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OBJETIVOS PROPOSTOS

• Breve Revisão
• Disfagias
• Sensibilidade
• Mucosite
• Xerostomia
• Sialorréia
• Sarcopenia
• Fotobiomodulação na Reabilitação do Olfato e Paladar pós 

COVID



Citocromo C Oxidase 
fotoabsorvedor
primário para 
vermelho e 
infravermelho. 
(Karu & Kolyakov, 
2005)

Em situação de 
stress o CCO deixa 
de se ligar ao 
oxigênio e faz 
ligações com o óxido 
nítrico (NO). (Huang 
et al, 2009)



LASER É BIOMODULADOR
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Qual Fonte de Luz utilizar?
• LASER VERMELHO (V)

• Tecidos vermelhos e mais superficiais

• LASER INFRA-VERMELHO (IV)
• tecidos brancos ou translúcidos e mais profundos.

DEPENDE DO OBJETIVO!

Quanto MAIOR 
o Comprimento 

de Onda

MAIOR a 
Penetração







Técnica 
pontual – por

contato



COR DA PELE

Não irradiar pintas, manchas e tatuagens!

+ CROMÓFOROS



Quanto 
utilizar???

• O SEGREDO PARA O SUCESSO DE 
QUALQUER AÇÃO TERAPÊUTICA É 
A DOSE, SABER AVALIAR OS 
EFEITOS, E CORRIGIR A DOSE 
SEMPRE QUE NECESSÁRIO!



Energia

onde:

E = Energia (J)
P = Potência (W)
T = Tempo de aplicação (seg.)

JOULES!



LASER

Não serve 
para tudo

Não é garantia 
de sucesso

Não serve 
para todos

Pode ter resultado imediato?



ANTES DO LASER IMEDIATAMENTE APÓS O LASER APÓS O LASER E FONO

IFBM IFBM 
Instituto de Fotobiomodulação 



ÓCULOS DE PROTEÇÃO
ÁLCOOL 70%
OU SIMILAR

FILME PLÁSTICO
HOSPITAIS: SERVIÇO DE 

CONTROLE DE INFECÇÃO 
HOSPITALAR

NORMAS DE 
BIOSSEGURANÇA



FOTOBIOMODULAÇÃO NAS 
DISFAGIAS
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Cristiane Faccio Gomes, Adriana Schapochnik

LVVR�p�REULJDWyULR�R�XVR�GH�SURWHomR�RFXODU�DR�
SDFLHQWH�H�DR�SUR¿VVLRQDO�

d)  seguir regras de biossegurança para evitar con�
WDPLQDomR�

H��� VHQGR�REULJDWyULR�R�XVR�GH�SURWHomR�RFXODU�DR�
SDFLHQWH�H�DR�SUR¿VVLRQDO��VXJHUH�VH�D�FRORFDomR�
de placa de advertência sobre esse aspecto.
$� OX]�/$6(5�QmR�SRVVXL� DLQGD� H[DWLGmR�QD�

dosimetria, que nada mais é que a dose necessá�
ULD�SDUD�VH�REWHU�R�HIHLWR�¿QDO�GHVHMDGR��SRLV�HOD�
depende de variáveis físicas citadas e também 
GDV�YDULiYHLV�FOLQLFDV��WLSR�GH�GRHQoD��Q~PHUR�GH�
SRQWRV�H�DSOLFDo}HV��PRGR�GH�DSOLFDomR��IUHTXrQFLD�
GH�DSOLFDomR��GRHQoDV�FRQFRPLWDQWHV�H�DV�YDULiYHLV�
de cada paciente onde se destaca o fototipo de pele 
e estágio evolutivo da doença, bem como o tipo de 
tecido irradiado1. 

9LVDQGR� DYDQoDU� QD� GLVFXVVmR� VREUH� GRVL�
PHWULD�HP�/%,��DV�FRPXQLGDGHV�FLHQWt¿FDV�HVWmR�
WRPDQGR�LQLFLDWLYDV�QD�HODERUDomR�GH�XP�FRQVHQVR�
em dosimetria, como nos documentos da World 
$VVRFLDWLRQ�IRU�/DVHU�7KHUDS\��:$/7��GH�������
disponíveis na LQWHUQHW no ZRUNVKRS�³'RVLPHWULD�
HP�/DVHUWHUDSLD�GH�%DL[D�,QWHQVLGDGH´�GR�,QFRU��
em 20071.

'LDQWH�GR�H[SRVWR��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�
LGHQWL¿FDU�R�XVR�H�D�H¿FiFLD�GR�/%,�HP�SDWRORJLDV�
que se encontram também na prática da Fonoau�
GLRORJLD�SRU�PHLR�GH�XPD�UHYLVmR�GH�OLWHUDWXUD���

Descrição

O USO DA LASERTERAPIA DE BAIXA INTENSI-
DADE NA FONOAUDIOLOGIA

4XDQWR�jV�SDWRORJLDV�IRQRDXGLROyJLFDV�GD�iUHD�
GH�0RWULFLGDGH�2URIDFLDO�R�GHVWDTXH�IRL�SDUD��GH�
sordem temporomandibular, disfagia orofaríngea, 
paralisia facial e patologias que necessitam de 
FLFDWUL]DomR�WHFLGXDO��DJUHVV}HV�SUyWHVHV�LPSODQWHV��
SyV�RSHUDWyULR� GH� FLUXUJLD� RUWRJQiWLFD� H�¿VVXUDV�
PDPLODUHV��� 6HUmR� GHVFULWDV� GH� IRUPD� VXFLQWD�� D�
seguir, cada uma delas e as possibilidades do uso 
GR�/%,��D�SDUWLU�GR�PHFDQLVPR�GH�DomR�H�HIHLWRV�
WHUDSrXWLFRV�Mi�XWLOL]DGRV�HP�RXWUDV�iUHDV�GD�VD~GH�

0XLWRV�GRV�SDFLHQWHV�DWHQGLGRV�QD�LQWHUYHQomR�
IRQRDXGLROyJLFD�SRGHP�VH�EHQH¿FLDU�GH�WpFQLFDV�
auxiliares, tais como o uso da eletroestimula�
omR��EDQGDJHP�HOiVWLFD��SRQWRV�PRWRUHV�QD�IDFH��
entre outros. Da mesma forma, a LBI pode ser 
XP�UHFXUVR�QR�WUDWDPHQWR�FRDGMXYDQWH�GD�WHUDSLD�
IRQRDXGLROyJLFD�WUDGLFLRQDO��Mi�TXH�QmR�p�LQYDVLYD�

p�XPD�VROXomR�GH�D]XO�GH�PHWLOHQR�D����������H�
DR�R[LJrQLR�SDUD�SURPRYHU�DomR�DQWLPLFURELDQD�
e favorecer a cura de patologias como herpes, 
candidíase e quaisquer infecções localizadas 
VXSHU¿FLDLV8,19. 
$�3'7� p� XPD�PRGDOLGDGH� WHUDSrXWLFD� TXH�

também vem sendo utilizada no controle antimicro�
biano (bactericida de processos dermatológicos).

Na LBI existem dois recursos utilizados no 
comprimento de onda vermelho (660nm), a técnica 
ILIB (acrômio Intravascular Laser Irradiation of 
%ORRG�PRGL¿FDGD��H�D�WHUDSLD�IRWRGLQkPLFD�3'7�

4- A técnica ILIB e o combate aos 
radicais livres:

7pFQLFD�GD�,/,%�5XVVD��0RGL¿FDGD��FRQVLVWH�
QD�DSOLFDomR�QmR�LQYDVLYD��FRQWtQXD�H�GLUHWD�GH�ODVHU�
WHUDSrXWLFR�YHUPHOKR�����QP��QD�UHJLmR�GD�DUWpULD�
radial, de forma contínua. 

$�DEVRUomR�GD�OX]�YHUPHOKD�SHOR�VDQJXH�ID]�
FRP�TXH�KDMD�XP�DXPHQWR�QR�PHWDEROLVPR�H�QD�
VtQWHVH�GD�SULQFLSDO�SURWHtQD�¿VLROyJLFD�UHJXODGRUD�
do sistema oxidativo corpóreo (Superóxido dismu�
WDVH���(VVD�HQ]LPD� LQLEH�D� DomR�GDV� HVSpFLHV� UH�
DWLYDV� GH� R[LJrQLR� �(52V��� OHYD� j� SURWHomR� GDV�
FpOXODV�FRQWUD�PXWDo}HV��SUHYHQomR�GH�FkQFHU��H�
envelhecimento, combatendo assim os radicais 
OLYUHV�WmR�SUHMXGLFLDLV�j�VD~GH20. 

O ILIB também interfere sob a cascata do 
iFLGR� DUDTXLG{QLFR� �HIHLWRV� DQWL�LQÀDPDWyULRV�� H�
PDLRU�SURGXomR�GH�SURVWDFLFOLQDV��DQWL�DJUHJDomR�
SODTXHWiULD��TXH�SURSLFLD�XP�FDUiWHU�PDLV�ÀXLGR�
DR�VDQJXH��GL¿FXOWDQGR�RV�SUREOHPDV�YDVFXODUHV�

É importante destacar, após os esclarecimentos 
DFLPD��TXH�R�/%,�QmR�WHP�SRWHQFLDO�GH�SURGX]LU�
efeitos deletérios nos tecidos ou ao sistema bioló�
gico, se caracteriza como um recurso terapêutico 
H�IDFLOLWDGRU�GXUDQWH�R�SURFHVVR�GH�UHDELOLWDomR�GR�
paciente, muitas vezes se torna o recurso de pri�
meira escolha em diversas áreas da saúde.

5- Normas de segurança do LBI:
3DUD� D� XWLOL]DomR� GD� /%,� H[LVWHP� DOJXPDV�

QRUPDV� GH� VHJXUDQoD��2�/$6(5� QmR� GHYH� VHU�
XWLOL]DGR�HP�
D��� JHVWDQWHV��DLQGD�TXH�QmR�KDMD�HVWXGRV�GHPRQV�

trando efeitos colaterais;
b)  em tecidos ou feridas com suspeita de tumores 

malignos; 
F��� QmR�SRGH� VHU� DSOLFDGR� HP� UHJLmR�RFXODU�� VRE�

ULVFR�GH�OHVmR�H�GDQR�SHUPDQHQWH�QD�UHWLQD��SRU�
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O uso terapêutico do LASER de Baixa Intensidade (LBI) em algumas patologias e sua relação com a atuação na Fonoaudiologia
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)RQRDXGLyORJR�FRPSUHHQVmR�GR�TXDGUR�JHUDO�GR�
paciente, patologias de base, conhecimento e técni�
FDV�GH�UHDELOLWDomR�PXVFXODU��IXQFLRQDO��GD�SURWHomR�
das vias aéreas para favorecer, na medida do pos�
VtYHO��D�RFRUUrQFLD�GD�DOLPHQWDomR�VHJXUD�H�H¿FD]�

Muitos pacientes com disfagia apresentam 
odinofagia, problemas gástricos, doenças orais que 
GL¿FXOWDP�R�SURFHVVR�WHUDSrXWLFR��FDQGLGtDVH��KHU�
pes, gengivites, entre outros), edema, alterações de 
tônus e mobilidade dos músculos responsáveis pelo 
preparo e impulsionamento do bolo alimentar�����.

O LBI poderia auxiliar o fonoaudiólogo nesses 
casos com o uso do LASER vermelho para anal�
JHVLD��DomR�DQWL�LQÀDPDWyULD�H�DQWLPLFURELDQD�������.

O LASER vermelho no modo ILIB, aplicado 
na artéria radial tem efeito sistêmico e pode ser 
aplicado sem riscos ao paciente que muitas vezes 
está debilitado. Já com o LASER infravermelho é 
SRVVtYHO�HVWLPXODU�R�WUR¿VPR�GD�PXVFXODWXUD�TXH��
associado a exercícios miofuncionais, favorece a 
WRQL¿FDomR�RX�UHOD[DPHQWR�PXVFXODU��7DPEpP�p�
SRVVtYHO� XWLOL]DU�VH� GD� WHUDSLD� IRWRGLQkPLFD�SDUD�
HVWLPXODU�D�DFHOHUDomR�GR�FRPEDWH�GR�SUySULR�RU�
JDQLVPR�D�IXQJRV��EDFWpULDV�H�LQÀDPDo}HV�FRPXQV�
a esses pacientes19,25.

c) Paralisia facial
A paralisia facial é uma síndrome, uma 

PDQLIHVWDomR� GH� YiULRV� WLSRV� GH� SDWRORJLDV� H� p�
PXOWLIDWRULDO�TXH��GHSHQGHQGR�GR� ORFDO�GD� OHVmR��
SRGH�VHU�FODVVL¿FDGD�FRPR�FHQWUDO�RX�SHULIpULFD��
O paciente acometido apresenta limitações na 
FRQWUDomR�PXVFXODU� IDFLDO�� QD� VHQVLELOLGDGH� QRV�
GRLV�WHUoRV�DQWHULRUHV�GD�OtQJXD��QD�VDOLYDomR��QR�
ODFULPHMDPHQWR�H�R�LPSDFWR�SRGH�VHU�QRWDGR�QmR�
Vy�QD�H[SUHVVmR�IDFLDO��PDV�QD�IDOD��DOLPHQWDomR�H�
GHJOXWLomR26. 

2�QHUYR�IDFLDO�SRVVXL�FHUFD�GH�����GH�VXDV�
¿EUDV�PLHOLQL]DGDV�SDUD� LQHUYDomR�GRV�P~VFXORV�
IDFLDLV�H�����GH�¿EUDV�VHQVLWLYDV�H�VHFUHWRPRWRUDV��
8PD�OHVmR�QHVVH�QHUYR�WUD]�JUDQGHV�UHSHUFXVV}HV�
SDUD�D�FRQWUDomR�GRV�P~VFXORV�IDFLDLV�H��FRQVHTXHQ�
temente, para suas funções, como também para a 
autoestima do indivíduo afetado.

$� UHDELOLWDomR�GHSHQGHUi� VHPSUH�GR� WLSR�GH�
OHVmR� H� R� IRQRDXGLyORJR� DWXDUi� QR� VHQWLGR� GH�
recuperar, o máximo possível, os movimentos e a 
sensibilidade muscular para que o indivíduo retome 
VXDV�IXQo}HV��HVSHFLDOPHQWH�D�H[SUHVVmR�IDFLDO��WmR�
LPSRUWDQWH�SDUD�D�FRPXQLFDomR�KXPDQD�

QHP�GRORURVD��SRVVXL�H[FHOHQWH�DFHLWDomR�SRU�SDUWH�
GRV�SDFLHQWHV��LQFOXVLYH�QD�SHGLDWULD��DOpP�GH�QmR�
possuir riscos ao usuário.

a) Desordem temporomandibular:
e�D�GLVIXQomR�GD�DUWLFXODomR�WHPSRURPDQGL�

bular, geralmente acompanhada de dor, que pode 
VH�WRUQDU�FU{QLFD�GXUDQWH�D�HYROXomR�GD�SDWRORJLD��
3RGH�YLU�DFRPSDQKDGD�GH�FHIDOHLD��GRUHV�FHUYLFDLV��
WULVPR��GL¿FXOGDGHV�QD�IDOD�H�PDVWLJDomR��VHQVDomR�
de plenitude auricular, zumbido e todos esses sin�
tomas reduzem a qualidade de vida do indivíduo 
acometido. 

Especialmente no campo da Fonoaudiologia, 
as disfunções de origem muscular têm destaque e 
PXLWDV�YH]HV�HVWmR�DVVRFLDGDV�j�WHQVmR�PXVFXODU��
bruxismo, estresse, entre outros.

$� LQWHUYHQomR� IRQRDXGLROyJLFD� YLVD� UHGX]LU�
D�GRU��D�WHQVmR�PXVFXODU��UHVJDWDU�D�DPSOLWXGH�GH�
abertura de cavidade oral, bem como os movi�
PHQWRV�PDQGLEXODUHV�QHFHVViULRV�jV�IXQo}HV�RUDLV��
SDUD�TXH�R�SDFLHQWH�DV�UHDOL]H�VHP�WHQVmR��GH�IRUPD�
natural e equilibrada21.

$VVLP�FRPR�D�HOHWURHVWLPXODomR�FRP�FRUUHQWH�
TENS favorece a analgesia e a bandagem elástica o 
relaxamento muscular, o LBI pode auxiliar o fono�
DXGLyORJR�QD�UHDELOLWDomR�GRV�SDFLHQWHV�FRP�'70�

&RP�R�XVR�GR�/$6(5�YHUPHOKR��TXH�WHP�DomR�
DQDOJpVLFD�H�DQWL�LQÀDPDWyULD��SRGH�VH�REWHU�UHGX�
omR�RX�HOLPLQDomR�GD�GRU�GHVVHV�SDFLHQWHV��TXH�WrP�
incômodo frequente e muitas vezes limitante21,22.

3DUD�DomR�VLVWrPLFD�GH�UHHTXLOtEULR�JOREDO�GR�
organismo, o LASER vermelho no modo ILIB, 
FRP�DSOLFDomR�HP�DUWpULD�UDGLDO�SRGHULD�IDYRUHFHU�
um efeito sistêmico em decorrência de alterações 
PHWDEyOLFDV�QmR�Vy�QR�ORFDO�GD�LUUDGLDomR��FRPR�
também em áreas mais distantes devido ao fato de 
VXEVWkQFLDV�VHUHP�OLEHUDGDV�HP�FRUUHQWH�VDQJXtQHD��
RFRUUHU�YDVRGLODWDomR�H�WDPEpP�DXPHQWR�GR�ÀX[R�
sanguíneo11. 

 Com o uso do LASER infravermelho, seria 
possível reduzir edema e melhorar o trofismo 
PXVFXODU��MXQWDPHQWH�FRP�RV�H[HUFtFLRV�PLRIXQ�
cionais6.

b) Disfagias:
$V�GLVIDJLDV��TXH�VmR�GL¿FXOGDGHV�GH�GHJOXWL�

omR�TXH�HQJOREDP�D�SDVVDJHP�GR�DOLPHQWR�GD�ERFD�
DWp�R�HVW{PDJR��PDLV�HVSHFL¿FDPHQWH�DV�GLVIDJLDV�
RURIDUtQJHDV�� TXH� FRPSUHHQGHP�D�GHJOXWLomR�QD�
fase preparatória oral, oral e faríngea, exigem do 
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DESEMPENHO MUSCULAR

Laser V e IV Melhora o 
desempenho muscular

Reduz a fadiga 
muscular durante os 

exercícios

Beneficia o reparo 
muscular



• V e IV resultados semelhantes
• Dosimetria: 5 a 6J/ponto 
• Aplicação antes dos exercícios

• Melhora no desempenho 
muscular
• Prevenção de lesões musculares
• Acelera a recuperação muscular
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Effect of pbototherapy (low-level laser therapy and light-emitting 
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• "We conclude that 
phototherapy (with lasers and 
LEDs) improves muscular 
performance and accelerate 
recovery mainly when applied 
before exercise." 
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Abstract Researches have been performed to investigate the
effects of phototherapy on improving performance and reduc-
tion of muscular fatigue. However, a great variability in the
light parameters and protocols of the trials are a concern to
establish the efficacy of this therapy to be used in sports or
clinic. The aim of this study is to investigate the effectiveness,
moment of application of phototherapy within an exercise
protocol, and which are the parameters optimally effective
for the improvement of muscular performance and the reduc-
tion of muscular fatigue in healthy people. Systematic
searches of PubMed, PEDro, Cochrane Library, EMBASE,
andWeb of Science databases were conducted for randomized
clinical trials to March 2017. Analyses of risk of bias and
quality of evidence of the included trials were performed,
and authors were contacted to obtain any missing or unclear
information. We included 39 trials (861 participants). Data
were reported descriptively through tables, and 28 trials were

included in meta-analysis comparing outcomes to placebo.
Meta-analysis was performed for the variables: time until
reach exhaustion, number of repetitions, isometric peak
torque, and blood lactate levels showing a very low to mod-
erate quality of evidence and some effect in favor to photo-
therapy. Further investigation is required due the lack of meth-
odological quality, small sample size, great variability of ex-
ercise protocols, and phototherapy parameters. In general,
positive results were found using both low-level laser therapy
and light-emitting diode therapy or combination of both in a
wavelength range from 655 to 950 nm. Most of positive re-
sults were observed with an energy dose range from 20 to 60 J
for small muscular groups and 60 to 300 J for large muscular
groups and maximal power output of 200 mW per diode.

Keywords Phototherapy . Low-level light therapy . Light
emitting diode . Performance . Fatigue . Exercise

Introduction

Strategies to improve performance and reduce muscular fa-
tigue have been investigated in a number of studies in the
sports and physical activity fields [1–3]. The aim of these
strategies was to provide improvement in muscular perfor-
mance, decrease muscular fatigue signals, and shorten the
recovery process after an activity. Ultimately, these strategies
enable the athlete to be better prepared for training or compe-
tition. These strategies may also be beneficial for patients in a
rehabilitation process while the potential of more efficient
exercises may increase the rehabilitation or recovery process.

Variousmethods to improvemuscularperformanceor slowing
downof the signalsofmuscular fatiguehavebeenstudied, suchas
massage, warm-up, compression garments, and cryotherapy

* Ernesto Cesar Pinto Leal-Junior
ernesto.leal.junior@gmail.com

1 Laboratory of Phototherapy in Sports and Exercise, Universidade
Nove de Julho (UNINOVE), Rua Vergueiro 235/249, CEP, São
Paulo, SP 01504-001, Brazil

2 Postgraduate Program in Rehabilitation Sciences, Universidade
Nove de Julho (UNINOVE), São Paulo, Brazil

3 Amsterdam Collaboration on Health and Safety in Sports, IOC
Research Centre for Prevention of Injury and Protection of Athlete
Health, Amsterdam, The Netherlands

4 Department of Public&Occupational Health, Institute for Health and
Care Research, VU University Medical Center,
Amsterdam, The Netherlands

5 Master’s and Doctoral Programs in Physical Therapy, Universidade
Cidade de São Paulo, São Paulo, SP, Brazil

Lasers Med Sci (2018) 33:181–214
DOI 10.1007/s10103-017-2368-6

Lasers Med Sci (2018) 33:181–214 

Interestingly, positive results were found in
most studies that combined different
wavelengths and sources of light, and it must
be explored because few studies used this kind
of device.

Estudos sugerem que os dois
comprimentos de onda, quando
utilizados juntos (V + IV),
apresentaram melhores resultados.
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Abstract
Background:  There  is  about  ten  years  since  the  first  randomized  controlled  trial  looking  for
the effects  of  photobiomodulation  therapy  using  low-level  laser  therapy  and/or  light  emitting
diodes therapy  in  athletic  performance  enhancement  was  published.  Since  then,  the  knowledge
in this  field  has  increasing  exponentially.
Objective:  Given  the  fast  advance  in  clinical  interest,  research  and  development  in  the  use
of photobiomodulation  therapy  for  athletic  performance  enhancement  and  also  to  accelerate
post-exercise  recovery,  as  pioneers  in  this  research  field  we  felt  the  need  to  establish  recom-
mendations  to  ensure  the  correct  use  of  the  therapy,  and  also  to  guide  the  further  studies  in
this area  looking  for  the  achievement  of  highest  scientific  evidence.  It  is  important  to  high-
light that  the  establishment  of  both  clinical  and  scientific  recommendations  in  this  masterclass
article were  based  on  the  most  recent  systematic  reviews  with  meta-analysis  and  randomized
controlled trials  published  in  this  field.  It  is  important  to  stress  that  the  recommendations  of
this masterclass  article  are  based  on  most  recent  systematic  reviews  with  meta-analysis  and
RCTs published  in  this  research  field.  Future  guidelines  must  follow  the  same  direction  and  must
be based  only  at  the  highest  scientific  evidence,  avoiding  overstatements  and  extrapolations
based on  animal  experiments  and  case-studies.
© 2018  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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Músculos pequenos: 20 a 60J

Potência média utilizada: 50 a 200mW

Comprimento de onda: vermelho + infravermelho (melhora da performance muscular)

Tempo: mínimo 30seg/ponto

Aplicação pontual por contato

Aplicação em toda a extensão do múculo

Efeito: 5min. a 6h antes da atividade



RESUMINDO...

• Laser melhora desempenho muscular 

• Diminui índice de fadiga 

• Aumento do tempo de execução 

• Acelera o tempo de recuperação 

• Beneficia o reparo muscular

• Previne lesões
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5.3 DYSPHAGIA THERAPY

Management of dysphagia is frequently based around a compensatory approach. Facilitatory 
therapy approaches are active therapeutic approaches which aim to have a direct and lasting 
effect on the swallowing physiology after stroke. A shift to increased use of facilitatory therapy 
approaches would have implications for therapy time and resources, which may be balanced 
by improved recovery to normal oral intake and less dependence on non-oral feeding.

A single RCT which compared the standard compensatory approach to dysphagia management 
with the inclusion of active behavioural therapy intervention demonstrated a consistent trend 
towards more positive outcomes with an increased proportion of patients returning to normal 
diet and improved swallowing at six months post stroke.160 There was also a trend towards 
improved outcome in those treated more intensively.

5.3.1 MUSCLE-STRENGTHENING EXERCISES

A small RCT of the effectiveness of a suprahyoid muscle-strengthening exercise programme 
demonstrated significant improvements. Fourteen of the 27 patients had chronic post-stroke 
dysphagia and were tube fed prior to the intervention.161 Suprahyoid strengthening programmes 
are designed to have an effect on the pharyngeal biomechanics of the swallow by increasing 
upper oesophageal opening, increasing anterior laryngeal excursion and reducing post-swallow 
aspiration. 

A cohort study examining the effectiveness of lingual exercises showed a positive effect on all 
patients in the sample, even those patients who were up to four years post stroke.162

5.3.2 ELECTRICAL STIMULATION

An RCT examining the effectiveness of oral stimulation treatment for dysphagia after stroke 
found no evidence of functional change in swallowing following treatment.163

Poorly conducted studies examining the effectiveness of neuromuscular stimulation therapy in 
patients with dysphagia after a stroke present conflicting findings.164,165

A cohort study in patients with chronic stable pharyngeal dysphagia, at risk of aspiration for 
six months or more, raised concerns about the potential worsening biomechanical effect on 
the swallow following a trial of electrical stimulation and the need for caution in selecting 
treatment parameters.166 The studies available paid limited regard to the need to specify the 
chosen treatment parameters to demonstrate effectiveness or safety.

5.3.3 BIOFEEDBACK

There was no good quality evidence available on the application of biofeedback to enhance 
the effectiveness of therapy interventions for dysphagia.

 D  All patients who have dysphagia for more than one week should be assessed to determine 
their suitability for a rehabilitative swallowing therapy programme. Consideration 
should be given to:
 � the nature of the underlying swallowing impairment
 � patient suitability in terms of motivation and cognitive status.

 B  Patients with dysphagia should have an oropharyngeal swallowing rehabilitation 
programme that includes restorative exercises in addition to compensatory techniques 
and diet modification.

5  EFFECT OF THERAPY ON PATIENT OUTCOME

NÍVEIS DE EVIDÊNCIA



QUAL A HIPÓTESE PARA USAR O 
LASER NO PACIENTE DISFÁGICO???

QUEM É MEU PACIENTE?
QUAL A PATOLOGIA DE BASE?
QUAL A CAUSA DA DISFUNÇÃO DA 
DEGLUTIÇÃO?
QUAL A ALTERAÇÃO NA DEGLUTIÇÃO:

- BIOMECÂNICA?
- SENSITIVA?

QUAL O MEU PROGRAMA 
TERAPÊUTICO?
O LASER PODERÁ AJUDAR NESSE 
PROGRAMA?
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Fortalecimento Muscular baseado na FISIOLOGIA 
DO EXERCÍCIO

EsUmulos sensiVvos baseados na 
NEUROFISIOLOGIA

ASSOCIADOS À FUNÇÃO!

CHAVE PARA O 
SUCESSO 
TERAPEUTICO
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Aumenta a 
ENERGIA no 

músculo

Potencializa 
os exercícios FORÇA

O LASER SOZINHO NÃO AUMENTA FORÇA MUSCULAR!

Programa de 
Treinamento à

Fisiologia do 
Exercício



O LASER SOZINHO NÃO AUMENTA FORÇA MUSCULAR,
MAS MELHORA O DESEMPENHO!



DESEMPENHO MUSCULAR

SELECIONAR O 
OBJETIVO TERAPÊUTICO

SELECIONAR O 
EXERCÍCIO ESPECÍFICO

APLICAR LASER V+IV 
ANTES DO EXERCÍCIO



RELAXAMENTO MUSCULAR

SELECIONAR O OBJETIVO 
TERAPÊUTICO

ESTRATÉGIA PARA 
RELAXAMENTO

APLICAR LASER IV ANTES 
DA ESTRATÉGIA UTILIZADA



ALTERAÇÕES 
MUSCULARES 
ENCONTRADAS

• ORBICULAR BOCA

• BUCINADOR

• LÍNGUA

• PALATO

• SUPRA-HIÓIDEOS 
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ABSTRACT

Purpose:�7R�YHULI\�WKH�LPPHGLDWH�H൵HFWV�RI�GL൵HUHQW�GRVHV�RI�SKRWRELRPRGXODWLRQ�RQ�PD[LPXP�OLS�SUHVVXUH��
Methods:�([SHULPHQWDO��UDQGRPL]HG�DQG�WULSOH�EOLQG�VWXG\��7KH�VDPSOH�FRQVLVWHG�RI����ZRPHQ�DQG����PHQ��DJH�
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EXOE�ZDV�SODFHG�EHWZHHQ�WKH�OLSV�DQG�WKH�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�SUHVV�LW�DV�VWURQJ�DV�SRVVLEOH��,QIUDUHG�
/$6(5������QP���PDQXIDFWXUHG�E\�'0&��7KHUDS\�(&�PRGHO������P:�RI�SRZHU�RXWSXW��ZDV�DSSOLHG��7KH�
GRVHV�WHVWHG�ZHUH���-��*������-��*���DQG���-��*����DSSOLHG�DW�VL[�SRLQWV�RI�WKH�RUELFXODULV�RULV�PXVFOH��,Q�WKH�&*�
WKHUH�ZDV�QR�LQWHUYHQWLRQ��7KH�HYDOXDWLRQ�SURFHGXUHV�ZHUH�UHSHDWHG�DIWHU�WKH�/$6(5�DSSOLFDWLRQ��7KH�UHVXOWV�
ZHUH�DQDO\]HG�ZLWK�D�VLJQL¿FDQFH�OHYHO�RI������Results:�7KH�PD[LPXP�OLS�SUHVVXUH�LQFUHDVHG�VLJQL¿FDQWO\�
RQO\�LQ�WKH�JURXS�LUUDGLDWHG�ZLWK���-��Conclusion:�/RZ�OHYHO�/$6(5�WKHUDS\�ZLWK���-�GRVH�SURPRWHG�FKDQJHV�
LQ�WKH�SHUIRUPDQFH�RI�WKH�RUELFXODULV�RULV�PXVFOH�LQ�WKH�PD[LPXP�SUHVVXUH�WDVN�

Obje^vo:

Investigar os efeitos imediatos da fotobiomodulação sobre a pressão máxima dos lábios

Métodos:

- 40 sujeitos
- Avaliados IOPI antes e após a FBM

- Bulbo entre os lábios: pressiona-lo com a maior força 
possível

- 4 grupos
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INTRODUÇÃO

$� WHUDSLD� SRU� IRWRELRPRGXODomR� p� XPD� IRUPD�GH� WHUDSLD�
OXPLQRVD�TXH�XWLOL]D�IRUPDV�QmR�LRQL]DQWHV�GH�IRQWHV�GH�OX]��
LQFOXLQGR�/$6(5��/('V�H�RX�OX]HV�GH�EDQGD�ODUJD��QR�HVSHFWUR�
YLVtYHO�H�LQIUDYHUPHOKR��e�XP�SURFHVVR�QmR�WpUPLFR�TXH�SURYRFD�
HYHQWRV�IRWRItVLFRV�H�IRWRTXtPLFRV�HP�YiULDV�HVFDODV�ELROyJLFDV�����
7UDWD�VH�GH�XPD�WpFQLFD�QmR�LQYDVLYD��LQGRORU��FRP�EDL[R�ULVFR�
SDUD�R�SDFLHQWH�H�VHP�HIHLWRV�FRODWHUDLV������

2�SULQFLSDO�PHFDQLVPR�GH�DomR�GHVVH�UHFXUVR�FRQVLVWH�QR�
FKDPDGR�HIHLWR�IRWRTXtPLFR��'H�DFRUGR�FRP�HVVD�WHRULD��D�HQHUJLD�
OXPLQRVD�p�DEVRUYLGD�SRU�RUJDQHODV�GHQRPLQDGDV�FURPyIRURV��
SUHVHQWHV�SULQFLSDOPHQWH�QDV�PLWRF{QGULDV��H�WUDQVIRUPDGD�HP�
HQHUJLD�TXtPLFD�GXUDQWH�R�SURFHVVR�GH�UHVSLUDomR�FHOXODU��3RU�
PHLR�GH�UHDo}HV�HQ]LPiWLFDV��R�/$6(5�HVWLPXOD�R�DXPHQWR�GD�
VtQWHVH�GH�DGHQRVLQD�WULIRVIDWR��$73���VXEVWkQFLD�HVVHQFLDO�SDUD�
R�DGHTXDGR�IXQFLRQDPHQWR�GDV�FpOXODV����

2� GHVHPSHQKR�PXVFXODU� SRGH� VHU� GHILQLGR� FRPR� D�
FDSDFLGDGH�GR�P~VFXOR�GH�SURGX]LU�WUDEDOKR�H��GHQWUH�RXWURV�
IDWRUHV��SRGH�VHU�DIHWDGR�SHODV�FDUDFWHUtVWLFDV�PRUIROyJLFDV��SRU�
IXQo}HV�PHWDEyOLFDV��FDUGLRYDVFXODUHV��UHVSLUDWyULD��FRJQLWLYD�H�
HPRFLRQDO�����&RQVLGHUDQGR�TXH�Ki�JUDQGH�GHPDQGD�HQHUJpWLFD�
GXUDQWH�XPD�DWLYLGDGH�PXVFXODU�� WDQWR�SDUD�RV�SURFHVVRV�GH�
FRQWUDomR�FRPR�WDPEpP�GH�UHOD[DPHQWR�H�PDQXWHQomR�GR�W{QXV�
FRUSRUDO�����RV�HIHLWRV�GD�IRWRELRPRGXODomR�VREUH�HVVH�WHFLGR�
WHP�GHVSHUWDGR�R�LQWHUHVVH�GH�GLIHUHQWHV�iUHDV��FRP�SHVTXLVDV�
UHYHODQGR�H¿FiFLD�GR�XVR�GH�/$6(5�RX�/('�WHUDSrXWLFR�SDUD�
PHOKRUD�GR�GHVHPSHQKR�PXVFXODU����� DWUDVR�QD� IDGLJD���� H�QD�
UHGXomR�GH�GDQR�PXVFXODU�DSyV�DWLYLGDGHV�GH�DOWD�GHPDQGD����

'HQWUH�RV�P~VFXORV�RURIDFLDLV��R�RUELFXODU�GD�ERFD�±�TXH�
FRQVWLWXL�RV�OiELRV���p�GH�JUDQGH�LPSRUWkQFLD�QR�GHVHPSHQKR�
GH�IXQo}HV�FRPR�D�IDOD��PDVWLJDomR��GHJOXWLomR��UHVSLUDomR�H�
PtPLFD�IDFLDO��$OWHUDo}HV�QD�WHQVmR�GHVVD�PXVFXODWXUD�SRGHP�
GHVHQFDGHDU� SUREOHPDV� FRPR� LPSUHFLVmR� DUWLFXODWyULD� H�
GL¿FXOGDGHV�QR�YHGDPHQWR�ODELDO��DV�TXDLV�SRGHP�FRPSURPHWHU�
D�PDVWLJDomR��D�GHJOXWLomR�H�DWp�PHVPR�DFDUUHWDU�DOWHUDo}HV�QD�
DUFDGD�GHQWiULD��XPD�YH]�TXH�D�WHQVmR�DGHTXDGD�GRV�OiELRV�RS}H�
UHVLVWrQFLD�j�SUHVVmR�TXH�D�OtQJXD�H[HUFH�VREUH�RV�GHQWHV��3RU�
HVVHV�PRWLYRV��R� WUHLQDPHQWR�PXVFXODU�GR�RUELFXODU�GD�ERFD�
SRGH�VHU�XP�GRV�DVSHFWRV�D�VHUHP�WUDEDOKDGRV�QD� WHUDSLD�GH�
SDFLHQWHV�FRP�DOWHUDo}HV�GDV�IXQo}HV�HVWRPDWRJQiWLFDV������1D�
)RQRDXGLRORJLD��D�DVVRFLDomR�GR�/$6(5�DR�WUHLQR�PLRIXQFLRQDO�
WHP�WUD]LGR�UHVXOWDGRV�LQWHUHVVDQWHV��������H�DFUHGLWD�VH�TXH�HQWHQGHU�
RV�HIHLWRV�GHVVH�UHFXUVR�H�VHXV�SDUkPHWURV�GRVLPpWULFRV�VREUH�
HVVD�HVWUXWXUD�VHUi�GH�JUDQGH�FRQWULEXLomR�SDUD�R�FUHVFLPHQWR�
GDV�HYLGrQFLDV�FLHQWt¿FDV�DFHUFD�GR�DVVXQWR�

'LDQWH�GLVVR��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�YHUL¿FDU�RV�HIHLWRV�
LPHGLDWRV�GD�IRWRELRPRGXODomR�FRP�/$6(5�GH�EDL[D�LQWHQVLGDGH�
VREUH�D�SUHVVmR�Pi[LPD�GRV�OiELRV�SDUD�GLIHUHQWHV�GRVHV�

MÉTODOS

7UDWD�VH�GH�XP�HQVDLR�FOtQLFR�UDQGRPL]DGR�H� WULSOR�FHJR�
�5%5����UPG���DSURYDGR�SHOR�&RPLWr�GH�eWLFD�HP�3HVTXLVD�
GD�8QLYHUVLGDGH�)HGHUDO�GH�0LQDV�*HUDLV��VRE�SDUHFHU�Q~PHUR�
&$$(����������������������

$�DPRVWUD��QmR�SUREDELOtVWLFD��IRL�FRPSRVWD�SRU����LQGLYtGXRV��
VHQGR���� ��������GR� VH[R� IHPLQLQR� H� ��� ��������GR� VH[R�
PDVFXOLQR��FRP�LGDGH�PtQLPD�GH�����Pi[LPD�GH����H�PpGLD�
GH�������DQRV��'3 �����TXH�DFHLWDUDP�R�FRQYLWH�SDUD�SDUWLFLSDU�
GD� SHVTXLVD��7RGRV� RV� SDUWLFLSDQWHV� DVVLQDUDP�R�7HUPR�GH�
&RQVHQWLPHQWR�/LYUH�H�(VFODUHFLGR��7&/(��

2V�SDUWLFLSDQWHV�IRUDP�UHFUXWDGRV�SRU�PHLR�GH�FDUWD]HV�H�FRQYLWHV�
SHVVRDLV�UHDOL]DGRV�QD�SUySULD�LQVWLWXLomR�H�IRUDP�HVWDEHOHFLGRV�
FRPR�FULWpULRV�GH�LQFOXVmR��WHU�LGDGH�HQWUH����H����DQRV��QmR�ID]HU�
XVR�GH�PHGLFDomR�PLRUUHOD[DQWH�H�RX�DQWL�LQÀDPDWyULD��QmR�WHU�
UHDOL]DGR�IRQRWHUDSLD�SUpYLD�H�QmR�DSUHVHQWDU�FRQWUDLQGLFDo}HV�
SDUD�IRWRWHUDSLD��FRQIRUPH�PDQXDO�GRV�IDEULFDQWHV�H�OLWHUDWXUD�
HVSHFt¿FD������6mR�HVVDV��IRWRVVHQVLELOLGDGH��JUDYLGH]��JODXFRPD��
OHVmR�VHP�GLDJQyVWLFR�VREUH�D�iUHD�D�VHU�LUUDGLDGD�RX�SUy[LPD�
D�HOD��LQIHFomR�QR�ORFDO�GD�DSOLFDomR��KLVWyULFR�GH�FkQFHU��XVR�
GH�PDUFDSDVVR�RX�RXWUR�LPSODQWH�HOHWU{QLFR��$GRWRX�VH�FRPR�
FULWpULR�GH�H[FOXVmR�D�QmR�H[HFXomR�GH�WRGDV�DV�WDUHIDV�SURSRVWDV�

&DGD�SDUWLFLSDQWH�IRL�RULHQWDGR�D�SHUPDQHFHU�VHQWDGR�HP�
XPD�FDGHLUD�PDQWHQGR�SRVWXUD�HUHWD��ÀH[mR�GH�����GH�TXDGULO��
GH�MRHOKRV�H�GH�WRUQR]HORV��JXLDGRV�SHOR�3ODQR�GH�)UDQNIXUW��
2V�SURFHGLPHQWRV�GH�DYDOLDomR�H�GH�DSOLFDomR�GR�/$6(5�GH�
EDL[D�LQWHQVLGDGH�IRUDP�UHDOL]DGRV�SRU�GLIHUHQWHV�SHVTXLVDGRUDV��
5HVVDOWD�VH��DLQGD��TXH�R�JUXSR�H[SHULPHQWDO�UHFHEHX�DSHQDV�
XPD�DSOLFDomR�GR�/$6(5�

3DUD�REWHQomR�GRV�YDORUHV�GH�SUHVVmR�Pi[LPD�GRV�OiELRV�
XWLOL]RX�VH� R� Iowa Oral Performance Instrument (IOPI).�2�
,23,� p� XP�DSDUHOKR� FRQVWLWXtGR�SRU� XP�EXOER�GH� DU� OLJDGR�
D�XP�WUDQVGXWRU�GH�SUHVVmR��TXH�SHUPLWH�PHQVXUDU�D�SUHVVmR�
Pi[LPD�H�D�UHVLVWrQFLD�PXVFXODU��2�EDOmR�GH�DU�DSUHVHQWD�����
FP�GH�FRPSULPHQWR������FP�GH�GLkPHWUR�H�FRQHFWD�VH�D�XP�WXER�
SOiVWLFR�GH������FP��¬�PHGLGD�TXH�HVVH�EXOER�p�SUHVVLRQDGR��
R� DSDUHOKR� FDSWD� D�PXGDQoD�GH� SUHVVmR�JHUDGD�� IRUQHFHQGR�
YDORUHV�HP�N3D�TXH�SRGHP�VHU�YLVXDOL]DGRV�QD�WHOD�GH�/&'�GR�
SUySULR�DSDUHOKR��1HVWD�SHVTXLVD��R�EXOER�IRL�FRORFDGR�HQWUH�
GXDV�HVSiWXODV�GH�PDGHLUD�H�R�FRQMXQWR�IRL�HQYROWR�FRP�¿OPH�
SOiVWLFR�FRQIRUPH�)LJXUD����2SWRX�VH�SHOR�XVR�GDV�HVSiWXODV��SRLV�
XP�HVWXGR�DQWHULRU��QR�TXDO�D�PHVPD�PHWRGRORJLD�IRL�XWLOL]DGD��
GHVFUHYHX�TXH�HVVD�FRQ¿JXUDomR�GLVWULEXLX�D�SUHVVmR�H[HUFLGD�
SHORV�OiELRV�GH�PDQHLUD�XQLIRUPH�HP�WRGD�D�VXSHUItFLH�GR�EXOER��
IRUQHFHQGR�XPD�OHLWXUD�SUHFLVD�GD�SUHVVmR�����

Figura 1. Avaliação da força labial utilizando-se o IOPI



- Potência: 100mW
- Comprimento de onda: infravermelho - 808 nm
- 6 pontos orbicular da boca
- 4 grupos:

Parâmetros:

0RX൵URQ�HW�DO��&R'$6������������H���������'2,������������������������������� ���

2V�SDUWLFLSDQWHV�IRUDP�VROLFLWDGRV�D�SUHVVLRQDU�R�EXOER�FRP�
R�Pi[LPR�GH�IRUoD�SRVVtYHO��FRP�PRYLPHQWR�GH�SUHHQVmR�GRV�
OiELRV��GXUDQWH���VHJXQGRV��FRQIRUPH�HVWXGRV�DQWHULRUHV�WDPEpP�
UHDOL]DGRV�FRP�R�,23,���������)RUDP�UHDOL]DGDV�WUrV�UHSHWLo}HV��
FRP�LQWHUYDOR�GH�WULQWD�VHJXQGRV�HQWUH�HODV�����H�R�YDORU�GR�SLFR�
Pi[LPR�GHQWUH�WRGDV�DV�UHSHWLo}HV�IRL�FRQVLGHUDGR�D�SUHVVmR�
Pi[LPD�

$SyV�D�DYDOLDomR�LQLFLDO��UHDOL]RX�VH�D�DSOLFDomR�GR�/$6(5�
GH�EDL[D� LQWHQVLGDGH��2�HTXLSDPHQWR�XWLOL]DGR� IRL�GD�PDUFD�
'0&��PRGHOR�7KHUDS\�(&��FRP�����P:�GH�SRWrQFLD�H�spot�
GH�VDtGD�FRP�iUHD�GH�������FP���3DUD�HVVH�HVWXGR�RSWRX�VH�SHOR�
FRPSULPHQWR�GH�RQGD�LQIUDYHUPHOKR������QP��H�DV�GRVHV�GH�
��-����-�H���-�

'HYLGR�j�HVFDVVH]�GH�HVWXGRV�VREUH�R�WHPD��QHVWD�SHVTXLVD�
RSWRX�VH� SRU� LQYHVWLJDU� D� DomR� GH� WUrV� GLIHUHQWHV� GRVHV� GH�
LUUDGLDomR��D�¿P�GH�HVWDEHOHFHU�DTXHOD�TXH�SRGHULD�DSUHVHQWDU�
PDLRU�LQÀXrQFLD�QR�FRPSRUWDPHQWR�GR�OiELR��$�HVFROKD�GH�DOJXQV�
SDUkPHWURV�GRVLPpWULFRV�EDVHRX�VH�HP�SHVTXLVDV�DQWHULRUHV�TXH�
XWLOL]DUDP�HVSHFL¿FDPHQWH�R�/$6(5�GH�EDL[D�LQWHQVLGDGH�FRPR�
UHFXUVR�SDUD�SURPRYHU�PHOKRUD�GD�DWLYLGDGH�PXVFXODU��������

$�GRVH�GH���-�IRL�HVFROKLGD�SRU�VHU�SUy[LPD�j�XWLOL]DGD�QR�
~QLFR�WUDEDOKR�HQFRQWUDGR�FRP�R�REMHWLYR�GH�DYDOLDU�RV�HIHLWRV�GR�
/$6(5�QR�GHVHPSHQKR�GH�XP�P~VFXOR�GD�IDFH�VHP�FRUUHODomR�FRP�
R�HIHLWR�DQDOJpVLFR��1R�HVWXGR�HP�TXHVWmR��IRL�IHLWD�D�LUUDGLDomR�
GH�����-�VREUH�R�P~VFXOR�PDVVHWHU�H�REVHUYRX�VH�DXPHQWR�QD�
DWLYLGDGH�HOpWULFD�GHVVH�P~VFXOR��SRUpP�VHP�HIHLWRV�VREUH�IRUoD�H�
IDGLJD������'HYLGR�j�SRWrQFLD�H�PRGHOR�GR�HTXLSDPHQWR�XWLOL]DGR�
QHVVH�HVWXGR��DV�DXWRUDV�RSWDUDP�SRU�XWLOL]DU�D�GRVH�GH���-�SDUD�
TXH�R�WHPSR�GH�LUUDGLDomR�IRVVH�DXWRPiWLFR��HOLPLQDQGR��DVVLP��
SRVVtYHO�YLpV�UHODFLRQDGR�j�DSOLFDomR�

$V�GRVHV�GH���-�H���-��SRU�VXD�YH]��IRUDP�VHOHFLRQDGDV�SRU�
VHUHP�DV�PDLV�HQFRQWUDGDV�HP�DUWLJRV�TXH�WDPEpP�LQYHVWLJDUDP�
D�DomR�GR�/$6(5�GH�EDL[D�LQWHQVLGDGH�QR�GHVHPSHQKR�PXVFXODU��
FRQIRUPH�UHYLVmR�ELEOLRJUi¿FD�UHFHQWH������2�FRPSULPHQWR�GH�
RQGD�LQIUDYHUPHOKR�WDPEpP�IRL�DSRQWDGR�FRPR�R�SUHIHULGR�SRU�
GLYHUVRV�DXWRUHV�����H��SRU�HVVH�PRWLYR��XWLOL]DGR�QHVWD�SHVTXLVD�

$�DSOLFDomR�IRL�IHLWD�GH�PRGR�SRQWXDO��FRP�FRQWDWR��HP�VHLV�
SRQWRV�HTXLGLVWDQWHV�QR�P~VFXOR�RUELFXODU�GD�ERFD��SUy[LPR�
jV� FRPLVVXUDV�GLUHLWD� H� HVTXHUGD� �SRU� VHU� UHJLmR�GRV�SRQWRV�
PRWRUHV��� GRLV� SRQWRV� QD� SRUomR� VXSHULRU� H� GRLV� SRQWRV� QD�
SRUomR�LQIHULRU��)LJXUD����

2V�SDUWLFLSDQWHV�IRUDP�DORFDGRV��GH�PDQHLUD�UDQGRPL]DGD�H�
FHJD��HP�XP�GRV�VHJXLQWHV�JUXSRV��JUXSR�FRQWUROH��*&���Q �����
*��Q �����*���Q ����H�*���Q ����H�DV�GRVHV�DSOLFDGDV�HP�FDGD�
XP�GHOHV�IRUDP�DV�VHJXLQWHV�

D�� *UXSR�FRQWUROH��QmR�KRXYH�DSOLFDomR�GR�/$6(5�

E�� *���DSOLFRX�VH�GRVH�GH���-�SRU�SRQWR��GHQVLGDGH�GH�HQHUJLD�GH�
���-�FP��HP�FDGD�SRQWR��WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�
SRU�SRQWR��WRWDOL]DQGR���-�QR�P~VFXOR�

F�� *��� DSOLFRX�VH� �� -� SRU� SRQWR�� GHQVLGDGH� GH� HQHUJLD� GH�
����-�FP���WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�SRU�SRQWR��
WRWDOL]DQGR����-�QR�P~VFXOR�

G�� *���DSOLFRX�VH���-�SRU�SRQWR��FRP�GHQVLGDGH�GH�HQHUJLD�GH�
����-�FP���WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�SRU�SRQWR�H�
GRVH�WRWDO�QR�P~VFXOR�GH����-�

6HJXLQGR�VH� UHFRPHQGDo}HV� GR� IDEULFDQWH� H� DWHQGHQGR�
jV� QRUPDV� GH� VHJXUDQoD� HVWDEHOHFLGDV� SHOD�$19,6$�SDUD�
HTXLSDPHQWRV�GH�/$6(5�GH�EDL[D�LQWHQVLGDGH��D�SHVTXLVDGRUD�
UHVSRQViYHO�SHOD�DSOLFDomR�H�RV�SDUWLFLSDQWHV�XVDUDP�yFXORV�GH�
SURWHomR�GXUDQWH�WRGR�R�SURFHGLPHQWR�

$SyV�D�DSOLFDomR�GR�/$6(5��IRUDP�UHSHWLGRV�RV�SURFHGLPHQWRV�
GH�DYDOLDomR�GD�SUHVVmR�Pi[LPD�GRV�OiELRV��7RGDV�DV�DYDOLDo}HV�
IRUDP�UHDOL]DGDV�SRU�XPD�GDV�SHVTXLVDGRUDV��TXH�QmR�VDELD�D�TXDO�
JUXSR�R�SDUWLFLSDQWH�SHUWHQFLD��1R�JUXSR�FRQWUROH��R�LQWHUYDOR�
HQWUH�DV�PHGLo}HV�IRL�GH�GRLV�PLQXWRV��D�¿P�GH�SURSRUFLRQDU�R�
UHSRXVR�QHFHVViULR�SDUD�UHVWDEHOHFLPHQWR�GD�PXVFXODWXUD��������

3DUD�DQiOLVH�GRV�GDGRV��RV�DUTXLYRV�IRUDP�UHQRPHDGRV�GH�
PRGR�TXH�D�SHVTXLVDGRUD�UHVSRQViYHO�SHOD�DQiOLVH�QmR�VRXEHVVH�
R�JUXSR�GR�SDUWLFLSDQWH�H�QHP�R�PRPHQWR�GD�DYDOLDomR��SUp�RX�
SyV�DSOLFDomR�GR�/$6(5��

$�GHVFULomR�GD�YDULiYHO�FDWHJyULFD�VH[R�IRL�UHDOL]DGD�SRU�
PHLR�GH�PHGLGDV�GH�IUHTXrQFLD�H�D�DQiOLVH�FRPSDUDWLYD�HQWUH�
DV�YDULiYHLV�VH[R�H�JUXSR�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�TXL�
TXDGUDGR�GH�FRPSDUDo}HV�P~OWLSODV��$�GHVFULomR�GDV�YDULiYHLV�
FRQWtQXDV��LGDGH�H�UHVXOWDGR�GH�FDGD�WDUHID��IRL�UHDOL]DGD�SRU�PHLR�
GH�PHGLGDV�GH�WHQGrQFLD�FHQWUDO�H�GH�GLVSHUVmR�H�D�GLVWULEXLomR�
GD�QRUPDOLGDGH�GDV�YDULiYHLV� IRL�DYDOLDGD�SRU�PHLR�GR� WHVWH�
6KDSLUR�:LON��R�TXDO�LQGLFRX�TXH�HVVDV�YDULiYHLV�QmR�DSUHVHQWDUDP�
GLVWULEXLomR�QRUPDO��$VVLP��RSWRX�VH�SHOD�XWLOL]DomR�GH�WHVWHV�
QmR�SDUDPpWULFRV�SDUD�D�DQiOLVH�GRV�GDGRV��$�DQiOLVH�FRPSDUDWLYD�
HQWUH�DV�YDULiYHLV�LGDGH�H�JUXSR�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�
.UXVNDO�:DOOLV�H�D�FRPSDUDomR�HQWUH�RV�UHVXOWDGRV�GRV�H[DPHV�
SUp�H�SyV�/$6(5�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�:LOFR[RQ�

RESULTADOS

2V�UHVXOWDGRV�LQGLFDP�TXH�QmR�KRXYH�GLIHUHQoD�FRP�UHOHYkQFLD�
HVWDWtVWLFD�DR�FRPSDUDU�RV�JUXSRV�HP�UHODomR�DR�VH[R��S ��������
H�LGDGH��S ��������RX�VHMD��RV�JUXSRV�IRUDP�KRPRJrQHRV�HP�
UHODomR�D�HVVDV�YDULiYHLV�

$�7DEHOD���DSUHVHQWD�D�FRPSDUDomR�GRV�UHVXOWDGRV�REWLGRV�
SRU�PHLR�GR�,23,�DQWHV�H�DSyV�R�/$6(5�HP�FDGD�JUXSR��$�
SUHVVmR�Pi[LPD�GH�OiELRV�DSUHVHQWRX�DXPHQWR�DSHQDV�QR�JUXSR�
VXEPHWLGR�j�LUUDGLDomR�FRP���-�

Figura 2. Pontos de aplicação do LASER0RX൵URQ�HW�DO��&R'$6������������H���������'2,������������������������������� ���

2V�SDUWLFLSDQWHV�IRUDP�VROLFLWDGRV�D�SUHVVLRQDU�R�EXOER�FRP�
R�Pi[LPR�GH�IRUoD�SRVVtYHO��FRP�PRYLPHQWR�GH�SUHHQVmR�GRV�
OiELRV��GXUDQWH���VHJXQGRV��FRQIRUPH�HVWXGRV�DQWHULRUHV�WDPEpP�
UHDOL]DGRV�FRP�R�,23,���������)RUDP�UHDOL]DGDV�WUrV�UHSHWLo}HV��
FRP�LQWHUYDOR�GH�WULQWD�VHJXQGRV�HQWUH�HODV�����H�R�YDORU�GR�SLFR�
Pi[LPR�GHQWUH�WRGDV�DV�UHSHWLo}HV�IRL�FRQVLGHUDGR�D�SUHVVmR�
Pi[LPD�

$SyV�D�DYDOLDomR�LQLFLDO��UHDOL]RX�VH�D�DSOLFDomR�GR�/$6(5�
GH�EDL[D� LQWHQVLGDGH��2�HTXLSDPHQWR�XWLOL]DGR� IRL�GD�PDUFD�
'0&��PRGHOR�7KHUDS\�(&��FRP�����P:�GH�SRWrQFLD�H�spot�
GH�VDtGD�FRP�iUHD�GH�������FP���3DUD�HVVH�HVWXGR�RSWRX�VH�SHOR�
FRPSULPHQWR�GH�RQGD�LQIUDYHUPHOKR������QP��H�DV�GRVHV�GH�
��-����-�H���-�

'HYLGR�j�HVFDVVH]�GH�HVWXGRV�VREUH�R�WHPD��QHVWD�SHVTXLVD�
RSWRX�VH� SRU� LQYHVWLJDU� D� DomR� GH� WUrV� GLIHUHQWHV� GRVHV� GH�
LUUDGLDomR��D�¿P�GH�HVWDEHOHFHU�DTXHOD�TXH�SRGHULD�DSUHVHQWDU�
PDLRU�LQÀXrQFLD�QR�FRPSRUWDPHQWR�GR�OiELR��$�HVFROKD�GH�DOJXQV�
SDUkPHWURV�GRVLPpWULFRV�EDVHRX�VH�HP�SHVTXLVDV�DQWHULRUHV�TXH�
XWLOL]DUDP�HVSHFL¿FDPHQWH�R�/$6(5�GH�EDL[D�LQWHQVLGDGH�FRPR�
UHFXUVR�SDUD�SURPRYHU�PHOKRUD�GD�DWLYLGDGH�PXVFXODU��������

$�GRVH�GH���-�IRL�HVFROKLGD�SRU�VHU�SUy[LPD�j�XWLOL]DGD�QR�
~QLFR�WUDEDOKR�HQFRQWUDGR�FRP�R�REMHWLYR�GH�DYDOLDU�RV�HIHLWRV�GR�
/$6(5�QR�GHVHPSHQKR�GH�XP�P~VFXOR�GD�IDFH�VHP�FRUUHODomR�FRP�
R�HIHLWR�DQDOJpVLFR��1R�HVWXGR�HP�TXHVWmR��IRL�IHLWD�D�LUUDGLDomR�
GH�����-�VREUH�R�P~VFXOR�PDVVHWHU�H�REVHUYRX�VH�DXPHQWR�QD�
DWLYLGDGH�HOpWULFD�GHVVH�P~VFXOR��SRUpP�VHP�HIHLWRV�VREUH�IRUoD�H�
IDGLJD������'HYLGR�j�SRWrQFLD�H�PRGHOR�GR�HTXLSDPHQWR�XWLOL]DGR�
QHVVH�HVWXGR��DV�DXWRUDV�RSWDUDP�SRU�XWLOL]DU�D�GRVH�GH���-�SDUD�
TXH�R�WHPSR�GH�LUUDGLDomR�IRVVH�DXWRPiWLFR��HOLPLQDQGR��DVVLP��
SRVVtYHO�YLpV�UHODFLRQDGR�j�DSOLFDomR�

$V�GRVHV�GH���-�H���-��SRU�VXD�YH]��IRUDP�VHOHFLRQDGDV�SRU�
VHUHP�DV�PDLV�HQFRQWUDGDV�HP�DUWLJRV�TXH�WDPEpP�LQYHVWLJDUDP�
D�DomR�GR�/$6(5�GH�EDL[D�LQWHQVLGDGH�QR�GHVHPSHQKR�PXVFXODU��
FRQIRUPH�UHYLVmR�ELEOLRJUi¿FD�UHFHQWH������2�FRPSULPHQWR�GH�
RQGD�LQIUDYHUPHOKR�WDPEpP�IRL�DSRQWDGR�FRPR�R�SUHIHULGR�SRU�
GLYHUVRV�DXWRUHV�����H��SRU�HVVH�PRWLYR��XWLOL]DGR�QHVWD�SHVTXLVD�

$�DSOLFDomR�IRL�IHLWD�GH�PRGR�SRQWXDO��FRP�FRQWDWR��HP�VHLV�
SRQWRV�HTXLGLVWDQWHV�QR�P~VFXOR�RUELFXODU�GD�ERFD��SUy[LPR�
jV� FRPLVVXUDV�GLUHLWD� H� HVTXHUGD� �SRU� VHU� UHJLmR�GRV�SRQWRV�
PRWRUHV��� GRLV� SRQWRV� QD� SRUomR� VXSHULRU� H� GRLV� SRQWRV� QD�
SRUomR�LQIHULRU��)LJXUD����

2V�SDUWLFLSDQWHV�IRUDP�DORFDGRV��GH�PDQHLUD�UDQGRPL]DGD�H�
FHJD��HP�XP�GRV�VHJXLQWHV�JUXSRV��JUXSR�FRQWUROH��*&���Q �����
*��Q �����*���Q ����H�*���Q ����H�DV�GRVHV�DSOLFDGDV�HP�FDGD�
XP�GHOHV�IRUDP�DV�VHJXLQWHV�

D�� *UXSR�FRQWUROH��QmR�KRXYH�DSOLFDomR�GR�/$6(5�

E�� *���DSOLFRX�VH�GRVH�GH���-�SRU�SRQWR��GHQVLGDGH�GH�HQHUJLD�GH�
���-�FP��HP�FDGD�SRQWR��WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�
SRU�SRQWR��WRWDOL]DQGR���-�QR�P~VFXOR�

F�� *��� DSOLFRX�VH� �� -� SRU� SRQWR�� GHQVLGDGH� GH� HQHUJLD� GH�
����-�FP���WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�SRU�SRQWR��
WRWDOL]DQGR����-�QR�P~VFXOR�

G�� *���DSOLFRX�VH���-�SRU�SRQWR��FRP�GHQVLGDGH�GH�HQHUJLD�GH�
����-�FP���WHPSR�GH�DSOLFDomR�GH����VHJXQGRV�SRU�SRQWR�H�
GRVH�WRWDO�QR�P~VFXOR�GH����-�

6HJXLQGR�VH� UHFRPHQGDo}HV� GR� IDEULFDQWH� H� DWHQGHQGR�
jV� QRUPDV� GH� VHJXUDQoD� HVWDEHOHFLGDV� SHOD�$19,6$�SDUD�
HTXLSDPHQWRV�GH�/$6(5�GH�EDL[D�LQWHQVLGDGH��D�SHVTXLVDGRUD�
UHVSRQViYHO�SHOD�DSOLFDomR�H�RV�SDUWLFLSDQWHV�XVDUDP�yFXORV�GH�
SURWHomR�GXUDQWH�WRGR�R�SURFHGLPHQWR�

$SyV�D�DSOLFDomR�GR�/$6(5��IRUDP�UHSHWLGRV�RV�SURFHGLPHQWRV�
GH�DYDOLDomR�GD�SUHVVmR�Pi[LPD�GRV�OiELRV��7RGDV�DV�DYDOLDo}HV�
IRUDP�UHDOL]DGDV�SRU�XPD�GDV�SHVTXLVDGRUDV��TXH�QmR�VDELD�D�TXDO�
JUXSR�R�SDUWLFLSDQWH�SHUWHQFLD��1R�JUXSR�FRQWUROH��R�LQWHUYDOR�
HQWUH�DV�PHGLo}HV�IRL�GH�GRLV�PLQXWRV��D�¿P�GH�SURSRUFLRQDU�R�
UHSRXVR�QHFHVViULR�SDUD�UHVWDEHOHFLPHQWR�GD�PXVFXODWXUD��������

3DUD�DQiOLVH�GRV�GDGRV��RV�DUTXLYRV�IRUDP�UHQRPHDGRV�GH�
PRGR�TXH�D�SHVTXLVDGRUD�UHVSRQViYHO�SHOD�DQiOLVH�QmR�VRXEHVVH�
R�JUXSR�GR�SDUWLFLSDQWH�H�QHP�R�PRPHQWR�GD�DYDOLDomR��SUp�RX�
SyV�DSOLFDomR�GR�/$6(5��

$�GHVFULomR�GD�YDULiYHO�FDWHJyULFD�VH[R�IRL�UHDOL]DGD�SRU�
PHLR�GH�PHGLGDV�GH�IUHTXrQFLD�H�D�DQiOLVH�FRPSDUDWLYD�HQWUH�
DV�YDULiYHLV�VH[R�H�JUXSR�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�TXL�
TXDGUDGR�GH�FRPSDUDo}HV�P~OWLSODV��$�GHVFULomR�GDV�YDULiYHLV�
FRQWtQXDV��LGDGH�H�UHVXOWDGR�GH�FDGD�WDUHID��IRL�UHDOL]DGD�SRU�PHLR�
GH�PHGLGDV�GH�WHQGrQFLD�FHQWUDO�H�GH�GLVSHUVmR�H�D�GLVWULEXLomR�
GD�QRUPDOLGDGH�GDV�YDULiYHLV� IRL�DYDOLDGD�SRU�PHLR�GR� WHVWH�
6KDSLUR�:LON��R�TXDO�LQGLFRX�TXH�HVVDV�YDULiYHLV�QmR�DSUHVHQWDUDP�
GLVWULEXLomR�QRUPDO��$VVLP��RSWRX�VH�SHOD�XWLOL]DomR�GH�WHVWHV�
QmR�SDUDPpWULFRV�SDUD�D�DQiOLVH�GRV�GDGRV��$�DQiOLVH�FRPSDUDWLYD�
HQWUH�DV�YDULiYHLV�LGDGH�H�JUXSR�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�
.UXVNDO�:DOOLV�H�D�FRPSDUDomR�HQWUH�RV�UHVXOWDGRV�GRV�H[DPHV�
SUp�H�SyV�/$6(5�IRL�UHDOL]DGD�SRU�PHLR�GR�WHVWH�:LOFR[RQ�

RESULTADOS

2V�UHVXOWDGRV�LQGLFDP�TXH�QmR�KRXYH�GLIHUHQoD�FRP�UHOHYkQFLD�
HVWDWtVWLFD�DR�FRPSDUDU�RV�JUXSRV�HP�UHODomR�DR�VH[R��S ��������
H�LGDGH��S ��������RX�VHMD��RV�JUXSRV�IRUDP�KRPRJrQHRV�HP�
UHODomR�D�HVVDV�YDULiYHLV�

$�7DEHOD���DSUHVHQWD�D�FRPSDUDomR�GRV�UHVXOWDGRV�REWLGRV�
SRU�PHLR�GR�,23,�DQWHV�H�DSyV�R�/$6(5�HP�FDGD�JUXSR��$�
SUHVVmR�Pi[LPD�GH�OiELRV�DSUHVHQWRX�DXPHQWR�DSHQDV�QR�JUXSR�
VXEPHWLGR�j�LUUDGLDomR�FRP���-�

Figura 2. Pontos de aplicação do LASER
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DISCUSSÃO

2EVHUYRX�VH��QHVVH�HVWXGR��TXH�D�IRWRELRPRGXODomR�FRP�
/$6(5�GH�EDL[D�LQWHQVLGDGH�SURPRYHX�PXGDQoDV�QR�GHVHPSHQKR�
GR�P~VFXOR�RUELFXODU�GD�ERFD��DTXL�DYDOLDGR�SRU�PHLR�GD�SUHVVmR�
Pi[LPD�GH�OiELRV�

2V� HIHLWRV� GR�/$6(5�GH� EDL[D� LQWHQVLGDGH� QR� WHFLGR�
PXVFXODU�YrP�GHVSHUWDQGR�R�LQWHUHVVH�GH�JUXSRV�GH�SHVTXLVDV�
H�HVWXGRV�DQWHULRUHV�Mi�UHYHODUDP�UHVXOWDGRV�SRVLWLYRV�VREUH�R�
GHVHPSHQKR�H�UHFXSHUDomR�GH�OHV}HV��������1R�HQWDQWR��JUDQGH�
SDUWH�GHVVHV�WUDEDOKRV�IRUDP�UHDOL]DGRV�FRP�JUXSRV�PXVFXODUHV�
GRV�PHPEURV�VXSHULRUHV�RX�LQIHULRUHV��QmR�WHQGR�VLGR�HQFRQWUDGR�
QHQKXP�WUDEDOKR�TXH�LQYHVWLJDVVH�RV�HIHLWRV�GHVVH�UHFXUVR�QR�
GHVHPSHQKR�GR�P~VFXOR�RUELFXODU�GD�ERFD�

1HVVH�HVWXGR��RSWRX�VH�SHOR�XVR�GR�FRPSULPHQWR�GH�RQGD�
LQIUDYHUPHOKR�� WHVWDGR�HP�WUrV�GLIHUHQWHV�GRVHV��1R�HQWDQWR��
VDEH�VH�TXH�D�HVFROKD�GR�FRPSULPHQWR�GH�RQGD� WHP�UHODomR�
GLUHWD�FRP�D�SURIXQGLGDGH�GR�WHFLGR�DOYR��'HYLGR�j�HVSHVVXUD�
GR�P~VFXOR�HP�TXHVWmR��DFUHGLWD�VH�TXH�R�FRPSULPHQWR�GH�RQGD�
YHUPHOKR�WDPEpP�SRVVD�VHU�XP�UHFXUVR�H¿FD]��R�TXH�SRGH�VHU�
LQYHVWLJDGR�HP�SHVTXLVDV�IXWXUDV��$�DSOLFDomR�VLPXOWkQHD�GRV�
GRLV�FRPSULPHQWRV�GH�RQGD� WDPEpP�PHUHFH�VHU�SHVTXLVDGD��
XPD�YH]�TXH�SHVTXLVDV�UHFHQWHV��XWLOL]DQGR�HTXLSDPHQWRV�FRP�
/$6(5�H�/('�WrP�PRVWUDGR�HVVD�DVVRFLDomR�FRPR�XPD�RSomR�
LQWHUHVVDQWH�SDUD�GHVHPSHQKR�PXVFXODU�����

2V�JUXSRV�SDUWLFLSDQWHV�GHVVH�HVWXGR�IRUDP�KRPRJrQHRV�
HP�UHODomR�DR�VH[R�H�j�LGDGH��GDGR�HVVH�UHOHYDQWH�XPD�YH]�TXH�
D�IRUoD�ODELDO�VRIUH�LQÀXrQFLD�GLUHWD�GHVVDV�GXDV�YDULiYHLV������$�
HVFROKD�SHOR�,23,�EDVHRX�VH�HP�HVWXGRV�DQWHULRUHV��QRV�TXDLV�
D�SUHVVmR�Pi[LPD�GH�OiELRV�IRL�XWLOL]DGD�FRPR�SDUkPHWUR�GH�
DYDOLDomR�GD�DWLYLGDGH�PXVFXODU�����������

(P�UHODomR�DRV�DFKDGRV��REVHUYRX�VH�R�DXPHQWR�VLJQL¿FDWLYR�
GD�SUHVVmR�Pi[LPD�GRV�OiELRV�SDUD�D�GRVH�GH���-�SRU�SRQWR��R�
TXH�HVWi�GH�DFRUGR�FRP�RXWURV�HVWXGRV�TXH�WDPEpP�REWLYHUDP�
UHVSRVWDV�SRVLWLYDV�SDUD�GHVHPSHQKR�PXVFXODU�FRP�HVVD�GRVH�
DSOLFDGD� QRV�P~VFXORV� TXDGUtFHSV� H� UHWR� IHPRUDO� TXDQGR�
DYDOLDGRV�R�Q~PHUR�GH�UHSHWLo}HV��D�IDGLJD�HOHWURPLRJUi¿FD�H�
QtYHLV�GH�ODFWDWR��������

1R�JUXSR�LUUDGLDGR�FRP���-�QmR�KRXYH�GLIHUHQoD�HVWDWLVWLFDPHQWH�
VLJQL¿FDWLYD� QRV� QtYHLV� GH� SUHVVmR�Pi[LPD�� R� TXH� HVWi� GH�
DFRUGR�FRP�HVWXGR�DQWHULRU�TXH�WDPEpP�QmR�REWHYH�UHVSRVWDV�
VLJQL¿FDWLYDV�QD�SHUIRUPDQFH�PXVFXODU�GH�DWOHWDV�DSyV�DSOLFDomR�
QR�UHWR�IHPRUDO��DYDOLDGD�SRU�PHLR�GR�WHVWH�HVSHFt¿FR������1R�
HQWDQWR��XP�RXWUR�HVWXGR�TXH�XWLOL]RX�HVVD�PHVPD�GRVH�SRU�

SRQWR� REVHUYRX�� VLP�� DXPHQWR� VLJQL¿FDWLYR� GR� Q~PHUR� GH�
UHSHWLo}HV�H�DWUDVR�GD�IDGLJD�HOHWURPLRJUi¿FD�DSyV�LUUDGLDomR�
HP�PHPEURV�LQIHULRUHV������+i�GH�VH�FRQVLGHUDU��SRUpP��TXH�QR�
SULPHLUR�HVWXGR�D�GRVH�WRWDO�XWLOL]DGD�IRL�GH����-��HQTXDQWR�QR�
VHJXQGR� WUDEDOKR�D� LUUDGLDomR�IRL� IHLWD�VREUH�R� UHWR�IHPRUDO��
YDVWR�PHGLDO��YDVWR�ODWHUDO�FRP�GRVH�WRWDO�GH����-��7DO�GLIHUHQoD�
QD�GRVH�¿QDO�SRGH�VHU�XP�GRV�IDWRUHV�TXH�WHQKDP�LQWHUIHULGR�
QHVVD�GLYHUJrQFLD�GH�UHVXOWDGRV�

1HVWD�SHVTXLVD�QmR�IRUDP�HQFRQWUDGRV�UHVXOWDGRV�VLJQL¿FDWLYRV�
SDUD�D�GRVH�GH���-��DFKDGR�HVVH�TXH�HVWi�GH�DFRUGR�FRP�D�OLWHUDWXUD�
H[LVWHQWH��QD�TXDO�HVVD�GRVH�QmR�SURPRYHX�DXPHQWR�GH�IRUoD�
GR�P~VFXOR�PDVVHWHU�����

$SHVDU�GH�QmR� VLJQL¿FDWLYR��QR�JUXSR� LUUDGLDGR�FRP��� -�
KRXYH�XP�DXPHQWR�GD�PpGLD�GD�SUHVVmR�Pi[LPD��R�TXH�QmR�
IRL�REVHUYDGR�QR�JUXSR�FRQWUROH�H�QR�JUXSR�LUUDGLDGR�FRP���-�

(VVD�WHQGrQFLD�GH�PHOKRUD�GRV�UHVXOWDGRV�FRP�R�DXPHQWR�GDV�
GRVHV�p�FRHUHQWH�FRP�R�DSUHVHQWDGR�SRU�RXWURV�DXWRUHV��RV�TXDLV�
UHIHUHP�TXH�DV�PHOKRUHV�GRVHV�WRWDLV��SDUD�P~VFXORV�SHTXHQRV��
HVWmR�QR�LQWHUYDOR�GH����-�D����-������'HVVD�IRUPD��QHVWH�WUDEDOKR�
D�GRVH�WRWDO�GH���-�QmR�VXUWLX�HIHLWRV�SDUD�R�P~VFXOR�RUELFXODU�
GD�ERFD��REVHUYRX�VH�XP�GLVFUHWR�DXPHQWR�FRP�D�GRVH�WRWDO�
GH����-�H�R�UHVXOWDGR�IRL�VLJQL¿FDWLYR�SDUD�GRVH�WRWDO�GH����-�

$LQGD�VREUH�D�GLYHUJrQFLD�GH� UHVXOWDGRV�HP�HVWXGRV�TXH�
XWLOL]DUDP�D�PHVPD�GRVH��p�LPSRUWDQWH�FRQVLGHUDU�TXH�RV�DUWLJRV�
VH�GLIHUHQFLDP��GHQWUH�RXWURV�DVSHFWRV��SHOD�GRVH�WRWDO�LUUDGLDGD��
SHOR�PRPHQWR�GH�DSOLFDomR��Q~PHUR�GH�SRQWRV�H�SHORV�P~VFXORV�
LUUDGLDGRV��R�TXH�GHPRQVWUD�TXH�RV�SDUkPHWURV�GRVLPpWULFRV�HP�
IRWRELRPRGXODomR�QmR�VH�UHVWULQJHP�DR�FRPSULPHQWR�GH�RQGD�
H�j�HQHUJLD�XWLOL]DGD�SRU�SRQWR��7DO�IDWR�p��DLQGD��XP�JUDQGH�
GL¿FXOWDGRU�SDUD�D�FRPSDUDomR�HQWUH�RV�HVWXGRV��DVVLP�FRPR�
SDUD�VXD�UHSURGXWLELOLGDGH��VREUHWXGR�SHOD�JUDQGH�YDULHGDGH�GH�
HTXLSDPHQWRV�GLVSRQtYHLV�SDUD�RV�JUXSRV�GH�SHVTXLVD�

8PD�YH]�TXH�D�IRWRELRPRGXODomR�SRGH�LQWHUIHULU�GLUHWDPHQWH�
QHVVHV�PHFDQLVPRV�ELRTXtPLFRV�GH� FRQWUDomR�� FRQWULEXLQGR�
VREUHWXGR�SDUD�R�DSRUWH�GH�$73��DFUHGLWD�VH�TXH�VXD�DomR�QDV�
PLWRF{QGULDV� SRVVD� WHU�PDLRU� LQÀXrQFLD� VREUH� H[HUFtFLRV� GH�
UHVLVWrQFLD��R�TXH�QmR�IRL�LQYHVWLJDGR�QHVWH�HVWXGR��3RU�LVVR��
VXJHUH�VH�TXH�SHVTXLVDV�IXWXUDV�DQDOLVHP�RV�HIHLWRV�GD�ODVHUWHUDSLD�
VREUH�D�IDGLJD��VHQGR�D�HOHWURPLRJUD¿D�XP�ERP�UHFXUVR�SDUD�WDO�

$FUHGLWD�VH�TXH�RV�UHVXOWDGRV�SRVLWLYRV�SDUD�SUHVVmR�Pi[LPD�
GR�OiELR�GHPRQVWUDP�TXH�D�LUUDGLDomR�FRP�R�/$6(5�GH�EDL[D�
LQWHQVLGDGH�p�FDSD]�GH�LQÀXHQFLDU�QD�DWLYLGDGH�GD�PXVFXODWXUD��
7UDWD�VH� GH� XP� WUDEDOKR� LQRYDGRU�� XPD�YH]� TXH� QmR� IRUDP�
HQFRQWUDGRV�QD�OLWHUDWXUD�HVWXGRV�DQWHULRUHV�TXH�WHQKDP�DYDOLDGR�
RV�HIHLWRV�GD�IRWRELRPRGXODomR�VREUH�R�GHVHPSHQKR�GR�P~VFXOR�

Tabela 1. Medidas da pressão labial em kPa antes e após o LASER em cada grupo

Grupo
Controle 1 J 4 J 7 J

Pré Pós Pré Pós Pré Pós Pré Pós
Média 11,80 11,70 12,90 12,90 11,50 12,20 10,60 11,90

Mediana 11,50 12,50 12,50 13,00 11,00 13,00 10,50 11,50
DP 3,77 3,27 3,60 4,70 2,12 2,15 2,63 2,88

Mínimo 6,00 6,00 7,00 6,00 9,00 7,00 7,00 8,00
Máximo 20,00 15,00 18,00 20,00 15,00 14,00 14,00 16,00

valor de p* 1,000 1,000 0,250 0,013
*Teste de Wilcoxon
Legenda: J = joule; DP = desvio-padrão.

Resultados:

- No grupo irradiado com 4 J não houve diferença esta^s^camente significa^va 
nos níveis de pressão máxima

- Aumento significativo da pressão máxima dos lábios para a dose de 7J/ ponto 

- O LASER de baixa intensidade na dose de 7 J promoveu mudanças no desempenho 
do músculo orbicular da boca em tarefa de pressão máxima. 

Conclusão:



ORBICULAR DA BOCA

à Para potencializar o exercício:
• Antes dos exercícios de força
• CO: V+IV 
• 4 à 6J/ponto 
• 6 pontos pontual e por contato

AVALIANDO OS 
RESULTADOS PARA 
CORRIGIR A DOSE!

QUANDO?

QUANTO?

COMO?



BUCINADOR

à Para potencializar o exercício:
• Antes dos exercícios de força
• CO: V+IV 
• 4 à 6J/ponto 
• 2 à 4 pontos pontual e por 

contato
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Figure 3-20.  Lateral and posterior views of the muscles of mastication.
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Figure 2-11.  A lateral view of the tongue and surrounding muscles. Note the extrinsic muscles of the 
larynx.
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Fig. 3.
This figure shows the positions of the intrinsic and extrinsic muscles in the tongue and also
demonstrates the options available for presenting anatomical data with the 3-dimensional
model. (A) An oblique frontal view of the complete tongue model including the mandible.
(B) The tongue is now seen in the same orientation as A and the mandible is made
transparent. (C) The tongue surface is made translucent so that the muscles inside the tongue
can be seen. The amount of translucency can be adjusted. The ghost outline of the tongue
surface serves as a reference for the internal muscles, although it does obscure them to some
extent. (D) The tongue surface is made transparent. Now the tongue muscles can be clearly
seen. In this orientation the superior longitudinal (SL) muscle drapes over the transverse/
vertical (T/V) muscle group. (E) The SL muscle is made translucent. (F) As the muscles all
overlap in E the view is still not optimum so that the model is rotated to an oblique inferior
view and the transparent mandible is restored to aid in orientation. (G) The extrinsic muscles
are seen from above through a translucent surface. (H) The tongue surface is removed and
the muscles are clearly seen. (I) Rotation of the model to a frontal view helps to show the
spatial relationship between the muscles. GG, genioglossus muscle; HG, hyoglossus muscle;
IL, inferior longitudinal muscle; SG, styloglossus muscle.
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Fig. 2.
Three dimensional model of the human tongue. (A) Anterior view of the 3-dimensional
model of human tongue and mandible. (B) Lateral view of 3-D model with the surface
removed. Note that each muscle is rendered in a different color and the legend for each
tongue muscle color is shown above the tongue. SG, styloglossus; HG, hyoglossus; SL,
Superior longitudinal; TV, transverse/vertical; IL, inferior longitudinal; GG, genioglossus.
(C) Lateral view of the 3-D model with the thee boundaries shown between the base, body
and blade. (D) A mid-sagittal view of the Visible Human showing the approximate
boundaries between base, body and blade, and each muscle marked with its abbreviation in
the muscle’s color in the 3-D model.
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Fig. 4.
Muscles of the human tongue. (A) The superior longitudinal (SL) muscle is the only
unpaired muscle of the tongue which spans the length of the tongue just beneath the mucosa
of its superior surface. (B) The inferior longitudinal (IL) muscle spans the length of the
tongue just above the mucosa of its inferior surface. (C) The transverse and vertical (T/V)
muscles. The T muscle connects the medial septum to the lateral aspect of the tongue. The V
muscle connects the inferior surface to the superior surface. (D) The genioglossus (GG)
muscle is midline muscle which originates from the posterior surface of the mandible. (E)
The styloglossus (SG) muscle originates from the styloid processes and insert along the
inferior-lateral margins of the tongue. (F) The hyoglossus (HG) muscle originates from the
hyoid bone and also insert into the inferior-lateral margins of the tongue. The muscles are all
rendered as separate objects for the sake of clarity, but in reality there is extensive overlap.
One example is that the GG muscle becomes the vertical muscle in the medial third of the
tongue. The other example is that the T/V muscles are rendered as a single object.

SANDERS and MU Page 14

Anat Rec (Hoboken). Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

A 3-Dimensional Atlas of Human Tongue Muscles

IRA SANDERS1 and LIANCAI MU2,*

1Alice and David Jurist Institute for Biomedical Research, Hackensack University Medical Center,
Hackensack, New Jersey, 07601
2Upper Airway Research Laboratory, Department of Research, Hackensack University Medical
Center, Hackensack, New Jersey, 07601

Abstract
The human tongue is one of the most important yet least understood structures of the body. One
reason for the relative lack of research on the human tongue is its complex anatomy. This is a real
barrier to investigators as there are few anatomical resources in the literature that show this
complex anatomy clearly. As a result, the diagnosis and treatment of tongue disorders lags behind
that for other structures of the head and neck. This report intended to fill this gap by displaying the
tongue’s anatomy in multiple ways. The primary material used in this study was serial axial
images of the male and female human tongue from the Visible Human (VH) Project of the
National Library of Medicine. In addition, thick serial coronal sections of three human tongues
were rendered translucent. The VH axial images were computer reconstructed into serial coronal
sections and each tongue muscle was outlined. These outlines were used to construct a 3-
dimensional computer model of the tongue that allows each muscle to be seen in its in vivo
anatomical position. The thick coronal sections supplement the 3-D model by showing details of
the complex interweaving of tongue muscles throughout the tongue. The graphics are perhaps the
clearest guide to date to aid clinical or basic science investigators in identifying each tongue
muscle in any part of the human tongue.

Keywords
tongue; intrinsic and extrinsic tongue muscles; neuromuscular compartments; tongue movement;
speech; swallowing; respiration; 3-D reconstruction

INTRODUCTION
In humans, tongue function is critical for normal speech, swallowing and respiration
(Hiiemae and Palmer, 2003); and tongue dysfunction can result in aphasia, dysphagia, and
obstructive sleep disorders, respectively. At present there is a large discrepancy between the
obvious importance of the tongue and our meager understanding of its structure and
function. A major reason for this gap in our knowledge is that all tongues fall into the
category of muscular hydrostats; muscular organs whose biomechanical properties are more
akin to a hydraulic system then the more familiar mechanical levers that constitute the
skeletal muscle system (Kier and Smith, 1985). MH is composed of muscle groups oriented
in different directions and this makes them particularly hard to study by gross dissection or
routine histological methods.
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RESULTADOS:
- Maior abertura do EES
- Aumento da excursão anterior da laringe
- Redução da aspiração após a deglutição
- Aumento da pressão da deglutição

Bulbo:
- Anterior
- Posterior

10 repetições
3x/dia

3 dias/semana
8 semanas

the sets differing by 5% or less to account for natural variabil-
ity. Subjects exercised with a goal of 60% of the baseline
maximum pressure for the first week of the program and 80%
of the maximum pressure for the remaining 7 weeks. Each
subject’s maximum pressure was remeasured at the end of
weeks 2, 4, 6, and 8, and the 80% exercise target was recal-
culated accordingly (table 2).

Data Collection
Data were collected at baseline (preintervention), week 4,

and week 8 (postintervention).

Lingual Strength: Oral Pressure Sensor Instrumentation
and Placement

Maximum isometric pressure. Lingual strength was mea-
sured via oral pressures generated against the IOPI air-filled
bulb during an isometric resistance task. As performed during
the exercise protocol, anterior and posterior tongue strength
were measured with the IOPI bulb. Subjects were seated up-
right and asked to “press your tongue against the IOPI bulb as
hard as possible.” Two sets of 3 trials of maximum perfor-
mance were collected for each tongue location.

Swallowing pressure. Lingual strength used for swallow-
ing was measured via oral pressures generated during natural
swallows performed for the videofluoroscopic swallow study.
Pressures were obtained by using 3 air-filled bulbs (diameter,
13mm; spacing, 8mm) mounted on a silica strip. The strip was
adhered longitudinally to the hard palate at midline with

Stomahesive,b with the anterior bulb positioned at the alveolar
ridge and the posterior bulb at the approximate junction of the
hard and soft palates (fig 2). The bulbs were connected to a
transducer suspended from the neck by a strap. Pressure data
were sampled at a temporal resolution of .004 seconds (250Hz)
and time linked to videofluoroscopic swallowing images by
using the KayPentax Digital Swallowing Workstation.c Swal-
lowing pressures were collected on a subset of 7 subjects (see
table 1). One chronic stroke subject was unable to tolerate the
3-bulb array secondary to a hypersensitive gag reflex, and
swallowing pressure data from 2 additional subjects did not
record properly because of equipment malfunction.

Bolus flow parameters: videofluoroscopic swallow stud-
ies. Videofluoroscopy was performed in the lateral view with
the camera focused on the lips anteriorly, the pharyngeal wall
posteriorly, the hard palate superiorly, and just below the upper
esophageal sphincter (UES) inferiorly. At each of the 3 intervals
(baseline, week 4, week 8) each subject performed a total of 11
swallows comprising 4 randomized bolus types: 3 swallows each
of 3mL thin liquid, 10mL thin liquid, and 3mL semisolid and 2
effortful swallows of 3mL thin liquid. If a subject showed aspi-
ration on 2 consecutive trials of a bolus condition, the condition
was stopped and the next bolus condition in the randomization
schedule was presented. Therefore, not all subjects completed the
entire set of 11 swallows at each data-collection point (table 3). All
3-mL boluses were presented to participants via a spoon, and
10-mL boluses were administered via a catheter-tip syringe. Dur-
ing effortful swallow trials subjects were instructed to “swallow as
hard as you can.” Thin liquid boluses were Varibar Thin Liquidd

(4 centipoise [cP] measured at a shear rate of 30s!1), and semi-
solid boluses were Varibar puddingd (5000cP measured at a shear
rate of 30s!1). Varying bolus conditions were selected in light of
the literature, which suggests that bolus volume and texture may
modify the biomechanics, and hence the safety, of the swallow in
some people.17,19,20 Furthermore, effortful swallowing21 was se-
lected to examine whether lingual exercise has the potential to
enhance one’s ability to perform compensatory strategies that use
greater lingual pressure generation than natural swallowing.

Magnetic resonance imaging. High-resolution anatomic
images progressing from the anterior incisors to the posterior
epiglottis were obtained by using a 1.5T GE magnetic imaging
scanner (Signa LX)e and an 8-channel head coil. Coronal

Fig 2. Positioning of 3-bulb array of pressure sensors for measuring
swallowing pressures.

Table 2: Exercise Target Value Calculation Schedule

Time Point Exercise Target Value

Beginning of week 1 60% of baseline max
Beginning of week 2 80% of baseline max
End of week 2 Recalculate max; 80% of new max
End of week 4 Recalculate max; 80% of new max
End of week 6 Recalculate max; 80% of new max
End of week 8 Recalculate max for postintervention

data collection

Table 3: Number of Subjects Completing and Swallows
Completed During 3 Trials of Each Bolus Condition

No. of Subjects
Completing 3 Trials of
Each Bolus Condition Baseline Week 4 Week 8

Total Possible
Subjects

3mL effortful 5 9 10 10
10mL liquid 4 7 10 10
3mL semisolid 7 8 9 10
3mL liquid 5 8 10 10
Total subjects

completing all trials 4 7 9 10

No. of Swallows
Completed for Each Bolus

Condition Baseline Week 4 Week 8
Total Possible

Swallows

3mL effortful 13 20 20 20
10mL liquid 17 26 30 30
3mL semisolid 23 28 29 30
3mL liquid 22 30 30 30
Total performed

swallows 88 104 109 110

152 TONGUE EXERCISE AND SWALLOWING IN STROKE, Robbins
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• Obje?vo: Verificar a ação do uso da PBM associada à terapia
miofuncional na pressão de língua em pacientes pós-AVC na fase aguda.

- UAVC HRTN 
- AVCi fase aguda
- Idade: entre 44 e 79 anos



60 pacientes
UAVC/HRTN

Grupo Caso:
29p

LASER + FONO

Grupo Con:
31p

Placebo+ FONO

Avaliados:
- NIH
- FOIS
- MASA
- PLL



Contra resistência
(100% V.A.)

12 Repe8ções
Ant. e Post.

5 Séries

10 Pontos
(Gca) 

V + IV

3 J/ponto



á 
IFBM 

Instituto de Fotobiomodu!açao 



RESULTADOS

classificação"pós<
intervenção" Leve" 1" 1.67" 0" 0.00" 1" 3.23"

Idade"

Mínimo" 44.0" 44.0" 44.0"

0.226**"
Máximo" 79.0" 77.0" 79.0"
Mediana" 65.5" 61.0" 67.0"
Média" 63.3" 61.8" 64.6"

Desvio"padrão" 9.2" 9.1" 9.1"
(*)"Teste"do"Qui<quadrado"de"Pearson"ou"Exato"de"Fisherq"(**)"Teste"t"de"'Student'"para"
amostras"independentes"
"

Avaliando"o"grupo"caso,"se"percebe"que"a"média"da"avaliação"da"pressão"de"

ponta" de" língua" na" pós<intervenção" foi" maior" do" que" na" pré" e" o" mesmo"

aconteceu"na"avaliação"da"pressão"de"dorso"da"língua"do"grupo"controle"e"no"

total,"onde"a"média"da"pós<intervenção"foi"maior."

Não" houve" diferença" significativa" das"médias" das" avaliações" da" pressão" de"

ponta"de"língua"e"dorso"de"língua"entre"os"grupos"(Tabela(2)."

TABELA( 2:( CARACTERIZAÇÃO(E( COMPARAÇÃO(DAS(MÉDIAS(DAS(AVALIAÇÕES(DA(
PRESSÃO(DE(LÍNGUA(ENTRE(A(PRÉ(E(PÓSYINTERVENÇÕES(E(ENTRE(OS(GRUPOS"

"" ""
Ponta"de"
língua"pré<
intervenção"

Ponta"de"
língua"pós<
intervenção"

Valor"
p*"

Dorso"de"
língua"pré<
intervenção"

Dorso"de"
língua"pós<
intervenção"

Valor"p*"

Caso"

Mínimo" 9.72" 33.51"

<(0.001(

7.34" 25.26"

<(0.001(
Máximo" 84.43" 106.42" 73.60" 88.07"
Mediana" 47.21" 75.51" 27.47" 48.55"
Média" 48.82" 71.93" 31.15" 53.47"

Desvio"padrão" 20.62" 20.08" 16.03" 17.48"

Controle"

Mínimo" 19.28" 29.79"

<(0.001(

7.89" 21.13"

<(0.001(
Máximo" 91.03" 98.93" 67.82" 71.29"
Mediana" 63.51" 73.53" 39.78" 47.34"
Média" 59.77" 72.07" 36.62" 48.17"

Desvio"padrão" 23.35" 20.60" 17.30" 15.16"
Valor"p**" 0.060" 0.980" <" 0.209" 0.215" <"

Total"

Mínimo" 9.72" 29.79"

<(0.001(

7.34" 21.13"

<(0.001(
Máximo" 91.03" 106.42" 73.60" 88.07"
Mediana" 51.46" 74.52" 31.99" 48.04"
Média" 54.48" 72.00" 33.98" 50.73"

Desvio"padrão" 22.57" 20.18" 16.78" 16.40"
(*)"Teste"t(de"'Student'"para"amostras"pareadasq"(**)"Teste"t"de"'Student'"para"amostras"
independentes"
"

11.5

22.3

12.3

23.1



PONTA DE LÍNGUA:

47,3% melhora Gca
X

20,57% Placebo

DORSO DE LÍNGUA:

71,7% melhora Gca
X

31,5% Placebo

RESULTADOS

A LASERTERAPIA ASSOCIADA À TERAPIA MIOFUNCIONAL, APRESENTOU O DOBRO DO GANHO DAS 
PRESSÕES MÁXIMAS ANTERIORES E POSTERIORES EM COMPARAÇÃO COM A TERAPIA MIOFUNCIONAL 
EXCLUSIVA.



Para potencializar o exercício:

Antes dos exercícios de força

CO: V+IV 

3 à 4J/ponto

8 à 12 pontos pontual e por contato

AVALIAR OS 
RESULTADOS PARA 
CORRIGIR A DOSE!

QUANDO?

QUANTO?

COMO?



PALATO
Chapter 8 Head and Neck 505 8

Incisive papilla

Palatine raphe

Palatine glands

Musculus uvulae

Incisive fossa

Greater palatine a. and n.

Greater palatine foramen

Lesser palatine a. and nn.

Pterygoid hamulus

Buccinator m.

Pterygomandibular raphe

Palatine tonsil

Anterior view

Transverse palatine folds

Palatine process of 
maxillary bone

Horizontal plate of palatine bone

Superior pharyngeal constrictor m.

Palatine aponeurosis 
(from tensor veli palatini m.)

Palatoglossus m.
Palatopharyngeus m.

FIGURE 8.43 Oral Cavity With Partial Dissection of Palate. (From Atlas of human anatomy, ed 7, 

Plate 67.)

Medial pterygoid plate

Pterygoid hamulus

Tendon of tensor veli palatini m.

Musculus uvulae

Choanae

Pterygoid hamulus

Basilar part of occipital bone

Superior pharyngeal constrictor m. (cut)

Levator veli palatini m. (cut)

Tensor veli palatini m.

Levator veli palatini m. (cut) Palatopharyngeus m.

Levator veli palatini m.

FIGURE 8.44 Posterior View of Soft Palate Muscles. (From Atlas of human anatomy, ed 7, Plate 67.)

!e maxillary buccal (side facing the cheek) 
gingivae (gums) receive sensory innervation by the 
same nerves from CN V2 as the maxillary teeth, 
but the lingual (side facing the tongue) gingivae 
are innervated by the greater palatine and naso-
palatine nerves of CN V2. !e mandibular buccal 

gingivae receive sensory innervation by the buccal 
and mental nerves from CN V3 and the lingual 
gingivae from the lingual nerve (CN V3).

!e blood to the maxillary teeth comes from 
the anterior superior alveolar artery (a branch of 
the infraorbital branch of the maxillary artery) and 
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à Para potencializar o exercício:

Antes dos exercícios de força

CO: V+IV 

Dosimetria: 4 à 6J/ponto

3 à 7 pontos à depende do objetivo!
Pontual e por contato

Imagem retirada da Internet
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Photobiomodulation by low-level laser therapy in
patients with obstructive sleep apnea
Study protocol clinical trial (SPIRIT compliant)
Fernanda Cristina Ferreira de Camargo, BSa, José Roberto DeMoura, MSa,b, Felipe Xerez Cepeda, PhDa,
Marilia de Almeida Correia, PhDa, Reginaldo Ceolin Nascimento, BSa, Lucas Fortes-Queiroz, BSa,
Fabiana Gonçalves Ferreira, BSa, Renata Kelly da Palma, PhDa, Maria Fernanda Hussid, MD, MSa,
Maria Cristina Chavantes, MD, PhDa, Ivani Credidio Trombetta, PhDa,∗

Abstract
Obstructive sleep apnea (OSA) increases morbidity and mortality and it is associated with an increased cardiovascular risk. The gold
standard treatment for OSA is positive airway pressure therapy (CPAP). However, it is an expensive treatment and several patients do
not adapt to CPAP.

Goal: The researchers will verify the effects of low-level laser therapy (LLLT) on OSA, when applied to the soft palate and on the
tongue base.

Methods: The researchers will select individuals of both sexes aged 30 to 60 years old who are sedentary and that present a high
risk of OSA by the Berlin questionnaire. The evaluations pre and post interventions will be polysomnography; anthropometric and
body composition measurements (Bioimpedance); metabolic syndrome risk factors (International Diabetes Federation); physical
capacity (VO2 peak at the cardiopulmonary exercise test, CPET); endothelial function (flow-mediated dilatation, FMD); autonomic
control (heart rate variability and sympathovagal balance). Those diagnosed with moderate and severe OSA (apnea/hypopnea index,
AHI ≥15events/h) will be invited to participate in the study and they will be randomized into 2 groups: LLLT treatment or placebo (C).
The LLLT group will receive applications at 8 points on the soft palate and on the base of the tongue for 8seconds for each point. The
applications of LLLT will occur twice a week, with a minimum interval of 2 days between the applications for 2 months, when using a
Therapy Plus NS 13678 Laser. The C group will have similar applications, but with the device turned off.

ExpectedResults: In the individuals with OSA, photobiomodulation through LLLT will decrease the AHI. Additionally, when LLLT
is applied in the oral cavity, a highly vascularized region, this may cause improvements in the vascular function and in the autonomic
and hemodynamic control.

EthicsandDissemination:This protocol was approved by the Research Ethics Committee of the Nove de Julho University, São
Paulo, Brazil, on the date of March 11, 2019 (CAAE: 06025618.2.0000.5511 - Acceptance Number: 3.191.077). This trial has been
registered with the Brazilian Registry of Clinical Trials (REBEC TRIAL RBR-42v548). This study is not yet recruiting. Issue date:
November 4, 2019.

Abbreviations: AHI = apnea-hypopnea index, ANOVA= analysis of variance, BQ = Berlin Questionnaire, CPAP = positive airway
pressure therapy, ESS= Epworth Sleepiness Scale, h= hour, ICF= informed consent form, J= Joule, LASER= light amplification by
stimulated emission of radiation, LLLT = low-level laser therapy, mm = millimeter, mW = Milliwatt, nm = nanometer, OSA =
obstructive sleep apnea, PLA = placebo, PSG = polysomnography, SAH = systolic arterial hypertension, SPIRIT = Standard
Protocol Items: Recommendations for Interventional Trials.

Keywords: biophotonics, index of apnea-hypopnea, laser therapy, metabolic syndrome, sleep-disordered breathing, snoring,
sympathovagal balance
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Abstract
Obstructive sleep apnea (OSA) increases morbidity and mortality and it is associated with an increased cardiovascular risk. The gold
standard treatment for OSA is positive airway pressure therapy (CPAP). However, it is an expensive treatment and several patients do
not adapt to CPAP.

Goal: The researchers will verify the effects of low-level laser therapy (LLLT) on OSA, when applied to the soft palate and on the
tongue base.

Methods: The researchers will select individuals of both sexes aged 30 to 60 years old who are sedentary and that present a high
risk of OSA by the Berlin questionnaire. The evaluations pre and post interventions will be polysomnography; anthropometric and
body composition measurements (Bioimpedance); metabolic syndrome risk factors (International Diabetes Federation); physical
capacity (VO2 peak at the cardiopulmonary exercise test, CPET); endothelial function (flow-mediated dilatation, FMD); autonomic
control (heart rate variability and sympathovagal balance). Those diagnosed with moderate and severe OSA (apnea/hypopnea index,
AHI ≥15events/h) will be invited to participate in the study and they will be randomized into 2 groups: LLLT treatment or placebo (C).
The LLLT group will receive applications at 8 points on the soft palate and on the base of the tongue for 8seconds for each point. The
applications of LLLT will occur twice a week, with a minimum interval of 2 days between the applications for 2 months, when using a
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2.4. Exclusion criteria

The participants will be excluded from the survey if they present
any of the following:

! patients on a diet, on an exercise program, or on drug
treatment;

! pediatric and elderly patients;
! patients with diagnosed central apnea;
! smokers;
! alcoholics;
! oncologists;
! pulmonologists;
! patients with heart disease;
! hypothyroidism;
! pregnant women;
! history of photosensitivity (allergies).

2.5. Sample size calculation

The sample size was calculated at http://www.openepi.com. It
was determined according to an earlier study, with a similar
population, displaying metabolic syndrome, and sleep apnea.[6]

The primary outcome was a reduction of the AHI. A power of
80% was considered, with a bicaudal type 1 error of 0.05, in
order to detect a difference in the AHI of 16events/h, assuming a
standard deviation of 20events/h.

2.6. Randomization

Through the website http://www.randomization.com/, a random
block list was generated for the 2 studied groups, LLLT and C.
The randomization plan was for 9 blocks of 4 individuals. For
both of the groups, the order of the randomization will occur at
the entrance to the protocol, by consulting the random list and
indicating to which group the patient should be allocated.

2.7. Review descriptions

Thesewill be the reviewdescriptions: physical capacity (VO2peakat
the cardiopulmonary exercise test, CPET); hemodynamic responses
during the CPET; vascular function (HR and PA, flow-mediated
dilatation, FMD); autonomic (heart rate and blood pressure
variability); sympathovagal balance; and baroreflex control at rest.

2.8. Interventions

The LLLT group will receive the laser application at 8 points,
twice a week, over a 2-month period, totaling 16 sessions. Each
point will be stimulated for 8seconds in the soft palate, uvula,
pharyngeal walls, palatine tonsils, and on the tongue base (to the
extent that the anatomy and compliance will allow). See Figure 2.
The laser used will be the Therapy Plus NS 13678 (Mark

DMC, São Paulo, Brazil), with a spot diameter of 2.35mm and a
spot area of 0.0434cm2. For that, the wavelength will be 808nm

Figure 1. Flowchart of the study.
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(nanometers), with a power of 250mW (milliwatts), and an
energy of 2J (joules). The LLLT application data is best specified
in Table 1.
In the C group, they will receive placebo applications of the

photobiomodulation, with only the use of a guiding light that is
visually very similar to the LLLT, for the same 8seconds and at
the same 8 points, but without any effects, because the laser will
be turned off.
During the ensuing routines, the patients will undergo 2

months of treatment and they will receive 16 sessions of
photobiomodulation (2 times a week).

During the sessions, the researchers will remind the partic-
ipants of the importance of adherence to the treatment sessions,
in order to improve their compliance with the intervention
protocol. The participants will be instructed to continue their
usual routines for health conditions as usual.

2.9. Study variables

The primary variable of this study will be the AHI per hour of
sleep. The secondary variables will be improvements in the
autonomic and hemodynamic control of the subjects with OSA.

2.9.1. Berlin questionnaire. The OSA screening will be
conducted when using the Berlin Questionnaire (BQ). The
patients with a high risk of OSA will be submitted to
polysomnography. Before the evaluations of PSG, all of the
patients will complete the 11-item self-reporting BQ (divided into
3 categories), with the aim of detecting important symptoms for
the diagnosis of OSA. Those subjects that indicate in at least 2
positive categories will be considered at a high risk for OSA. In
Category 1, a positive score will be defined as persistent
symptoms (3–4times/wk) in ≥2 questions about their snoring.
In Category 2, a positive score will be defined as persistent (3–4
times/wk) for wake-time sleepiness, drowsy when driving, or
both. In Category 3, a positive score will be defined as a history of
high blood pressure or a body mass index (BMI) ≥30kg/m2.[7–9]

2.9.2. Polysomnography. There will be overnight polysomnog-
raphy. The researchers will evaluate OSA by an overnight PSG
(Night One Philips Respironics Digital System, 4 Channels,
Philips Respironics, Philips Medical Devices) as previously
described.[5] The device is also equipped with software, in order
to measure the relevant parameters of the PSG. The PSGwill start
at around 10:00 pm and will finish at around 6:00 am. The AHI
will be calculated as the total number of respiratory events
(apneas plus hypopneas), divided by the total sleep time, and
expressed in events per hour (events/h). The AHI cutoff for OSA
will be based on the Task Force of the American Academy of
Sleep Medicine.[5] The severity of OSA will be classified as such:
non-OSA for AHI<5events/h, mild OSA for AHI from 5 to 14.9
events/h, moderate OSA for AHI from 15 to 29.9events/h, and
severe OSA for AHI will be ≥30events/h.[5] Apnea will be defined
as a 90% decrease of airflow for at least 10seconds, while
hypopnea will be defined by a >50% decline in airflow in
respiratory signals for at least 10seconds, accompanied by 3%
oxygen desaturation.[5] All of the equipment to be used is
appropriate for the legal regulations of Brazil and the equipment
will use standardized positioning, in order to minimize any
experimental bias.

2.9.3. Qualitative variables.

! Anatomy of the oral cavity (Modified Mallampati Test)[10]

! Daytime sleepiness (Epworth Scale)[11]

! Quality of life (SF 36; Medical Outcome Study)[12]

! Stress level (the Brazilian version of the Perceived Stress
Scale)[13];

! Level of physical activity (International Physical Activity
Questionnaire [IPAQ])[14].

2.9.4. Epworth sleepiness scale. The Epworth sleepiness scale
(ESS) is a questionnaire to detect daytime sleepiness, consisting of
a simple subjective scale, and covering 8 different daytime

Figure 2. The 8 points of LLLT application: soft palate, uvula, pharyngeal walls,
palatine tonsils, and on the tongue base. The LASER therapy will apply twice a
week, over a 2-month period, totaling 16 sessions. Each point will be
stimulated for 8seconds in the soft palate, uvula, pharyngeal walls, palatine
tonsils, and on the tongue base. Figure adapted from Storchi IF.[4] LASER=
light amplification by stimulated emission of radiation, LLLT= low-level laser
therapy.

Table 1
LLLT protocol applied by continuous infrared in patients with
obstructive sleep apnea.

Dosimetric parameters

Wave-length 808nm
Operating mode Continuous
Power 250mw
Exposure time 8seconds"8 points=64seconds
Irradiance 5.76W/cm2

Radiant exposure 46.11J/cm2

Radiant energy 2 J
Number of irradiated points 8
Application sites Soft palate, palatine tonsils, pharyngeal walls,

uvula, and on the base of the tongue
Application technique Prolonged contact irradiation
Number of sessions and frequency Two times per week, for 2 months:

16 sessions
Total energy 2 J in 8 points=16J
Photosensitizer None
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Abstract: Among the few supportive care measures available for the management of dysphagia,
Photobiomodulation (PBM) therapy, defined as the therapeutic use of light, has shown significant
promise. In this case report, e↵ective management of chronic dysphagia post hormonal therapy
in a breast cancer patient was made. Experts in the supportive care in cancer and PBM proposed
and requested further investigations of the protocol used in this case report in the management of
dysphagia. In this case report, the protocol of PBM was proposed by experts in supportive care
in cancer. Functional outcome swallowing scale for staging oropharyngeal dysphagia was used to
assess the e↵ectiveness of the treatment in pre-operative, per and post-operative stage. This case
reports that PBM is e↵ective in the management of dysphagia, a side e↵ect of hormonal therapy in
a cancer patient.

Keywords: photobiomodulation; dysphagia; cancer; breast cancer; supportive care

1. Introduction

Swallowing is considered a complex biomechanical interaction of anatomy and physiology
in which the precise coordination of over twenty-five pairs of muscles in the oral cavity, pharynx,
larynx, and esophagus is required [1]. This complex biomechanical interaction consists of four stages:
oral preparatory, oral, pharyngeal, and esophageal. Dysphagia is an impairment of swallowing that may
involve any structure from the lips to the gastric cardia [2]. In a cancer patient, dysphagia is considered
a debilitating and potentially life-threatening complication that can seriously affect the quality of life
(QoL) of patients and can negatively affect their adherence to cancer therapy [3]. Dysphagia is seen
as a result of malignancy in the head and neck region, as a side effect of head and neck cancer therapy
and as a complication of any cancer therapy modality. In fact, dysphagia can be seen in 50.9% of patients
with pharyngeal cancer, in 20% of high-dose radiotherapy patients, in up to 40% of patients treated with
concurrent chemotherapy for lung cancer, and according to Sonis et al., 8.5% of patients who developed
mammalian target of rapamycin-associated stomatitis [4]. This complication highly affects the quality
of life of patients, increases the use of health care resources and costs, and may compromise patient
adherence to cancer therapy protocols. Pathogenesis of dysphagia is complex and is associated with
acute inflammation, edema, and fibrosis with the injury of the muscle. In addition, dysphagia can be
a result of generalized weakness, lack of muscle coordination while swallowing, and excessive fibrosis
which will result in loss of elasticity [4,5].

Among the few supportive care measures available for the management of dysphagia,
Photobiomodulation (PBM), that is the therapeutic use of light, has shown significant promise [6].
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Abstract: Oral complications of cancer therapy, such as oral dryness, dysphagia, and taste alteration,
are associated with a negative impact in the quality of life of the patients. Few supportive care
measures are available for such complications. This case series reveals the e↵ectiveness of the
photobiomodulation (PBM) therapy when used in a specific protocol and parameters, in the
management of oral complications related to cancer therapy. Dysphagia was measured using
the functional outcome swallowing scale for staging oropharyngeal dysphagia (FOSS). Oral mucositis
was measured according to the National Cancer Institute scale. The quantity of the whole resting and
stimulated saliva was measured in order to assess the oral dryness. In addition, the taste alteration
was measured according to a protocol suggested by the International Standards organization (ISO).
Sensation of burning mouth was measured using a visual analogue scale. These measurements were
made before treatment, during, and at the end of the treatment. Diode laser 635 nm was used in
3 J/cm2. Five sessions interleaved with 24 h breaks were conducted for the dysphagia and oral dryness,
and 10 sessions were conducted for the taste alteration and burning mouth sensation. Regardless
of the limitations of this case series, PBM can be considered safe, time saving, and a promising
approach for the management of the oral complications due to cancer therapy and the quality of life
of cancer patients.

Keywords: cancer complications; dysphagia; dysgeusia; oral dryness; supportive cancer care;
taste alteration

1. Introduction

Photobiomodulation (PBM) therapy (photon and biological modulation) is a therapeutic approach
that modulates biological activity by employing light at red and near-infrared wavelengths [1–3].
The North American Association of Laser Therapy (NAALT) and the World Association of Laser
Therapy (WALT) reached a consensus in 2014 on the nomenclature of photobiomodulation (PBM) as
the therapeutic use of light [4,5]. The first evidence of the biostimulation e↵ect of the lasers dates back
to 1967 in an experiment by Andre Mester [6]. In recent years, the application of PBM has moved on
rapidly due to the combination of a better understanding of the technical, clinical, and photobiological
principles of the use of red and infrared light [7]. At present, a great number of studies suggest that
PBM significantly reduces inflammation process, reduces pain, prevents fibrosis, and enhances wound
healing and tissue regeneration [7,8]. Although there is a surfeit of studies evidencing that PBM
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Stage 

V 

Nonoral feeding for all nutrition. Patients in this stage are complete failures at swallowing. They are 

different from stage IV in that they cannot swallow anything safely. 

Table 3. Photobiomodulation therapy for the management of oral mucositis parameters: Applications 

and treatment protocol. 
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Figure 1. Photobiomodulation (PBM) treatment area for the management of oral mucositis [19].

Table 3. Photobiomodulation therapy for the management of oral mucositis parameters: Applications
and treatment protocol.

Irradiation Treatment Area Parameters

Intraoral Four points on the tongue and two
on the oropharynx. Diode laser 635 nm, energy

density of 3 J/cm2, time of 30 s per
spot, output power of 100 mW in
a continuous and contact mode.Extraoral

Lips, cutaneous surface
corresponding to the buccal
mucosae, bilateral cervical

lymphatic chain.

Table 4. Photobiomodulation therapy for the management of dysphagia parameters: Applications and
treatment protocol.

Irradiation Treatment Area Parameters

Intraoral

Four points on the soft palate, four
points on the oropharynx.

Bilaterally, four points to soft
palate and onto oropharynx.

Wavelength of 635 nm, 3 J/cm2 for
10 s on each point, 100 mW,

continuous and contact mode.

Extraoral

Lateral and ventral pharynx and
larynx. Midline neck and lateral

neck anterior to
sternocleidomastoid muscle.

Table 5. Results of the assessments of oral mucositis using the national cancer and dysphagia using the
functional outcome swallowing scale for staging oropharyngeal dysphagia.

Assessment Method Ti T1 T2 T3 T4 T5

FOSS scale 2 2 1 1 0 0
NCI scale 2 2 1 0 0 0

Ti = before treatment, T1 = after 24 h of the first session, T2 = after 24 h of the second session, T3 = 24 h after the third
session, T4 = 24 h after the fourth session, T5 = 24 h after the fifth session, FOSS = functional outcome swallowing
scale for staging oropharyngeal dysphagia, NCI= national cancer institute. Oral mucositis measurements were
made according to the National Cancer Institute.

2.2. Case 2: Oral Dryness

A 48-year-old male patient diagnosed with adenocarcinoma consistent with salivary duct
carcinoma underwent intensity-modulated radiation therapy for two months and was referred
to the clinic. The patient signed a written informed consent before his engagement in the study. During
the high dose radiation therapy, the patient started to complain of a chronic oral dryness that persisted
over time. According to the patient, the oral dryness persisted with no improvement with time. Based

Int. J. Environ. Res. Public Health 2019, 16, 4505 9 of 11

and conditions influence the therapeutic e↵ects of PBM, including fluence, irradiance, treatment timing
and repetition pulsing, and wavelength. The wavelength, power density, energy density, and time of
exposure must be properly adjusted in order to have a successful treatment [31,39]. Again, this is why
in this case series the parameters that we used were those suggested in previous published review
articles by experts in the field of PBM and supportive care [19,31].

Lastly, it is important to indicate that the North American Association for photobiomodulation
therapy (NAALT) do not recommend the PBM therapy over an active tumor site to avoid any possible
e↵ect PBM therapy might have on active cancer sites, notably from the belief that there is a risk of
transformation of premalignant cells or stimulation of active cancer cells [40]. Moreover, a systematic
review suggests, based on 27 articles that meet the criteria, that the use of PBM in the prevention
and management of cancer treatment toxicities does not lead to the development of tumor safety
issues [41]. In accordance with the previous findings, a retrospective study of the safety of PBM in
patients with head and neck cancer showed no e↵ect of PBM upon overall survival, time to local
recurrences, and disease-free survival of patients with head and neck cancer treated with radiotherapy
with/without chemotherapy [42].

This case series suggest the e↵ectiveness of PBM therapy in the management of oral mucositis,
dysphagia, oral dryness, taste alteration, and burning mouth sensation due to cancer therapy. However,
the absence of a control group and the relatively small number of included patients can be considered
as a limitation of the findings. Hence, randomized clinical trials with a control group and a larger
number of included patients using the same treatment protocol and parameters is recommended.

4. Conclusions

Within the limitations of the study, photobiomodulation therapy with the specific parameters
and treatment protocol used in this study can be considered e↵ective in the management of oral
mucositis, dysphagia, oral dryness, taste alteration, and burning mouth sensation due to cancer therapy.
Further studies need to be done to confirm its e↵ectiveness and to identify the optimal parameters and
treatment protocol.
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choice was the therapeutic use of photobiomodulation therapy. For the management of oral mucositis,
diode laser 635 nm (smart M Pro, Lasotoronix, Poland) was intraorally applied at energy density of 3
J/point and a time of 30 s, output power of 100 mW, in a continuous and contact mode on four points on
the tongue and two on the oropharynx (Figure 1). Extraoral application of diode laser was conducted
with a wavelength of 635 nm, energy density of 3 J/point, output power of 100 mW, and a time of
30 s per point on the following areas: Lips, cutaneous surface corresponding to the buccal mucosae,
and bilateral cervical lymphatic chain (Table 3). For the management of dysphagia, the parameters
were as follows: Diode laser 635 nm (smart M Pro, Lasotronix, Poland) 3 J/cm2 for 30 s on each point,
output power of 100 mW, continuous and contact mode. One session of PBM was conducted each
24 h for five days. The intraoral irradiated surfaces were bilaterally: Four points on the soft palate
and four points on the oropharynx. The extraoral irradiated surfaces were lateral and ventral pharynx
and larynx, midline neck, and lateral neck anterior to sternocleidomastoid muscle (Table 4). After
treatment, a significant reduction of dysphagia (from stage II to Stage 0) was noted and a significant
reduction of the oral mucositis was noted (Table 5). Therefore, PBM therapy successfully treated the
cancer therapy-induced dysphagia.

Table 1. National Cancer Institute assessment scale for oral mucositis.

Grade Description

Grade 0 (none) None

Grade 1 (mild) Painless ulcers, erythema, or mild soreness in the absence of lesions

Grade 2 (moderate) Painful erythema, edema, or ulcers but eating or swallowing possible

Grade 3 (severe) Painful erythema, edema, or ulcers requiring IV hydration.

Grade 4 (life-threatening) Severe ulceration or requiring parenteral or enteral nutritional
support or prophylactic intubation.

Grade 5 (death) Death related to toxicity.

Table 2. Functional outcome swallowing scale for staging oropharyngeal dysphagia proposed by John
R. Salassa in the 39th annual meeting of the American Society for Head and Neck Surgery.

Stage Stage Criteria

Stage 0 Normal physiological function and asymptomatic.

Stage I

Normal physiological function but with episodic or daily symptoms of
dysphagia such as reflux symptoms, globus, odynophagia, repetitive

swallow, throat-clearing habit, di�culty chewing, minor oral
incompetence, sensation of food getting stuck in the throat or esophagus.

Stage II
Compensated abnormal function manifested by significant dietary

modifications or prolonged mealtime. Weight is stable, cough is absent
or occasional, aspiration is absent or occasional and mild.

Stage III

Decompensated abnormal function manifested by weight loss of 10% or
loss of body weight over 6 months due to dysphagia, or frequent cough,

gagging, or aspiration during meals. Aspiration may be mild or
moderate. Patients in this stage are unstable in terms of nutrition or

respiratory status. Pulmonary complications have not occurred, but the
patient is at risk.

Stage IV

Severely decompensated abnormal function manifested by weight loss
of more than 10% of body weight over 6 months due to dysphagia,

or severe aspiration. Non-oral feeding recommended for most (>50%) of
nutrition. Patients in this stage are nearly complete failures at

swallowing and may safely swallow only under strictly defined
conditions, which do not meet their nutritional needs.

Stage V
Nonoral feeding for all nutrition. Patients in this stage are complete
failures at swallowing. They are di↵erent from stage IV in that they

cannot swallow anything safely.



Low-level laser therapy/photobiomodulation in the management 
of side effects of chemoradiation therapy in head and neck 
cancer: part 2: proposed applications and treatment protocols

Judith A. E. M. Zecha1, Judith E. Raber-Durlacher1,2, Raj G. Nair3, Joel B. Epstein4,5, 
Sharon Elad6, Michael R. Hamblin7,8,9, Andrei Barasch10, Cesar A. Migliorati11, Dan M. J. 
Milstein1, Marie-Thérèse Genot12, Liset Lansaat13, Ron van der Brink5, Josep Arnabat-
Dominguez15, Lisette van der Molen13, Irene Jacobi13, Judi van Diessen14, Jan de Lange1, 
Ludi E. Smeele1,13, Mark M. Schubert16, and René-Jean Bensadoun17

Judith A. E. M. Zecha: j.zecha@amc.uva.nl; Judith E. Raber-Durlacher: j.e.raberdurlacher@amc.uva.nl; Raj G. Nair: 
r.nair@griffith.edu.au; Joel B. Epstein: joel.epstein@cshs.org; Sharon Elad: SElad@URMC.Rochester.edu; Michael R. 
Hamblin: hamblin@helix.mgh.harvard.edu; Andrei Barasch: barasaff@cs.com; Cesar A. Migliorati: migliorati@uthsc.edu; 
Dan M. J. Milstein: D.M.Milstein@amc.uva.nl; Marie-Thérèse Genot: mtgenot@skynet.be; Liset Lansaat: l.lansaat@nki.nl; 
Ron van der Brink: RVanderbrink@coh.org; Josep Arnabat-Dominguez: joseparnabat@ub.edu; Lisette van der Molen: 
l.vd.molen@nki.nl; Irene Jacobi: i.jacobi@nki.nl; Judi van Diessen: j.v.diessen@nki.nl; Jan de Lange: 
j.delange@amc.uva.nl; Ludi E. Smeele: l.smeele@nki.nl; Mark M. Schubert: mschuber@seattlecca.org; René-Jean 
Bensadoun: renejean.bensadoun@che-nice.com

1Department of Oral and Maxillofacial Surgery, Academic Medical Center, University of 
Amsterdam, Meibergdreef 9, 1105, AZ Amsterdam, The Netherlands 2Department of Medical 
Dental Interaction and Department of Periodontology, Academic Centre for Dentistry Amsterdam 
(ACTA), University of Amsterdam and VU University, P.O. Box 22660 1100 DD, Amsterdam, the 
Netherlands 3Oral Medicine Oral Pathology and Human Diseases, Menzies Health Institute 
Queensland and Oral Medicine Consultant, Department of Haematology and Oncology/Cancer 
Services, Gold Coast University Hospital, Queensland Health, Queensland, Australia 4Samuel 
Oschin Comprehensive Cancer Institute, Cedars-Sinai Medical Center, Los Angeles, CA 90048, 
USA 5Division of Otolaryngology and Head and Neck Surgery, City of Hope, Duarte, CA 91010, 
USA 6Division of Oral Medicine, Eastman Institute for Oral Health, and Wilmot Cancer Center, 
University of Rochester Medical Center, Rochester, NY 14620, USA 7Wellman Center for 
Photomedicine, Massachusetts General Hospital, Boston, MA 02114, USA 8Department of 
Dermatology, Harvard Medical School, Boston, MA 02115, USA 9Harvard-MIT Division of Health 
Science and Technology, Cambridge, MA 02139, USA 10Division of Oncology, Weill Cornell 

Correspondence to: René-Jean Bensadoun, renejean.bensadoun@che-nice.com.
Disclaimer This article is based on a narrative review of existing data and the clinical observations of an international 
multidisciplinary panel of clinicians and researchers with expertise in the area of supportive care in cancer and/or PBM clinical 
application and dosimetry. This article is informational in nature. As with all clinical materials, this paper should be used with the 
clear understanding that continued research and practice could result in new insights and recommendations. The review reflects the 
collective opinion and as such does not necessarily represent the opinion of any individual author. In no event shall the authors be 
liable for any decision made or action taken in reliance on the proposed protocols.
Disclosures Judith A.E.M. Zecha, Andrei Barasch, Sharon Elad, Steven Sonis, Cesar A. Migliorati, Marie-Thérèse Genot, Dan M.J. 
Milstein, Liset Lansaat, Irene Jacobi, Judi van Diessen, Jan. de Lange, Ludi E. Smeele and Mark M. Schubert have no disclosures 
relevant to this work to report.
Judith E. Raber-Durlacher, Raj G. Nair, Joel B. Epstein, Ron van der Brink, Josep Arnabat Dominguez, and Rene-Jean Bensadoun 
have received travel expenses and hotel accommodation for the founding meeting of iGLOB from THOR Photomedicine Ltd., UK. 
Raj Nair has received an honorarium from THOR, UK. Michael R Hamblin was supported by US NIH grant R01AI050875.

HHS Public Access
Author manuscript
Support Care Cancer. Author manuscript; available in PMC 2017 June 01.

Published in final edited form as:
Support Care Cancer. 2016 June ; 24(6): 2793–2805. doi:10.1007/s00520-016-3153-y.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

Low-level laser therapy/photobiomodulation in the management 
of side effects of chemoradiation therapy in head and neck 
cancer: part 2: proposed applications and treatment protocols

Judith A. E. M. Zecha1, Judith E. Raber-Durlacher1,2, Raj G. Nair3, Joel B. Epstein4,5, 
Sharon Elad6, Michael R. Hamblin7,8,9, Andrei Barasch10, Cesar A. Migliorati11, Dan M. J. 
Milstein1, Marie-Thérèse Genot12, Liset Lansaat13, Ron van der Brink5, Josep Arnabat-
Dominguez15, Lisette van der Molen13, Irene Jacobi13, Judi van Diessen14, Jan de Lange1, 
Ludi E. Smeele1,13, Mark M. Schubert16, and René-Jean Bensadoun17

Judith A. E. M. Zecha: j.zecha@amc.uva.nl; Judith E. Raber-Durlacher: j.e.raberdurlacher@amc.uva.nl; Raj G. Nair: 
r.nair@griffith.edu.au; Joel B. Epstein: joel.epstein@cshs.org; Sharon Elad: SElad@URMC.Rochester.edu; Michael R. 
Hamblin: hamblin@helix.mgh.harvard.edu; Andrei Barasch: barasaff@cs.com; Cesar A. Migliorati: migliorati@uthsc.edu; 
Dan M. J. Milstein: D.M.Milstein@amc.uva.nl; Marie-Thérèse Genot: mtgenot@skynet.be; Liset Lansaat: l.lansaat@nki.nl; 
Ron van der Brink: RVanderbrink@coh.org; Josep Arnabat-Dominguez: joseparnabat@ub.edu; Lisette van der Molen: 
l.vd.molen@nki.nl; Irene Jacobi: i.jacobi@nki.nl; Judi van Diessen: j.v.diessen@nki.nl; Jan de Lange: 
j.delange@amc.uva.nl; Ludi E. Smeele: l.smeele@nki.nl; Mark M. Schubert: mschuber@seattlecca.org; René-Jean 
Bensadoun: renejean.bensadoun@che-nice.com

1Department of Oral and Maxillofacial Surgery, Academic Medical Center, University of 
Amsterdam, Meibergdreef 9, 1105, AZ Amsterdam, The Netherlands 2Department of Medical 
Dental Interaction and Department of Periodontology, Academic Centre for Dentistry Amsterdam 
(ACTA), University of Amsterdam and VU University, P.O. Box 22660 1100 DD, Amsterdam, the 
Netherlands 3Oral Medicine Oral Pathology and Human Diseases, Menzies Health Institute 
Queensland and Oral Medicine Consultant, Department of Haematology and Oncology/Cancer 
Services, Gold Coast University Hospital, Queensland Health, Queensland, Australia 4Samuel 
Oschin Comprehensive Cancer Institute, Cedars-Sinai Medical Center, Los Angeles, CA 90048, 
USA 5Division of Otolaryngology and Head and Neck Surgery, City of Hope, Duarte, CA 91010, 
USA 6Division of Oral Medicine, Eastman Institute for Oral Health, and Wilmot Cancer Center, 
University of Rochester Medical Center, Rochester, NY 14620, USA 7Wellman Center for 
Photomedicine, Massachusetts General Hospital, Boston, MA 02114, USA 8Department of 
Dermatology, Harvard Medical School, Boston, MA 02115, USA 9Harvard-MIT Division of Health 
Science and Technology, Cambridge, MA 02139, USA 10Division of Oncology, Weill Cornell 

Correspondence to: René-Jean Bensadoun, renejean.bensadoun@che-nice.com.
Disclaimer This article is based on a narrative review of existing data and the clinical observations of an international 
multidisciplinary panel of clinicians and researchers with expertise in the area of supportive care in cancer and/or PBM clinical 
application and dosimetry. This article is informational in nature. As with all clinical materials, this paper should be used with the 
clear understanding that continued research and practice could result in new insights and recommendations. The review reflects the 
collective opinion and as such does not necessarily represent the opinion of any individual author. In no event shall the authors be 
liable for any decision made or action taken in reliance on the proposed protocols.
Disclosures Judith A.E.M. Zecha, Andrei Barasch, Sharon Elad, Steven Sonis, Cesar A. Migliorati, Marie-Thérèse Genot, Dan M.J. 
Milstein, Liset Lansaat, Irene Jacobi, Judi van Diessen, Jan. de Lange, Ludi E. Smeele and Mark M. Schubert have no disclosures 
relevant to this work to report.
Judith E. Raber-Durlacher, Raj G. Nair, Joel B. Epstein, Ron van der Brink, Josep Arnabat Dominguez, and Rene-Jean Bensadoun 
have received travel expenses and hotel accommodation for the founding meeting of iGLOB from THOR Photomedicine Ltd., UK. 
Raj Nair has received an honorarium from THOR, UK. Michael R Hamblin was supported by US NIH grant R01AI050875.

HHS Public Access
Author manuscript
Support Care Cancer. Author manuscript; available in PMC 2017 June 01.

Published in final edited form as:
Support Care Cancer. 2016 June ; 24(6): 2793–2805. doi:10.1007/s00520-016-3153-y.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript



LASER E 
LIBERAÇÃO DE 
DIETA VIA ORAL



LEMBRETE!!!

• NÃO APLICAR SOBRE O BOTOX!

LASER Metabolismo 
celular

Velocidade de 
produção de 

novos 
receptores 

Imagem retirada da Internet



SENSIBILIDADE 
INTRA ORAL



Acelera o processo de regeneração do nervo
Aumenta o número de fibras mielinizadas
Melhora a organização da bainha de mielina durante a 
regeneração
Estimula a propagação do impulso elétrico
Reduz a inflamação
Reduz a dor
Aumenta a vascularização 
Libera fatores de crescimento
E aumento do colágeno

bioengineering

Review

Photobiomodulation Therapy (PBMT) in Peripheral

Nerve Regeneration: A Systematic Review

Marcelie Priscila de Oliveira Rosso
1
, Daniela Vieira Buchaim

2,3
, Natália Kawano

2
,

Gabriela Furlanette
2
, Karina Torres Pomini

1
and Rogério Leone Buchaim

1,2,
*

1 Department of Biological Sciences (Anatomy), Bauru School of Dentistry, University of São Paulo (USP),
Alameda Dr. Octávio Pinheiro Brisola 9-75, Vila Nova Cidade Universitária, Bauru, São Paulo CEP
17012-901, Brazil; marcelierosso@usp.br (M.P.d.O.R.); karinatorrespomini@gmail.com (K.T.P.)

2 Medical School, Discipline of Human Morphophysiology, University of Marilia (UNIMAR),
Av. Higino Muzi Filho, 1001 Campus Universitário, Jardim Araxa, Marília, São Paulo CEP 17525-902, Brazil;
danibuchaim@usp.br (D.V.B.); natalia.kawano@hotmail.com (N.K.); gafurla@hotmail.com (G.F.)

3 Medical School, Discipline of Neuroanatomy, University Center of Adamantina (UNIFAI),
Rua Nove de Julho, 730, Centro, Adamantina, São Paulo CEP 17800-000, Brazil

* Correspondence: rogerio@fob.usp.br; Tel.: +55-14-3235-8226

Received: 17 May 2018; Accepted: 7 June 2018; Published: 9 June 2018
!"#!$%&'(!
!"#$%&'

Abstract: Photobiomodulation therapy (PBMT) has been investigated because of its intimate
relationship with tissue recovery processes, such as on peripheral nerve damage. Based on the
wide range of benefits that the PBMT has shown and its clinical relevance, the aim of this research
was to carry out a systematic review of the last 10 years, ascertaining the influence of the PBMT in
the regeneration of injured peripheral nerves. The search was performed in the PubMed/MEDLINE
database with the combination of the keywords: low-level laser therapy AND nerve regeneration.
Initially, 54 articles were obtained, 26 articles of which were chosen for the study according to the
inclusion criteria. In the qualitative aspect, it was observed that PBMT was able to accelerate the
process of nerve regeneration, presenting an increase in the number of myelinated fibers and a
better lamellar organization of myelin sheath, besides improvement of electrophysiological function,
immunoreactivity, high functionality rate, decrease of inflammation, pain, and the facilitation of
neural regeneration, release of growth factors, increase of vascular network and collagen. It was
concluded that PBMT has beneficial effects on the recovery of nerve lesions, especially when related
to a faster regeneration and functional improvement, despite the variety of parameters.

Keywords: low-level laser therapy; nerve regeneration; peripheral nerve repair; photobiomodulation
therapy; tissue regeneration

1. Introduction

Low-level laser therapy (LLLT), now commonly referred to as photobiomodulation therapy
(PBMT), using low-level infrared light spectrum lasers is considered a therapeutic advance.
Its effects are related to tissue biostimulation, presenting therapeutic responses from photoelectric,
photoenergetic, and photochemical reactions [1]. Scientific research has shown the application of
PBMT in bone tissue and peripheral nerves with good results whether or not it is associated with other
supporting methods in tissue repair [2–7].

Laser photobiomodulation presents itself as an electromagnetic technology that is being inserted
into clinical practice due to its characteristics that differ from other conventional thermal sources [8,9].
It was observed that there are several features of PBMT that are related to the reduction of tissue repair
time and its capacity to increase cell proliferation [10].
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In the perspective of new fronts of study, in the last decade, optogenetic and chemogenetic
techniques have been used more frequently in the investigation of neuronal circuits, as well as in the
study of non-neuronal cells in the brain and peripheral nerves. Optogenetics is effective in generating
patterns that mimic neuron responses using a pulse generator that produces lights with different
frequencies and pulse durations. Photostimulation can be performed in different subcellular regions,
being useful for the study of neuronal circuits in the brain. Chemogenetics are less invasive in animal
experiments and do not require the installation of a fiber optic cable into the brain or the connection of
the cable to a light source, such as a laser or a light emitting diode (LED).

5. Conclusions

At the end of the present study, it can be seen that the data presented in the current articles
helped us to understand the beneficial and helpful effects of photobiomodulation on regeneration and
functionality after nerve injury. In spite of the great variety of parameters presented, great results were
observed, mainly when related to the faster nervous regeneration process.
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Abstract: Photobiomodulation therapy (PBMT) has been investigated because of its intimate
relationship with tissue recovery processes, such as on peripheral nerve damage. Based on the
wide range of benefits that the PBMT has shown and its clinical relevance, the aim of this research
was to carry out a systematic review of the last 10 years, ascertaining the influence of the PBMT in
the regeneration of injured peripheral nerves. The search was performed in the PubMed/MEDLINE
database with the combination of the keywords: low-level laser therapy AND nerve regeneration.
Initially, 54 articles were obtained, 26 articles of which were chosen for the study according to the
inclusion criteria. In the qualitative aspect, it was observed that PBMT was able to accelerate the
process of nerve regeneration, presenting an increase in the number of myelinated fibers and a
better lamellar organization of myelin sheath, besides improvement of electrophysiological function,
immunoreactivity, high functionality rate, decrease of inflammation, pain, and the facilitation of
neural regeneration, release of growth factors, increase of vascular network and collagen. It was
concluded that PBMT has beneficial effects on the recovery of nerve lesions, especially when related
to a faster regeneration and functional improvement, despite the variety of parameters.

Keywords: low-level laser therapy; nerve regeneration; peripheral nerve repair; photobiomodulation
therapy; tissue regeneration

1. Introduction

Low-level laser therapy (LLLT), now commonly referred to as photobiomodulation therapy
(PBMT), using low-level infrared light spectrum lasers is considered a therapeutic advance.
Its effects are related to tissue biostimulation, presenting therapeutic responses from photoelectric,
photoenergetic, and photochemical reactions [1]. Scientific research has shown the application of
PBMT in bone tissue and peripheral nerves with good results whether or not it is associated with other
supporting methods in tissue repair [2–7].

Laser photobiomodulation presents itself as an electromagnetic technology that is being inserted
into clinical practice due to its characteristics that differ from other conventional thermal sources [8,9].
It was observed that there are several features of PBMT that are related to the reduction of tissue repair
time and its capacity to increase cell proliferation [10].
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Photobiomodulation therapy (PBMT) and/or cryotherapy
in skeletal muscle restitution, what is better? A randomized,
double-blinded, placebo-controlled clinical trial
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Abstract Cryotherapy for post-exercise recovery remains
widely used despite the lack of quality evidence.
Photobiomodulation therapy (PBMT) studies (with both
low-level laser therapy and light-emitting diode therapy) have
demonstrated positive scientific evidence to suggest its use.
The study aims to evaluate PBMTand cryotherapy as a single
or combined treatment on skeletal muscle recovery after ec-
centric contractions of knee extensors. Fifty healthy male vol-
unteers were recruited and randomized into five groups
(PBMT, cryotherapy, cryotherapy + PBMT, PMBT + cryo-
therapy, or placebo) for a randomized, double-blinded,
placebo-controlled trial that evaluated exercise performance
(maximum voluntary contraction (MVC)), delayed onset
muscle soreness (DOMS), and muscle damage (creatine ki-
nase (CK)). Assessments were performed at baseline; imme-
diately after; and at 1, 24, 48, 72, and 96 h. Comparator treat-
ments was performed 3 min after exercise and repeated at 24,
48, and 72 h. PBMT was applied employing a cordless, por-
table GameDay™ device (combination of 905 nm super-

pulsed laser and 875- and 640-nm light-emitting diodes
(LEDs); manufactured by Multi Radiance Medical™, Solon -
OH, USA), and cryotherapy by flexible rubber ice packs.
PBMT alone was optimal for post-exercise recovery with im-
proved MVC, decreased DOMS, and CK activity (p < 0.05)
from 24 to 96 h compared to placebo, cryotherapy, and cryo-
therapy + PBMT. In the PBMT + cryotherapy group, the ef-
fect of PBMTwas decreased (p > 0.05) but demonstrated sig-
nificant improvement in MVC, decreased DOMS, and CK
activity (p < 0.05). Cryotherapy as single treatment and cryo-
therapy + PBMTwere similar to placebo (p > 0.05). We con-
clude that PBMT used as single treatment is the best modality
for enhancement of post-exercise restitution, leading to com-
plete recovery to baseline levels from 24 h after high-intensity
eccentric contractions.

Keywords Phototherapy . Low-level laser therapy .

Light-emitting diodes . Performance . Exercise recovery

Introduction

From professional to recreational, athletic performance
whether training or competing requires imposes a large phys-
iological demands on the body. Fatigue is linked to a decrease
in athletic performance and is experienced by all athletes in
every sport. Enoka and Duchateau [1] describe the develop-
ment of muscle fatigue as a quantified decline in the maximal
force or power capacity of muscle. Physiological recovery
from fatigue is necessary to prevent overtraining and minimiz-
ing injuries and is often overlooked aspect of athletic
performance.
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Complication Treatment protocol** Treatment area PBM Device 
Characteristics and 
application

Therapeutic PBM Dose Optional target tissues

Hyposalivation and xerostomia Prophylactic:
Radiotherapy: start PBM treatment 
the first day of RT and continue 
daily with radiation (no 
requirement regarding the timing 
of PBM sessions, before of after 
RT session)

Extra-oral:
IR laser diodes or LED 
cluster
750– 830 nm
20mW/cm2 – 
80mW/cm2

Intra-oral:
630 – 680nm
20mW – 150mW

Extra-oral:
Prophylactic: 3 J/cm2 laser 
diodes or LED cluster
Intra-oral:
Prophylactic: 3 J/cm2 per point

Extra-oral:
Major salivary glands, bilaterally 
(parotid, sublingual and 
submandibular)*
Intra-oral:
Total of 6 points (3 each side) 
targeting major salivary glands 
and minor salivary glands (on 
vestibular side, in the rear of 
salivary ducts)

Dysgeusia Therapeutic:
Continue treatment from the day 
the patient complains of taste 
alterations, at least 2 or 3 times a 
week until symptoms improve**

Intra-oral:
630 – 680nm
20mW – 150mW

Intra-oral:
Dorsal and lateral tongue at 3 
J/cm2

Intra-oral:
A total of 10 points on the 
dorsum of the tongue

Trismus Prophylactic:
Radiotherapy: Apply PBM on 
pterygoid/TMJ region, at least 3 
times a week, when high dose RT 
is given in that region 
(oropharyngeal and 
nasopharyngeal carcinoma for 
example).
Therapeutic:
Continue treatment from the day 
of diagnosis at least 2 or 3 times a 
week

Extra-oral:
IR laser diodes or LED 
cluster
750– 830 nm
20mW/cm2 – 
80mW/cm2

Intra-oral:
630 – 680nm
20mW – 200mW

Extra-oral:
3–6 J/cm2 laser diodes or LED 
cluster
Intra-oral:
3 J per point

Extra-oral:
Bilaterally over the temporalis 
muscle, TMJ, masseter muscle, 
buccinator muscle *
Intra-oral:
Bilaterally, point over the region 
of pterygoids/pterygomandibular 
raphae (may be difficult 
clinically) and other muscles of 
mastication *
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Abstract
Review effectiveness of low-level laser therapy (LLLT) in the curative treatment of oral mucositis (OM) in patients receiving
cancer therapy. A systematic review with meta-analysis was performed using Medline, Embase, and Cochrane Library databases
according to PRISMA guidelines, to identify randomized controlled trials (RCT) on OM in patients during and/or after cancer
therapy and in which the therapeutic approach was LLLT, with wavelengths between 632 and 970 nm. We considered grade of
OM as a dichotomous variable (such as an improvement or not in severe OM on the seventh day of therapy), with the analysis of
subgroups of adult patients or children and adolescents and as a continuous variable with determination of the time for the
complete resolution and the subgroup analysis occurred with the strata of the samples by treatment only with chemotherapy or
chemotherapy and radiotherapy. This paper’s protocol was registered a priori at https://www.crd.york.ac.uk/PROSPERO. We
found five RCT (total of 315 patients) with adequate methodology. LLLTwas effective, presenting a 62% risk reduction of severe
mucositis on the seventh day of evaluation (RR = 0.38 [95% CI, 0.19–0.75]). When we analyzed subgroups, RR was 0.28 (95%
CI 0.17–0.46) in the adult studies and 0.90 (95% CI, 0.46–1.78) in the studies with children and adolescents. We demonstrated a
mean reduction of 4.21 days in the time of complete resolution of OM (CI − 5.65 to − 2.76) in favor of LLLT. There is moderate
evidence that LLLT is effective in resolving OM lesions in adult patients undergoing cancer therapy. LLLT demonstrates potential
for decreasing the resolution time of OM lesions by approximately 4.21 days.

Keywords Low-level light therapy . Low-level laser therapy . Oral mucositis . Cancer therapy . Therapeutics

Introduction

Oral mucositis (OM) is an inflammatory condition of the mu-
cosa that presents with erythema, ulceration, hemorrhage, ede-
ma, and pain. It is one of the main complications of patients on

cancer therapy, with several nutritional limitations and the
ability to cause secondary infections and fever [1]. Often,
due to its morbidity, antineoplastic treatment must be altered
or suspended, interfering with tumor control and patient sur-
vival [2].

The incidence of OM varies according to the type of cancer
as well as the type of cancer therapy. With the use of chemo-
therapy drugs, mucositis is observed in 5 to 15% of cases, but
this incidence may be much higher with some drugs such as
daunorubicin and etoposide (incidence of 26%), cytarabine
(incidence of 37.5%) and the cyclophosphamide, doxorubicin,
vincristine, and prednisone regimen (incidence above 40%)
[3, 4]. Chemotherapy regimens generally appear to induce
oral mucosal lesions over a short and acute period, usually 4
to 7 days after the start of treatment with a peak incidence at
2 weeks [5]. The control of local infection and maintenance of
oral mucosa integrity are essential factors for quality treat-
ment, with less pain and nutritional reestablishment in patients
potentially debilitated by the underlying disease [6, 7].
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EFEITOS DO LASER NA MUCOSITE ORAL

• Aumento da microcirculação;
• Melhora da drenagem linfática;
• Aumento da síntese de colágeno;
• Aumenta proliferação de células epiteliais;
• Alívio da dor;
• Recomendado pelos órgãos internacionais de estudo do câncer.





Glândulas Salivares
• As PARÓTIDAS produzem 

saliva mais serosa e aquosa 
como resultado da 
estimulação durante as 
refeições. 

• As glândulas 
SUBMANDIBULARES e 
SUBLINGUAIS produzem 
saliva mais viscosa e de uma 
forma mais constante ao 
longo do dia
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Different Protocols of Photobiomodulation
Therapy of Hyposalivation

Božana Lončar Brzak, DMD, PhD,1 Livia Cigić, DMD, PhD,2 Marinka Baričević, DMD, PhD,3

Ivan Sabol, PhD,4 Marinka Mravak-Stipetić, DMD, PhD,1 and Dubravko Risović, PhD5

Abstract

Aim: Photobiomodulation (PBM) therapy has proved to be effective for a wide range of oral pathologies
including oral dryness, but the literature still lacks reports of clinical trials and protocols. The purpose of our
study was to evaluate the effects of different wavelengths of PBM on salivation in patients suffering from
hyposalivation aiming at determination of optimal treatment protocol. Materials and methods: This study
included 30 patients whose major salivary glands were treated with low-intensity diode laser BTL2000
(Medical Technologies, s.r.o., Czech Republic) during 10 consecutive days. Patients were randomly assigned
into two groups, each of 15 patients, and treated with PBM of 830 nm and PBM of 685 nm, respectively. The
whole unstimulated and stimulated saliva quantities were measured each day during 10 days, before and after
laser treatment, and at 10th day after treatment was ended. Results: Results have shown that the laser treatment
significantly improves salivation ( p < 0.0001) in both groups after 10 days treatment. The salivation also
remains improved 10 days after the end of treatment. The patients treated with PBM of 830 nm have had
continuously higher values of quantity of saliva. Conclusions: Our results have shown that both laser wave-
lengths were effective in increasing salivary flow rate, and the improvement in salivation was statistically
significant. The effect of treatment could be observed 10 days after the completion of treatment, thus providing
evidence not only of stimulative effect but also indicating regenerative potential of PBM therapy.

Keywords: photobiomodulation, protocol, hyposalivation

Introduction

Xerostomia is an often complaint mainly in elderly
population, resulting in difficulties in speaking, food

swallowing and tasting, denture wearing, burning sensations
in the mouth, and increased susceptibility of oral mucosa to
diseases.1 Although the lack of saliva seriously impairs the
quality of life, it is often neglected. Etiology of xerostomia is
different, varying from salivary gland disease, systemic dis-
eases, radiation therapy or, the most frequently, drug-induced
xerostomia.2–5 Increasing salivary flow (in case acinar cells
are preserved) represents the best therapy, but gustatory
stimulation is short acting and must be often repeated.6,7

Other therapeutic models include use of systemic sialogo-
gues, electrical stimulation, acupuncture,3 and use of saliva
substitutes.5 Each of these methods has some limitations, as

described in our previous work.8 Many different artificial
saliva products on the market are of limited value in the
treatment of xerostomia. Although convenient and simple,
some patients find gustatory stimulation debilitating and
tiresome. Systemic cholinergic agents such as pilocarpine
and cevimeline increase salivary flow rate, but have side
effects and certain contraindications.5

Low-level laser treatment, more recently termed photo-
biomodulation (PBM), has proved to be effective for a wide
range of oral pathologies including oral dryness, but the
literature still lacks reports of clinical trials and protocols.
PBM therapy induces changes in the cellular redox state
and pH homeostasis,9 increases ATP production in the
cell,10,11 and converts laser light energy input through
biochemical and photophysical processes into energy use-
ful to the cell.12
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LASER MELHOROU 
A SALIVAÇÃO V e IV

(p<0,0001)

A MELHORA SE 
MANTEVE 10 DIAS 

APÓS

RESULTADOS 
MELHORES PARA O 

IV

RESULTADOS

In our previous study,8 we have reported the efficacy of
PBM for the treatment of xerostomia, providing good
therapeutic results. Since then, we have introduced a new
laser device and performed research with two different
wavelengths in patients with hyposalivation. The aim was to
evaluate the effects of these new laser wavelengths, differ-
ent from those used in previous research, on salivation of
patients suffering from hyposalivation. This is with the
purpose to possibly find the optimum laser wavelength for
the treatment and to determine a better protocol for the
patients suffering from hyposalivation.

Materials and Methods

The study included 30 consent female patients (age range
52–85 years, mean age 69.6, median 72) whose major sal-
ivary glands were treated with low-intensity diode laser
(BTL-2000 Medical Technologies, Prague, BTL Co., Czech
Rep.). The nominal output of the probes were 30 mW at
685 nm and 100 mW at 830 nm and set at a pulse repetition
rate of 5.2 Hz to deliver 30 mW at 685 nm and 35 mW at
830 nm. The power measurements were provided by the
manufacturer. The treatment was performed for 10 consec-
utive days with a laser probe. During application, protective
eyeglasses were worn both by the operator and the patient.
The patients were divided into two groups: the first group
comprised 15 female patients (age range 52–77 years, mean
age 69.53, median 72) who were treated with 830 nm laser
wavelength. The second group comprised 15 female patients
(age range 55–85 years, mean age 67.67, median 72) who
were treated with 685 nm laser wavelength. To establish the
diagnosis of hyposalivation, the amount of total un-
stimulated saliva was measured at the initial examination of
the patients. After that the salivation was stimulated with
citric acid. PBM therapy was not started at the initial ex-
amination of the patient to avoid any possible error in the
measurement of saliva quantity after different types of
stimulation. The PBM therapy began on the next day.

The total unstimulated and stimulated saliva quantities
were measured before and after each laser treatment and
10 days after the last (10th) treatment to determine the du-
rability of results. Patients were asked to expectorate all sa-
liva into graduated test tubes for a 5-min period. The amount
of saliva was determined by the scale on the graduated tubes.

The inclusion criteria for all patients were medical his-
tories free of radiotherapy and Sjögren’s syndrome. Sjög-
ren’s syndrome was excluded by the applied diagnostic
criteria.13 In all patients, clinical examination and sialo-
metry were done and anamnestic data (drug history) were
taken. Our research was approved by the Ethical Committee
of our faculty and registered at U.S. National Institutes of
Health (trial identifier: NCT03049943). All patients signed
informed consent to participate in the study.

The laser beam was applied bilaterally to each salivary
gland area, extraorally to the parotid and submandibular
glands and intraorally to the sublingual gland (each patient
received a total of six exposures, each of different duration
depending of the gland and laser wavelength that was pre-
determined by the laser settings). The treatment lasted for 10
consecutive days. The distance between the probe and the
irradiated area was kept constant at 0.5 cm throughout the
treatment period. However, the spot size was difficult to

calculate because of very slight differences in distance from
the irradiated area (due to manual probe shifts) and beam
divergence. The laser probe was not held stationary, but
moved around in mesh-shaped movements. This technique
is recommended for manual scanning to ensure that a rea-
sonably uniform dosage is delivered to all areas of the
treated surface.14 The relevant technical data for the PBM
therapy are given in Table 1.

Statistical methods, including correlation analysis, t-test,
and repeated measures ANOVA (with Bonferroni’s multiple
comparison post hoc test), were used for comparison and
interpretation of the difference in salivary flow rates be-
tween the two groups.

Results

The average salivary flow rates obtained from both laser
wavelength groups before and after PBM throughout the
10-day treatment period and 10 days after the last (10th)
treatment are shown in Fig. 1. If we compare the results by
the laser wavelength, we can see that the patients in the
830 nm laser wavelength group have higher values of saliva

Table 1. Relevant Technical Data
for Laser Therapy

Salivary
gland Laser specifications 685 nm 830 nm

Parotid gland Dose ( J/cm2) 1.80 1.80
Power (mW) 30 35
Area (cm2) 4.00 4.00
Applied energy ( J) 9 8.995
Power density (W/cm2) 0.0075 0.00875
Distance (cm) 0.5 0.5
Time (min:sec) 5:00 4:17
Max. power (mW) 30 35
Frequency (Hz) 5.20 5.20
Number of treatments 10 10
Cumulative

dose given ( J/cm2)
18.0 18.0

Submandibular
gland

Dose ( J/cm2) 1.80 1.80
Power (mW) 30 35
Area (cm2) 1.60 1.60
Applied energy ( J) 3.6 3.605
Power density (W/cm2) 0.01875 0.021875
Distance (cm) 0.5 0.5
Time (min:sec) 2:00 1:43
Max. power (mW) 30 35
Frequency (Hz) 5.20 5.20
Number of treatments 10 10
Cumulative

dose given ( J/cm2)
18.0 18.0

Sublingual
gland

Dose ( J/cm2) 1.80 1.80
Power (mW) 30 35
Area (cm2) 0.80 0.80
Applied energy ( J) 1.8 1.785
Power density (W/cm2) 0.0375 0.04375
Distance (cm) 0.5 0.5
Time (min:sec) 1:00 0:51
Max. power (mW) 30 35
Frequency (Hz) 5.20 5.20
Number of treatments 10 10
Cumulative dose

given ( J/cm2)
18.0 18.0

2 LONČAR BRZAK ET AL.
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Photobiomodulation and salivary glands: a systematic review
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Abstract
To date, there is no compilation of evidence-based information associating photobiomodulation effect and salivary glands. This
systematic review aims to assess photobiomodulation effect of low intensity laser on salivary glands in the presence of systemic
diseases. MEDLINE databases were searched in duplicate through December 2018. In vivo studies and clinical trials were
included if photobiomodulation was performed in salivary glands of animal (rat or mice) or human in the presence of systemic
disease. The methodological quality was assessed in duplicate using the modified Newcastle-Ottawa scale (NOS). Search
strategy identified 483 potentially eligible articles, and 449 were included. The Boolean search naturally leads to a high amount
of works the majority of which were excluded because the analysis of the title and abstract demonstrated it was not focusing on
PBM. Only 34 studies were selected for the full-text analysis, of which 5 were excluded due to non-use of photobiomodulation, 4
due to lack of control group, 2 because they were studies of cell cultures and 1 because they did not have the total of animals used.
Thus, 21 papers were included for the critical evaluation of the impact of photobiomodulation on the major salivary glands; the
studies used rats (n = 10) and humans (n = 11). Although studies reported an increase in the salivary rate, decrease in pain, and
increase in quality of life after the PBM, the lack of standards for the application of light and reporting of the parameters, make it
hard to reproduce the results. This topic is still in need for further research.

Keywords Photobiomodulation . Laser . Salivary glands . Review . Low-level laser

Introduction:

Saliva is a translucent liquid, relatively alkaline and of varying
viscosity, produced in the salivary glands and secreted in the
oral cavity for several functional attributions [24, 30]. Among
them, saliva lubricates the mucosal surface, alkalinizes the pH,
controls the microbiota, and begins the digestion of food and
formation of the food bolus [30, 51]. About 99% of saliva is
composed of water and the other components include electro-
lytes, immunoglobulins, digestive enzymes, and viscosity
proteins, among other substances [5, 24, 30]. From a biochem-
ical and functional point of view, saliva is classified as serous
or mucosal. The first type is enzymatic and fluid, with the
predominance of the amylase enzyme for the degradation of

carbohydrates [5, 51]. The latter is characterized by a large
amount of mucin and a consequent viscous appearance for
agglutination of chewed foods before being swallowed [16,
30].

The salivary glands are structurally divided into major and
minor. The major ones represent three pairs of glands called
parotid, submandibular, and sublingual glands, while the
smaller ones represent more than 500 units distributed in the
following regions: lips, cheek, posterior half of hard palate,
soft palate, oropharynx, and tongue. The parotid gland is al-
most exclusively serous, the submandibular is mixed (serous
and mucous), while the sublingual and the minor are predom-
inantly [30, 51]. The amount of saliva produced under normal
conditions ranges from 1 to 1.5 l/day, with the submandibular
gland accounting for 65% of that volume [24, 30, 51].

The parenchyma of the salivary glands is formed by acinus
and the ductal system [23]. Acinus constitutes the saliva-
producing units and are composed of acinar and myoepithelial
cells [23]..These cells and the blood vessels of the glandular
stroma are innervated by parasympathetic and sympathetic
nerve fibers, which, respectively, have the function of stimu-
lating and inhibiting salivary production and secretion [23,
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The main reason for irradiating the salivary glands in clin-
ical trials was head and neck cancer (4 studies) but the effects
of the photobiomodulation on xerostomia, burning mouth
syndrome, and Sjögren’s syndrome were also evaluated. In
the animal papers, three evaluated animals with diabetes,
and one with hypothyroidisms.

Information is presented in this review in a summarized
and systematic way, to allow the reader to easily identify the
state of the art in this area as well as to observe the potent
applications of PBM in the treatment of disorders in the sali-
vary glands.

To achieve this goal, the authors divided the studies be-
tween those with animals and humans, and summarized each
paper in tables containing the photometric parameters,
methods of analysis, and main results.

The following tables summarize the primary results and
radiometric parameters of all the studies on this review.

Discussion

In general, most authors observed a decrease in xerostomia, an
increase in salivary flow, oral mucositis, and pain reduction,
regardless of the wavelength used, as well as the time of irra-
diation and the amount of energy deposited in the tissues,
which demonstrates the effectiveness of photobiomodulation

[6, 9, 18, 22, 31, 39, 41, 42, 50, 52, 53, 64, 65]. The salivary
biochemistry results showed a reduction in salivary glucose,
calcium, and acinar fat; increase in IGF-1; decrease in T4
hormones; decrease in apoptosis and inflammation; and in-
crease in protein [1, 3, 10, 13, 21, 22, 34, 52, 59].

PBM on salivary glands of healthy subjects

All the studies that report irradiation of the salivary glands of
healthy subjects are in animal models [13, 21, 34]. Simões
et al., using a λ = 808 nm laser, reported that the
photobiomodulation did not affect at all the submandibular
or the parotid gland of the healthy subjects [60]. These find-
ings were similar to the results presented by Castro et al. using
a red (λ = 660 nm) laser [11]. Nevertheless, an increase in total
protein concentration in the parotid glands of the irradiated
groups was observed, while the amylase activity in this gland
showed a significant reduction. On the other hand, Fukouka
et al. reported a lack of alterations in the total protein of the
healthy group irradiated using a red laser (λ = 660 nm) laser
[21]. Lack of change in the salivary flow is also reported for
healthy irradiated subjects by Jesus et al [33].

Although the literature lacks studies presenting PBM of
salivary glands on healthy volunteers, it is unlikely that there
would be considerable side effects.

Salivary flow rate

From the eight studies that analyzed the salivary flow rate, six
reported significant increase [26, 39, 45, 54] and two reported
lack of difference [18, 67]; therefore, the usage of PBM to
stimulate the salivary production by the glands is still not a
consensus in the literature. However, the studies that reported
lack of statistical differences were on burning mouth syn-
drome (in which the cause is still unknown) and Sjögren’s
syndrome (immune system, causes salivary gland swelling).

Loncar [39] and Loncar [40] used pulsed light sources but
did not report any underlying reason for the xerostomia diag-
nosis of the patients. Although both studies reported increased
salivary flow rate after the treatment, the authors reported that
an infrared laser (830 nm) produced better results in compar-
ison with red lasers (685 nm) under similar radiometric con-
ditions. This is likely due to the deeper penetration depth of
the infrared laser that results in the photobiomodulation of the
deep glands and not only of the more superficial ones [39].
Studies on xerostomia induced by the treatment of head and
neck cancer reported increased salivary flow rate because of
the photobiomodulation therapy [45, 46, 54].

PBM increases the numbers of ducts and epithelial cell
mitoses, stimulates the protein synthesis in submandibular
glands of rats, decreases inflation markers, and increases
blood microcirculation in the salivary glands. The mitochon-
dria stimulation increases the availability of ATP allowing

Fig. 2 Flowchart
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- Efeito da Fotobiomodulação nas glândulas salivares
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Estudos tem mostrado que a FBM vem sendo utilizada para 
melhora da funcionalidade das glândulas salivares e do fluxo 
salivar
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A maioria dos autores observou redução da xerostomia e aumento do fluxo salivar
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Abstract
To date, there is no compilation of evidence-based information associating photobiomodulation effect and salivary glands. This
systematic review aims to assess photobiomodulation effect of low intensity laser on salivary glands in the presence of systemic
diseases. MEDLINE databases were searched in duplicate through December 2018. In vivo studies and clinical trials were
included if photobiomodulation was performed in salivary glands of animal (rat or mice) or human in the presence of systemic
disease. The methodological quality was assessed in duplicate using the modified Newcastle-Ottawa scale (NOS). Search
strategy identified 483 potentially eligible articles, and 449 were included. The Boolean search naturally leads to a high amount
of works the majority of which were excluded because the analysis of the title and abstract demonstrated it was not focusing on
PBM. Only 34 studies were selected for the full-text analysis, of which 5 were excluded due to non-use of photobiomodulation, 4
due to lack of control group, 2 because they were studies of cell cultures and 1 because they did not have the total of animals used.
Thus, 21 papers were included for the critical evaluation of the impact of photobiomodulation on the major salivary glands; the
studies used rats (n = 10) and humans (n = 11). Although studies reported an increase in the salivary rate, decrease in pain, and
increase in quality of life after the PBM, the lack of standards for the application of light and reporting of the parameters, make it
hard to reproduce the results. This topic is still in need for further research.
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Introduction:

Saliva is a translucent liquid, relatively alkaline and of varying
viscosity, produced in the salivary glands and secreted in the
oral cavity for several functional attributions [24, 30]. Among
them, saliva lubricates the mucosal surface, alkalinizes the pH,
controls the microbiota, and begins the digestion of food and
formation of the food bolus [30, 51]. About 99% of saliva is
composed of water and the other components include electro-
lytes, immunoglobulins, digestive enzymes, and viscosity
proteins, among other substances [5, 24, 30]. From a biochem-
ical and functional point of view, saliva is classified as serous
or mucosal. The first type is enzymatic and fluid, with the
predominance of the amylase enzyme for the degradation of

carbohydrates [5, 51]. The latter is characterized by a large
amount of mucin and a consequent viscous appearance for
agglutination of chewed foods before being swallowed [16,
30].

The salivary glands are structurally divided into major and
minor. The major ones represent three pairs of glands called
parotid, submandibular, and sublingual glands, while the
smaller ones represent more than 500 units distributed in the
following regions: lips, cheek, posterior half of hard palate,
soft palate, oropharynx, and tongue. The parotid gland is al-
most exclusively serous, the submandibular is mixed (serous
and mucous), while the sublingual and the minor are predom-
inantly [30, 51]. The amount of saliva produced under normal
conditions ranges from 1 to 1.5 l/day, with the submandibular
gland accounting for 65% of that volume [24, 30, 51].

The parenchyma of the salivary glands is formed by acinus
and the ductal system [23]. Acinus constitutes the saliva-
producing units and are composed of acinar and myoepithelial
cells [23]..These cells and the blood vessels of the glandular
stroma are innervated by parasympathetic and sympathetic
nerve fibers, which, respectively, have the function of stimu-
lating and inhibiting salivary production and secretion [23,
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The main reason for irradiating the salivary glands in clin-
ical trials was head and neck cancer (4 studies) but the effects
of the photobiomodulation on xerostomia, burning mouth
syndrome, and Sjögren’s syndrome were also evaluated. In
the animal papers, three evaluated animals with diabetes,
and one with hypothyroidisms.

Information is presented in this review in a summarized
and systematic way, to allow the reader to easily identify the
state of the art in this area as well as to observe the potent
applications of PBM in the treatment of disorders in the sali-
vary glands.

To achieve this goal, the authors divided the studies be-
tween those with animals and humans, and summarized each
paper in tables containing the photometric parameters,
methods of analysis, and main results.

The following tables summarize the primary results and
radiometric parameters of all the studies on this review.

Discussion

In general, most authors observed a decrease in xerostomia, an
increase in salivary flow, oral mucositis, and pain reduction,
regardless of the wavelength used, as well as the time of irra-
diation and the amount of energy deposited in the tissues,
which demonstrates the effectiveness of photobiomodulation

[6, 9, 18, 22, 31, 39, 41, 42, 50, 52, 53, 64, 65]. The salivary
biochemistry results showed a reduction in salivary glucose,
calcium, and acinar fat; increase in IGF-1; decrease in T4
hormones; decrease in apoptosis and inflammation; and in-
crease in protein [1, 3, 10, 13, 21, 22, 34, 52, 59].

PBM on salivary glands of healthy subjects

All the studies that report irradiation of the salivary glands of
healthy subjects are in animal models [13, 21, 34]. Simões
et al., using a λ = 808 nm laser, reported that the
photobiomodulation did not affect at all the submandibular
or the parotid gland of the healthy subjects [60]. These find-
ings were similar to the results presented by Castro et al. using
a red (λ = 660 nm) laser [11]. Nevertheless, an increase in total
protein concentration in the parotid glands of the irradiated
groups was observed, while the amylase activity in this gland
showed a significant reduction. On the other hand, Fukouka
et al. reported a lack of alterations in the total protein of the
healthy group irradiated using a red laser (λ = 660 nm) laser
[21]. Lack of change in the salivary flow is also reported for
healthy irradiated subjects by Jesus et al [33].

Although the literature lacks studies presenting PBM of
salivary glands on healthy volunteers, it is unlikely that there
would be considerable side effects.

Salivary flow rate

From the eight studies that analyzed the salivary flow rate, six
reported significant increase [26, 39, 45, 54] and two reported
lack of difference [18, 67]; therefore, the usage of PBM to
stimulate the salivary production by the glands is still not a
consensus in the literature. However, the studies that reported
lack of statistical differences were on burning mouth syn-
drome (in which the cause is still unknown) and Sjögren’s
syndrome (immune system, causes salivary gland swelling).

Loncar [39] and Loncar [40] used pulsed light sources but
did not report any underlying reason for the xerostomia diag-
nosis of the patients. Although both studies reported increased
salivary flow rate after the treatment, the authors reported that
an infrared laser (830 nm) produced better results in compar-
ison with red lasers (685 nm) under similar radiometric con-
ditions. This is likely due to the deeper penetration depth of
the infrared laser that results in the photobiomodulation of the
deep glands and not only of the more superficial ones [39].
Studies on xerostomia induced by the treatment of head and
neck cancer reported increased salivary flow rate because of
the photobiomodulation therapy [45, 46, 54].

PBM increases the numbers of ducts and epithelial cell
mitoses, stimulates the protein synthesis in submandibular
glands of rats, decreases inflation markers, and increases
blood microcirculation in the salivary glands. The mitochon-
dria stimulation increases the availability of ATP allowing

Fig. 2 Flowchart
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Conclusão 

- PBM nas glândulas salivares é segura e bem 
tolerada

- Ausência de relatos de efeitos colaterais
- PBM se mostra eficaz no tratamento da 

xerostomia
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Abstract
To date, there is no compilation of evidence-based information associating photobiomodulation effect and salivary glands. This
systematic review aims to assess photobiomodulation effect of low intensity laser on salivary glands in the presence of systemic
diseases. MEDLINE databases were searched in duplicate through December 2018. In vivo studies and clinical trials were
included if photobiomodulation was performed in salivary glands of animal (rat or mice) or human in the presence of systemic
disease. The methodological quality was assessed in duplicate using the modified Newcastle-Ottawa scale (NOS). Search
strategy identified 483 potentially eligible articles, and 449 were included. The Boolean search naturally leads to a high amount
of works the majority of which were excluded because the analysis of the title and abstract demonstrated it was not focusing on
PBM. Only 34 studies were selected for the full-text analysis, of which 5 were excluded due to non-use of photobiomodulation, 4
due to lack of control group, 2 because they were studies of cell cultures and 1 because they did not have the total of animals used.
Thus, 21 papers were included for the critical evaluation of the impact of photobiomodulation on the major salivary glands; the
studies used rats (n = 10) and humans (n = 11). Although studies reported an increase in the salivary rate, decrease in pain, and
increase in quality of life after the PBM, the lack of standards for the application of light and reporting of the parameters, make it
hard to reproduce the results. This topic is still in need for further research.

Keywords Photobiomodulation . Laser . Salivary glands . Review . Low-level laser

Introduction:

Saliva is a translucent liquid, relatively alkaline and of varying
viscosity, produced in the salivary glands and secreted in the
oral cavity for several functional attributions [24, 30]. Among
them, saliva lubricates the mucosal surface, alkalinizes the pH,
controls the microbiota, and begins the digestion of food and
formation of the food bolus [30, 51]. About 99% of saliva is
composed of water and the other components include electro-
lytes, immunoglobulins, digestive enzymes, and viscosity
proteins, among other substances [5, 24, 30]. From a biochem-
ical and functional point of view, saliva is classified as serous
or mucosal. The first type is enzymatic and fluid, with the
predominance of the amylase enzyme for the degradation of

carbohydrates [5, 51]. The latter is characterized by a large
amount of mucin and a consequent viscous appearance for
agglutination of chewed foods before being swallowed [16,
30].

The salivary glands are structurally divided into major and
minor. The major ones represent three pairs of glands called
parotid, submandibular, and sublingual glands, while the
smaller ones represent more than 500 units distributed in the
following regions: lips, cheek, posterior half of hard palate,
soft palate, oropharynx, and tongue. The parotid gland is al-
most exclusively serous, the submandibular is mixed (serous
and mucous), while the sublingual and the minor are predom-
inantly [30, 51]. The amount of saliva produced under normal
conditions ranges from 1 to 1.5 l/day, with the submandibular
gland accounting for 65% of that volume [24, 30, 51].

The parenchyma of the salivary glands is formed by acinus
and the ductal system [23]. Acinus constitutes the saliva-
producing units and are composed of acinar and myoepithelial
cells [23]..These cells and the blood vessels of the glandular
stroma are innervated by parasympathetic and sympathetic
nerve fibers, which, respectively, have the function of stimu-
lating and inhibiting salivary production and secretion [23,
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Laser à acelera metabolismo
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para inibição de glândulas
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Objective.(is study aimed to analyze the e)ects of low level laser irradiation (LLLI) on Bax and IGF-1 and Bcl-2 protein contents
and SIRT1/PGC-1! axis mRNA expression levels to prevent sarcopenia in aged rats.Material and Methods. Twenty female Sprague
Dawley rats (18 months old) were randomly divided into two groups (" = 10 per group): control (CON) and LLLI groups. (e
gallium-aluminum-arsenium (GaAlAs) laser irradiation at 810 nm was used in the single point contact mode (3.75 J/cm2; 0.4 cm2;
125mW/cm2; 30 s). Bax, Bcl-2, and IGF-1 proteins and SIRT1/PGC-1! axis mRNA expression were assessed 24 h a,er LLLI on
gastrocnemius in aged rat. Results. Gastrocnemius muscle weights, gastrocnemius mass/bodymass, Bcl-2/BAX ratio, Bcl-2 protein,
IGF-1 protein, and the mRNA contents in SIRT1, PGC-1!, NRF1, TMF, and SOD2 were signi-cantly (# < 0.05) increased by LLLI
compared to CON group without LLLI. However, levels of BAX protein and caspase 3mRNAwere signi-cantly attenuated by LLLI
compared to CON group (# < 0.05). Conclusion. LLLI at 810 nm inhibits sarcopenia associated with upregulation of Bcl-2/BAX
ratio and IGF-1 and SIRT1/PGC-1! axismRNAexpression in aged rats.(is indicates that LLLI has potential to decrease progression
of myocyte apoptosis in sarcopenic muscles.

1. Introduction

Sarcopenia, the age-related decline in muscle mass and
function, represents a signi-cant health issue due to its asso-
ciated high prevalence of frailty and disability [1]. An altered
regulation of myocyte apoptosis has recently emerged as a
possible contributor to the pathogenesis of sarcopenia [2].
Studies in animal models [2] and human [3] have shown that
the severity of skeletal muscle cell apoptosis increases over
the course of aging and correlates with the degree of muscle
mass and strength decline. Several apoptotic pathways are
operative in aged muscles, with the mitochondria-mediated
pathways being the most likely relevant to sarcopenia [4].

Sirtuin 1 (SIRT1), a nicotinamide adenine dinucleotide-
(NAD+-) dependent histone deacetylase [5], is implicated

in the prevention of many age-related diseases such as
sarcopenia, cancer, Alzheimer’s disease, and type 2 diabetes,
by maintaining mitochondrial homeostasis [6]. SIRT1/PGC-
1! (peroxisome proliferator-activated receptor-$ coactivator
1!) pathway plays a vital role in regulating mitochondria
oxidative stress, biogenesis, and apoptosis, thereby contribut-
ing to maintain skeletal muscle homeostasis and human
longevity [5]. (erefore, disruption of SIRT1/PGC-1! path-
way may result in age-related loss of muscle function and
sarcopenia. Indeed, muscle wasting could be prevented by
reducing myocyte apoptosis and proteasome degradation if
the transcriptional activity and protein content of PGC-1!
were enhanced in skeletal muscle [7].

To regulate the de-ciencies of myocyte activity in elderly
subjects, manymethods are applied such as physical training,
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Conclusão:
- A utilização da FBM IV pode inibir a sarcopenia
em ratos idosos
- Potencial de reduzir a progressão da apoptose 
dos miócitos em músculos sarcopênicos
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Letters to the Editor

According to a latest report on coronavirus disease 2019 
(COVID-19), authors had drawn attention to dental risk, in 
which asymptomatic patients had been mentioned many times 
(Meng et al. 2020). Previously, researchers have shown the 
role of oral mucosa in COVID-19 infection (Xu, Zhong,  
et al. 2020). We would like to draw attention to salivary glands 
in the epidemic process of asymptomatic infections.

ACE2 is an important receptor for COVID-19 (Xu, Chen,  
et al. 2020). In a previous study about severe acute respiratory 
syndrome–coronavirus (SARS-CoV), salivary gland epithelial 
cells with high expression of ACE2 were infected (Liu et al. 
2011). We analyzed the expression of ACE2 in human organs 
in the GTEx portal (https://www.gtexportal.org/home/gene/
ACE2#geneExpression). The expression of ACE2 in minor 
salivary glands was higher than that in lungs (lung medium 
PTM [transcripts per kilobase of exonmodel per Million 
mapped reads]   1.010, minor salivary gland medium PTM   
2.013), which suggests salivary glands could be potential tar-
get for COVID-19. In addition, SARS-CoV RNA can be 
detected in saliva before lung lesions appear (Wang et al. 
2004). This may explain the presence of asymptomatic infec-
tions. For SARS-CoV, the salivary gland could be a major 
source of the virus in saliva (Liu et al. 2011). The positive rate 
of COVID-19 in patients’ saliva can reach 91.7%, and saliva 
samples can also cultivate the live virus (To et al. 2020). This 
suggests that COVID-19 transmitted by asymptomatic infec-
tion may originate from infected saliva.

Therefore, the cause of asymptomatic infection might be 
from salivary glands. We should not ignore the potential infec-
tivity of saliva alone.
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Abstract
The ability of the new coronavirus SARS-CoV-2 to spread and contaminate is one of the determinants of the COVID-
19 pandemic status. SARS-CoV-2 has been detected in saliva consistently, with similar sensitivity to that observed in
nasopharyngeal swabs. We conducted ultrasound-guided postmortem biopsies in COVID-19 fatal cases. Samples of
salivary glands (SGs; parotid, submandibular, and minor) were obtained. We analyzed samples using RT-qPCR, immu-
nohistochemistry, electron microscopy, and histopathological analysis to identify SARS-CoV-2 and elucidate qual-
itative and quantitative viral profiles in salivary glands. The study included 13 female and 11 male patients, with a
mean age of 53.12 years (range 8–83 years). RT-qPCR for SARS-CoV-2 was positive in 30 SG samples from
18 patients (60% of total SG samples and 75% of all cases). Ultrastructural analyses showed spherical 70–
100 nm viral particles, consistent in size and shape with the Coronaviridae family, in the ductal lining cell cytoplasm,
acinar cells, and ductal lumen of SGs. There was also degeneration of organelles in infected cells and the presence of a
cluster of nucleocapsids, which suggests viral replication in SG cells. Qualitative histopathological analysis showed
morphologic alterations in the duct lining epithelium characterized by cytoplasmic and nuclear vacuolization, as well
as nuclear pleomorphism. Acinar cells showed degenerative changes of the zymogen granules and enlarged nuclei.
Ductal epithelium and serous acinar cells showed intense expression of ACE2 and TMPRSS receptors. An anti-
SARS-CoV-2 antibody was positive in 8 (53%) of the 15 tested cases in duct lining epithelial cells and acinar cells
of major SGs. Only two minor salivary glands were positive for SARS-CoV-2 by immunohistochemistry. Salivary
glands are a reservoir for SARS-CoV-2 and provide a pathophysiological background for studies that indicate the
use of saliva as a diagnostic method for COVID-19 and highlight this biological fluid’s role in spreading the disease.
© 2021 The Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Introduction

Since the WHO declared a pandemic status for COVID-
19, governments and health care organizations have
created a series of strategies to mitigate the spread of
its etiological agent, SARS-CoV-2. The contagion
occurs through infected droplets that are disseminated
directly by coughing and sneezing [1]. Salivary secre-
tions are the main components of small speech droplets

and thus play an essential role in the contamination pat-
tern of COVID-19. The presence of SARS-CoV-2 RNA
in saliva droplets has been demonstrated consistently for
different stages of the disease and has been used as a reli-
able COVID-19 diagnostic tool [2,3]. In a series of
70 COVID-19 patients, Iwasaki et al detected more cop-
ies of SARS-CoV-2 RNA in saliva samples than in the
gold standard diagnostic method, nasopharyngeal smear
samples [4].

Journal of Pathology
J Pathol July 2021; 254: 239–243
Published online 21 May 2021 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/path.5679

BRIEF REPORT

© 2021 The Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org



ANOSMIA E DISGEUSIA 
PÓS COVID

QUAL O PAPEL DO 
LASER?



1 - LIMPEZA NASAL

2 - LASER INTRA NASAL

3 - LASER INTRA ORAL

R E A B I L I T A Ç Ã O P Ó S C O V I D - L A S E R
SOMENTE SE PACIENTE ESTIVER COM 
CV NEGATIVADA!

SISTIMA LIMBICO 

OLFATIVAS 

CAVIDADE NASAL 

NEURONIOS 
OLFATIVOS 

SUBSTÃNCIAS 
AROMÃTIC.AS 



FOTOBIOMODULAÇÃO PARA REABILITAÇÃO DO OLFATO

APLICAR ANTES DOS ESTÍMULOS

1 PONTO POR NARINA

COMPRIMENTO DE ONDA: 

Vermelho 
- Modulação da inflamação
- Aumento da microcirculação local
- Vasodilatação

Infravermelho :
- Regeneração de nervo periférico
- Estimula a propagação do impulso elétrico

DOSIMETRIA: 
3 J DE V + 3 J IV 

LASER: a cada 48h (não fazer em menor 
intervalo de tempo)

POSSO 
AUMENTAR
O IV?



A Randomized Trial of Olfactory Stimulation Using Black Pepper
Oil in Older People with Swallowing Dysfunction
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OBJECTIVES: To determine the effect of olfactory stimu-
lation with volatile black pepper oil (BPO) on risk factors
for pneumonia.

DESIGN: A 1-month randomized, controlled study.

SETTING: Nursing homes in Japan that serve as long-term
care facilities for older residents who are physically hand-
icapped, mainly because of cerebrovascular disease.

PARTICIPANTS: One hundred five poststroke residents.

MEASUREMENTS: Latency of the swallowing reflex
(LTSR), the number of swallowing movements, serum sub-
stance P (SP), and regional cerebral blood flow (rCBF).

RESULTS: Nasal inhalation of BPO for 1 minute short-
ened LTSR, compared with that of lavender oil and distilled
water (Po.03). Compared with the period before the study,
the 1-month intervention using BPO improved LTSR with
an increase of serum SP (Po.01). The number of swallow-
ing movements for 1 minute during the nasal inhalation of
BPO increased (Po.001). Multiple comparisons showed a
poststudy increase in rCBF within the insular cortex
(Po.001). Compared with the prestudy rCBF, BPO inter-
vention increased rCBF in the right orbitofrontal and left
insular cortex (Po.001).

CONCLUSION: Inhalation of BPO, which can activate
the insular or orbitofrontal cortex, resulting in improve-
ment of the reflexive swallowing movement, might benefit
older poststroke patients with dysphagia regardless of their
level of consciousness or physical and mental status. J Am
Geriatr Soc 54:1401–1406, 2006.

Key words: olfactory stimulation; elderly pneumonia;
swallowing reflex; swallowing movement; anterior insu-
lar cortex

Despite the development of potent antimicrobial agents,
pneumonia is still a leading cause of death in older

people. Pneumonia in older people, especially those in
nursing homes, is largely related to aspiration, both macro
and micro, due to attenuation of the cough reflex and the
reflexible movement of swallowing, which are mediated via
substance P (SP).1 Therefore, aspiration due to dysphagia
should be a main target of the strategy to prevent pneumo-
nia in older people. Intervention to remediate dysphagia in
older people has been mostly unsuccessful, because knowl-
edge of the etiology of dysphagia has been scant. Although
dysphagia has traditionally been associated with basal gan-
glia infarction, it has recently been reported that dysfunc-
tion in the insular cortex plays a key role in dysphagia.2–4

Hypoperfusion of the insular cortex is closely related to
aspiration pneumonia.5

The insular cortex also plays a crucial role in appetite.
Hunger is associated with an increase in cerebral blood flow
in the insular cortex.6 Moreover, appetite stimuli, whether
pharmacological or nonpharmacological, increase the
blood flow in the insular cortex.7,8 Hence, it was speculat-
ed that a strong appetite stimulus for older people may elicit
recovery of the insular cortex function by restoring blood
flow there. The smell of black pepper oil (BPO) is one of the
strongest appetite stimuli in humans.9 Therefore, enhance-
ment of the insular cortex may possibly be an intervention
strategy to improve swallowing in patients with dysphagia
and, ultimately, to prevent aspiration pneumonia.

A randomized, controlled study was conducted to in-
vestigate the olfactory effect of volatile BPO on dysphagic
patients in nursing homes.

METHODS

A Randomized Prospective Trial with Olfactory
Stimulation

A randomized, controlled study was conducted from June
2001 to March 2002 in nursing homes in Japan that serve as
long-term care facilities for older patients who are physi-
cally handicapped, mainly due to cerebrovascular disease.
To a large extent, they are dependent on the service of
caregivers for activities of daily living (ADLs). The criterion
for patient selection was that physical symptoms and cog-
nitive impairment must have been stable for the preceding
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105 Pacientes

- 33 Óleo Lavanda (OL)
- 34 Óleo Pimenta Preta (OPP)
- 33 Água desflada

- Estímulos apresentados papel filtro para serem inalados durante 1 
minuto antes de cada refeição
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Os achados indicam que a estimulação olfativa usando OPP pode melhorar a disfunção da 
deglutição, aumentando a ativação principalmente do córtex insular esquerdo por meio do sistema 
olfativo (SPECT).

A estimulação olfativa com OPP: 
- Melhora significativa da resposta sensorial 
- Melhora do reflexo motor da deglutição
- Redução da latência do reflexo de deglutição 

Estudo prévio:
- Redução do acúmulo em seios piriformes 
após inalação de OPP
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DISGEUSIA PÓS COVID
ELPAIS Materia 

111 

PANDEMIA DE CORONAVÍRUS > 

Estudo com mais de 600 pacientes descreve a ''língua 
de covid-19'' como um sintoma do coronavírus 
Mais de 25% dos pacientes apresentavam alterações na mucosa oral, úlceras bucais, língua dilatada com 
marcas dos dentes nos laterais, sensação de ardência e inflamação da língua 

A dermatologista e seus colegas estudaram 666 

paci_entes)nternados entre 10 e 25 de abril de 2020 no 

hospital de campanha da lfema. A média de idade dos 

pacientes era de 56 anos e quase metade era de origem 

latino-americana. Todos tinham pneumonias leves ou 

moderadas. A análise dos médicos mostra que mais de 

25% deles apresentavam também alterações na mucosa 

oral, como a papilite lingual transitória (11%) - doença 

inflamatória que causa pequenas protuberâncias na 

língua-, úlceras bucais (7%), língua dilatada com 

marcas dos dentes nos laterais (7%), sensação de 

ardência (5%) e inflamação da língua com a citada 

despapilação (4%), segundo os resultados da pesquisa, já p 

setembro na revista especializada British Journal of Dermat, 

Língua dilatada e com marcas dos dentes nas laterais de um paciente com covid-19. HOSPITAL 
UNIVERSITÁRIO LA PAZ HOSPITAL UNIVERSITARIO LA PAZ 



LASER: a cada 48h (não fazer em 
menor intervalo de tempo)

COMPRIMENTO DE ONDA: 

Vermelho 
- Modulação da inflamação
- Aumento da microcirculação local
- Vasodilatação

Infravermelho :
- Regeneração de nervo periférico
- Es^mula a propagação do impulso elétrico

DOSIMETRIA: 
3 J DE V + 3 J IV 

FOTOBIOMODULAÇÃO PARA REABILITAÇÃO DO PALADAR

POSSO 
AUMENTAR
O IV?
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It is postulated that the inflammatory process resulting from SARS-CoV-2 infection is 
the main cause of s mell and taste dysfunctions in patients. In v iew of this, 
photobiomodulation, due to its anti-inflammatory and antioxidant effects, may be a 
promising therapeutic modality to treat these disorders. In the present case report, we 
observed clinical improvement in the symptoms of anosmia and ageusia related to 
COVID-19 after treatment with photobiomodulation. Due to the inflammatory nature 
of COVID-19 and the anti-inflammatory  effects, photobiomodulation antioxidants 
already proven in the literature make it  a  promising therapeutic modality, especially 
sequela COVID-related, including olfactory (anosmia) and taste (ageusia) 
dysfunction. In the present case report, the patient's olfactory and gustatory functions 
were re-established after 10 treatment sessions with photobiomodulation.  
 
KEYWO RDS  
SARS-CoV-2, Olfactory perception, Taste perception, Lasers, Low-level light therapy

 

 

1 | INTRODUCTION 
Olfactory dysfunctions range from complete loss of smell 
(anosmia) to partial or reduced ability to smell and detect 
odours (hyposmia). In turn, anosmia is commonly associated 
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Protocolo:
- 10 sessões, intervalo de 48h, por 25 

dias

Resultados:
Antes do tratamento à 4 na VAS olfato e paladar

Após o tratamento à 10 na VAS olfato e paladar

CONCLUSÃO:
Reestabelecimento total das funções olfa^va e
gusta^va após 10 sessões de tratamento 
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Contra – Indicações :

• Gravidez (útero)
• Diretamente sobre o tumor
• Lesão sem diagnóstico
• Diretamente sobre os olhos
• Áreas hemorrágicas
• Tecidos infeccionados
• Fotossensibilidade



Considerações Finais

Fácil acesso

Baixo custo

Indolor/ sem efeitos colaterais

Alta aplicabilidade 

Mais estudos

Futuro altamente promissor





@tatianaschaves

tatiana.chavesfono@gmail.comOBRIGADA!


