Table S1. Included studies. /n vitro studies on photobiomodulation and pre- and osteoblast cells, selected after inclusion and exclusion criteria

Art. Cell’s type Laser Parameters Therapy Irradiation Mode Methods Results
Proliferation: increased Viability: increased
once per week or three times per | Proliferation: BrdU assay Viability: MTS ALP and Alizarin Red S histological staining: increased,
MC3T3-El 980-nm; 0.9W; 0.9W/cm?, 55 J/em?, 55J; 60 | week (alternate day) or daily, | ALP and Alizarin Red S histological staining, Double | Double Immunolabeling for Osteocalcin and Collagen
[40] cell line s. Spot-size area= 1 cm?; irradiation mode= | five times per week. Immunolabeling for Osteocalcin and Collagen Type I Type I: increased,
CW The laser was fixed 3 mm from | Protein presence: Bcl2, Bax, Osx, DIx5, B-catenin | Protein presence: Bcl2, Bax, Osx, DIx5, B-catenin Smads
the cell layer Smads 2/3, TGFp 2/3, TGFp, increased after irradiation but only in some
doses.
P.C.C of | 905-nm; 0.015W, 0.008 W/em?, Spot-size N Proliferation: BrdU; Cell Cycle Analysis; mineralized | CrOfferation: only 3.75 Jjem® affected; 1 irradiation
_ P L - One irradiation. s . L. decrease and 3 irradiations increase it; Cell Cycle Analysis:
osteoblast area= 1.9 cm’, irradiation mode= CW and matrix: von Kossa technique; ALP activity: naphthol . . . X
[43] 2 ) Mode: 10 mm above the basal . . . G2/M phase was induced; mineralized matrix: only 3.75
from 1.25 J/em* 2.4J, 150 sec or 3.75 J/em?, 7.1J, M £24-well ol AS-BI phosphate; protein expression: Runx-2 Jem? affected: ALP activity: 1.25 Jjem? and Jom?
rat calvaria 450 sec or 6.25 J/cm?, 11.8], 750 sec surface of 24-well plates J e aftected; activity: 1.25 J/em an 3375 J/em
’ > increased protein expression: Runx2 expression increased
MG—63 cell | 904-910 nm; superpulsed 200 nsec, min-peak ‘ Viability and proliferation: TB exclusion test and Burker Vt.abtln)f and pi:oltfgratton:I no—effect or df:crement;
line power 33W, average out power 0.2mW, | Daily for 5 days then, every two L N . . " | mineralized matrix: increase; protein expression: ALP
. chamber; mineralized matrix: von Kossa technique; | . . X .
[44] (human frequency 30kHz, 5 min, tot-energy 60J for | days for 15 days . . increase, BMP-4 increase, BMP-7 increase, OCN increase,
> . > 8 protein expression: ALP, BMP-4, BMP-7, OCN, . . .
osteoblast- each well, 6.7 J/cm?, Spot-size area= 9 cm?, | Mode: no specified PPARG, PPARy, TGF-B2, COL-I PPARa increase, PPARyincrease, TGF-b2 increase,
like cell) irradiation mode= superpulsed * i e . COL-I increase
910-nm: average power 03W. peak-power DNA synthesis: treatment with irradiation at a dose 0f 2.85,
MC3T3-El 45W 0’09W/cr%12 % 142 2 85, 27 oIr) 171 One irradiation. DNA synthesis: BrdU; ATP synthesis: CellTiter-Glo™ | 5.7, or 17.1 J/cm® increased it; ATP synthesis: 2.85, 5.7, or
45] cell line J /cm;. : ulse—rat:a ’30'kH’Z_ : )uls.e—’ duratio.n The laser was fixed at Luminescent Cell Viability Assay; cell migration: | 17.1 J/cm? significantly increased ATP synthesis; cell
200“3’_ OSerall duty evele o% 0%0/ Spotsize | & height of 35 mm from the | wound makers TM® (ESSEN BIOSCIENCE); protein | migration: 2.85 J/cm? increased; protein expression: 2.85
e 3.3 o2 irraﬁia?ion moder ;’ul s‘; ¥ well-plate expression: MAPK/(ERK) 1/2, p38 MAPK, SAPK/INK | J/em? increased ERK1/2; No changes were observed for
. > p38 MAPK or SAPK/INK
MC3T3-El 980-nm; 1.57, 7.87, 15.74, 39.37, Daily for 3 days Proliferation: toluidine blue solution Proliferation: Irradiation increased it, with the exclusion of
[46] cell line 78.75J/em* and 1, 5, 10, 25,5011 1, 5, 10,25 | The laser was fixed 10 cm from Ros enerati;n' H2DCFDA assa 1 J/em?.
and 50 s. irradiation mode= CW the cell layer 8 ) y Ros generation: all irradiation increased it
. 2
P.C.C of 915-nm; 1.5W, 0.12 W/em®and Proliferation: no effect; mineralised matrix: no significant
41.7, 125 or 375 s, 62.55], 187.5] or 562.5J, N . . . . A ;
osteoblast 5 . - > . Proliferation: Coulter counter; mineralized matrix: red | differences were observed after irradiation with 1.25
5, 15 or 45 J/em®, Spot-size area= 12.56 cm?, | Daily for 3 and 6 days. . > 2 wps .
[47] (human o - ; alizarin W/em? and fluences of 5, 15 and 45 J/cm®. Mineralisation
. irradiation mode= CW / 1.5W, 1.25 W/cm* | Contact mode S . . 2 5
mandibular and 4. 12 or 36 s. 5. 15 or 45 J/em?. Spot-size is higher in samples treated with 5 J/em” and 0.12 W/cm
cortical bone) area=’1 13 em® i’ITE’l diation mode= ’C\g compared to controls.
Viability: 10 J/cm?® increased it, but 20 and 50 J/em?
Saos2  cell 915-nm; set-power 1W, output power 0.575 Viability: AlamarBlue solution; Cell Morphology: (Sjgcr;;sffi;ﬁg:;ftezcizgid;?l—eg:t;,C;léAll/zrmpzh i’:gy;
e W, 0.3 W/em?and 1, 5, 10, 20, and 50 Vem? | One irradiation. LIVE/DEAD®  Viability/Cytotoxicity ~ Kit; DNA | ° ' eﬂ,ectp“f;th cevoral o 13 otic colls shane
and 10, 48, 96, 193, and 482 s, 100 Hz pulse | The laser was fixed at Quantification: PicoGreen®; cell damage: LDH, OPG, Ty pop pe.
[48] (human o o . _ . L. .. Other fluences had no-effect
irradiation duty cycle of 50%, Spot-size area= | a height of 19 mm from the | RANKL, and VEGF activity released: cytotoxicity . . . .
osteoblast- 1.91 em?: irradiation mode= pulsed well-plate detection kit DNA Quantification: no-difference among samples; cell
like cells) : : p p damage: LDH, OPG, RANKL, and VEGF activity
released: no-effect was observed
Viability:  no-difference =~ were  observed; DNA
915-nm; set-power 1W, output power 0.575 . L, ., ? .
S_aos—2 cell W, 0.3 W/em? and 1, 5, 10, 20, and 50 Jem? | One irradiation. Viability: Alamar Blue solution; DNA Quantification: Quanttj?catmn. no d1ff§rence were observed,‘ protein
line ’ T T . . . expression: COL-IA1 increased in all laser-irradiated
49] (human and 10, 48, 96, 193, and 482 s, 100 Hz pulse | The laser was fixed at PicoGreen®; protein expression: COL-IA1, TGF-B1, roups; TGFB1 was increased only with 10 Jem? at 24h
uma irradiation duty cycle of 50%, Spot-size area= | a height of 19 mm from the | IL-1B, MMPI1;  Supernatant  Enzyme-Linked Broups; 4 ;
osteoblast- 1.91 em?: irradiation mode= pulsed well-plate I orbent Assay Meas fs: COL-L. TGF-B1 but decreased at 72h; IL1B and MMP1 were not affected;
like cells) ’ ’ P P MIMUNOSOrDEnt ASSay MedSurements: > Bl Supernatant Enzyme-Linked Immunosorbent Assay

and PGE2 Enzyme-linked.

Measurements: COL I, TGF, PGE2 were not affected




940-nm; 1) 0.1 W; 0.25 W/em?, 22.92, 45.85

2 2
hFOB  cell | or 91.79 Vem. 2) 02W, 0.5W/em', 22.92, | 1y i g7 days. Viability: MTT; Alkaline Phosphatase Activity: ALP | Viability: increase in all groups; Alkaline Phosphatase
line 45.85 or 91.79 Jem?. 3) 0.3W; 0.75W/cm?; .. , . X .. L. , L s
[50] 2 L The laser was fixed 14 mm | Activity Colorimetric Assay; Osteocalcin Activity | Activity, Osteocalcin Activity Assay: only 0.1 W and 0.2 W
(human fetal | 68.78 or 137.57, 270 J/cm®. Irradiations were above the cell laver Assay: OCN Activity Assay Kit irradiated for 360 s i qit
osteoblast) performed for 90, 180 or 360 sec. Spot-size Y ssay: ¥ e trraciated ot § mereased 1t
area= 0.4 cm?; irradiation mode= CW
MG-63  cell | 940-nm; power output of 70 mW, 1 W, Alkaline phosphatase activity: colourimetric assay Alkaline phosphatase activity:
line IW/em?, 3 J (14.7 s) or 1.5 W/em?, 3 J- One irradiation. Phagocytic activity: carboxylated FICT-labeled latex Incremented activity only with 1W/cm? Phagocytic
[51] (human (10.65),4J(19.31s) or 1.5 W/ecm?,4J (12.96 | The laser was fixed 1 cm from | Protein presence: monoclonal activity: slighted reduction in phagocytic activity; Protein
osteoblast- s). Spot-size area= 0.126 cm?; irradiation | the cell layer antibodies (MAbs) CD54, CD80, CD86, and HLA-DR presence: CD54, CD86, and HLA-DR were reduced,
like cell) mode= pulsed (CD54/I0L1b, CD80, CD86, and OKDR no effects were observed on CD80 antigens.
940-nm; 0, 0.001, 0.005, 0.008W and 5.2, 0, T SR 24 )
(521 2’;5?}2‘51 0.00167, 0,00833, 0.0125 Wem?and 0, 1, 5, g;‘s‘ia‘;id‘figfn“'the cell was not | Viability and proliferation: LIVE/DEAD Cell Tmaging i’:";f’r’;’lgﬁrfl ;ZZ_SOZIC“’I J‘iﬁq‘}";f?;ffgé iZ'S Yem” decreased
and 7.5 Jem?, 600s. Spot-size area=0.63 cm?; | . .. Kits - Click-iT Plus EAU Alexa Fluor 594 Imaging Kit ’ ¢ oy ’
LT _ indicated
irradiation mode= CW
Protein expression: Irradiation increased Runx-2, ALP,
MG-63  cell | 940-nm; cycles of 20 ms, pulse interval/20 ms Col-I, and OSX as a function of the dose but did not affect
line pulse length, 1 W-3J;1 W-417; 1.5 W- One irradiation. Protein expression: Runx-2, OSX, OSC, OPG, Col-I, | OPG or OSC gene expression. TGF-bl was significantly
[53] (human 3J;1.5W-4] The laser was fixed 1 cm from | ALP, BMP-2, BMP-7, TGF-bl, TGF-b R1, TGF-b R2, | higher after irradiation with 1 W/3 J; 1.5 W/3 J; 1 W/4 J;
osteoblast- Spot-size area= 1.93 cm?; irradiation mode= | the cell layer and TGF-b R3, primers 1.5 W/4 J. BMP-2 was increased after irradiation with 1
like cell) pulsed. W/3 J; 1.5 W/3 J; 1 W/4 J. No changes of BMP-7

expression were observed

ALP= Alkaline Phosphatase, ATP= adenosine triphosphate; Bax= Bcl-2-associated X protein; Bcl2= B-cell lymphoma 2; BMP= bone morphogenetic protein, BrdU= Bromodeoxyuridine, CD= cluster of differentiation; Col-I= type-I collagen; DIx5= distal-less homeobox 5, peroxidedependent oxidation of
2'-7'; H2DCFDA= dichlorodihydrofluorescein diacetate; HLA-DR= human leukocyte antigen DR; LDH= Lactate dehydrogenase; MAPK/(ERK) /2= mitogen-activated protein kinase/ extracellular signal-regulated protein kinase; MMP= metalloproteinases; OCN= osteocalcin; OPG= osteoprotegerin; OSX=
osterix; P.C.C.= primary cell culture; PPARo= peroxisome proliferators-activated receptor a; PPARy= peroxisome; PGE2= prostaglandin E synthase; RANKL= Receptor activator of NF-kappa-B ligand; Runx-2= runt-related transcription factor; SAPK/JNK= protein kinase/Jun-amino-terminal kinase;
SMADS= Small-mothers against decapentaplegic; TGF= transforming growth factor; VEGF= vascular endothelial growth factor.
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Keywords: Low Level Laser Therapy: Photobiomodulation; osteoblast

Date of publication: 1 January 2000 - 31** December 2020

PubMed/Scopus/Cochrane : n°= 436

Google Scholar: n°= 4360

Records identified after through database searching: n°=4796

First screening by title and abstract analysis concerning the specific topic about osteoblast. Duplicates
removed. Review removed. No-indexed Scopus journals were excluded: n°of paper left = 25

inclusion criteria

Only in virro researches
900-999 nm wavelength rage
Only papers on photobiomodulation without use
of photosensitizers or synergy with drugs or
biomaterials,

Description of irradiation parameters (power,
energy. fluence, power density. time, area, mode)
or the possibility to compute them.
Irradiated energy measure by power meter,
Temperature measure before and after irradiation,

More inclusive criteria

Only in vitro researches
900-999 nm wavelength rage

Only papers on photobiomodulation without use

of photosensitizers or synergy with drugs or

biomaterials,

Description of irradiation parameters (power,

energy. fluence, power density, time, area, mode)
or the possibility to compute them,

Records after inclusion criteria paper selection:
n°=

Records after more inclusive inclusion criteria
paper selection: n®= 12

Article mcluded in the review: n°= 12

Figure S1: Flow chart demonstrating the selection process.




Differentiative Pathway

[40] Wnt

[40, 47, 52,56] TGF

[47,,561 BMP
- ,

o)

(S —— [ (EMA%S)
o P )

P
& Runx-2 Runx-2 == bone-lining cell ~ ~
BMP wnt [ ‘
Wt

— b

Osx | J” osteocyte -
mesenchymal immature g 3 *
stem cell  osteoblast  OSteoblast %&

osteoclast




Figure S2. Pre- and osteoblast pathways modulated by 900-nm wavelengths: primary targets and secondary effects. (A) The primary target can be identified in the
cytochromes of the mitochondrial respiratory chain, the nitrosothiol compounds, the bounded-water and the lipids, which after the interaction with near-infrared
light, modify their energetic and vibrational state, supporting the release of adenosine triphosphate (ATP) and reactive oxygen species (ROS), nitric oxide (NO) as
well as calcium (Ca2+) messengers. (B) The messengers can modulate the cellular cascades such as Wnt, TGF and BMP, which enhance cell differentiation (C) and
proliferation (C"). Mesenchymal stem cell differentiates in osteoblast that in turn may evolve in osteocytes, in bone-lining cells, or die. Osteocytes are also able to
stimulate the formation of osteoclasts from the stem cells (C). The number into the square bracket indicates the reference supporting the data design, while in green
are showed the cellular proliferative pathway described by the experimental set-up of the present work. Image created with BioRender.com



