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Advances in research of the application and mechanism of
low-level laser therapy
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[ Abstract] Low-level laser therapy is increasingly being used in the medical field, and has apparent advantages
such as non-invasive, non-toxic side effects compared with those associated with traditional surgery, drugs, and radiation
therapy. It has the positive effects of reducing inflammation, promoting wound healing, nourishing nerves, protecting
muscles, and improving body shape. An in-depth understanding of these mechanisms of action for low-level laser therapy
can help to improve the efficacy of the therapy and broaden its range of applications. This article reviews the advances in the
application and our understanding of the mechanisms of low-level laser therapy.

[ Keywords] low-level laser therapy; inflammatory reactions; wound healing; oxidative stress

AR BN AR AR T 2T 2
) AR ) e

U HR K
WOLTE B SR B, e T

1965 4EHE AMRELUR . HH TRy IR I FES S0 F itk S Thaet . IRAR oL 2
AR T OCHR B3 KE BT R R IRFREROE SOLY RS G AE R A R R R AN S XL AR

[EE£TH 5B REM A QHT 54 57 B (CX2017266) ; VIV A BHE T S0 & 1R L 4% B (20171BBG70096,20181BBG70007)
[EHE RN ] AP (1990—) , 9 Al - 5E A4 A58 07 1) - HRHESS . E-mail: yujinhail016@ 163.com
[BISEE]BEBE(1967—) 5, FATEEIR , WA S 00, 155 7 1) < HRHEESS , BRAMJi . E-mail; 1hfzf@ 126.com

 JA ] ST )5 OE LA A U D' 45 D5 T
B AT BB AR, BE)R , T HOEREK )
HOBYT I AR T E R, A
BHFIANERG ST A 232 W o BOGAE i 3R R
ARG OKP LR AL R AR A 5 A, U A%



rpE H R BE 2R 2 R 2019 4R 7 H A5 29 555 7 Chin J Comp Med, July 2019, Vol. 29,No. 7 121

B IRAE B % WO BEA WO )z
AT, 2738 AT ] e B RE f2 3O 70 Wl A 9 E S fie
OIS B IR A ORI UL P R R R A Ty
A B BT 28, AR SORLAR RE 8 SO 7 ik 1 1
FIBLEI BT i e — A48, IR AT R AR AR O
FPVEBOCA IR A FHALBE, Sy #E— 0 5 i 7 AR
P8IV PR B AL S

1 BB RAE R R

LB R HOEITEE (low level laser therapy, LLLT)
BABRER, © WA IR Y7 4 Fh 28 81 50 [
N, BT LB S RO R 5 9 | A A R A
RU AN A RIE S FRE R AN 8 /em®, K
h 660 nm [FER-ER-TH 1LY ( GaAlAs) WOLRIGYT F
JE G AT ARARAR G A7 30— 29T R R, B
S IR G 28 J&] 4 A R 410 1) 24 J) 5 240 e oy i 98 3K 5K
Kl F-a (TNF-a0) | FI A AL A =18 (IL-1B) (IL-6 Al
1L-8 Fik I L IR 4H A P PR R 1T —BE R ( cAMP ) (%
BN RN R A 3 ARG Ttk 7 o Ak B
AN A% F-kB (NF-kB) %6 eGP R Y, ax st
FARIR cAMP/NF-xB {55382 5 T LLLT Ji4%
3N A AR E RO I R P 1 SN B
TR RISk o G B I 22 S T O I A T 4 A A R A
5 TR S AR AMERY RS I e B0 2215 5 1) 440 L e i 1)
JRE E-2( PGE-2) ) FIME A -2 ( COX-2) R IA
B, 2432 F 635 nm AOE RS AT DL X
PIRhSE 23k 0 bRl WL, LLLT HrR AL
TSR T O A DG A 538 Ok TR R E R R
TR R AE S

g3 —J7 A 2E R RIS ARRE RO R R
=L AT DA R 2O AL AT PGE-2 51 AE /Y
AN TR, TRABF ST R, IR fE B Ot Er
BB/ IS BB AR 7K i A5 780 v (%) 356 14 4 (ROS) il
e Ak A Ak W) ( LOOH ) 7K S8 3% #F 9% W 7w
LLLT -t G865 30 3 410 i) S0P 107 S50 0 e 14385 9% S
N o RAE SN AL RE T BRI K A RE S 75 T 40
M &APIT:, LLLT HTRHLGI it A7 7 5 X2 i T
MY T-E A AT R AR A
LLLT Zh BRI S 00 T 09 P B 40T, & SRR T4
KEARETREY ) XA RW LLLT fEHHT 40
Mg AR T RE I I E B A A, BN S 2,
LLLT FEWl R 9 i S I 3k B v oA R AP i R A5 25 T
FLAE SAE R F- 223K | AU A0 0L 0800, R 48 i 0 1 55
J5 TR R

2 REMGORE

FEMA 5 1A A i PR 2R AL 48 RORE R T 2R 18 L 40 i
BEETEYE L R B AN A R Y , R A
R IR LLLT REf% b 254 o PR s K R 310 11 1)
SRR A AR — AU, BT 4k 4 i
DAL R E T EEMMG, Solmaz
W/ US4k 4 i F % 1 M 635 nm AR BE RO
WS | 2 PN A 388 5 0 P S S i o, (A P 56t
FEAY) AL MU 7 5 B 5 0] R A B B R T A
T, A 2 E R 2 BZ A0 M A 1232 K R 660 nm 1)
LLLT &b SIS 20 J P9 1l 48 N B2 A2 K B F (VEGF ) 2
PR 3A b S 380, T TL-6 R ) i 3 R 2
WFE K, LLLT 7EUkE2 9 0 S o i 72 o 2 {2 k405
LA AAE A T EEAE 0 40 3 5 R iy A5 448 A O 1o
BRI AT i — 25 s Al 2 i B =
2.1 {RiZHE

TR CO, B RS 7 Ik 18 27 4 4t it S5 m]
il 20 2 A= S A ANAE RS, B BRI CO, OB
LLLT 7] DL & 25 32 & 22 2 fR/ 75 2 MR & 11 U 1
(Akt) ERK FIRN 376 b 8 IO (JNK) 25 3R 18
PEORTE AN M3 58 A A% F2 Akt ERK Al JNK
GfETEgES 5P AN, A HGEE Er. YAG 3
G LLLT G895 42 F 28 i A 21 4 40 B 354 5, o 3% 43
Mri R kAU BsEE 27 EA R B FR ™ . N
XEERIFGEORE , LLLT 75 {4 40 a3 58 3o F b, 1R AR £
BEARSCAG 5 F 2 50 S M, B T L e 40
Jash A7 4 38 LLLT W] 38 1 b 35 41 A 40 2 1 A
T AL 20 g & A= 3 S B AN, R R
LLLT i 7] DAY fin b T4 a3 58 DNA &6l A ki
S, [FAT, Hedgehog 15 545 540 F AU R A
FIE (¥ 5 i KSF- 2 3 | Tiiaz 40 i 590 4 FE 40 i
BF, A fof 2 8 A 0 1 R AR, B LLLT X
LR MR AR LA R 3 B8 1R, 78 B R AF
MR SIS 5, SR 02 UE 40 i 3 58 1
Y EF AT LAAE HLAR AN 7] 25 0 25 B R 41 21460 4 Bsf
HBREE BRI B R AR
2.2 PB4 AT RS A0 B AL

DAL K 200 b S A% R0 IS R 4 O A Y e
AR AW He-Ne 0GH) LLLT fEH T A
i K IL4SE P9 R 20 ( HUVEC) B, AT 384005 i RS IE UL
Pt 30 / Akt(PI3K / Akt) {3538 [ i N Fz 40 fifd
— AL E AT (eNOS) 8 &k, i — L3 w2
Has s AR T v 5 22 b, DR O Y
LLLT o 7 34 7 A\ 3% K 4 i 1) ERK #R fb K1, i



122 o L PR 2 24 R 2019 41 7 45 29 %45 7 1 Chin J Comp Med, July 2019, Vol. 29,No. 7

A k2 B A s o A A2 ' A RGE LLLT o3
AR LAY RIS R A H (mTOR) F 1%
SARARARA 1 b R AN IT AL | DA I T A
A A A ) XIS oK, LLLT fg 03 i
WS Z M E S O A TR . S — LA
WFFE % B 800 nm [ AR AE LLLT
Al NF-kB i #% 2 5 5L 4 8 5 (1 (MMP) 3%
PRIt SR T3 0 AR D R 1 B B — R U, B
AT LASGE G H AL IR EIR 7 A IeA,
A B MMP 752 F v i 3K AT AR i 3% B il A8 1y A=
RCECR NI H LLLT A Bt n] LA A5 17 B9 1 5 %0
HREEES . WX KA, LLLT 2 41 i 3%
B GERFIMASTE B 1 F i R v B 22 2% A 538 It
25 X B 30 [ A AH FLIPE 7R Al 40 A 344 4
TR I AE TR A A P S22 B R A AR A R IR S

3 EFMEZ

Abdel %3 i K ok B K & B LLLT 0l Lk
MR PRI K BRUR Bl ph 28905 A8 1Y 25 [REAZ . 3 RLF-
57~ LLLT X520 12 0 #h 28 oe 40 i 2 — 5 &
HuUEFRER, AN, AW R LLLT ek >
o SRR P AR /0 BB AR (14 45 2 i 1k AsF i) DA T 2
SEIVARREAT R, i — 98 R B, LLLT ] S AR
/NSRRI i ATP ki iR & A R ik 7K
B LT AT UL LLLT REAEH sz X
WM 28 o0 1Y RE A A N, R VR R R 2 E SR R
(Bdnf) 7EfH 20 fbid B R EEAE N, A2%H
KB LLLT Rli5 AR A 2755 40 ( DRGNs) H Bdnf
) mRNA ¥5 58, 7ESLal B cAMP J b oo R 25 &
% (CREB) W 2 1k f1 ERK # fR 1k K °F B 2% T
Y cAMP Il AL RE VR Y IR = R IR AT
(ATP) st P BE R 46 75 M, PRIIE, DAk S 5%
KF LLLT X oe i 324 5 HMGE 2204
it B B AR 2 WA O

P 2505 H T B B SRR 14, LLLT
AN B 224 5 374 FH A e B AL A4 XoF 95 9 1
JE4% . Hagiwara SEU IR B 22 33k LLLT 40 34 4 ifn,
W B-NME KR IS W W, B-P ME R EL A AR
U PR ZSRAE R, JR T — R AN PR B R 2
AR 00T R B S S5 4 s e B T
LLLT (IR K AR s () 5 2 R R 1270
A2 E R E SR B E 4 LLLT nl 4R 455 K b
B - FSE R B LLLT W] AR B S DX ek, 1
T I 68 9% 2 T I P I vE 2 (5-HT) 1K

ST AN A RGE LLLT A] A S 5 45 41 4k
RAETE Y 35 DT R AR X i 1 BB ™
BT LLLT X 2258 FR FAEUR B9/ It H e R
o R IR HAT BRI AN (AN R R 23 )

4 RIPALA

LLLT FE28f WL IR 9% 55 J5 T B A — e J7 3k, it
FEN G HAT 4292 2 R R BEFE S A ik 2 B
iz LLLT &SRR LA A9 iz 5 53 0T DL e 38 38 fin i
REAE TR ZL A E] 0 XM FE W] LLLT Af LA
BTV 57, A IRGEZS LLLT B85 K I P s ]
DATEANSE M LR 27 4 A% 5 B2 A5 00 T, BEAIRILA
AL S5 BRI RE Y L SR LLLT B 55 ifE
FHALH AT fie K T LLLT Xf iz 3h# 2 g 98 35 . otk
A1, Ferraresi %2 W3 28 LLLT FEES S AOLIA b,
WUAAE RS R LKL T, 38 LLLT RSN IS
WHAB IENIRZE A TR, 5200, 6255
H LLLT FFAb BEE AR WUE SR A R/ BB AL, &
B LLLT AT 5L et 8 35 /N B LS 52 R R
FEPURNEE 123K, DA TTT SO A A /N BRUAY JUL R TR 28
HAE™ . MIXSes KA, LLLT fES s LA £
J5 R PERE

5T & B0 LLLT W% ik I 45 JIL P 48 j e i
BRI I I FL A TR HE AT 3890 4 T 42 v LA
Mz shife 1™ A2EH T T LLLT Bz shig
M) F) BREATL X 58 SCIR 6, 3 o 2 S 00 g 346 5 i L
TR Y UL EEL % 575 48 8, 45 SR /R LLLT Ab B 5 nT g 3%
g INE TS A R ) S h N B Y R e=e i ]
J&i LLLT e ] o i 38 2L 78 A0 LR 33 1 7 7K T
TR X RT-R AT LA LLLT BoA i LA
WEOTERIMBREN , BLAbh, 12 0 J5 i B B DLAL 9% 55
ARAS, AT B ROS | B 4B 2 1 i S 10 4 1 Ak il
(SOD) %5 48 Ak 0 8 19 48 A 06 P 185 o 2 7 5 132 AL 1A
P55 i LLLT nT s 4o 2 ¢ SAL B 1,
B LR 97 Th A0 /NS LLLT 3l 2 3 5 40
PR 2k | BRI 1 7 B 7K S R o3 AR A o
3 5 A FH >R S G AL PR A48 L R £ 47

5 BEMEKE

B5EA AT 40 44 (e HESZ R 3 L4537 LLLT
BRSPS RGN 4 JRIR % B LLLT 441 )
BEFPED 2. 15 om, R IFA 397 50 R 19 161
SLRAT A . TIPSR LLLT B8
AR R B S = WA T8 0 107 40



ofE F A R kA 2019 4E 7 A %5 29 45 78] Chin J Comp Med, July 2019, Vol. 29, No. 7 123

AT BRI Jankowski 25NV BIFSE W LLLT R 5
Ja A KB EBE T AR kDA gt L, X
PIIAFFE FR LLLT A9 9% 1 N BE B %5 % A W . 2%
SR EIRIT AW, R & R TR R B
AN RMABEIR BN B BIFR, J— i, A% E EM
LLLT RS} BB 4% d 25 $8 i 1A PN BRI 25 vk B2, (i 15
LLLT F&STIHRA A T 6B L Bl 1A 5 48 T A ke 5
REIRE BT, PSSR T 49 &4 MR fESZ
WHE AT LLLT BART HB X  1R g I 1 205 4y
A Whs S R S5 R R EB s JF 4T LLLT
RS ] (i JB 0 2% BT 408 4 i A4 K R 0 o ) 4
K A= 3 K AR Ak, IR S 35 1 ) 43 08 R A
EH(WND) 5 5% S0 FRED ZFRER
WNT (5525 T LLLT /SRR BE i A8 i
T BB, LLLT R 38 33 5% ) B 7 440 A 3 AN i
KBNS A R AR S . (B LLLT BYBOGER K
R 2 28 8 R0 s ) 55 A0 56 2 B0 A B2 A5 A7 A
KRIE R T3 2L Z T8 R4

6 Zig

LLLT 7EW85% 98 0 52 A 245 1 A iR
IR 2 555 38 B A R RE TR 3R A AR
A B35 7 AT 20 B U T B TR L X 2 S
(1) R EL K 2R 8 15 200 o 3 5 30 AR I A8 T i )
FHAS2 80 A AR AR S T X S A K &Rl
e TR i R g S B e R o = O R 0 2 W=
LLLT 38 52 2036 4 28 70 40 G 1) B 2 1 A 2 s b 2
190 S (14) 43 0 S BT 7 3R PR 48 R % i 0 IR A
HOUT LA 4 AR 4 5 AR B X BT LI a8 30 7= A 1Y
A AR A0 T X A TR A A A R
Wi S 7 AR 388 ke S 3, LLLT 1933k 26/ ) B AT 7
R B PR IRIT I E R 9 (HIE T 24T i
A R WK AR IR AE AL S
IR R R TIRAMISY

S 3k

[ 1] Karu TI, Kolyakov SF. Exact action spectra for cellular responses
relevant to phototherapy [ J]. Photomed Laser Surg, 2005, 23
(4): 355-361.

[ 2] ZhangJ, Xing D, Gao X. Low-power laser irradiation activates
Sre tyrosine kinase through reactive oxygen species-mediated
signaling pathway [ J]. J Cell Physiol, 2008, 217 (2): 518
-528.

[ 3] Lauria Silva GB, Sacono NT, Othon-Leite AF, et al. Effect of
low-level laser therapy on inflammatory mediator release during
chemotherapy-induced oral mucositis; a randomized preliminary
study [J]. Laser Med Sci, 2015, 30(1) . 117-126.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Lee J, Chiang M, Chen P, et al. Anti-inflammatory effects of
low-level laser therapy on human periodontal ligament cells: in
vitro study [ J]. Laser Med Sci, 2018, 33(3) ; 469-477.

Lim W, Choi H, Kim J, et al. Anti-inflammatory effect of 635
nm irradiations on in vitro direct/indirect irradiation model [J]. J
Oral Pathol Med, 2015, 44(2) . 94-102.

Erthal V, Maria-Ferreira D, de Paula Werner MF, et al. Anti-
inflammatory effect of laser acupuncture in ST36 ( Zusanli)
acupoint in mouse paw edema [ J]. Laser Med Sci, 2016, 31
(2): 315-322.

Januario Dos Anjos LM, Da Fonseca ADS, Gameiro J, et al.
Apoptosis induced by low-level laser in polymorphonuclear cells
of acute joint inflammation; comparative analysis of two energy
densities [ J]. Laser Med Sci, 2017, 32(5): 975-983.

Chu Y, Chen S, Hsieh Y, et al. Low-level laser therapy prevents
TNF-alpha/cycloheximide-induced
apoptosis [ J]. Laser Med Sci, 2018, 33(2) ; 279-286.

Gupta A, Keshri GK, Yadav A, et al. Superpulsed ( Ga-As, 904

endothelial ~ cells  from

nm) low-level laser therapy ( LLLT) attenuates inflammatory
response and enhances healing of burn wounds [ J]. J
Biophotonics, 2015, 8(6) : 489-501.

Bagheri M, Amini A, Abdollahifar M, et al. Effects of
photobiomodulation on degranulation and number of mast cells
and wound strength in skin wound healing of streptozotocin-
induced diabetic rats [ J]. Photomed Laser Surg, 2018, 36(8) :
415-423.

Solmaz H, Ulgen Y, Gulsoy M. Photobiomodulation of wound
healing via visible and infrared laser irradiation [ J]. Laser Med
Sci, 2017, 32(4): 903-910.

Fernandes Szezerbaty SK, de Oliveira RF, Pires-Oliveira DAA
et al. The effect of low-level laser therapy (660 nm) on the gene
expression involved in tissue repair [ J]. Laser Med Sci, 2018,
33(2): 315-321.

Shingyochi Y, Kanazawa S, Tajima S, et al. A low-level carbon
dioxide laser promotes fibroblast proliferation and migration
through activation of Akt, ERK, and JNK [J]. PLoS One,
2017, 12(1) : e168937.

Ogita M, Tsuchida S, Aoki A, et al. Increased cell proliferation
and differential protein expression induced by low-level Er: YAG
laser irradiation in human gingival fibroblasts: proteomic analysis
[J]. Laser Med Sci, 2015, 30(7) : 1855-1866.

Tsai W, Cheng J, Chen J, et al. Low-level laser irradiation
stimulates tenocyte proliferation in association with increased NO
synthesis and upregulation of PCNA and cyclins [ J]. Laser Med
Sci, 2014, 29(4) . 1377-1384.

Li Q, Chen Y, Dong S, et al. Laser irradiation promotes the
proliferation of mouse pre-osteoblast cell line MC3T3-E1 through
hedgehog signaling pathway [ J]. Lasers Med Sci, 2017, 32
(7). 1489-1496.

Chen CH, Hung HS, Hsu SH. Low-energy laser irradiation
increases endothelial cell proliferation, migration, and eNOS
gene expression possibly via PI3K signal pathway [ J]. Lasers
Surg Med, 2008, 40(1) . 46-54.

Liao X, Xie G, Liu H, et al. Helium-neon laser irradiation

promotes the proliferation and migration of human epidermal stem



124

I He R R AR AR

2019 47 A% 29 %55 74 Chin J Comp Med, July 2019, Vol. 29, No. 7

[20]

[21]

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[30]

[31]

cells in witro: proposed mechanism for enhanced wound re-
epithelialization [ J]. Photomed Laser Surg, 2014, 32(4) . 219
-225.

Pellicioli AC, Martins MD, Dillenburg CS,

phototherapy accelerates oral keratinocyte migration through the

et al. Laser
modulation of the mammalian target of rapamycin signaling
pathway [ J]. J Biomed Opt, 2014, 19(2) . 28002.

Ren X, Ge M, Qin X, et al. S100a8/NF-«kB signal pathway is
involved in the 800-nm diode laser-induced skin collagen
remodeling [ J]. Lasers Med Sci, 2016, 31(4) : 673-678.

de Medeiros ML, Araujo-Filho I, Nogueira Da Silva EM, et al.
Effect of low-level laser therapy on angiogenesis and matrix
metalloproteinase-2 immunoexpression in wound repair [ J].
Laser Med Sci, 2017, 32(1): 35-43.

Abdel-Wahhab KG, Daoud EM, El Gendy A, et al. Efficiencies
of low-level laser therapy ( LLLT) and gabapentin in the
management of peripheral neuropathy; diabetic neuropathy [ J].
Appl Biochem Biotech, 2018, 186(1): 161-173.

Xu Z, Guo X, Yang Y, et al. Low-level laser irradiation
improves depression-like behaviors in mice [ J]. Mol Neurobiol,
2017, 54(6) . 4551-4559.

Yan X, Liu J, Zhang Z, et al. Low-level laser irradiation
modulates brain-derived neurotrophic factor mRNA transcription
through calcium-dependent activation of the ERK/CREB pathway
[J]. Lasers Med Sci, 2017, 32(1): 169—-180.

Hagiwara S, Iwasaka H, Hasegawa A, et al. Pre-irradiation of
blood by gallium aluminum arsenide (830 nm) low-level laser
enhances peripheral endogenous opioid analgesia in rats [ J].
Anesth Analg, 2008, 107(3) . 1058-1063.

Pereira FC, Parisi JR, Maglioni CB, et al. Antinociceptive
effects of low-level laser therapy at 3 and 8 J/cm? in a rat model
of postoperative pain; possible role of endogenous opioids [ J].
Laser Surg Med, 2017, 49(9) . 844-851.

Hsieh Y, Hong C, Chou L, et al. Fluence-dependent effects of
low-level laser therapy in myofascial trigger spots on modulation
of biochemicals associated with pain in a rabbit model [ J]. Laser
Med Sci, 2015, 30(1): 209-216.

de Magalhaes MT, Nunez SC, Kato IT, et al. Light therapy
modulates serotonin levels and blood flow in women with
headache. A preliminary study [ J]. Exp Biol Med, 2016, 241
(1):40-45.

Oliveira ME, Santos FM, Bonifacio RP, et al. Low level laser
therapy alters satellite glial cell expression and reverses
nociceptive behavior in rats with neuropathic pain [ J]. Photoch
Photobio Sci, 2017, 16(4) : 547-554.

Lanferdini FJ, Bini RR, Baroni BM, et al. Improvement of
performance and reduction of fatigue with low-level laser therapy
in competitive cyclists [ J]. Int J Sport Physiol, 2018, 13(1):
14-22.

de Mendonca FS, Camillo De Carvalho PDT, Biasotto-Gonzalez
DA, et al. Muscle fiber conduction velocity and EMG amplitude
of the upper trapezius muscle in healthy subjects after low-level
laser double-blind,
controlled, crossover study [ J]. Laser Med Sci, 2018, 33(4):
737-744.

irradiation; a randomized, placebo-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Ferraresi C, Bertucci D, Schiavinato J, et al. Effects of light-
emitting diode therapy on muscle hypertrophy, gene expression,
performance, damage, and delayed-onset muscle soreness: case-
control study with a pair of identical twins [ J]. Am J Phys Med
Rehab, 2016, 95(10) ; 746-757.

Albuquerque-Pontes GM, Casalechi HL, Tomazoni SS, et al.
Photobiomodulation therapy protects skeletal muscle and improves
muscular function of mdx mice in a dose-dependent manner
through modulation of dystrophin [ J]. Laser Med Sci, 2018, 33
(4): 755-764.

Ferraresi C, Kaippert B, Avci P, et al. Low-level laser (light)
therapy increases mitochondrial membrane potential and ATP
synthesis in C2C12 myotubes with a peak response at 3-6 h [J].
Photochem Photobiol, 2015, 91(2) ; 411-416.

de Brito Vieira WH, Bezerra RM, Saldanha Queiroz RA, et al.
Use of low-level laser therapy ( 808 nm) to muscle fatigue
resistance; a randomized double-blind crossover trial [ J ].
Photomed Laser Surg, 2014, 32(12): 678-685.

Dos Reis FA, Kato Da Silva BA, Salvador Laraia EM, et al.
Effects of pre- or post-exercise low-level laser therapy (830 nm)
on skeletal muscle fatigue and biochemical markers of recovery in
humans: double-blind placebo-controlled trial [ J]. Photomed
Laser Surg, 2014, 32(2) . 106-112.

Lock Silveira PC, Da Silva LA, Pinho CA, et al. Effects of low-
level laser therapy ( GaAs) in an animal model of muscular
damage induced by trauma [ J]. Laser Med Sci, 2013, 28(2):
431-436.

Albuquerque-Pontes GM, Vieira RDP, Tomazoni SS, et al.
Effect of pre-irradiation with different doses, wavelengths, and
application intervals of low-level laser therapy on cytochrome c
oxidase activity in intact skeletal muscle of rats [ J]. Laser Med
Sei, 2015, 30(1) : 59-66.

Caruso-Davis MK, Guillot TS, Podichetty VK, et al. Efficacy of
low-level laser therapy for body contouring and spot fat reduction
[J]. Obes Surg, 2011, 21(6) : 722-729.

Jankowski M, Gawrych M, Adamska U, et al. Low-level laser
therapy ( LLLT) does not reduce subcutaneous adipose tissue by
local adipocyte injury but rather by modulation of systemic lipid
metabolism [ J]. Laser Med Sci, 2017, 32(2) . 475-479.

Da Silveira Campos RM, Damaso AR, Landi Masquio DC, et al.
Low-level laser therapy ( LLLT) associated with aerobic plus
resistance training to improve inflammatory biomarkers in obese
adults [ J]. Laser Med Sci, 2015, 30(5) : 1553-1563.

Da Silveira Campos RM, Damaso AR, Landi Masquio DC, et al.
The effects of exercise training associated with low-level laser
therapy on biomarkers of adipose tissue transdifferentiation in
obese women [ J]. Laser Med Sci, 2018, 33(6) : 1245-1254.

TRIE, HAR, sIRT, & ZABOEN T RIEE e
PEZERADERIIGIRATTE [T]. P EEZ S0, 2014, 11(9):
68-70.

TER, MRT . WOGHS BERTAR X R bk b K 8 25 B U
N TG g [T E B2 54, 2018, 15(13): 76
-79.

(eF= HH#A)2019-01-01



