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Abstract.	 [Purpose]	This	study	compared	the	cerebral	blood	flow	velocity	and	pulsatility	index	different	exercise	
intensities	before	and	after	resistive	exercises	to	evaluate	the	benefits	of	regular	resistive	exercise	for	the	preven-
tion	of	brain	injuries	such	as	stroke.	[Subjects]	Twelve	healthy	male	adults	were	recruited	for	this	study.	[Methods]	
Transcranial	Doppler	ultrasonography	was	used	to	measure	the	cerebral	blood	flow	velocity	and	pulsatility	index.	
The	test	was	conducted	in	4	stages:	at	rest,	moderate	exercise,	peak	exercise,	and	recovery.	After	the	pretest,	each	
subject	was	given	a	1-hour	resistive	exercise	to	be	performed	three	times	a	week	for	12	weeks,	following	which,	a	
posttest	was	performed,	and	the	resulting	data	were	analyzed.	[Results]	Cerebral	blood	flow	velocity	at	all	stages,	
except	systolic	recovery,	showed	significant	reductions	after	the	intervention.	The	pulsatility	index	did	not	differ	
significantly	at	any	stage.	[Conclusion]	Resistive	exercise	reduced	cerebral	blood	flow	velocity;	therefore	changes	in	
cerebral	blood	flow	should	be	monitored	for	the	prevention	of	cerebrovascular	diseases.
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INTRODUCTION

Traditionally,	 resistive	 exercise	 (RE)	 has	 been	 used	 in	
rehabilitation	programs	to	increase	the	strength	of	patients.	
RE	is	effective	for	problems	related	to	physical	function	or	
structure,	such	as	changes	caused	by	pain	or	weakness1).	In	
addition,	RE	increases	energy	costs	and	metabolism,	thereby	
affecting	 hemodynamics2).	 Regular	 RE	 effectively	 elimi-
nates	foreign	material	in	the	arteries	by	reducing	low-density	
lipoprotein	cholesterol	(LDL)	levels	while	increasing	high-
density	lipoprotein	(HDL)	cholesterol	levels3).

Generally,	the	presence	of	cerebral	artery	stenosis	results	
in	high	cerebral	blood	flow	velocity	(CBFV),	and	the	severity	
of	this	condition	is	a	pre-disposing	factor	for	stroke4).	Patients	
with	cerebral	artery	stenosis	initially	receive	drug	treatment;	
however,	 severe	 hemodynamic	 disorder	 requires	 surgery.	
Hence,	prevention	of	stroke	through	the	modification	of	risk	
factors	is	very	important5).

Previous	 studies	 have	 showen	 that	 RE	 of	 the	 upper	
extremities	 temporarily	 increases	 the	CBFV	of	 the	middle	
cerebral	artery	(MCA)6);	the	rise	is	gradual	during	exercise	
but	 it	subsequently	drops	from	60%	of	maximal	heart	 rate	
(HRmax)7).	Querido	and	Sheel	reported	that	brain	oxidation	
in	 individuals	 exercising	 regularly	 is	 not	 a	 limiting	 factor	

of	 physical,	 activity	 because	 the	 cerebral	 cortex	 is	 well	
protected	even	during	exercise8).	However,	individuals	with	
sedentary	lifestyles	are	more	prone	to	brain	damage	during	
or	after	high	intensity	exercise.

Previous	 studies	 have	 reported	 that	 CBFV	 increase	 is	
proportional	 to	 strength,	 which	 can	 be	 improved	 through	
various	 exercises6).	 In	 addition,	 a	 comparison	 between	
elderly	 and	 young	 individuals	 showed	 that	 vasocon-
striction	 increases	with	 age,	which	 consequently	 increases	
CBFV.	However,	 these	 studies	were	mostly	 conducted	 as	
cross	 sectional	 studies	designed	 to	detect	 rapid	changes	 in	
hemodynamics;	and	the	long-term	effects	of	RE	on	CBFV	
have	not	yet	been	assessed.	Further,	while	changes	in	CBFV	
resulting	 from	 aerobic	 exercises	 have	 been	 investigated,	
similar	studies	involving	RE	are	rare.

The	pulsatility	index	(PI)	reflects	the	downstream	resis-
tance	 to	 blood	 flow	 caused	 by	 vasoconstriction.	 There	 is	
a	 need	 to	 demonstrate	 the	 change	 of	 PI	 according	 to	 RE.	
Hence,	to	verify	the	benefits	of	regular	RE	for	the	prevention	
of	brain	 injuries	 such	as	 stroke,	we	assessed	 its	effects	on	
CBFV	and	PI	of	healthy	subjects	who	exercised	according	
to	the	exercise	intensity	healthy	subjects	for	12	weeks.	We	
hypothesized	that	RE	would	affect	CBFV	and	PI.
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SUBJECTS AND METHODS

This	 study	 had	 a	 one	 group	 pre-posttest	 design.	 The	
study	 subjects	 were	 12	 healthy	 male	 students	 attending	
the	University	 of	Korea,	who	 participated	 voluntarily	 and	
understood	 the	 study	 contents.	 To	 exclude	 the	 effects	 of	
pre-existing	 conditions	 on	 CBFV,	 we	 selected	 subjects	
who	had	regularly	exercised	for	1	year	and	had	no	history	
of	diabetes,	cerebral	artery	or	coronary	artery	diseases.	The	
objective	and	procedure	of	 the	study	were	explained	to	all	
the	 participants	 who	 then	 signed	 a	 participation	 consent	
form.	The	average	age,	height	and	weight	of	the	participants	
was	 21.42	 	 ±	 	 1.44	years	 (mean	 	 ±	 	 standard	 deviation);	
175.33	 	 ±	 	 5.06	cm,	 and	 70.50	 	 ±	 	 3.98	kg,	 respectively.	
Height	and	weight	were	measured	using	a	body	composition	
analyzer	 (InBody	3.0,	Biospace,	Korea).	After	 the	pretest,	
each	participant	performed	a	1-hour	RE,	3	times	a	week	for	
12	weeks,	following	which,	the	posttest	was	performed.

A	 10-minute	 warm	 up	 exercise	 consisting	 of	 treadmill	
walking	and	stretching	was	conducted	before	and	after	RE.	
RE	 consisted	 of	 8	 programs	 including,	 leg	 extension,	 leg	
curl,	leg	press,	heel	raise,	bench	press,	overhead	pull	down,	
arm	curl,	and	arm	extension.	The	subjects	performed	3	sets	
of	 12	 repetitions	 at	 the	 70%	 level	 of	 individual	 maximal	
resistance,	 with	 a	 resting	 time	 between	 each	 trial	 of	 30	
seconds.

During	the	pre	and	posttests,	Bruce’s	protocol	was	used	
to	control	the	exercise	intensity,	and	the	velocity	and	grade	
of	the	treadmill	were	gradually	increased	every	3	minutes9).	
Transcranial	Doppler	 (TCD)	 ultrasonography	was	 used	 to	
measure	CBFV	and	PI	(Power	M-mode	150,	Spencer	technol-
ogies,	USA).	The	test	was	conducted	a	total	of	4	times	(at	
rest,	moderate	exercise,	peak	exercise,	and	recovery).	During	
the	period	of	exercise,	moderate	exercise	was	performed	at	
60%	of	HRmax	 and	peak	 exercise	was	performed	 at	 100%	
HRmax	based	on	maximal	heart	rate	(220-age).	The	recovery	
period	was	chosen	as	2	minutes	after	exercise	termination.	
As	 the	 participants	 completed	 each	 stage	 of	 the	 exercise,	
they	 were	 moved	 to	 a	 bed	 adjacent	 to	 the	 treadmill,	 and	
TCD	ultrasonography	was	performed	in	the	supine	position.	
A	transtemporal	approach	was	used	to	measure	blood	flow	
in	the	MCA	using	a	50–64	mm	deep	probe	connected	to	the	
body.	After	identifying	the	most	active	location	of	resistance	
in	MCA,	systolic,	diastolic,	and	mean	CBFV,	and	PI	were	

measured	and	the	location	of	MCA	was	marked	as	a	0.5	cm	
radius	circle	with	a	marker	pen	during	the	initial	test	for	the	
next	 stage’s	 test.	 For	 TCD	measurement,	 the	 participants	
were	asked	to	lie	on	a	bed	with	assistance	from	3	examiners,	
and	measurements	were	 recorded	within	20	minutes,	 after	
which	the	participants	returned	to	the	treadmill.

Statistical	analysis	of	the	differences	in	systolic,	diastolic,	
and	mean	CBFV,	and	PI	before	and	after	the	RE	intervention	
using	 the	 paired	 t-test.	 The	 independent	 variable	 of	 this	
study	was	RE	and	the	dependent	variables	were	CBFV,	and	
PI.	 Statistical	 significance	was	 accepted	 for	 values	 of	 p	 <	
0.05.	SPSS	Version	12.0	was	used	to	calculate	the	mean	and	
standard	deviation.

RESULTS

Changes	 in	systolic,	diastolic,	and	mean	CBFV,	and	PI	
before	and	after	the	RE	intervention,	are	shown	in	Table	1.	
After	the	RE	intervention,	CBFV	at	all	stages	except	systolic	
recovery	was	 significantly	 reduced	 (p	 <	 0.05).	 PI	 did	 not	
differ	significantly	at	any	stage.

DISCUSSION

The	aim	of	this	study	was	to	evaluate	the	effects	of	RE	
on	CBFV	and	PI.	RE	is	an	effective	exercise	method	which	
increases	strength,	endurance,	and	balance,	because	exercise	
equipment	 and	 the	 body	 of	 a	 physical	 therapist	 create	
physical	resistance	for	the	subjects.	RE	has	been	widely	used	
in	physical	therapy	and	rehabilitation	programs	for	patients	
with	musculoskeletal	 and	 neurologic	 disorders10).	 Regular	
RE	improves	metabolism	by	increasing	muscular	volume	and	
lipolysis	 and	has	 favorable	 effects	 on	 endothelial	 function	
and	major	cardiovascular	adaptations	through	the	removal	of	
thrombus,	and	LDL	cholesterol	in	blood	vessels	as	measured	
by	the	increase	of	high	density	lipoprotein	cholesterol11,	12).	
However,	studies	of	blood	vessel	health	improvement	have	
rarely	 been	 performed	 owing	 to	 the	 difficulties	 associated	
with	 long-term	 studies,	 as	 compared	 to	 studies	 of	 aerobic	
exercises.

In	general,	CBFV	increase	gradually	until	60%	of	HRmax,	
compared	to	at	rest,	but	decreased	thereafter;	these	hemody-
namic	 changes	 are	 seen	 in	 healthy	 subjects	 of	 all	 ages13).	
Therefore,	the	moderate	exercise	stage	of	in	this	study	was	

Table 1.		Comparison	of	cerebral	blood	flow	velocity	and	pulsatility	index

Item At	rest Moderate	exercise Peak	exercise Recovery
SBFV 

(mm/sec)
Pretest 116.9	±	14.2 160.7	±	27.6 159.0	±	35.5 137.1	±	24.9
Posttest 91.6	±	10.2** 140.7	±	22.3* 129.5	±	23.4* 118.5	±	21.5

DBFV 
(mm/sec)

Pretest 52.9	±	9.8 63.9	±	15.0 49.2	±	11.6 49.3	±	15.9
Posttest 41.4	±	3.4** 54.5	±	11.2* 36.5	±	8.9** 36.3	±	5.2**

MBFV 
(mm/sec)

Pretest 75.7	±	11.0 100.9	±	22.8 93.5	±	19.8 76.8	±	14.7
Posttest 60.9	±	6.4** 85.7	±	14.4* 71.5	±	12.3** 61.0	±	6.8**

PI 
(score)

Pretest 0.8	±	0.1 0.9	±	0.1 1.1	±	0.1 1.1	±	0.2
Posttest 0.8	±	0.1 1.0	±	0.2 1.3	±	0.2 1.3	±	0.2

Note.	All	values	are	mean	±	standard	deviation.	SBFV,	Systolic	blood	flow	velocity;	DBFV,	Diastolic	
blood	flow	velocity;	MBFV,	Mean	blood	flow	velocity;	PI,	Pulsatility	index.	*p<0.05,	**p<0.01.
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chosen	 as	 60%	 of	 HRmax,	 and	 results	 of	 previous	 studies	
as	 well	 as	 effects	 of	 current	 study	 according	 to	 exercise	
intensity	on	changes	in	CBFV	were	consistent	pre	and	post	
intervention.

In	our	study,	CBFV	decreased	after	the	RE	intervention	
at	 all	 stages,	 except	 systolic	 recovery.	 Sohemaker	 et	 al.	
reported	 that	 the	 mean	 blood	 flow	 velocity	 of	 cardiac	
and	 skeletal	muscles	was	 reduced	 by	 12%	 after	 a	 9-week	
isometric	exercise	period	but	not	CBFV14).	In	addition,	Ivey	
et	al.	conducted	a	human	study	and	reported	that	a	6-month	
exercise	 regime	 for	patients	with	stroke	 reduced	CBFV	of	
MCA15),	 similar	 to	 the	 results	 of	 a	 previous	 study	 using	
aerobic	 exercises.	 Therefore,	 RE	 is	 effective	 at	 reducing	
CBFV,	and	as	a	consequence,	at	preventing	cerebrovascular	
diseases,	 if	practiced	as	 regularly	as	aerobic	exercises.	RE	
alters	 plasma	 levels	 of	 brain-derived	 neurotrophic	 factor	
(BDNF)16).	Additionally,	RE	 represents	 a	mode	of	 behav-
ioral	intervention	which	enhances	brain	health	by	increasing	
levels	of	BDNF	and	promoting	neurogenesis17).

PI	reflects	the	downstream	resistance	to	blood	flow	caused	
by	vasoconstriction.	In	previous	studies,	PI	was	used	as	an	
effective	 indicator	of	 changes	 in	peripheral	vascular	 resis-
tance	 following	exercise18).	The	 results	of	our	 study	 show	
that	PI	did	not	differ	significantly	at	any	stage	of	exercise.	PI	
is	defined	as	the	difference	in	systolic	and	diastolic	CBFV,	
divided	by	mean	CBFV	over	the	cardiac	cycle.	In	our	study,	
CBFV	was	reduced	after	the	RE	intervention	in	all	subject;	
therefore.	the	change	in	PI	may	have	been	too	small	to	detect.	
Vascular	resistance	is	associated	with	waste	materials	such	
as	thrombus	in	the	vessels	and	vasoconstriction.	Therefore,	
in	 our	 study,	 the	 intervention	may	 have	 reduced	waste	 in	
the	vessels.	Our	study	was	limited	by	the	choice	of	healthy	
adults	as	participants;	patients	with	cerebrovascular	diseases	
were	 not	 represented.	 Hence,	 further	 studies	 involving	
patients	with	 cerebrovascular	 disease	 are	warranted.	Also,	
there	is	a	need	to	investigate	the	longterm	effects	of	RE	and	
compare	them	with	aerobic	exercise.

In	 conclusion,	 given	 that	 RE	 reduces	 CBFV	 and,	
awareness	 of	 CBFV	 changes	 is	 important	 for	 timely	
prevention	of	cerebrovascular	diseases,	monitoring	of	CBFV	
in	the	field	of	physical	therapy	is	required.
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