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Abstract
Background: Osteoporosis	can	make	bone	 repair	difficult.	Low-level	 laser	 therapy	
(LLLT)	 has	 been	 shown	 to	 be	 a	 promising	 tool	 for	 bone	 neoformation.	 This	 study	
aimed	to	analyze	the	effect	of	LLLT	on	calvaria	bone	defects	of	ovariectomized	rats	
using	stereology.
Methods: Fifty-four	Wistar	rats	were	subjected	to	bilateral	ovariectomy,	and	bone	
defects	were	created	in	calvaria	after	150	days.	The	animals	were	divided	into	nine	
groups	(n	=	 6	per	group),	and	24	hours	after	the	bone	defects	were	created	they	re-
ceived	three,	six	or	12	sessions	of	LLLT	at	0,	20	or	30	J/cm2,	using	a	780-nm	low-in-
tensity	GaAlAs	laser.	One-way	ANOVA	followed	by	Tukey's	post	hoc	test	was	used	
for	data	processing.	A	difference	of	P	<	0.05	was	considered	statistically	significant.	
The	parameters	evaluated	were	osteocyte	density	 (Nvost),	 total	osteocyte	number	
(Ntoost),	trabecular	surface	density	(Svt),	and	trabecular	surface	area	(Sat).
Results:  Data	obtained	showed	that	Ntoost,	Svt,	and	Sat	in	group	G2	rats	were	signifi-
cantly	different	from	G1	(0	J/cm2)	(P	<	0.05).	Compared	to	group	G4,	G5	presented	
higher	values	for	the	parameters	Svt and Sat,	and	G6	presented	significantly	higher	
values	for	almost	all	 the	analyzed	parameters	 (Nvost,	Ntoost,	Svt,	and	Sat)	 (P	<	0.05).	
Compared	to	group	G7,	G8	showed	a	higher	value	only	for	the	parameter	Sat,	and	G9	
showed	significantly	higher	values	for	parameters	Nvost,	Ntoost,	Svt,	and	Sat.
Conclusion: We	conclude	that	LLLT	stimulated	bone	neoformation	and	contributed	
to	an	increase	in	the	total	number	of	osteocytes,	especially	with	a	laser	energy	den-
sity	of	30	J/cm2	given	for	six	and	12	sessions.
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1  | INTRODUC TION

The	human	skeleton	is	constantly	remodeling,	with	the	osteoclasts	
promoting	 the	 resorption	 of	 mature	 bone	 tissue	 and	 new	 matrix	
being	formed	by	osteoblasts,	allowing	a	balance	between	resorption	
and	bone	deposition.	An	imbalance	in	this	process	may	cause	oste-
oporosis,1	a	disease	characterized	by	bone	loss	and	deterioration	of	
its	microarchitecture,	leading	to	bone	fragility	and	fractures.2

There	are	several	factors	that	may	initiate	osteoporosis:	(a)	estro-
gen	deficiency	in	postmenopausal	women;	(b)	alcohol	consumption	
and	cigarette	smoking,	which	inhibit	osteoblast	proliferation	and	dif-
ferentiation;	(c)	high	caffeine	intake,	which	leads	to	urinary	calcium	
release;	 (d)	 an	 inadequate	dietary	 routine,	with	an	excess	of	 fiber,	
protein,	and	sodium,	which	impairs	calcium	absorption;	(e)	and	lack	
of	physical	exercise.2	In	recent	years,	osteoporosis	has	been	treated	
as	a	public	concern,	because	of	longer	life	expectancy	and	the	steady	
aging	of	the	world	population.3	Osteoporosis	represents	a	challenge	
as	 much	 for	 doctors	 as	 for	 public	 finances.	 Because	 this	 disease	
brings	high	costs	to	individuals	and	society,	the	majority	of	people	
remain	without	adequate	treatment.	The	main	consequences	for	un-
treated	osteoporosis	are	bone	fractures,	which	may	cause	acute	pain	
and	loss	of	function,	and	require	hospitalization	or	specialized	home	
care.4	Thus,	there	is	the	need	for	strategies	that	prevent	this	degen-
erative	disease	and	allow	bone	repair	after	disease	onset.

Reports	in	the	literature	have	demonstrated	the	potential	of	low-
level	 laser	 therapy	 (LLLT)	 in	bone	tissue	regeneration.5-10	Recently,	
our	 research	 group	 observed	 in	 an	 animal	 model	 of	 ovariectomy,	
which	simulates	the	postmenopausal	state	in	human	females,11 that 
rats	receiving	LLLT	at	20	J/cm2	over	three	sessions	and	30	J/cm2 over 
six	and	12	sessions	presented	an	increase	in	bone	volume	compared	
to	control	groups.	Moreover,	an	increase	in	bone	volume,	measured	
using	 stereological	 parameters,	 was	 detected	 for	 the	 animals	 that	
received	a	 laser	 fluence	of	30	J/cm2.9	These	data	 led	our	group	 to	
evaluate	in	more	depth	the	effects	of	laser	treatment	on	bone	me-
tabolism,	with	the	goal	of	analyzing	the	effects	of	20	and	30	J/cm2 
fluences	(over	three,	six,	and	12	sessions)	in	bone	tissue	and	its	cells	
during	the	early	stages	of	bone	repair,	using	stereological	parameters.

2  | METHODS

2.1 | Laser equipment

The	equipment	used	for	this	study	was	a	gallium-aluminum-arsenide	
(GaAlAs)	semiconductor	diode	device	Twin	Laser	(MM	Optics,	São	
Carlos,	SP,	Brazil).	The	main	specifications	for	this	equipment	were:	
frequency	of	50	Hz,	 input	voltage	of	100-240	V,	power	output	of	
70	mW,	maximal	dosage	of	315	J/cm2,	and	wavelength	of	780	nm.

2.2 | Animals

Fifty-four	 Wistar	 rats	 (mean	 weight	 of	 300	g)	 from	 the	 Central	
Campus	 of	 the	 USP	 of	 Ribeirão	 Preto	 vivarium	were	 used	 in	 this	
study.	 The	 animals	 were	 maintained	 in	 polyethylene	 boxes,	 with	

three	 rats	 per	 box,	 a	 daily	 temperature	 range	 of	 23-24°C	 and	 a	
12-hours	light/dark	 cycle.	 All	 animals	 received	 food	 and	water	 ad	
libitum.

2.3 | Ethical approval

All	procedures	performed	involving	the	animals	were	in	accordance	
with	 the	 ethical	 standards	 of	 the	 institution	 at	 which	 the	 studies	
were	conducted	 (Ethics	Committee	for	Animal	Experimentation	of	
the	University	of	São	Paulo,	permit	number	11.1.639.53.5).	All	ap-
plicable	international,	national,	and/or	institutional	guidelines	for	the	
care	and	use	of	animals	were	followed.

2.4 | Ovariectomy surgery

The	animals	were	weighed	and	anesthetized	by	an	intramuscular	in-
jection	of	xylazine	(10	mg/kg)	and	ketamine	(75	mg/kg)	(Agibrands	
do	 Brasil	 LTDA,	 Campinas,	 SP,	 Brazil).	 After	 trichotomy	 and	 anti-
sepsis,	 the	ovaries	were	excised.	The	tissue	suture	was	performed	
with	 silk	 thread	 4.0	 (Ethicon,	 Johnson	 &	 Johnson,	 São	 José	 dos	
Campos,	 SP,	 Brazil).	 Each	 animal	 received	 an	 intramuscular	 injec-
tion	 of	 0.1	mL/100	g	 weight	 of	 small-size	 veterinary	 pentabiotic	
(Fort	 Dodge®,	 Campinas,	 SP,	 Brazil),	 followed	 by	 0.2	mL/100	g	 of	
Banamine®	 injectable	analgesic	(Schering-Plough,	Cotia,	SP,	Brazil).	
The	success	of	the	ovariectomy	was	evaluated	by	analyzing	the	es-
trous	cycle	2	weeks	after	the	surgical	procedure12	and	the	atrophy	
of	uterine	horns	observed	following	the	euthanasia	of	the	animals.13

2.5 | Bone defect procedure

Bone	defects	were	created	150	days	after	ovariectomy.	Following	
the	 same	 surgery	 protocols,	 the	 animals	 were	 weighed	 and	 an-
esthetized	 by	 intramuscular	 injection	 of	 xylazine	 (10	mg/kg)	 and	
ketamine	 (75	mg/kg)	 (Agibrands	do	Brasil	 LTDA).	The	bone	defect	
(5	mm	wide,	1	mm	deep)	was	created	in	the	left	portion	of	the	pa-
rietal	 bone,	 using	 a	 trephine	 drill	 (Neodent,	 Curitiba,	 PR,	 Brazil)	
adapted	to	a	counter-angle	head	with	the	aid	of	an	electric	implant	
motor	 (Dentscler,	Ribeirão	Preto,	SP,	Brazil)	adjusted	to	3000	rpm.	
Throughout	the	surgery,	the	trephine	drill	did	not	touch	dura	mater	
in	 order	 to	 maintain	 its	 integrity.	 All	 procedures	 were	 performed	
with	 0.9	 sterile	 saline	 solution	 and	 tissues	were	 sutured	with	 4-0	
silk	suture	(Ethicon,	Johnson	&	Johnson,	São	José	dos	Campos,	SP,	
Brazil).	After	the	procedure,	each	animal	received	an	intramuscular	
injection	of	0.1	mL/100	g	weight	of	small-size	veterinary	pentabiotic	
(Fort	Dodge®,	Campinas,	SP,	Brazil).	The	animals	were	divided	in	nine	
groups	(n	=	6	per	group).

2.6 | Laser application

The	following	treatments	were	applied	to	the	groups,	as	described	
in Table 1.

For	each	session	the	animals	were	sedated	in	accordance	with	
the	 previously	 described	 protocol.	 Equipment	 calibration	 was	
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performed	before	 the	 sessions.	 The	 animals	 received	 laser	 treat-
ment	from	the	day	after	the	last	surgery	until	sacrifice	at	48-hour	
intervals.	The	laser	was	applied	at	five	different	sites	(four	periph-
erical	[3,	6,	9,	and	12	hours	clock	position]	and	one	central	to	the	
defect).	Groups	1,	4,	and	7	represent	control	animals	that	received	
a	simulated	laser	application	(0	J/cm2)	over	three,	six,	and	12	ses-
sions,	 respectively.	 The	 same	 sedation	 protocol	 and	 laser	 spec-
ifications	 (40	mW	 potency,	 780	 nm	 wavelength,	 and	 1.0	W/cm2 
irradiance,	continuous	mode,	perpendicular	beam	and	contact	ap-
plication)	were	used	in	all	the	groups.	For	the	20	J/cm2	applications,	
in	each	session,	total	irradiation	time	was	100	seconds,	application	
time	per	 site	was	20	seconds	 and	 released	energy	was	4.0	J.	 For	
the	 30	J/cm2	 applications,	 in	 each	 session,	 total	 irradiation	 time	
was	 150	seconds,	 application	 time	 per	 site	 was	 30	seconds	 and	
released	energy	was	6.0	J.	The	rats	were	sacrificed	to	remove	cal-
varia	samples	24	hours	after	the	last	laser	session,	at	7	(groups	1-3),	
13	(groups	4-6),	and	25	days	(groups	7-9)	after	defect	creation.

2.7 | Histological processing

After	 fixation	 (4%	formaldehyde	for	24	hours)	and	decalcification	
(0.5	M	EDTA + TRIS	 for	 30	days),	 the	 fragments	were	 dehydrated	
by	 gradual	 exposure	 to	 ethanol	 (70%	 for	 2	hours	 and	 90%	 for	
2	hours),	then	infiltrated	by	95%	alcohol	and	historesin	for	3	hours,	
and	finally	embedded	in	pure	historesin	for	over	3	hours.	Isotropic	
uniformly-random	(IUR)	2.5	μm	sections	(using	a	Leica	RM	2255	mi-
crotome,	Germany)	were	obtained	using	the	isector	method14 and 
sampled	using	the	Smooth	Fractionator	principle.15	Ten	slides	per	
animal	were	obtained,	representing	the	whole	area	of	bone	defect.	
Sections	were	 subsequently	 stained	with	 hematoxylin	 and	 eosin.	
Digital	 images	were	 obtained	with	 a	DFC	 310	 FX	 camera	 (Leica,	
Wetzlar,	 Germany)	 coupled	 with	 a	 DM	 4000B	 light	 microscope	
(Leica).

2.8 | Design‐based stereology

The	following	quantities	were	estimated:	osteocyte	numerical	den-
sity	(Nvost),	total	osteocyte	number	(Nost),	trabecular	surface	density	

(Svt),	and	trabecular	surface	area	(Sat).	To	calculate	Nost and Sat	pa-
rameters	the	values	of	Vtr	(total	volume	of	repaired	tissue)	formerly	
evaluated	by	our	research	group	were	used.9

In	order	to	estimate	the	osteocyte	numerical	density,	 the	two-
way	physical	disector	method	was	employed,16	using	the	following	
formula:

where	∑Q‾	 is	 the	 total	number	of	osteocyte	nuclei	 sampled	using	
dissectors,	a(f)	is	the	area	of	each	frame	used	to	sample	osteocytes	
nuclei,	and	h	is	the	disector	height.

The	total	number	of	osteocytes	 (Nost)	was	then	obtained	using	
the	following	formula:

where Nvost	is	the	osteocyte	numerical	density	and	Vtr the total vol-
ume	of	the	repaired	tissue.

To	estimate	the	trabecular	surface	area	(Sat)	it	was	necessary	to	
estimate	the	trabecular	surface	density	(Svt)	first	by	employing	the	
following	formula:

where ∑I	is	the	total	number	of	intersections	with	the	trabeculae,	ℓ	
the	 length	of	the	test-line	and	∑Pe	 the	total	number	of	test-points	
hitting	the	repaired	tissue.

To	estimate	the	trabecular	surface	area	(Sat),	 the	following	for-
mula	was	used:

where Svt	is	the	trabecular	surface	density	and	Vtr	is	the	total	volume	
of	the	repaired	tissue.

For	the	estimations	conducted	here,	 ie,	total	volume	of	the	re-
paired	 tissue	and	 trabecular	 surface	area,	no	correction	 for	global	
shrinkage	was	applied	since	inter-group	differences	were	not	statis-
tically	significant.

2.9 | Statistical analysis

The	 quantitative	 data	 were	 analyzed	 using	 spss	 version	 21.0	 for	
Windows	(SPSS	Inc.,	Chicago,	IL,	USA).	ANOVA	followed	by	Tukey's	
post	hoc	test	was	used	for	data	processing.	A	difference	of	P < 0.05 
was	considered	statistically	significant.

3  | RESULTS

All	animals	were	 in	diestrus	phase,	with	a	predominance	of	 leuco-
cytes	in	vaginal	fluid	observed	under	a	light	microscope,	and	thin	and	
atrophic	uterine	horns.

The	histological	images	show	that	the	groups	that	received	LLLT	
at	20	and	30	J/cm2	 for	 three	sessions	presented	new	bone	forma-
tion	at	the	periphery	of	the	defect,	but	a	greater	amount	of	newly	
formed	bone	was	evident	 in	 the	group	receiving	20	J/cm2. On the 
other	hand,	in	the	control	group	receiving	0	J/cm2	for	three	sessions,	

(1)Nvost=
∑

Q−∕a(f)×h

(2)Nost=Nvost×Vtr

(3)Svt=2
∑

I∕�
∑

Pe

(4)Sat=Svt×Vtr

TA B L E  1  Experimental	groups

Groups

Treatments (J/cm2)

Three sessions Six sessions 12 sessions

1 0	(control)

2 20

3 30

4 0

5 20

6 30

7 0

8 20

9 30
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organized	 connective	 tissue	 in	 the	 periphery	 of	 the	 bone	 defect	
was	observed.	In	all	groups	treated	for	six	sessions,	it	was	possible	
to	observe	bone	neoformation	 in	the	periphery	of	the	defect	with	
osteocytes	 in	 lacunae	 and	 osteoblasts	 adjacent	 to	 the	 neoformed	
trabeculae.	The	same	was	observed	in	the	groups	treated	for	12	ses-
sions	(Figure	1).

Tables	2-4	show	the	estimated	stereological	parameters	for	the	
groups	 receiving,	 respectively,	 three,	 six,	 and	12	LLLT	 sessions.	 In	
the	groups	that	received	three	LLLT	sessions	(G1,	G2,	and	G3),	it	was	
observed	that	for	the	parameters	Nost,	Svt,	and	Sat,	group	G2	(20	J/
cm2)	presented	significantly	higher	values	compared	to	G1	(0	J/cm2; 
P	<	0.05).

In	the	groups	that	received	six	LLLT	sessions	(G4,	G5,	and	G6),	it	
was	observed	that	G5	(20	J/cm2)	presented	significantly	higher	val-
ues	for	parameters	Svt and Sat,	compared	to	G4	(0	J/cm

2; P	<	0.05).	
On	the	other	hand,	G6	(30	J/cm2)	presented	significantly	higher	val-
ues	for	almost	all	the	analyzed	parameters	(Nvost,	Nost,	Svt,	and	Sat)	
compared	to	G1	(0	J/cm2; P	<	0.05).

Considering	the	results	obtained	in	the	groups	that	received	12	
sessions	of	 LLLT	 (G7,	G8,	 and	G9),	G8	 (20	J/cm2)	 showed	a	higher	
value	than	G7	(0	J/cm2)	only	for	parameter	Sat	(P	<	0.05).	Comparing	
G9	(30	J/cm2)	and	G7	(0	J/cm2),	G9	showed	significantly	higher	val-
ues	for	parameters	Nvost,	Nost,	Svt,	and	Sat	(P	<	0.05).

4  | DISCUSSION

Using	design-based	stereological	methods,	 the	present	 study	esti-
mated	 the	 trabecular	 surface	area	and	 the	 total	number	of	osteo-
cytes	after	 low-level	 laser	application,	showing	 its	positive	effects	
when	utilized	in	animals	submitted	to	an	experimental	model	of	os-
teoporosis.	It	is	known	that	LLLT	uses	low	light	irradiance,	which	is	
capable	of	 influencing	cell	behavior	through	photophysical,	photo-
chemical,	and	photobiological	effects	in	the	irradiated	tissue.17

This	 investigation	 showed	 that	 groups	 that	 received	 laser	 en-
ergy	 densities	 of	 20	 and	 30	J/cm2	 presented	 higher	 stereological	

F I G U R E  1  Photomicrographs	of	bone	defect	periphery	region.	A,	G1	(three	sessions;	0	J/cm2);	B,	G2	(three	sessions;	20	J/cm2);	C,	G3	
(three	sessions;	30	J/cm2);	D,	G4	(six	sessions;	0	J/cm2);	E,	G5	(six	sessions;	20	J/cm2);	F,	G6	(six	sessions;	30	J/cm2);	G,	G7	(12	sessions;	0	J/
cm2);	H,	G8	(12	sessions;	20	J/cm2);	I,	G9	(12	sessions;	30	J/cm2).	NB,	newly	formed	bone;	Ob,	osteoblasts;	Oc,	osteocytes.	Hematoxylin	and	
eosin	stain;	Scale	bar,	100	μm

(A) (B) (C)

(D) (E) (F)

(G) (H) (I)
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parameters	 compared	 to	 those	 that	 received	 0	J/cm2.	 Among	 the	
groups	 that	 received	 three	 sessions	of	 LLLT,	 a	 laser	energy	density	
of	20	J/cm2	resulted	in	a	higher	total	osteocyte	number	(Nost)	and	an	
increased	 trabecular	 surface	 area	 (Sat).	 It	 has	 already	been	demon-
strated	 that	 LLLT	 is	 capable	 of	 stimulating	 proliferation	 of	 human	
osteoblastic	cell	lines	without	modifying	their	morphological	charac-
teristics.	LLLT	was	also	able	to	increase	specific	protein	secretion	for	
bone	 cell	 differentiation,	 as	well	 as	 calcium	deposition	 and	 alkaline	
phosphatase	activity.	Thus,	laser	treatment	increases	cell	proliferation	
and	also	influences	osteogenic	maturation.18	Mesenchymal	stem	cells	
derived	from	bone	marrow	irradiated	with	a	low-level	laser	presented	
an	 increase	 in	 differentiation	 and	proliferation.19	Our	 results	 are	 in	
agreement	with	the	literature,	suggesting	that	LLLT	at	an	energy	den-
sity	of	20	J/cm2	promoted	positive	effects	on	osteoblast	proliferation	
and	differentiation,	increasing	the	total	number	of	osteocytes.

When	LLLT	was	applied	over	six	sessions,	a	laser	energy	density	
of	 30	J/cm2	 produced	 a	 larger	 increase	 in	 trabecular	 surface	 area	
compared	to	LLLT	at	20	J/cm2,	and	 increases	 in	osteocyte	number	
and	trabecular	surface	area	compared	to	the	control	group.	These	
results	suggest	that	LLLT	at	an	energy	density	of	30	J/cm2	influenced	
osteoblastic	proliferation	and	differentiation	in	the	early	period	after	
the	creation	of	 the	bone	defect	 (7	days),	 reflected	 in	an	 increased	
trabecular	surface	area	after	six	sessions	compared	to	controls.	On	
the	other	hand,	LLLT	at	an	energy	density	of	30	J/cm2	produced	a	
better	response	after	13	days.	Previous	studies	have	reported	that	
LLLT	 favors	 cell	 proliferation	 and	 differentiation,18,19	 suggesting	
that	after	13	days	of	bone	repair,	LLLT	at	an	energy	density	of	30	J/
cm2	produced	 the	 same	effect	 seen	with	20	J/cm2	 after	7	days.	 It	
is	possible	that	after	13	days,	 the	treatment	might	have	promoted	
an	 increase	 in	 the	expression	of	 the	 inflammatory	mediator	Cox-2	

TA B L E  2  Means	and	SDs	for	osteocyte	numerical	density	(Nvost),	total	osteocyte	number	(Nost),	trabecular	surface	density	(Svt),	and	
trabecular	surface	area	(Sat)	in	groups	with	three	sessions:	G1	(0 J/cm2),	G2	(20	J/cm2),	and	G3	(30	J/cm2)

Groups

PG1 G2 G3

Nvost	(μm−3) 2964	±	1186 9196	±	6080 3384	±	1540 0.049	(0-20	J/cm2)

Nost 7.87 × 1010	±	3.15	×	1010 4.34	×	1011	±	2.87	×	1011 9.93 × 1010	±	4.52	×	1010 0.015	(0-20	J/cm2)	
0.021	(20-30	J/
cm2)

Svt	(μm−1) 4.07	±	0.51 10.58	±	0.44 9.49	±	2.73 0.000	(0-20	J/cm2)

Sat	(μm2) 10.79 × 107	±	14.28	×	106 49.43	×	107	±	67.83	×	106 25.46	×	107	±	67.24	×	106 0.001	(0-20	J/cm2)

TA B L E  3  Means	and	SDs	of	osteocyte	numerical	density	(Nvost),	total	osteocyte	number	(Nost),	trabecular	surface	density	(Svt),	and	
trabecular	surface	area	(Sat)	in	groups	with	six	sessions:	G4	(0	J/cm

2),	G5	(20	J/cm2)	and	G6	(30	J/cm2)

Groups

PG4 G5 G6

Nvost	(μm−3) 2719	±	1547 3179	±	405 4533	±	27 0.022	(0-30	J/cm2)

Nost 9.70 × 1010	±	5.52	×	1010 1.70 × 1011	±	2.16	×	1010 2.05 × 1011	±	1.23	×	109 0.014	(0-20	J/cm2)	
0.000	(0-30	J/cm2)

Svt	(μm−1) 25.87	±	6.32 53.31	±	9.35 96.72	±	27.07 0.041	(0-20	J/cm2)	
0.034	(0-30	J/cm2)

Sat	(μm2) 10.50 × 108	±	33.82	×	107 23.35× 108	±	41.41×	107 50.69	×	108	±	14.57	×	108 0.043	(0-20	J/cm2)	
0.028	(0-30	J/cm2)

TA B L E  4  Means	and	SDs	of	osteocyte	numerical	density	(Nvost),	total	osteocyte	number	(Nost),	trabecular	surface	density	(Svt),	and	
trabecular	surface	area	(Sat)	in	groups	with	12	sessions:	G7	(0	J/cm

2),	G8	(20	J/cm2)	and	G9	(30	J/cm2)

Groups

PG7 G8 G9

Nvost	(μm−3) 2527	±	606 3676	±	1449 5364	±	1124 0.004	(0-30	J/cm2)

Nost 1.25 × 1011	±	3.00	×	1010 1.95 × 1011	±	7.69	×	1010 3.51 × 1011	±	7.36	×	1010 0.000	(0-30	J/cm2)	
0.005	(20-30	J/
cm2)

Svt	(μm−1) 32.37	±	5.78 51.18	±	6.30 125.58	±	38.10 0.042	(0-30	J/cm2)

Sat	(μm2) 16.15	×	108	±	31.24	×	107 27.21 × 108	±	35.34	×	107 77.28 × 108	±	19.40	×	108 0.047	(0-20	J/cm2)	
0.014	(0-30	J/cm2)
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(cyclo-oxygenase-2).	 An	 increase	 in	 Cox-2	 might	 contribute	 to	 an	
early	recruitment	of	preosteoblasts	and	osteoblasts,	leading	to	the	
presence	 of	 organized	 tissue	 and	 early	 deposition	 of	 neoformed	
bone.5,20	Supporting	 these	 results,	 laser	 treatment	might	promote	
the	expression	of	the	osteogenic	markers	Runx2,	Bmp-9,	and	Rankl,	
since	higher	expression	of	Runx2	and	Rankl	has	been	 found	 in	di-
abetic	 rats	 after	 laser	 therapy.21	 Thus,	 it	 is	 possible	 that	 rats	 sub-
jected	to	an	experimental	model	of	osteoporosis	may	present	higher	
expression	of	 these	markers,	 culminating	 in	 a	 greater	 osteoblastic	
differentiation,	reflected	in	higher	osteocyte	numbers	and	increased	
trabecular	 surface	 area.	 These	 results	 are	 also	 in	 agreement	with	
findings	 by	 Ré	 Poppi	 et	al.22	 Despite	 the	 fact	 that	 these	 authors	
used	 different	wavelengths	 (660	 and	 880	nm)	 from	 those	 used	 in	
this	study,	they	also	observed	higher	densities	of	osteoblasts,	fibro-
blasts,	and	immature	osteocytes	in	the	femur	area	of	ovariectomized	
rats	after	14	days	compared	to	non-irradiated	animals.

Another	 explanation	 for	 the	 increased	number	of	 osteocytes	ob-
served	in	this	study	might	be	that	LLLT	is	able	to	regulate	the	Wnt	path-
way.	Zhang	et	al23	showed	that	LLLT	promotes	the	entry	of	β-catenin	
into	the	nucleus,	and	activates	the	osteogenic	effect	of	the	Wnt	pathway	
to	promote	bone	formation	and	inhibit	bone	resorption	by	osteoclasts.

In	this	study,	the	group	that	received	laser	treatment	for	12	ses-
sions	 at	 an	 energy	 density	 of	 20	J/cm2	 showed	 only	 an	 increased	
trabecular	surface	area	compared	to	the	non-irradiated	group.	The	
samples	 from	 the	 animals	 receiving	 LLLT	 at	 an	 energy	 density	 of	
30	J/cm2	presented	the	highest	stereological	parameters,	reflected	
in	a	higher	total	number	of	osteocytes	and	greater	trabecular	surface	
area,	in	agreement	with	the	results	of	Ré	Poppi	et	al.22

The	 literature	shows	that	estrogen	plays	an	 important	role	 in	the	
control	of	osteocyte	apoptosis	and	its	maintenance.	Estrogen	deficiency	
may	compromise	osteocyte	viability,	reducing	bone	capacity	to	respond	
adequately	to	applied	forces,24	since	mechanical	behavior	might	be	af-
fected	by	cell	density.25	Therefore,	an	energy	density	of	30	J/cm2	ap-
plied	for	six	and	12	sessions	would	promote	an	increase	in	osteocyte	
differentiation,	which	in	turn	would	also	promote	better	bone	function,	
allowing	a	better	response	of	this	tissue	when	forces	are	applied.

The	 increase	 in	the	number	of	osteocytes	following	LLLT	at	an	
energy	density	of	30	J/cm2	for	six	and	12	sessions	might	have	pro-
duced	an	 increase	 in	secretion	of	sclerostin.	Sclerostin	 is	a	protein	
intimately	associated	with	 the	 regulation	of	mineralization,	callous	
ossification,	and	bone	remodeling,	suggesting	it	plays	a	critical	role	
in	bone	consolidation	after	bone	injury.26

The	results	obtained	in	this	study	lead	to	the	conclusion	that	LLLT	
stimulates	bone	neoformation,	as	shown	by	increased	trabecular	sur-
face	area	and	the	total	number	of	osteocytes,	especially	when	utilizing	
a	 laser	energy	density	of	30	J/cm2	 for	six	and	12	sessions.	The	data	
might	influence	application	of	this	therapy	and	bring	clinical	benefits	
when	treatment	designed	to	improve	bone	neoformation	is	needed.
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