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Abstract	

There	are	significant	differences	in	the	physiological	structure	and	function	of	male	and	
female	human	brains.	Sex‐related	changes	in	human	brain	structure	have	been	widely	
discussed	in	many	studies,	and	the	research	results	are	inconsistent.	This	paper	mainly	
uses	Voxel‐Based	Morophometry	(VBM)	and	Functional	Connectivity	(FC)	methods.	The	
MRI	data	images	of	5	healthy	men	and	5	healthy	women	from	USTC	were	processed	and	
analyzed.	 Format	 conversion,	 origin	 correction,	 segmentation,	 smoothing,	 statistical	
difference	analysis	and	other	processing	steps	were	carried	out	successively	to	find	the	
different	brain	 regions	of	different	genders.	 Secondly,	 the	 functional	 image	data	was	
preprocessed,	and	Regions	of	Interest	(ROI)	were	extracted	from	the	differential	brain	
regions	sought	by	VBM	to	make	functional	connections,	and	then	statistical	analysis	was	
carried	 out	 to	 obtain	 the	 difference	 map.	 There	 are	 two	 resting	 state	 functional	
connectivity	networks	in	the	prefrontal	cortex:	one	is	related	to	aPFC	and	DLPFC;	The	
other	is	related	to	language	areas	(including	IFG	and	STG).	Studies	have	shown	that	there	
are	significant	differences	in	the	structure	and	function	of	the	human	brain	between	the	
sexes,	with	 the	medial	 frontal	 cortex	 larger	 in	males	and	 the	dorsolateral	prefrontal	
cortex	 larger	 in	 females.	In	the	whole	measured	cortex,	especially	 in	the	aPFC+DLPFC	
region,	males	show	stronger	spontaneous	wave	power	than	females.	Men	also	showed	
stronger	 intra‐network	 connections	 in	 the	 aPFC+DLPFC	 region.	 In	 contrast,	 women	
showed	 stronger	 internetwork	 connections	 between	 the	 language	 area	 and	 the	
aPFC+DLPFC	 area.	 In	 addition,	 gender	 differences	 were	 shown	 in	 both	 the	 spatial	
distribution	of	spontaneous	fluctuation	power	and	the	functional	connectivity	of	resting	
states.	
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1. Introduction	

In	the	cutting‐edge	research	of	medicine	and	neuroscience,	the	study	of	gender	differences	in	
the	 brain	 has	 always	 been	 a	 central	 topic	 attracting	 significant	 attention.	 With	 the	 rapid	
development	 of	 modern	 imaging	 technologies,	 such	 as	 magnetic	 resonance	 imaging	 (MRI),	
computed	tomography	(CT),	positron	emission	tomography	(PET),	and	single‐photon	emission	
computed	 tomography	 (SPECT),	powerful	 technical	 support	has	been	provided	 for	 in‐depth	
exploration	 of	 the	 mysteries	 of	 the	 brain	 [1	 ‐	 4].	 These	 technologies	 are	 constantly	 being	
updated	 and	 upgraded,	 enabling	 researchers	 to	 analyze	 the	 differences	 between	male	 and	
female	brains	from	multiple	dimensions,	including	structure,	function,	and	metabolism,	which	
has	greatly	promoted	the	research	progress	in	this	field.	
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	The	brain,	as	the	most	complex	and	crucial	organ	in	the	human	body,	has	gender	differences	
that	involve	multiple	disciplinary	fields,	such	as	biology,	psychology,	and	sociology	[5	‐	7].	Past	
studies	have	found	that	there	are	significant	differences	between	men	and	women	in	cognitive	
abilities,	 emotional	 expressions,	 and	 behavior	 patterns	 [8	 ‐	 10].	 For	 example,	 men	 tend	 to	
perform	better	 in	 spatial	 cognition	 tasks,	while	women	may	have	an	advantage	 in	 language	
expression	and	emotion	recognition	[11	‐	13].	The	neural	mechanisms	behind	these	differences	
have	attracted	many	scholars	to	conduct	in‐depth	exploration.	In	terms	of	brain	structure,	the	
average	volume	of	the	male	brain	is	usually	slightly	larger	than	that	of	the	female	brain,	while	
the	 hippocampus	 and	 language‐related	 regions	 in	 the	 female	 brain	 are	 relatively	 more	
developed	 [14	 ‐	 16].	 At	 the	 functional	 level,	 functional	magnetic	 resonance	 imaging	 (fMRI)	
studies	 have	 revealed	 significant	 differences	 in	 the	 functional	 connectivity	 patterns	 of	 the	
default	mode	network	(DMN),	executive	control	network,	and	emotional	processing	network	
between	men	and	women	[17	‐	19].	
The	functional	magnetic	resonance	imaging	(fMRI)	technology	occupies	an	important	position	
in	brain	research	due	to	its	outstanding	advantages,	such	as	non‐invasiveness,	high	temporal	
and	spatial	resolution	[20].	It	is	based	on	the	blood	oxygen	level‐dependent	mechanism,	which	
can	 accurately	 measure	 the	 hemodynamic	 changes	 caused	 by	 neuron	 activities,	 and	 thus	
conduct	an	in‐depth	analysis	of	the	functional	characteristics	of	the	brain.	This	technology	has	
been	 widely	 applied	 in	 many	 fields,	 including	 basic	 research,	 cognitive	 science,	 disease	
diagnosis	and	treatment,	and	brain‐computer	interfaces	[20].	
In	 this	 paper,	 we	 used	 voxel‐based	 morphometry	 (VBM)	 and	 functional	 connectivity	 (FC)	
methods	to	systematically	analyze	the	MRI	data	of	5	healthy	male	and	5	healthy	female	subjects	
from	the	University	of	Electronic	Science	and	Technology	of	China.	The	aim	is	to	further	explore	
the	 characteristics	 of	 gender	 differences	 in	 the	 brain	 and	 provide	 valuable	 references	 for	
subsequent	related	research.	

2. Materials	and	Methods	

2.1. Subject	Investigated	
Subjects	from	the	University	of	Electronic	Electronics	collected	structural	and	fMRI	raw	image	
data	from	five	healthy	adult	men	and	five	healthy	adult	women.	All	subjects	had	no	psychiatric	
or	neurological	disease	history	and	were	willing	and	eligible	to	participate	in	the	fMRI	study.	
They	all	had	normal	vision	or	normal	 corrected	vision.	After	a	 full	 explanation	of	 the	 study	
purpose	 and	 protocol,	 all	 subjects	 signed	 their	 written	 informed	 consent.	 This	 study	 was	
approved	by	the	ethical	review	committee	of	the	University	of	TC.	

2.2. Image	Data	Acquisition	
Brain	imaging	data	for	all	subjects	was	collected	on	a	3T	MR	scanner,	GE	DISCOVERY	MR750	
(General	Electric,	Fairfield	Connecticut,	USA),	with	an	eight‐channel	head	coil.	Functional	MRI	
BOLD	images	were	imaged	by	echo	plane	sequence	and	collected	with	the	following	parameters:	
TR	=	2000	ms,	TE	=	30ms,	matrix	size	=	64	X	64,	FA	=	90°,	FOV	=	240	x	240	mm²,	resolution	=	
3.75	mm	3.75	mm	3.2	mm,	number	of	layers	=	43,	no	spacers,	thickness	=	3.2mm.	

2.3. Data	Analysis	Method	
2.3.1. Voxel‐based	Morphometry	
Voxel	morphometry	(VBM)	is	a	newly	developed	method	that	applies	voxel‐level	comparisons	
of	the	whole	brain	to	objectively	detect	regional	gray	matter	abnormalities.	Previous	studies	
have	 used	VBM	 for	 brain	morphometric	 studies	 in	 different	 populations,	 but	with	 different	
results.	 The	 core	 principle	 of	 VBM	 is	 to	 reveal	 neuroanatomical	 changes	 by	 automatically	
analyzing	and	comparing	subtle	differences	in	brain	structure	between	different	individuals	or	
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groups.	 This	method,	which	 quantitatively	 analyzes	 brain	MRI	 images	 in	 voxels,	 can	 detect	
density	or	volume	changes	in	gray	matter,	white	matter	and	cerebrospinal	fluid,	thus	reflecting	
local	 characteristics	 of	 brain	 structure.	 Before	 processing	 the	 data	 with	 VBM,	 we	 will	
preprocess	the	data	in	the	following	steps:	
(1)Origin	correction:	In	the	process	of	data	acquisition,	the	orientation	varies	between	the	brain,	
so	the	origin	is	needed	to	correct	the	data,	correct	the	image	by	using	THE	SPM	display,	and	
then	set	the	origin	on	AC,	and	make	AC‐PC	in	the	same	horizontal	line.	
(2)Spatial	 standardization:	 the	 structure	 of	 the	 human	 brain	 and	 the	 original	 images	 of	
functional	MRI	 are	 spatially	 standardized,	 and	 the	magnetic	 resonance	 images	 of	 the	 brain	
structure	of	each	individual	studied	are	standardized	into	the	same	stereo	space.	
(3)Image	 segmentation:	 the	 spatially	 standardized	 images	 for	 image	 segmentation,	 and	 an	
image	is	divided	into	several	parts	or	subsets	according	to	certain	rules.	These	subsets	do	not	
cross	each	other,	and	each	subset	meets	the	consistency	of	a	specific	region.	
(4)Image	 smoothing:	 segmentation	 after	 segmentation	 image	 smoothing	 processing,	 using	
three‐dimensional	Gaussian	kernel	and	image	discrete	convolution	operation,	Gaussian	kernel	
for	 isotropic,	namely	 three	direction	smoothness,	 so	as	 to	 improve	 the	signal‐to‐noise	ratio,	
make	subject	comparison	in	a	reasonable	spatial	scale	range,	easy	to	be	the	average	between	
subjects.	
2.3.2. VBM	Statistical	Analysis	
First	 using	 the	 SPM	system	on	 the	data	 of	 two‐sample	T	 test	 get	 sex	brain	 gray	matter	 sex	
difference	 figure,	 in	 the	brain	gray	matter	 volume	change	 specific	 area,	 age,	 gender,	 double	
sample	gray	matter	volume	T	test	three	variables	as	covariates	 for	regression,	and	then	use	
AlphaSim	correction	(p	<0.05)	brain	gray	matter	difference	area	between	the	men	and	women.	
The	correlation	of	Pearson's	correlation	analysis	scale	was	used	to	calculate	the	gray	matter	
volume	in	the	difference	region	and	observe	the	difference	region	between	men	and	women	to	
judge	the	sex	difference	of	the	magnetic	resonance	imaging	of	human	brain	structure.	

2.4. Whole	Brain	Functional	Connectivity	
2.4.1. Preprocessing	of	the	fMRI	Data	
Before	using	the	fMRI	system	to	calculate	the	data	results	analysis,	we	need	to	preprocess	the	
data,	the	process	is	as	follows:	
(1)Remove	time	point:	it	is	the	adaptation	process	of	the	machine	just	started	running	or	the	
subject	just	lying	in.	Due	to	the	many	time	points,	this	paper	removes	the	first	ten	time	points,	
so	that	the	machine	can	better	adapt	to	the	environment.	
(2)Time	layer	correction	(Slice	Timing):	magnetic	resonance	brain	imaging	data	is	scanned	by	
layer	 to	 correct	 and	 align	 the	 remaining	 images	 in	 time	 to	 eliminate	 pseudoregression	 or	
topological	effects	caused	by	the	difference	in	the	acquisition	time	of	different	slices	and	keep	
the	acquisition	time	of	all	voxels	throughout	the	brain.	
(3)Head	 motion	 correction	 (Realign):	 The	 images	 collected	 at	 different	 time	 points	 are	
corrected	to	the	reference	position	to	eliminate	the	effect	of	slightly	moving	the	head	during	
the	scan.	In	this	paper,	the	parameters	describing	the	head	movement	are	set	as	3	translation	
parameters	and	3	rotation	parameters.	
(4)Standardization	(Normalize):	Use	EPI	standard	meningeal	version,	DARTEL,	T1	image	data	
to	match	the	corrected	data	from	the	original	space	to	the	EPI	template	in	the	standard	space	
of	Montreal	Neurology	Institute	(Montreal	Neurological	Institute,	MNI),	and	resample	to	3333,	
so	that	the	spatial	location	and	orientation	of	the	data	are	consistent.	
(5)Regression	 covariates	 (Nuisance	 Covariates	 Regression):	 using	 the	 whole	 brain	 signal,	
regression	to	exclude	physiological	noise,	white	matter,	cerebrospinal	fluid	signals,	and	head	
movement	processing.	
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(6)Linear	drift	(Detrend):	There	is	a	linear	trend	in	the	accumulation	of	time.	Therefore,	the	
delinear	drift	is	adopted	to	achieve	the	adaptive	environment.	
(7)Smoothing	(Smooth):	To	enhance	the	signal	to	noise	ratio	of	the	data,	a	Gaussian	smoothing	
kernel	is	selected.	This	smooth	nucleus	size	is	2‐3	times	the	size	of	the	voxel,	[8	8	8].	
(8)Filter	(Filter):	In	this	paper,	the	BOLD	signal	frequency	at	0.01‐0.08Hz	is	used	to	suppress	
or	eliminate	the	high‐frequency	components	to	reduce	the	noise.	
(9)	 Delete	 time	 point	 (Scrubbing):	 Because	 functional	 connectivity	 analysis	 is	 sensitive	 to	
confounding	movements	of	head	movements,	the	time	point	with	head	displacement	of	more	
than	0.5mm	and	the	previous	and	last	two	time	points	of	the	point	were	removed.	
2.4.2. Statistical	Analysis	of	the	Functional	Connectivity	Analysis	
The	medial	prefrontal	lobe	of	the	human	brain	was	used	as	the	seed	point	for	the	functional	
connectivity	calculation,	and	its	functional	connectivity	to	the	whole	brain	was	calculated	for	
each	seed	point.	The	fMRI	data	collected	by	men	and	women	were	two‐sample	T‐test,	age	and	
sex	were	regressed	as	covariates,	and	GRF	(corrected	for	functional	connectivity	results	at	P	
<0.05).	Pearson's	correlation	analysis	of	the	results	was	conducted	to	observe	the	difference	in	
brain	 functional	 connectivity	 between	 men	 and	 women,	 thus	 analyzing	 the	 differential	
characteristics	of	brain	functional	connectivity	between	men	and	women.	

3. Experimental	Result	

3.1. Morphological	Differences	in	the	Male	and	Female	Brains	

	
Figure	1.	Double	T	difference	plot	of	gray	matter	volume	between	men	and	women	(Mricron	

slice	chart)	
	

According	 to	 VBM	 calculation	 and	 statistical	 analysis,	 comparing	 the	 gray	 matter	 volume	
between	men	and	women,	we	can	find	that	the	gray	matter	area	of	temporal	lobe	and	parietal	
lobe	is	denser	in	men,	and	the	lower	temporal	lobe	and	prefrontal	lobe	is	more	concentrated	in	
women.	Significant	difference	result	analysis	can	be	obtained	by	two‐sample	T‐test,	as	shown	
in	Figure	1	and	Table	1.	

3.2. Functional	Connectivity	Differences	between	Male	and	Female	Brains	
We	selected	male	and	female	medial	prefrontal	lobe	as	seed	point,	the	area	of	interest	for	two‐
sample	T	test,	differential	analysis	of	functional	connectivity,	as	shown	in	Figure	2	and	table	2,	
we	can	get	that	male	medial	frontal	cortex	is	larger,	while	female	dorsolateral	prefrontal	cortex,	
the	connection	between	prefrontal	and	 limbic	system,	which	 is	related	 to	 its	sensitivity	and	
ability	in	empathy	and	social	interaction.	
The	results	suggest	that	areas	in	the	brain	associated	with	mood	and	anxiety,	prefrontal	cortex,	
and	limbic	regions	are	more	active,	while	in	men,	areas	responsible	for	vision	and	coordination	
are	more	active.	According	to	single‐photon	emission	computed	tomography	measurements,	
blood	flow	in	different	brain	regions	at	rest	and	during	cognitive	tasks.	

	
	



Scientific	Journal	of	Technology																																																																																																																									Volume	7	Issue	5,	2025	

ISSN:	2688‐8645																								

22	

Table	1.	Table	of	regional	differences	in	brain	gray	matter	between	men	and	women	

region	
MNI	coordinate	

(X,Y,Z)	
voxel	size	 T	price	

Right	Brainstem	//	Medulla	//	Cerebelum_9_R	(aal)	 (1.5,‐48,‐51)	 2660	 5.0311	

Right	Cerebrum	//	Temporal	Lobe	//	Middle	Temporal	Gyrus	
//	White	Matter	//	Temporal_Mid_R	(aal)	

(54,‐33,‐7.5)	 14279	 ‐11.12	

Left	Cerebrum	//	Temporal	Lobe	//	Sub‐Gyral	//	White	
Matter	//	Temporal_Mid_L	(aal)	

(‐49.5,‐25,‐21)	 6910	 ‐8.202	

Right	Cerebrum	//	Frontal_Inf_Orb_R	(aal)	 (49.5,28.5,‐16.5)	 849	 ‐4.87	

Left	Cerebrum	//	Limbic	Lobe	//	Parahippocampa	Gyrus	//	
White	Matter	//	araHippocampal_L	(aal)	

(‐21,‐33,‐13.5)	 717	 ‐4.165	

Inter‐Hemispheric	//	Cuneus_L	(aal)	 (1.5,‐99,15)	 1602	 ‐7.07	

Left	Cerebrum	//	Temporal	Lobe	//	Superior	Temporal	Gyrus	
//	White	Matter	//	Temporal_Pole_Sup_L	(aal)	

(‐43.5,6,‐16.5)	 246	 ‐3.983	

Frontal_Inf_Orb_L	(aal)	 (‐30,39,‐19.5)	 2496	 ‐8.262	

Left	Cerebellum	//	Cerebellum	Anterior	Lobe	//	Culmen	//	
Lingual_L	(aal)	

(‐16.5,‐52.5,‐10.5)	 306	 ‐4.829	

Right	Cerebrum	//	Temporal	Lobe	//	Superior	Temporal	
Gyrus	//	Gray	Matter	//	brodmann	area	22	//	

Temporal_Sup_R	(aal)	
(63,1.5,3)	 551	 ‐3.555	

Left	Cerebrum	//	Parietal	Lobe	//	Postcentral	Gyrus	//	Gray	
Matter	//	brodmann	area	3	//	Postcentral_L	(aal)	

(‐33.‐31.5,51)	 429	 6.053	

Left	Cerebrum	//	Frontal	Lobe	//	Superior	Frontal	Gyrus	//	
Gray	Matter	//	brodmann	area	6	//	Paracentral_Lobule_L	

(aal)	
(‐3,‐15,79.5)	 463	 ‐4.868	

Note:	MNI,	Montreal	Neurological	Institute,	X,	Y,	Z,	MNI	space;	
	

	
Figure	2.	Double	T	difference	map	of	medial	prefrontal	functional	connectivity	between	men	

and	women	(Mricron	slice)	
	

Table	2.	Table	of	regional	differences	between	men	and	women	

Connection	area	 MNI	coordinate	
(X,	Y,	Z)	

voxel	size	 T	price	

Right	Cerebellum	//	Cerebellum	Anterior	Lobe	//	
Nodule	//	Vermis_9	(aal)	 (3,	‐54,	‐36)	 302	 ‐7.46	

Left	Cerebrum	//	Frontal	Lobe	//	Inferior	Frontal	
Gyrus	//	White	Matter	//	Frontal_Inf_Tri_L	(aal)	 (‐45,21,15)	 245	 6.3212	

Left	Cerebrum	//	Frontal	Lobe	//	Medial	Frontal	
Gyrus	//	White	Matter	//	Supp_Motor_Area_L	(aal)

(‐9,15,48)	 273	 6.36	

	
The	medial	prefrontal	lobe	was	selected	as	the	seed	point	because	it	is	a	key	node	in	the	default	
network	in	the	resting	state.	The	default	network	of	the	brain	includes	discrete,	bilateral	and	
symmetrical	cortical	regions,	medial	and	lateral	parietal	lobe,	medial	prefrontal	lobe	and	lateral	
temporal	lobe.	Through	the	connection	of	the	whole	brain	function	can	make	the	brain	signal	
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better	transmission,	in	the	functional	cognition	and	disease	examination	can	better	continue	to	
that	you	give	differential	monitoring,	the	data	effect	is	more	clear	and	intuitive.	By	calculating	
the	correlation	and	spatiotemporal	characteristics	of	brain	region	activity,	we	can	reveal	the	
functional	connections	and	information	transfer	mode	between	different	brain	regions.	

4. Summary	and	Outlook	

The	 experimental	 study	 in	 this	 paper	 reveals	 the	 gender	differences	of	magnetic	 resonance	
imaging	 in	 human	 brain	 images.	 Through	 this	 experiment,	 we	 used	 VBM	 and	 whole	 brain	
functional	connectivity	to	process	the	structure	and	functional	MRI	of	human	brain	and	obtain	
the	gender	difference	images.	Several	studies	have	shown	that	men	and	women	have	significant	
differences	in	brain	structure,	mainly	in	the	overall	brain	volume,	cortical	thickness,	and	the	
volume	 of	 specific	 brain	 regions.	 For	 example,	 male	 brain	 average	 are	 slightly	 larger	 than	
females,	where	the	hippocampus	and	language‐related	regions	are	generally	more	developed	
than	males.	 The	 fMRI	 studies	 have	 revealed	 differences	 in	 functional	 connectivity	 patterns	
between	the	sexes,	especially	in	the	default	mode	network	(DMN),	executive	control	networks,	
and	emotion	processing	networks.	The	connectivity	within	the	female	brain	seems	to	be	more	
extensive	 and	 dense,	 while	 the	 male	 brain	 shows	 more	 localized	 connectivity	 advantages.	
Gender	differences	are	associated	with	specific	cognitive	abilities,	such	as	language	processing,	
spatial	 ability,	 and	 emotion	 recognition.	 These	 differences	 are	 partly	 attributed	 to	 the	
inconsistency	 between	 brain	 structure	 and	 function,	 but	 also	 emphasize	 the	 influence	 of	
environmental	and	social	factors.	
Magnetic	 resonance	 imaging	 technology	 has	 been	 continuously	 improved	 in	 the	 process	 of	
scientific	progress,	 combined	with	 structural	MRI,	 fMRI,	DTI	 (diffusion	 tensor	 imaging)	 and	
other	technologies,	to	provide	a	more	comprehensive	map	of	brain	sex	differences.	To	study	
the	changes	of	inter‐individual	differences	and	gender	differences	in	the	whole	life,	considering	
the	 interaction	of	multiple	 factors	such	as	genetics,	environment	and	 lifestyle.	This	paper	 is	
selected	 the	human	brain	medial	prefrontal	 lobe	as	 the	seed	point,	 the	 connection	with	 the	
whole	 brain,	 the	 human	brain	 signal	 and	 the	 default	 network	 analysis,	 to	 get	 the	male	 and	
female	 brain	 area	 structure,	 which	 reflects	 the	 women	 of	 social,	 emotional	 level	 of	 brain	
organization	is	more	sensitive,	men	are	in	the	working	state	has	a	more	sensitive	emotional	
regulation.	Due	 to	 the	experimental	 sampling	experimental	data	 is	 limited,	 intelligence,	 and	
education	 factors	 did	 not	 get	 comprehensive	 confirmation,	 with	 the	 progress	 of	 inspection	
technology	 and	 the	 continuous	 improvement	 of	 magnetic	 resonance	 imaging	 technology,	 a	
variety	of	other	factors	will	be	more	 involved	in	medical	research,	 for	people	to	explore	the	
structure	and	function	of	the	brain	characteristics	and	differences	to	provide	more	rigorous	and	
accurate	data	theoretical	basis.	
Research	on	magnetic	resonance	imaging	not	only	improves	our	understanding	of	the	human	
brain,	 but	also	provides	 a	 scientific	basis	 for	 clinical	diagnosis,	 personalized	 treatment,	 and	
gender‐sensitive	policy	making.	As	technological	advances	and	interdisciplinary	cooperation	
deepen,	more	innovations	are	expected	to	emerge	in	the	future.	
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