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Biophysical therapy and biostimulation in unfavorable bony 
circumstances: adjunctive therapies for osseointegration
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Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:195-203)

Dental implants using titanium have greatly advanced through the improvement of designs and surface treatments. Nonetheless, the anatomical limits 
and physiological changes of the patient are still regarded as obstacles in increasing the success rate of implants further, even with the enhancement 
of implant products. So there have been many efforts to overcome these limits. The intrinsic potential for bone regeneration can be stimulated 
through adjuvant treatments with the continuous improvement of implant properties, and this can play an important role in achieving optimum 
osseointegration toward peripheral bone tissue and securing ultimate long-term implant stability in standard surgical procedures. For this purpose, 
various chemical, biological, or biophysical measures were developed such as bone grafts, materials, pharmacological agents, growth factors, and 
bone formation proteins. The biophysical stimulation of bone union includes non-invasive and safe methods. In the beginning, it was developed as 
a method to enhance the healing of fractures, but later evolved into Pulsed Electromagnetic Field, Low-Intensity Pulsed Ultrasound, and Low-Level 
Laser Therapy. Their beneficial effects were confirmed in many studies. This study sought to examine bone-implant union and its latest trend as well as 
the biophysical stimulation method to enhance the union. In particular, this study suggested the enhancement of the function of cells and tissues under 
a disadvantageous bone metabolism environment through such adjunctive stimulation. This study is expected to serve as a treatment guideline for 
implant-bone union under unfavorable circumstances caused by systemic diseases hampering bone metabolism or the host environment. 
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implant	itself,	or	breakage	of	the	implant	component.	

To	minimize	such	failures,	 the	surgeon	performs	bone	

grafting	 in	various	ways	 to	supplement	 insufficient	bone	

mass	or	quality,	 increase	 the	efficiency	of	bone	union	by	

impro	ving	the	design	or	shape	of	the	implant	itself,	or	im-

prove	the	immunity	of	the	host	with	ancillary	drug	therapy	

for	deteriorated	bone	metabolism	or	supplement	insufficient	

meta	bolic	capacity.

The	properties	of	dental	implant	using	titanium	have	been	

enhanced	considerably	through	the	improvement	of	design	

and	surface	 treatment.	Nonetheless,	 the	anatomical	 limits	

and	physiological	changes	of	the	host-the	patient-are	still	

regarded	as	obstacles	 in	 increasing	success	 implantation	

further	even	with	the	enhancement	of	implant	products,	and	

there	were	many	efforts	to	overcome	them.	For	this,	efforts	

to	enhance	 the	metabolic	capacity	of	 the	bone	 tissue	are	

required	along	with	various	surgical	principles	and	prosthetic	

rules;	 such	efforts	 can	be	established	as	 the	acceptable	

clinical	 technique	 that	 is	ancillary	but	non-invasive	and	

I. Introduction

The	success	of	the	dental	 titanium	implant	is	 influenced	

by	the	surgeon’s	skill,	quality	and	quantity	of	bone,	and	oral	

hygiene	of	the	patient.	The	overall	success	rate	is	has	been	

reported	about	95%1.	Implant	success	as	manifested	by	the	

osseointegration	between	implant	and	bone	not	only	secures	

the	stability	and	retention	of	the	implant	but	also	guarantees	

long-term	success.	On	the	other	hand,	a	dental	implant	fails	

when	the	implant	and	the	bone	are	not	precisely	integrated	

and	sometimes	due	to	infection,	smoking,	breakage	of	the	
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to	insufficient	bone	healing	in	the	region	with	bone	defect.	

Among	them,	PEMF	has	been	used	as	non-invasive	anabolic	

method	for	over	30	years	for	the	healing	of	bone	fracture,	

osteotomy,	osteoarthritis,	and	osteoporosis	 in	 the	domain	

of	orthopedics2,3.	PEMF	influences	DNA	synthesis	 in	 the	

osteoblast	 to	stimulate	bone	formation,	and	this	 increases	

cellular	differentiation	and	proliferation4,5.	Likewise,	PEMF	

reportedly	 enhances	bone	marker	gene	 expression	 and	

stimulates	bone	matrix	formation,	calcification,	and	trans-

forming	growth	factor	(TGF)-β16,7.	Chang	et	al.8	 reported	
that	 the	application	of	PEMF	increased	 the	manifestation	

of	alkaline	phosphatase	 in	 the	beginning	of	osteogenesis.	

A	number	of	later	animal	and	human	body	studies	showed	

PEMF	effects	 in	various	clinical	 situations	 intended	 to	

increase	bone	regeneration.

In	1992,	Greenough9	observed	that	PEMF	mainly	influenced	

vascular	growth	as	well	as	the	healing	of	tissue.	Roland	et	

al.10	confirmed	PEMF’s	 influence	on	vascular	 formation	

within	the	cell	and	suggested	PEMF	as	a	means	of	enhancing	

the	quality	of	re-vascularized	tissue.	Smith	et	al.11	observed	

that	 the	 topical	application	of	PEMF	in	wavelength	form	

caused	the	expansion	of	fine	arteries	in	mice	muscles.	

In	human	studies,	PEMF	treatment	was	applied	as	additional	

treatment	for	the	delayed	healing	of	foot	and	ankle	joint	and	

to	stimulate	bone	regeneration	in	patients	with	non-union	

fracture12,13.	The	success	rate	was	 low,	however.	Further-

more,	using	PEMF	as	an	ancillary	measure	 increased	 the	

success	rate	of	radiological	spine	fusion	and	accelerated	the	

regeneration	process14,15.	It	was	successfully	applied	as	well	

to	non-union	on	anterior	cervical	fusion16.	

applied	economically	when	difficulty	or	failure	of	bone	union	

is	expected.	

The	intrinsic	potential	for	bone	regeneration	can	be	stimu-

lated	through	adjunctive	treatment	along	with	the	continuous	

enhancement	of	 implant	properties,	and	 this	can	play	an	

important	 role	 in	standard	surgical	procedure	 in	 terms	of	

achieving	optimum	bone	union	 toward	peripheral	bone	

tissue	and	securing	the	ultimate	long-term	implant	stability.	

For	 this,	a	variety	of	chemical,	biological,	or	biophysical	

measures	were	developed	such	as	bone	graft	material,	pha-

rmacological	 agent,	growth	 factor,	 and	bone	 formation	

protein.	The	biophysical	stimulation	of	bone	union	includes	

non-invasive	and	safe	methods.	 In	 the	beginning,	 it	was	

developed	as	a	method	to	enhance	the	healing	of	fracture,	

but	later	evolved	into	pulsed	electromagnetic	field	(PEMF),	

low-intensity	pulsed	ultrasound	(LIPUS),	and	low-level	laser	

therapy	(LLLT);	their	beneficial	effects	were	confirmed	in	

many	studies.(Fig.	1)	This	study	sought	to	examine	bone-

implant	union	and	its	latest	trend	as	well	as	the	biophysical	

stimulation	method	to	enhance	the	union.	In	particular,	this	

study	suggested	the	enhancement	of	the	function	of	cells	and	

tissues	under	unfavorable	bone	metabolism	environment	

through	such	adjunctive	stimulation.

II. PEMF, LIPUS, and LLLT

1. PEMF

Various	techniques	were	applied	to	enhance	bone	healing	

such	as	biophysical	stimulation	 to	prevent	problems	due	

Fig. 1. A. Low-level laser machine. B. 
Intraoral probe62. 
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was	placed	on	the	humerus	of	a	Japanese	white	rabbit	and	the	

titanium	implant	covered	with	bead	having	diameter	of	250-

300	microns,	and	researchers	observed	a	clear	 increase	of	

bone	growth	toward	porous-coated	implant	in	animals	treated	

with	PEMF	compared	with	the	control	group.	Increased	bone	

contact	ratio	and	bone	area	ratio	of	rough-surface	implant	

were	also	observed	after	placing	the	implant	on	the	femur	of	

a	Japanese	white	rabbit.	The	degree	of	development	varied	

according	to	volume	and	exposure	time25.

PEMF	stimulation	was	applied	 to	patients	 to	 reinforce	

implant-bone	 fusion.	Specifically,	 it	was	applied	 to	hip	

prosthesis.	In	1995,	Steinberg	reported	the	case	of	a	44-year-

old	patient	who	exhibited	change	in	bone	resorption	around	

the	distal	femoral	prosthesis	treated	with	anti-inflammatory	

drugs	and	PEMF26.

Konrad	et	al.27	applied	PEMF	treatment	to	24	patients	with	

prosthesis	for	loosened	hip	and	observed	patients	6	months	

and	1	year	after	the	treatment	ended.	Pain	and	flexing	and	

extending	hip	movement	were	noticeably	enhanced.	Radio-

logical	 findings	did	not	 change	 significantly,	but	Tc99m	

scintigraphy	and	ultrasonography	showed	improvements;	

this	effect	 lasted	for	1	year.	Note,	however,	 those	patients	

with	seriously	loosened	hip	or	who	had	pain	during	resting	

did	not	respond	to	PEMF	treatment.	For	this,	the	researchers	

concluded	that	PEMF	treatment	was	effective,	but	not	for	

patients	with	serious	symptoms.	

Kennedy	et	al.28	conducted	a	double-blind	clinical	 trial	

targeting	37	patients	with	loosened	cemented	hip	prostheses.	

After	6	months	of	PEMF	treatment,	 the	placebo	group	re-

corded	an	11%	success	rate,	whereas	patients	who	did	not	

receive	PEMF	treatment	posted	a	53%	success	rate.	Note,	

however,	that	researchers	observed	a	60%	recurrence	after	14	

months,	increasing	up	to	90%	in	3	years.	Based	on	the	result,	

the	researchers	concluded	that	the	application	of	PEMF	for	

loosened	cemented	hip	prostheses	was	only	acceptable	 in	

delayed	hip	plastic	surgery28.	

Generally,	the	clinical	use	of	PEMF	is	still	controversial.	

The	advantage	of	 the	biomechanical	method	in	enhancing	

implant	bone	union	must	be	proven	along	with	the	optimum	

adjustment	of	magnetic	 intensity	and	 the	most	effective	

duration	and	treatment	period.	

2. LIPUS

LIPUS	is	a	type	of	mechanical	energy	transmitted	through	

living	tissue	such	as	the	water	pressure	wave,	which	is	higher	

than	the	level	of	sound	that	can	be	detected	by	the	human	

The	mechanism	in	 the	molecular	 level	of	PEMF	stimu-

la	tion	has	not	been	clarified,	but	PEMF	was	confirmed	to	

change	clearly	 the	function	of	adenosine	A2A	receptor	 in	

intensity,	 time,	and	temperature-dependent	manner	within	

the	living	body	and	suppress	the	generation	of	superoxide	

anion	eventually.	This	can	control	 inflammatory	reaction,	

but	 the	role	of	 the	mechanism	in	case	of	osseointegration	

and	loosening	due	to	bacterial	infection	should	be	clarified	

through	further	studies17.	In	vivo	study,	PEMF	stimulation	

on	 the	osteoprogenitor	cell	and	osteoblast	 resulted	 in	 the	

increase	of	division	and	multiplication	of	the	growth	factor	

or	division	 factor	 including	extracellular	 trait,	TGF-β1,	

bone	morphogenetic	protein	(BMP)-2,	and	BMP-44,18.	These	

studies	showed	 that	 the	positive	effect	of	PEMF	mainly	

influenced	vascular	growth	and	discharged	vascularizing	

factors	such	as	interleukin	(IL)-8,	b-fibroblast	growth	factor	

(b-FGF),	and	vascular	endothelial	growth	factor	 (VEGF)	

with	regard	to	bone	growth19.	In	recent	studies,	Chang	et	al.20	

reported	that	PEMF	accelerated	the	apoptosis	of	osteoclast	

originating	with	 the	cultivation	of	primary	osteoblast	and	

myoblast.	They	also	suggested	 the	application	of	PEMF	

to	bone	diseases	related	to	osteoclast	such	as	osteoporosis.	

Furthermore,	clear	increase	and	decrease	in	bone	generation	

and	resorption,	respectively,	were	observed	when	the	bone	

marrow	culture	in	mice	was	exposed	to	different	degrees	of	

PEMF.	This	suggests	the	possibility	of	controlling	the	density	

of	osteoclastogenesis,	bone	 resorption,	osteoprotegerin,	

receptor	activator	of	nuclear	 factor	kappa-B	 ligand,	and	

macrophage	colony-stimulating	factor	in	the	bone	marrow	

culture	system	with	different	degrees	of	PEMF21.	

There	are	a	few	animal	studies	on	the	impact	of	PEMF	on	

bone-implant	fusion.	Shimzu	et	al.22	placed	implants	on	the	

tibia	of	rabbits	and	noted	the	acceleration	of	bone	formation	

or	maturation	while	studying	the	impact	of	PEMF	on	bone	

growth	toward	porous	hydroxyapatite	and	porous	tricalcium	

phosphate.	This	proves	the	potential	for	the	clinical	appli-

cation	of	PEMF	for	aseptic	 loosened	implant	 treatment	 in	

orthopedics.

Spadaro	et	al.23	placed	stainless	steel	implants	on	the	bone	

marrow	cavity	of	rabbits	to	conduct	a	test	on	an	implant	with	

mobility	and	observed	that	PEMF	accelerated	osteogenesis	

around	the	implant;	this	effect	appeared	more	clearly	in	the	

tibia	than	the	femur.	This	implies	that	PEMF	can	be	clinically	

applied	to	the	fixture	with	aseptic	mobility	in	the	domain	of	

orthopedics.

In	other	animal	tests,	Ijiri	et	al.24	studied	the	effect	of	PEMF	

on	bone	growth	with	porous-coated	implant.	The	implant	
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LIPUS	according	 to	 the	 intensity	and	frequency	of	ultra-

sound,	and	there	are	no	agreements	as	to	the	specific	intensity	

and	frequency41.

A	number	of	clinical	studies	were	conducted	on	the	effect	

of	LIPUS	in	relation	to	the	acceleration	of	fracture	healing	

and	treatment	of	non-union	in	human	patients42.	Heckman	

et	al.43	observed	that	it	took	less	time	to	achieve	clinical	and	

radiological	union	as	additional	treatment	for	non-vascular	or	

grade	1	open	tibial	shaft	fracture	healing.	

The	mechanism	of	ultrasound	in	accelerating	bone	gene	ration	

is	not	yet	clear	and	is	being	studied,	and	other	mechanisms	

are	being	suggested.	Ultrasound	has	been	hypo	thesized	to	

be	possibly	able	to	cause	change	in	cells	and	tissues	through	

the	 increase	of	 temperature	 following	energy	absorption	

since	a	slight	change	of	 temperature	can	allow	LIPUS	to	

influence	a	few	enzymes	such	as	matrix	metall	oproteinase	1	

(or	collagenase	1)44.	Note,	however,	that	more	recent	studies	

suggest	that	LIPUS	can	be	related	to	non-thermal	effect	in	

cells	and	tissues	such	as	acoustic	streaming	and	cavitation	

that	increases	collagen	synthesis	and	overall	cellular	activity	

with	augmented	genetic	manifestation.	This	 appears	 to	

influence	the	diffusion	rate	and	membrane	permeability.	In	

addition,	LIPUS	produces	mechanical	stimulation	through	

increased	blood	flow	and	induced	micromotion29,41.

There	is	no	clinical	study	on	LIPUS	stimulation	and	bone	

union	conducted	on	the	human	body.	Instead,	only	animal	

studies	 indicating	 the	 location	of	 bone	deposition	 and	

increased	bone	growth	were	carried	out45-47.	

According	to	Tanzer	et	al.47,	LIPUS	influences	the	increase	

of	bone	growth	after	an	implant	is	placed	on	the	ulna	of	a	dog	

using	porous	intramedullary	rods	(tantalum).	An	average	of	

119%	bone	growth	was	observed	in	the	implant	treated	with	

ultrasound	compared	to	the	control	group.	In	other	studies,	

Tanzer	et	al.46,	reported	that	the	group	treated	with	LIPUS	

exhibited	18%	increase	 in	bone	growth	compared	 to	 the	

control	group	for	the	treatment	using	fully	porous	bicortical	

implants	(titanium).	LIPUS	treatment	exhibits	 the	 largest	

impact	within	 the	 first	2-3	weeks	of	 stimulation.	These	

findings	suggest	the	use	of	LIPUS	for	the	bone	fusion	of	the	

alternative	product	for	non-cemented,	porous-coated	total	

joint	in	human	patients.

As	to	the	potential	of	extra-oral	application	of	ultrasound	

for	enhancing	implant-bone	union	in	human	patients,	further	

studies	 should	be	 conducted	 to	 clarify	 the	 stimulation	

mechanism.	Not	only	will	a	well-designed	clinical	study	

clarify	this;	such	is	also	required	in	optimizing	ultrasound	

para	meter	and	establishing	the	protocol	for	clinical	use.

ear.	This	is	absorbed	in	proportion	to	the	density	of	the	tissue	

it	passes	through29.	The	fine	mechanical	properties	formed	

in	the	living	tissue	are	believed	to	be	able	to	manifest	 the	

biophysical	phenomenon	that	can	stimulate	fracture	healing.

The	in	 vitro 	 study	 showed	 that	 the	 application	 of	
LIPUS	 to	osteoblast,	 fibroblast,	 and	monoblast	 induced	

cell	cultivation,	division,	and	osteogenic	vascularization.	

Assimilative	and	vascularizing	 factors	 such	as	TGF-β1,	

b-FGF,	IL-8,	prostaglandin	E2,	and	VEGF	were	increased,	

whereas	pre-inflammatory	cytokine	such	as	IL-6	and	tumor	

necrosis	factor-alpha	decreased20,30.	In	recent	studies,	LIPUS	

stimulation	directly	influenced	osteogenic	cells	to	intensify	

the	formation	of	mineral	crystals	and	cartilage	generation	of	

mesenchymal	stem	cell	derived	from	the	marrow31,32.

High-intensity	ultrasound	was	used	 to	stimulate	osteo-

genesis	 in	early	animal	 tests.	Nonetheless,	 this	resulted	in	

incon	sistent	 results	 for	osteogenesis.	At	higher	 intensity,	

researchers	reported	reduced	callus	formation,	delayed	bone	

healing,	necrosis,	and	concentrated	fiber	 tissue	formation;	

at	lower	intensity,	however,	increased	callus	formation	and	

faster	odontoclasis	healing	were	noted29.	These	contrasting	

results	accelerated	additional	studies,	eventually	leading	to	

the	use	and	development	of	LIPUS	for	 the	stimulation	of	

osteogenesis33.	

LIPUS	treatment	was	applied	in	various	tests	and	studies	

to	accelerate	the	recovery	of	the	bone’s	mechanical	charac-

teristics	 such	as	maximum	 torque	and	 torsional	 rigidity	

during	recovery	from	fracture29.	Ultrasound	has	been	reported	

to	accelerate	fracture	healing	when	applied	during	the	in-

flammatory	period	of	bone	generation	and	initial	proliferative	

period34.	Many	intracellular	studies	suggest	that	LIPUS	does	

not	 influence	the	remodeling	stage	of	fracture	healing	but	

affects	initial	inflammation	or	during	callus	formation	in	the	

curing	process,	mainly	during	the	vascularization	period,	and	

during	the	period	of	ossification	inside	cartilage35,36.	Animal	

studies	showed	the	positive	effect	of	LIPUS	treatment	 in	

the	mature	stage	 in	bone	 regeneration	during	distraction	

osteogenesis,	with	 the	observation	showing	clearly	more	

callus	 formations,	higher	 inorganic	material	density,	and	

higher	 solidity	 for	bone	 regeneration37,38.	The	effect	of	

LIPUS	was	manifested	more	clearly	when	applied	during	

the	distraction	period	 than	 the	maturation	period	 in	 the	

overall	process	and	was	mediated	through	the	endochondral	

pathway39.	 In	 animal	 studies,	LIPUS	accelerated	bone	

regeneration	under	fast	distraction	in	a	volume-dependent	

manner40.	

Many	studies	 show	 the	different	 roles	and	 impacts	of	
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Although	the	basic	mechanism	of	 low-level	 laser	 is	not	

completely	 revealed,	 the	 results	of	in	vitro ,	animal,	and	
clinical	tests	show	that	low-level	laser	treatment	prevents	cell	

apoptosis	and	enhances	cell	multiplication,	migration,	and	

adhesion51-53.	Such	effect	on	cells	can	serve	as	the	basis	for	

clinical	application.

LLLT	is	used	not	only	by	medical	doctors	but	also	by	

specialists	such	as	physical	 therapist54,	dentist55,	dermato-

logist,	 rheumatism	 specialist56,	 etc.	Furthermore,	 laser	

treat	ment	 is	widely	applied	in	veterinary	medicine,	sports	

medicine,	and	rehabilitation	clinic.	Currently,	preclinical	

studies	and	clinical	application	are	carried	out	to	treat	serious	

and	critical	diseases57	 such	as	degenerative	neurological	

diseases	 including	heart	attack58,	coronary	diseases,	nerve	

regeneration	and	spinal	cord	damage,	cerebral	 infarction,	

traumatic	brain	injury59,	Alzheimer's	disease,	and	Parkinson’s	

disease	with	LLLT.	

For	bone	metabolism	capacity	 in	particular,	stimulation	

by	compression	or	function	of	osteoblast	under	a	hypoxic	

environment	was	accelerated	through	laser	irradiation;	this	

becomes	 the	basis60	 for	clinical	application	 in	disadvan-

tageous	situations	such	as	aging	and	post-surgical	care.

4. Application in osseointegration and implantology 

The	enhancement	of	bone	metabolism	has	been	challenged	

in	 the	domain	of	dentistry	 as	well	 through	 the	various	

methods	described	above.	In	particular,	it	has	been	applied	

and	studied	mainly	before	and	after	implant	placement,	which	

is	directly	related	to	bone	metabolism	and	osseointegration	

and	bone	grafting.(Table	1)

In	the	case	of	PEMF,	a	study	showed	the	positive	effect	on	

osseointegration	in	early	animal	tests25;	some	observations	

showed	 that	 its	use	as	bone	growth	stimulator	 inside	 the	

oral	cavity	led	to	the	acceleration	of	bone	growth	around	the	

dental	implant61,62,	and	that	its	application	to	the	bone	around	

the	 implant	 triggered	 the	acceleration	of	bone	healing63,64.	

In	contrast,	some	studies	reported	that	PEMF	hampered	the	

division	of	osteoblast65.	According	to	some	reports,	however,	

the	low-magnitude,	high-frequency	field	had	a	positive	effect	on	

the	increase	of	bone	mass	around	the	implant	in	ovariectomized	

mice66.	Nonetheless,	 PEMF	has	 limits	 in	 terms	of	 the	

application	 time	 in	all	 these	studies;	 the	application	 time	

is	suggested	in	a	great	variety	from	30	minutes	to	3	hours,	

whereas	pulse	frequency	and	width	are	not	standardized.	

In	other	words,	a	number	of	additional	studies	are	required	

in	 relation	 to	clinical	applications	even	with	a	variety	of	

3. LLLT

Known	as	cold	laser,	soft	laser,	biostimulation,	or	photo-

biomodulation,	LLLT	is	 the	therapeutic	approach	that	has	

been	highlighted	recently.	It	basically	exposes	cell	or	tissue	

to	laser	or	low-level	red	or	near-infrared	(IR)	light	generated	

from	 light-emitting	diode.	LLLT	stimulates	or	controls	

cellular	function	to	minimize	the	extinction	of	cell	or	tissue,	

accelerates	the	healing	of	fractures,	fast	recovery	from	the	

damage	of	soft	tissue,	nerve,	bone,	and	cartilage,	and	relieves	

acute	and	chronic	pain	and	inflammation.

The	absorption	and	dispersion	of	 light	within	the	tissue	

are	dependent	on	wavelength.	The	major	chromophores	of	

the	tissue	are	hemoglobin	and	melanin,	and	they	have	strong	

absorption	band	to	wavelength	shorter	than	600	nm.	For	this,	

the	so-called	“optical	window”,	an	area	that	exhibits	the	best	

tissue	penetration	efficiency	of	light,	 is	the	red	visual	light	

and	near-IR	light	wavelength.	Blue,	green,	and	yellow	lights	

can	have	significant	impact	on	optically	transparent	cultured	

cells,	but	 low-level	 laser	applied	 to	animals	and	patients	

mostly	include	red	visual	light	and	near-IR	light	(600-1,070	

nm).

According	to	the	first	law	of	photobiology,	the	photon	has	

to	be	absorbed	into	the	absorption	band	in	the	chromophores	

or	photoceptor	 for	 the	 low-level	 light	 to	have	a	certain	

effect	on	a	living	biosystem48.	The	cytochrome	c	oxidase	as	

the	sub-unit	of	mitochondria	electron-transport	chain	acts	

as	the	primary	photoreceptor	in	mammal	cells	since	it	has	

absorption	band	of	up	to	1,000	nm49.	

Chen	et	 al.50	proved	 that	 laser	 irradiation	on	cultured	

embryonic	osteoblast	of	mice	and	another	 type	of	cell	 in	

the	animal	 test	 increased	the	synthesis	of	reactive	oxygen	

species	(ROS)	and	adenosine	triphosphate	(ATP)	inside	the	

cell.	According	to	them,	exposure	to	low-level	laser	in	the	

red	visual	light	and	near-IR	light	area	emits	nitrogen	oxide	

(NO).	This	means	that	ROS	plays	an	important	role	for	the	

signaling	pathway	of	low-level	laser.	This	can	increase	the	

transcription	of	various	genetic	substances	by	inducing	the	

manifestation	of	redox-sensitive	transcription	factors	such	as	

nuclear	factor	kappa	B50.	The	accurate	wavelength	and	power	

of	 the	 light	 transferred	 to	 the	cells	during	an	appropriate	

period	of	time	are	absorbed	by	specific	photoreceptors	such	

as	cytochrome	c	oxidase.	This	photoreceptor	photodissociates	

inhibitory	NO	to	increase	enzyme	activity	and	accelerates	

mitochondrial	 respiration	and	ATP	production.	Proteins	

such	as	hemoglobin	and	myoglobin	 trigger	 the	additional	

discharge	of	NO,	leading	to	downstream	cell	signaling.
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application	time	can	be	problems,	and	there	has	yet	 to	be	

clear	basis	for	clinical	application.

On	the	other	hand,	a	relatively	 large	number	of	studies	

were	conducted	on	LLLT.	Recently,	bone	formation	and	

stabilization	around	the	mini-implant	were	enhanced	with	

low-level	 laser	 irradiation.	A	report	 stated	 that	 this	was	

attributed	 to	 increased	BMP-270,	and	a	study	reported	 its	

positive	effect	in	relation	to	the	reaction	of	peripheral	tissues	

after	root	canal	treatment71.	On	the	other	hand,	the	double-

blind	 trial	 that	 applied	LLLT	after	 implant	 placement	

revealed	good	initial	stability	and	excellent	bone	quality	in	

bone-implant	interface,	whereas	figures	such	as	macroscopic	

implant	stability	quotient	did	not	reflect	the	effect72.	In	addition,	

advanced	research	studies,	and	it	 is	not	efficient	 in	actual	

clinical	practice	since	the	application	time	is	too	long.

There	are	also	reports	related	to	osseointegration	in	animal	

and	clinical	tests	concerning	LIPUS.	According	to	a	report,	

the	group	exposed	for	10	minutes	twice	a	day	for	21	days	

manifested	the	acceleration	of	osseointegration	around	the	

dental	 implant	compared	with	the	control	group67;	another	

report	also	showed	the	acceleration	of	healing	in	gingival	soft	

tissue	cell	due	to	the	increase	of	connective	tissue	growth	

factors	through	mitogen-activated	protein	kinase	signaling	

pathway68.	Another	study	reported	that	LIPUS	induced	BMP-

2	 to	accelerate	bone	formation	 in	animal	models69.	Note,	

however,	that	the	inconsistent	volume	and	the	limitation	of	

Table 1. Summary of the main factors influencing biomaterial osseointegration positively or negatively

Factors Enhancement of  osseointegration Inhibition of osseointegration

Implant-related factors

Status of host bone bed

Mechanical stability

Adjuvant therapies

Design 
Chemical composition (wide or narrow porous)
Surface topography
Coatings
Minimal surgical trauma 
Vascularity and cellularity of implantation site

Primary implant stability 
No micromotion
Bone grafting (autogenous or allograft) 
Osteogenic coatings (BMPs, TGF-)
Biophysical stimulation (PEMFs and LIPUS)
Biostimulation (LLLT)
Systemic administration of ibandronate and human 
parathyroid hormone 1-34

Inappropriate porosity

Bone defect
Osteoporosis
Rheumatoid arthritis
Smoking
Advanced age
Excessive implant mobility (interface motion)

Irradiation
Pharmacological agents: 	
(cyclosporin A, methotrexate, cis-platinum, warfarin, 
indomethacin)

(BMPs: bone morphogenetic proteins, TGF: transforming growth factor, PEMFs: pulsed electromagnetic fields, LIPUS: low-intensity pulsed 
ultrasound, LLLT: low-level laser therapy)
Yong-Deok Kim: Biophysical therapy and biostimulation in unfavorable bony circumstances: adjunctive therapies for osseointegration. J Korean Assoc Oral Maxillofac Surg 2012

Fig. 2. The application of low-level laser therapy was chosen to stimulate bone healing during guided bone regeneration around the 
exposed threads of the previous implant. 
Yong-Deok Kim: Biophysical therapy and biostimulation in unfavorable bony circumstances: adjunctive therapies for osseointegration. J Korean Assoc Oral Maxillofac Surg 2012
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fusion: a double-blind, randomized, placebo controlled study. 
Spine (Phila Pa 1976) 2002;27:1383-9.

16.	 Mackenzie D, Veninga FD. Reversal of delayed union of anterior 
cervical fusion treated with pulsed electromagnetic field stimu
lation: case report. South Med J 2004;97:519-24.

17.	 Varani K, Gessi S, Merighi S, Iannotta V, Cattabriga E, Spisani 
S, et al. Effect of low frequency electromagnetic fields on A2A 
adenosine receptors in human neutrophils. Br J Pharmacol 2002; 
136:57-66.

18.	 Sollazzo V, Traina GC, Demattei M, Pellati A, Pezzetti F, 
Caruso A. Responses of human MG-63 osteosarcoma cell line 
and human osteoblast-like cells to pulsed electromagnetic fields. 
Bioelectromagnetics 1997;18:541-7.

19.	 Reher P, Doan N, Bradnock B, Meghji S, Harris M. Effect of 
ultrasound on the production of IL-8, basic FGF and VEGF. 
Cytokine 1999;11:416-23.

20.	 Chang K, Chang WH, Tsai MT, Shih C. Pulsed electromagnetic 
fields accelerate apoptotic rate in osteoclasts. Connect Tissue Res 
2006;47:222-8.

21.	 Chang K, Chang WH, Huang S, Huang S, Shih C. Pulsed electro
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the	effect	of	low-level	laser	in	disadvantageous	bone	environ-

ment	was	reported	in	the	in	vitro	test60.	Still,	LLLT	also	re-
quires	more	additional	studies	for	clinical	application.

Nonetheless,	LLLT	appears	 to	have	relative	excellence	

among	the	three	applicable	and	researchable	adjunctive	bone	

metabolism	enhancement	methods	since	it	takes	shorter	time	

to	apply	and	foregoes	the	need	for	direct	contact	with	the	

target,	serving	as	advantages	in	actual	clinical	application.	

(Fig.	2)	This	 is	probably	why	LLLT	 is	 receiving	more	

attention	in	recent	studies.	

III. Conclusion

Regardless	of	the	continuous	advancement	of	biomaterials,	

intrinsic	bone	regeneration	potential	can	be	stimulated	by	an	

adjuvant	treatment	for	basic	surgical	technique	to	accelerate	

and	maximize	bone	growth.	Obtaining	the	maximum	osseo-

inte	gration	 toward	 the	neighboring	bone	has	 important	

clinical	significance,	and	various	chemical	and	biophysical	

techniques	have	been	tested	for	this	purpose.	Such	adjuvant	

treat		ments,	which	increase	local	inner	bone	growth	to	enhance	

bone-implant	 interface,	 include	bone	grafting	material,	

pharmacological	drug,	growth	factor,	and	bone	for	mation	

protein.

For	biophysical	stimulation	in	the	osseointegration	process,	

LIPUS	and	PEMF	form	two	non-invasive	and	exogenous	

local	applications	exhibiting	favorable	effects	in	most	studies.	

Their	applications	did	not	exhibit	any	systemic	or	 local	

adverse	effect.	Observations	disputing	their	effects	point	to	

a	variety	of	elements.	In	other	words,	future	studies	need	to	

show	useful	effects	in	the	experimental	studies	to	clarify	the	

activation	mechanism	at	the	molecular	level	and	determine	

variables	adequate	for	 the	biophysical	activation	method.	

Variables	 to	be	determined	include	the	minimum	strength	

required	for	activation,	most	effective	period	of	ordinary	

exposure,	and	entire	treatment	period.	Verification	for	 the	

dose	and	application	time	through	more	prospective	clinical	

studies	must	be	conducted	in	advance	as	well	for	LLLT.
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