	FPz	was	marked	with	a	pencil	and	identified	

as	the	centre	of	the	anode.	The	EEG	cap	was	then	removed	to	allow	tDCS	montage.	During	active	

tDCS,	a	constant	current	of	1.5	mA	was	applied	for	10	minutes	(a	ramping	period	of	10	seconds	at	

the	beginning	of	the	stimulation),	starting	2	minutes	before	the	beginning	of	the	task	and	finishing	

after	the	end	of	the	task.	The	current	density	(0.043	mA/cm2)	was	maintained	below	the	safety	

limits	(Poreisz	et	al.,	2007).	During	sham	stimulation,	the	tDCS	montage	was	the	same,	but	the	

current	was	turned	off	10	seconds	after	the	stimulation	began,	making	this	condition	

indistinguishable	from	the	active	stimulation.	

At	the	end	of	each	session,	patients	filled	out	a	questionnaire	in	order	to	exclude	perceptual	

sensation	differences	between	active	and	sham	stimulation,	as	well	as,	side	effects.	The	order	of	

the	two	stimulation	conditions	(sham	and	active)	was	randomized	across	participants	(i.e.,	50%	of	
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participants	received	active	stimulation	on	session	1	and	sham	stimulation	on	session	2)	and	was	

executed	at	the	same	day	and	time	to	minimize	the	likelihood	of	confounding	interference	effects.	

	

Statistical	analyses	

Statistical	analyses	were	performed	using	Statistica	software	(version	10;	www.statsoft.com).		

Considering	that	the	data	were	normally	distributed	(RTs:	Kolmogorov-Smirnov	Test:	d	=	0.19,	p	

=0.20;	Accuracy:	Kolmogorov-Smirnov	Test:	d	=	0.16,	p>0.30),	AI	task	performance	(accuracy	and	

RT)	recorded	in	the	bvFTD	group	in	the	sham	tDCS	condition	was	compared	to	performance	

obtained	in	the	AI	task	by	an	age,	gender	and	education	matched	HC	group,	using	an	analysis	of	

variance	(ANOVA),	including	the	two	types	of	stimuli	(PInt	and	CInt)	as	within	participants	factors,	

and	the	group	(bvFTD	and	HC)	as	between	participants	factors.		

Moreover,	considering	that	the	data	were	normally	distributed	(RTs:	Kolmogorov-Smirnov	Test:	d	

=	0.14,	p	=	0.20;	Accuracy:	Kolmogorov-Smirnov	Test:	d	=	0.17,	p	=	0.10),	AI	task	performance	

(accuracy	and	RT)	was	analysed	using	repeated-measures	analysis	of	covariance	(ANCOVA),	

including	the	two	types	of	stimulation	(anodal	or	sham)	and	the	two	types	of	stimuli	(PInt	and	

CInt)	as	within	participants	factors,	and	the	FTLD-CDR	score	as	a	covariate.	Post	hoc	analysis	was	

carried	out	using	planned	comparisons	contrasting	the	two	stimulation	conditions	in	each	stimulus	

task.	Sensation	scores	were	compared	between	anodal	tDCS	and	sham	tDCS	using	a	Wilcoxon	

matched-pair	test.	Statistical	significance	was	set	at	p<0.05.	Statistical	power	and	effect	size	

(Cohen's	d)	analyses	were	estimated	using	GPower	3.1	(Faul,	Erdfelder,	Lang,	&	Buchner,	2007).	

	

	

Results		

We	included	20	consecutive	patients	with	mild	bvFTD	according	to	the	inclusion	criteria;	3	patients	

were	then	excluded	for	disease	severity	and	1	patient	was	excluded	due	to	a	history	of	seizures.	
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Thus,	the	present	analysis	was	conducted	on	16	bvFTD	patients.	Demographic	and	clinical	

characteristics	of	the	included	subjects	are	reported	in	Table	1.	

Three	out	of	the	16	patients	had	monogenic	FTD	(n=2	GRN	Thr272fs,	and	n=1	C9orf72)	expansion.	

	

Behavioural	performance	in	bvFTD	patients	and	in	HC	on	Attribution	of	Intentions	(AI)	task	

Reaction	Time	analysis	showed	a	significant	effect	of	group	(F(1,30)	=	34.49,	p	=	0.000002,	η2	=	0.54,	

1-β=0.99),	suggesting	that	the	bvFTD	group	was	slower	than	the	HC	group	(HC:	1887.5	ms	±	391;	

bvFTD:	3631.3	ms	±	980)	in	both	CInt	and	Pint	conditions.	No	other	effect	reached	statistical	

significance.		

Accuracy	analysis	indicated	a	significant	effect	of	group	(F(1,30)	=	20.13,	p	=	0.0001,	η2	=	0.40,	1-

β=0.99)	and	of	the	type	of	stimulus	(F(1,30)	=	10.72,	p	=	0.003,	η2	=	0.26,	1-β=0.99).	These	results	

suggest	that	the	accuracy	recorded	in	the	CInt	condition	was	significantly	worse	than	the	accuracy	

in	the	PInt	condition	in	both	groups	(CInt:	80.9%	±	17;	PInt:	87.5%	±	13)	but	that	the	bvFTD	group	

was	less	accurate	than	the	HC	group	(HC:	91.2%	±	7;	bvFTD:	75.2%	±	14).	See	Figure	2	for	details.	
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Figure	2.	Reaction	Times	(A)	and	Accuracy	(B)	recorded	in	the	AI	task	(CInt	and	PInt	conditions)	

in	bvFTD	and	HC	plotted	separately.	

	

bvFTD	patients’	accuracy	and	reaction	times	recorded	in	the	CInt	and	PInt	conditions	were	

significantly	worse	than	those	of	the	HC	group.	Accuracy	was	significantly	worse	on	the	CInt	task	

than	on	the	PInt	task.	Asterisks	indicate	significant	effects	(p	<	0.05).	

	

	

Effects	of	tDCS	on	AI	in	bvFTD	

Reaction	Time	analysis	showed	no	significant	effect	for	type	of	stimulation	(F(1,14)	=	0.32,	p	=	0.58,	

η2	=	0.02,	1-β=0.18),	type	of	stimulus	(F(1,14)	=	2.36,	p	=	0.15,	η2	=	0.14,	1-β=0.65)	and	interaction	

between	factors	(F(1,14)	=	0.01,	p	=	0.94,	η2	<	0.01,	1-β=0.06;	CInt	condition:	3647	±	282	[sham	

tDCS],	4232	±	513	[active	tDCS];	PInt	condition:	3614	±	234	[sham	tDCS],	4213	±	567	[active	tDCS]).	
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Accuracy	analysis	indicated	a	significant	effect	of	the	interaction	between	type	of	stimulus	(CInt	vs.	

PInt),	type	of	stimulation	(active	vs.	sham)	and	FTLD-CDR	(F(1,14)	=	4.99,	p	=	0.042,	η2	=	0.26,	1-

β=0.99).	No	other	effect	reached	statistical	significance.	

Accuracy	recorded	in	the	CInt	condition	was	significantly	worse	than	accuracy	in	the	PInt	condition	

during	sham	tDCS	(p=	0.024),	suggesting	an	impairment	of	CInt	in	early	bvFTD	(see	Figure	3).	

Moreover,	post	hoc	analysis	showed	an	increase	in	accuracy	induced	by	active	tDCS	compared	to	

sham	tDCS	in	the	CInt	condition	(77.2	±	15	[active	tDCS]	vs.	70.6	±	17	[sham	tDCS];	p	=	0.048),	

whereas	no	such	effect	was	observed	in	the	PInt	condition	(77.6	±	16	[active	tDCS]	vs.	79.8	±	15	

[sham	tDCS];	p	=	0.55)	(see	Figure	3).	

	

	

Figure	 3.	 Transcranial	 direct	 current	 stimulation	 (tDCS)	 effects	 on	 accuracy	 in	 the	 AI	 task	 in	

bvFTD	for	active	tDCS	and	sham	tDCS	(CInt	and	PInt	conditions	plotted	separately).	

	

	The	accuracy	of	bvFTD	patients	recorded	in	the	CInt	condition	was	significantly	worse	than	the	

accuracy	recorded	in	the	PInt	condition	during	sham	tDCS.	Furthermore,	accuracy	on	the	AI	task	
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improved	after	active	anodal	tDCS	over	the	MFC	(Fpz	site,	with	the	cathode	between	Oz	and	Inion)	

compared	to	sham	stimulation	selectively	for	the	CInt	stimuli.	Asterisks	indicate	significant	effects	

(p	<	0.05).	

	

Sensations	questionnaire	

The	sensations	questionnaire	completed	by	the	bvFTD	patients	at	the	end	of	each	stimulation	

session	showed	that	all	of	them	tolerated	the	stimulation	well.	The	Wilcoxon	matched	pairs	test	

showed	that	perceptual	sensations	reported	after	active	and	sham	stimulation	sessions	were	not	

significantly	different	(T=11.0,	z	=	1.68;	p=0.09).	Accordingly,	there	is	no	reason	to	reject	the	

blinded	nature	of	this	study.	

	

Discussion	

In	recent	years,	there	has	been	a	resurgence	of	interest	in	ToM,	particularly	in	its	fundamental	role	

in	many	social	and	communicative	interactions	(Bara	et	al.,	2016;	Di	Tella	et	al.,	2015;	Enrici	et	al.,	

2011;	Enrici	et	al.,	2015;	Tettamanti	et	al.,	2017).	This	is	the	first	study	that	analyses	ToM	ability	in	

patients	with	bvFTD	using	tDCS	stimulation.	The	aim	of	the	present	study	was	to	assess	for	the	

presence	of	an	impairment	in	communicative	and	private	intentions	in	the	mild	stage	of	bvFTD.	In	

particular,	the	prediction	was	that	a	more	severe	impairment	would	be	present	for	communicative	

intentions	in	patients	with	bvFTD	as	a	consequence	of	the	role	played	by	the	MFC	in	

communicative	intentions	(Bara	et	al.,	2011;	Ciaramidaro	et	al.,	2007;	Enrici,	Adenzato,	Cappa,	

Bara,	&	Tettamanti,	2011;	Tettamanti	et	al.,	2017;	Walter	et	al.,	2004).	Additionally,	another	aim	

of	the	present	study	was	to	investigate	whether	the	application	of	anodal	tDCS	over	the	MFC	(Fpz	

site,	with	the	cathode	between	Oz	and	Inion)	selectively	enhances	communicative	intention	

processing	in	these	patients.	The	results	of	the	present	study	revealed	that	mild	bvFTD	is	

characterized	by	an	impairment	in	the	comprehension	of	private	and	communicative	intentions	
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compared	to	HC,	with	a	disproportional	impairment	in	the	comprehension	of	communicative	

intentions.		

Very	few	studies	have	applied	tDCS	to	patients	with	FTD,	and	almost	all	have	mainly	focused	on	

the	treatment	of	language	deficits	in	patients	with	primary	progressive	aphasia	in	clinical	settings	

(Cotelli	et	al.,	2016;	Cotelli	et	al.,	2014;	Gervits	et	al.,	2016;	Roncero	et	al.,	2017).	An	improvement	

in	naming	ability	was	found	by	Cotelli	et	al.	(2014)	after	applying	anodal	tDCS	to	the	left	

dorsolateral	prefrontal	cortex.	They	found	that	tDCS	stimulation	facilitated	lexical	retrieval	

processes	in	these	patients.	A	general	improvement	in	linguistic	performance	in	the	domains	of	

speech	production	and	grammatical	comprehension	was	found	by	Gervits	et	al.	(2016)	after	two	

weeks	of	daily	tDCS.	Anodal	tDCS	stimulation	of	the	left	frontotemporal	region	(with	the	cathode	

over	the	left	occipitoparietal	region)	led	to	significant	improvements	on	a	variety	of	linguistic	

measures	that	were	sustained	for	at	least	3	months	following	tDCS.	Recently,	Roncero	and	

colleagues	(2017)	applied	tDCS	to	the	inferior	parietal	lobe	during	picture-naming	training	on	a	

mixed	group	of	patients	with	Alzheimer’s	disease	and	progressive	aphasia	and	found	significant	

improvement	in	picture-naming	compared	to	placebo.		

To	the	best	of	our	knowledge,	no	prior	studies	have	applied	tDCS	to	patients	with	bvFTD.	The	only	

exception	is	a	single	case	study	in	a	clinical	setting	of	a	45-year-old	woman	with	bvFTD	(Agarwal	et	

al.,	2016).	The	authors	applied	anodal	tDCS	stimulation	to	the	left	dorsolateral	prefrontal	cortex	

(with	the	cathode	over	the	right	supraorbital	region)	for	ten	sessions	over	five	days.	They	found	

significant	improvement	from	the	third	day	of	tDCS	onward	in	behavioural	disturbances	and	socio-

occupational	functioning,	in	particular	in	executive	and	planning	skills.	Moreover,	the	patient	

maintained	improvement	during	follow-up	visits	over	the	next	seven	months.	

Our	findings	corroborate	previous	studies	of	marked	impairment	in	the	domain	of	social	cognition	

in	patients	with	bvFTD	(Adenzato,	Cavallo,	&	Enrici,	2010;	Baez	et	al.,	2017;	Cavallo,	Enrici,	&	

Adenzato,	2011;	Dermody	et	al.,	2016;	Eslinger	et	al.,	2007;	Gregory	et	al.,	2002;	Irish,	Hodges,	&	
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Piguet,	2014;	Kipps	&	Hodges,	2006;	Lough,	Gregory,	&	Hodges,	2001;	Lough	&	Hodges,	2002;	

Lough	et	al.,	2006;	Snowden	et	al.,	2003;	Torralva	et	al.,	2007)	and	suggest	that	communicative	

intentions	are	disproportionately	affected	in	bvFTD.		

Furthermore,	our	data	show	that	tDCS	over	the	MFC	is	able	to	selectively	increase	the	accuracy	of	

comprehension	of	communicative	intentions.		

These	observations	might	have	important	implications	in	clinical	settings	for	both	patients	and	

caregivers,	as	social	cognition	impairment	represents	one	of	the	most	distressful	symptoms	of	

bvFTD,	implying	a	worse	disease	progression,	faster	institutionalization,	higher	use	of	off-label	

medications,	and	caregiver	burden	(Brune	&	Brune-Cohrs,	2006).	The	evidence	that	ToM	

performance	might	be	improved	by	tDCS	provides	a	potential	intervention	approach	for	this	

disease,	still	orphan	of	any	pharmacological	treatment	(Boxer	&	Boeve,	2007;	Perry	&	Miller,	

2001).	

In	discussing	our	results,	the	proposed	link	between	the	progressive	degeneration	of	the	medial	

frontal	structures	characterizing	the	early	stages	of	the	bvFTD	and	the	ToM	deficits	in	these	

patients	is	of	particular	relevance	(Adenzato	et	al.,	2010;	Adenzato	&	Poletti,	2013).	This	

observation	is	at	the	core	of	our	hypothesis	of	a	selectively	enhanced	performance	in	the	

comprehension	of	communicative	intentions	after	active	stimulation	of	the	MFC,	which	in	turn	

enhances	cortical	excitability.	In	fact,	in	a	set	of	previous	studies	(Ciaramidaro	et	al.,	2007;	Walter	

et	al.,	2004;	Walter	et	al.,	2009),	it	has	been	demonstrated	that	the	right	temporo-parietal	

junction	is	sufficient	for	the	comprehension	of	mental	states	of	other	individuals,	as	long	as	those	

individuals	are	acting	outside	the	context	of	social	interaction	(the	PInt	experimental	condition	of	

this	study),	whereas	the	MFC	is	necessary	for	the	comprehension	of	the	intentions	of	others	who	

are	specifically	involved	in	communicative	interactions	(our	CInt	experimental	condition)	

(Ciaramidaro	et	al.,	2007;	Walter	et	al.,	2004;	Walter	et	al.,	2009).	
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Accordingly,	the	specific	role	of	the	MFC	in	the	CInt	rather	than	in	the	PInt	condition	is	confirmed	

by	patient	performance	in	the	sham	condition,	in	which	a	statistically	significant	difference	was	

found	between	the	two	ToM	tasks	in	bvFTD	patients,	with	better	performance	in	the	Pint	

condition.	Furthermore,	active	tDCS	over	the	MFC	was	shown	to	selectively	improve	CInt	

processing.	

However,	we	acknowledge	that	this	study	has	some	limitations.	A	control	brain	area	should	be	

taken	into	consideration	in	future	studies,	to	further	confirm	the	specificity	of	the	present	results,	

and	the	inclusion	of	patients	with	other	neurodegenerative	disorders,	such	as	Alzheimer’s	Disease,	

needs	to	be	considered.		

The	relatively	small	number	of	subjects	and	the	lack	of	a	control	task	condition	represent	further	

potential	limitations	of	the	present	study.	Furthermore,	the	placement	of	the	reference	electrode	

in	a	cephalic	region	(either	anode	or	cathode)	with	an	equally	sized	active	electrode	can	induce	

reference-specific	effects	(anodal/	cathodal)	in	parallel	to	the	cathodal/anodal	effects	of	the	active	

electrode.	However,	the	present	settings	were	used	in	well-established	tDCS	protocols	to	

modulate	the	MFC	(Adenzato	et	al.,	2017;	Bellaiche,	Asthana,	Ehlis,	Polak,	&	Herrmann,	2013).	

Another	limitation	in	terms	of	the	stimulation	protocol	is	that	we	applied	a	single-session	online	

tDCS	design.	This	type	of	protocol	focuses	on	short-term	improvements	in	performance	induced	

by	a	single	session	of	stimulation,	typically	delivered	on-line	during	the	task.	The	main	limitations	

are	the	lack	of	control	conditions	over	different	cortical	areas	and	the	lack	of	systematic	

monitoring	of	the	duration	of	the	effects.	

The	use	of	repeated	tDCS	sessions	could	be	used	to	investigate	the	long-term	effects	of	

stimulation,	which	are	particularly	interesting	in	neurodegenerative	patients,	and	the	

generalization	of	the	tDCS	effect	on	other	cognitive	abilities.	Hence,	further	studies	are	needed	in	

order	to	conclusively	demonstrate	the	potential	for	the	induction	of	long-term	neuromodulatory	
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effects	using	brain	stimulation.	In	light	of	the	present	findings,	the	same	protocol	might	be	applied	

to	bvFTD	patients	to	elucidate	long-term	improvements	in	ToM	performance.		

Finally,	it	is	important	to	note	that	studies	that	have	investigated	the	neural	substrates	of	social	

cognition	in	bvFTD	have	found	the	involvement	of	a	broader	brain	network,	including	the	

frontoinsular	regions	(Dermody	et	al.,	2016)	and	cerebellum,	as	well	as	the	lateral	temporal	and	

occipitoparietal	cortices	(Synn	et	al.,	2018).	These	findings	suggest	that	the	loss	of	social	cognitive	

abilities	in	bvFTD	could	not	be	associated	with	the	deterioration	of	a	single	brain	region	but	reflect	

the	decline	of	a	distributed	brain	network	that	appears	crucial	for	monitoring	and	processing	

social	information.	Similarly,	the	loss	of	ToM	abilities	could	be	linked	to	the	deterioration	of	a	

distributed	network,	including	the	MFC.	Thus,	the	stimulation	of	the	MFC	might	increase	the	

overall	integrity	of	the	functional	ToM	network.	The	application	of	network-based	imaging	

methods	should	then	be	taken	into	consideration	for	future	studies	on	ToM	abilities	in	bvFTD,	

focusing	on	the	divergent	impact	this	disorder	has	on	different	brain	areas	and	networks	(Zhou	&	

Seeley,	2014).	

	

Conclusions	

Despite	these	limitations,	our	findings	suggest	that	anodal	tDCS	applied	over	the	MFC	could	be	

useful	for	enhancing	a	specific	ToM	ability,	i.e.,	communicative	intentions	processing,	and	suggest	

that	non-invasive	brain	stimulation	could	be	employed	to	attempt	to	reduce	the	ToM	deficits	

observed	in	bvFTD	patients.	In	the	present	study,	we	used	tDCS,	which	is	a	safe,	non-invasive,	and	

easily	applied	brain	stimulation	technique	in	which	electrical	current	is	directly	applied	to	the	head	

to	generate	an	electrical	field	that	modulates	neuronal	activity	(Dayan,	Censor,	Buch,	Sandrini,	&	

Cohen,	2013;	Lefaucheur	et	al.,	2017).	It	remains	to	be	clarified	whether	the	therapeutic	effects	of	

tDCS	are	clinically	meaningful	and	how	tDCS	can	be	optimally	performed	in	a	therapeutic	setting.	
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In	this	sense,	the	present	study	provides	a	significant	contribution	to	the	emergent	domain	of	

investigation	that	uses	tDCS	to	improve	social	cognition	(Santiesteban	et	al.,	2012)	and	to	treat	

neuropsychiatric	disorders	(Brunoni	et	al.,	2012;	Demirtas-Tatlidede,	Vahabzadeh-Hagh,	&	

Pascual-Leone,	2013).	Our	findings	fit	well	with	these	considerations	and	could	potentially	

contribute	to	the	development	of	an	effective,	non-invasive	brain	stimulation	treatment	for	ToM	

impairments	in	patients	with	bvFTD.	Further	studies	using	multiple	tDCS	sessions	and	exploring	

the	long-term	effects	of	this	approach	are	warranted.	
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