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[Abstract] Excellent mechanical properties and biocompatibility resulted in titanium and titanium alloys being wide-
ly used in the medical field. However, the biological activity of atitanium surface will gradually fade with increasing ex-
posure time, which affects its final osseointegration. As an effective surface modification method, ultraviolet (UV) photo-
functionalization does not change the surface morphology of implants and is a suitable surface treatment for many
brands of implants. This article summarizes the research progress on the effect of UV photofunctionalization technology
on the characteristics of titanium surfaces, biological activity and implant osseointegration, as well as its current clinical
applications. Studies have shown that the superhydrophilicity of the titanium surface and improved biological activity en-
dowed by UV photofunctionalization can accelerate and enhance bone formation, resulting in a higher success rate of im-
plant surgery. Therefore, UV photofunctionalization has great potential for clinical chairside applications.
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Table 1 ~ Changes in titanium surface before and after UV photofunctionalization

Before UV photofunctionalization (aging titanium)

After UV photofunctionalization

Characteristics of

titanium surface carbon content of 35%-55%"*""

Biological Early cell adhesion was reduced to 1/4 to 1/2 of fresh pre-
activity pared titanium surface, and cell proliferation was reduced by
half. The cell shape of osteoblasts was round and the forma-
tion of cytoskeleton was inhibited. The alkaline phosphatase
activity and mineralization were reduced by half, while bio-

logical activity of titanium surface also decreased!”

Implant BIC was 40%-70%", early success rate was 28.6%"" and the

osseointegration healing time was long

Hydrophobic and negatively charged surface with average

Super - hydrophilic, super - lipophilic and positively
charged surface with carbon content of less than 20%
and more hydroxyl""*”

Cell adhesion and proliferation were enhanced. The
cell shape of osteoblasts was gradually stretched, multi-
angled and significantly larger in volume. Alkaline
phosphatase activity and mineralization of osteoblasts
was enhanced, and osteoblast gene expression was up-
regulated. Platelet adhesion and activation improved.
Biological activity increased. No cytotoxicity

BIC significantly improved to more than 90%!'". At ear-
ly healing stage, implant stability increased by 4

times™ and accelerated osseointegration

UV: ultraviolet; BIC: bone-implant contact

HEAb, UV ST RE AL B A n] 38 56 A AR 4 1) AL AR
B Ishijima %7 3FAG T UV ORI REAL XS 2 4R K
SRR B 255 B2 e . @A A s, UV DT fg
R T B A A B AT S R A BE AR 1 . UV OB
REAL A 32 i BIC e R F 45 5 i A 3 ok Al AR
PRASRE IR B — > AT AT J7 3k, 76 LAl BT 58 711k PR AF
P A A

5 13 UV ST RE AL $ R &b 22 Fh 4B K Y it bR Rz A
ER TN

F IR PR L Al FH A8 538 2K P ol A AR i A7 T 4
SERITEWR T, UV O BEAL BORE AR A7 A2 4 i vh
Hgn DA Sl DR FR5 i A 1A 3 T A TR fe
AR P RS . UVOLIIREfL e
PR 5 3 SE AR R 2 8] 9 DX AE T UV LD REAL Al
RELPR T 2 T T T A, TS 22 3 1 ) B PR AT 8
T TR, fEAF AR TR ] S EUR R R TE

SR, I HLBCA TH BR BK 2R T 1Y Bk =1k 5 0 o
WA, A Jo Ak A7 9 J7 125 78 A2 2 1l B 40 248 BT N 47
BT B A I UVOL T REfL > . I UV e
RE Ak B AR I B Pl AR A R T A IR M T A
Tk

Funato 55 e 1 55— UV DG Zh e AL A 14
1 lm RAT ST, 78 2.5 4 B9 BE DTN, UV OGZhRE AL A
FE AR (222 J50) 18 Fh A A4 B 22 2K (implant stabili-
ty quotient, ISQ) & H #9 K & 4 2.0 ~ 8.7, M AR & 4k
PR A4 (168 151) (1) 1SQ H H 44 K B UK -1.8 ~
2.8, UV G RE AL AR 1A BT 55 1 1 34 A 4 B[]y
32T R Z S 6.5 H o UV OLThiE
A b R A TR B R AL A 11 o8 2 28 43 531 R 97.69%
96.3%

Hirota %5 “WIF9¢ & L, TEAT) 46 e 22 PR AR AT /0
BREARMIEL T, UV LI R AR AE 445 i 55 30
R ERES S, TEE R (e A



b

ARERmBE 2022648 $£30% $44
+ 298 - Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2022, Vol.30 No.4 http://www.kqjbfz.com

ZIRAE ) TEOL T, UV BT REAL AR AR Y 7 41 B 2
R 100%  AEXFF O B, i O RS 9 A
KMIGIT B0 52 B B A 3 1 AP35, Al
V1B S5 A i 3 a0 07 A9 i 22, R ) 7= A |
ghA o R R BRI R R AT AR A
F4) o R A AR Sy % A e e A L B e 2 Al
UV LDy B AL FloRE A, FL Ry el Ry 22.29% ",
X R UV LI R AbAS & — Bl e AT ) 15 000 T #5 i
SCEL AL T B S A A RE R X O s g R
TR R PR 0] SE R RLIAYT o

UV OE T RE AL AT 3865 HLA N TR b 8 b F
PR F T ) B S5 A RE T, B 3 R AR R 2 T 1)
RS 20 B AR AT B ) 28 At % 1T 25 8 A R A
A

6 IN %

25 b, UV G RE Ak A R AR 9 2 1o Ak 347 1 ]
TE 28 B T R R I S0 RS U A AR YT R T
Z R . UV OG DI RE AL o B 45 6 5 IR T8 Sk
PR 7 AR R TR S LS P R R s DL R kR
T e PR A O TR 3 8 3 i A o ) 72 Ak S BUK
e VONEER R eI I A 3 v | B (E R
Yy 3 P 1 o 1 SR AL A B SR K R S AL S
FBR AR BLAE T B Y ML L iR R i — P IR R
W, b T E G — AP TSR 5853 T UV LI REfL
AITEH]
[ Author contributions] Zhang HY wrote the article. Zhao YW, Yu

HY revised the article. All authors read and approved the final manu-

script as submitted.

&% 3k

[1]  Lépez-Valverde N, Flores-Fraile J, Ramirez JM, et al. Bioactive
surfaces vs. conventional surfaces in titanium dental implants: a
comparative systematic review[J]. J Clin Med, 2020, 9(7): 2047.
doi: 10.3390/jcm9072047.

[2]  Beliran-Partida E, Valdéz-Salas B, Moreno-Ulloa A, et al. Im-
proved in vitro angiogenic behavior on anodized titanium dioxide
nanotubes[J]. ] Nanobiotechnology, 2017, 15(1): 10. doi: 10.1186/
$12951-017-0247-8.

[3]  Srinivasan M, Meyer S, Mombelli A, et al. Dental implants in the
elderly population: a systematic review and meta-analysis|J]. Clin
Oral Implants Res, 2017, 28(8): 920-930. doi: 10.1111/clr.12898.

[4] At W, Hori N, Takeuchi M, et al. Time-dependent degradation of
titanium  osteoconductivity: an implication of biological aging of
implant materials[J]. Biomaterials, 2009, 30(29): 5352-5363. doi:
10.1016/j.biomaterials.2009.06.040.

[5]  Sanchez-Perez A, Cachazo-Jiménez C, Sanchez-Matas C, et al. Ef-

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

fects of ultraviolet photoactivation on osseointegration of commer-
cial pure titanium dental implant after 8 weeks in a rabbit model
[J]. J Oral Implantol, 2020, 46(2): 101-107. doi: 10.1563/aaid-joi-
D-19-00122.

Wang R, Hashimoto K, Fujishima A, et al. Light-induced amphi-
philic surfaces[J]. Nature, 1997, 388(6641): 431 - 432. doi:
10.1038/41233.

Lv S, Liu Q, Zhao Y, et al. Photooxidation of isoprene by titanium
oxide cluster anions with dimensions up to a nanosize[J]. J] Am
Chem Soc, 2021, 143(10): 3951-3958. doi: 10.1021/jacs.1¢00326.
Sun JE, Cai S, Li Q, et al. UV-irradiation induced biological activi-
ty and antibacterial activity of ZnO coated magnesium alloy[J]. Ma-
ter Sci Eng C Mater Biol Appl, 2020, 114: 110997. doi: 10.1016/j.
msec.2020.110997.

Hatoko M, Komasa S, Zhang H, et al. UV treatment improves the
biocompatibility and antibacterial properties of crystallized nano-
structured titanium surface[J]. Int J Mol Sci, 2019, 20(23): 5991.
doi: 10.3390/ijms20235991.

Stock V, Mutschler A, Lindén M, et al. Photoactive titanium diox-
ide films with embedded gold nanoparticles for quantitative deter-
mination of mercury traces in humic matter-containing freshwaters
[J]. Nanomaterials (Basel), 2021, 11(2): 512. doi: 10.3390/na-
nol1020512.

Bono N, Ponti F, Punta C, et al. Effect of UV irradiation and TiO-
photocatalysis on airborne bacteria and viruses: an overview|J].
Materials (Basel), 2021, 14(5): 1075. doi: 10.3390/ma14051075.
Kaneko S, Yamamoto Y, Wada K, et al. Ultraviolet irradiation im-
proves the hydrophilicity and osteo-conduction of hydroxyapatite
[J]. J Orthop Surg Res, 2020, 15(1): 425. doi: 10.1186/s13018-020-
01949-3.

Liu S, Li K, Hu T, et al. Zn-doped MnO nanocoating with en-
hanced catalase - mimetic activity and cytocompatibility protects
pre - osteoblasts against HO - induced oxidative stress[J]. Colloids
Surf B Biointerfaces, 2021, 202: 111666. doi: 10.1016/j.col-
surfb.2021.111666.

Rampurawala A, Patil A, Bhosale V. Bone-miniscrew contact and
surface element deposition on orthodontic miniscrews after ultravi-
olet photofunctionalization[J]. Int J Oral Maxillofac Implants,
2020, 35(6): 1090-1097. doi: 10.11607/jomi.8391.

Naauman Z, Rajion Z, Maliha S, et al. Ultraviolet A and ultraviolet
C light-induced reduction of surface hydrocarbons on titanium im-
plants[J]. Eur J Dent, 2019, 13(1): 114-118. doi: 10.1055/5-0039-
1688741.

Nakhaei K, Ishijima M, lkeda T, et al. Ultraviolet light treatment
of titanium enhances attachment, adhesion, and retention of hu-
man oral epithelial cells via decarbonization[]J]. Materials (Basel),
2020, 14(1): 151. doi: 10.3390/mal14010151.

Lamas NA, Arteagoitia I, Ugalde U. Hydrocarbons decontamina-
tion of three titanium dental implants by using ultraviolet LED ir-
radiation[J]. Clin Oral Implants Res, 2019, 30: 225 - 225. doi:
10.1111/clr.181_13509.

Arroyo-Lamas N, Ugalde U, Arteagoitia I. Decontamination of Ti



b

AREEMIIE 2022648 $30%5 $4H8
Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2022, Vol.30 No.4 http://www.kqjbfz.com + 299 -

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

oxide surfaces by using ultraviolet light: Hg-Vapor vs. LED-based
irradiation[J]. Antibiotics (Basel), 2020, 9(11): 724. doi: 10.3390/
antibiotics9110724.

Att W, Hori N, Iwasa F, et al. The effect of UV-photofunctionaliza-
tion on the time-related bioactivity of titanium and chromium-co-
balt alloys[J]. Biomaterials, 2009, 30(26): 4268 - 4276. doi:
10.1016/j.biomaterials.2009.04.048.

Pacheco V, Nolde J, de Quevedo A, et al. Improvement in the
chemical structure and biological activity of surface titanium after
exposure to UVC light[J]. Odontology, 2020, 109(1): 271-278. doi:
10.1007/510266-020-00540-w.

Liu C, Sun M, Wang Y, et al. Ultraviolet radiant energy-dependent
functionalization regulates cellular behavior on titanium dioxide
nanodots[J]. ACS Appl Mater Interfaces, 2020, 12(28): 31793 -
31803. doi: 10.1021/acsami.0c07761.

Aita H, Hori N, Takeuchi M, et al. The effect of ultraviolet func-
tionalization of titanium on integration with bone[J]. Biomaterials,
2009, 30(6): 1015-1025. doi: 10.1016/j.biomaterials.2008.11.004.
Park JW, Hanawa T, Chung JH. The relative effects of Ca and Mg
ions on MSC osteogenesis in the surface modification of micror-
ough Ti implants[J]. Int J Nanomedicine, 2019, 14: 5697 -5711.
doi: 10.2147/1JN.S214363.

Raines AL, Berger MB, Schwartz Z, et al. Osteoblasts grown on mi-
croroughened titanium surfaces regulate angiogenic growth factor
production through specific integrin receptors[J]. Acta Biomater,
2019, 97: 578-586. doi: 10.1016/j.acthio.2019.07.036.

Iwasa F, Hori N, Ueno T, et al. Enhancement of osteoblast adhe-
sion to UV -photofunctionalized titanium via an electrostatic mech-
anism[J]. Biomaterials, 2010, 31(10): 2717-2727. doi: 10.1016/j.
biomaterials.2009.12.024.

Paul S, Hanisch O, Nesic D. Human gingival fibroblast prolifera-
tion on materials used for dental implant abutments: a systematic
review[J]. Int J Prosthodont, 2021: 7388. doi: 10.11607/ijp.7388.
Matsumoto T, Tashiro Y, Komasa S, et al. Effects of surface modifi-
cation on adsorption behavior of cell and protein on titanium sur-
face by using quartz crystal microbalance system[J]. Materials (Ba-
sel), 2020, 14(1): 97. doi: 10.3390/mal14010097.

Pantaroto H, de Almeida A, Gomes O, et al. Outlining cell interac-
tion and inflammatory cytokines on UV-photofunctionalized mixed-
phase TiO thin film[]J]. Mater Sci Eng C Mater Biol Appl, 2021,
118: 111438. doi: 10.1016/j.msec.2020.111438.

Guo L, Zou Z, Smeets R, et al. Time dependency of non-thermal
oxygen plasma and ultraviolet irradiation on cellular attachment
and mRNA expression of growth factors in osteoblasts on titanium
and zirconia surfaces[J]. Int J] Mol Sci, 2020, 21(22): 8598. doi:
10.3390/ijms21228598.

Kunrath M, Vargas A, Sesterheim P, et al. Extension of hydrophi-
licity stability by reactive plasma treatment and wet storage on
TiO nanotube surfaces for biomedical implant applications[J]. J R
Soc Interface, 2020, 17(170): 20200650. doi: 10.1098/rsif.2020.
0650.

Neves J, de Aradjo NM, Oliveira P, et al. Risk factors for implant

[32]

[33]

[34]

[35]

[36]

[37]

(38]

(391

[40]

[41]

[42]

failure and peri - implant pathology in systemic compromised pa-
tients[J]. J Prosthodont, 2018, 27(5): 409 -415. doi: 10.1111/jo-
pr.12508.
Yamazaki M, Yamada M, Ishizaki K, et al. Ultraviolet-C irradia-
tion to titanium implants increases peri-implant bone formation
without impeding mineralization in a rabbit femur model[J]. Acta
odontol Scan, 2015, 73(4): 302 - 311. doi: 10.3109/00016357.
2014.956332.
Liu W, Du B, Zhou L, et al. Ultraviolet functionalization improved
bone integration on titanium surfaces by fluorescent analysis in
rabbit calvarium[J]. J Oral Implantol, 2019, 45(2): 107-115. doi:
10.1563/aaid-joi-D-17-00009.
Razali M, Ngeow W, Omar R, et al. An in-vitro analysis of peri-im-
plant mucosal seal following photofunctionalization of zirconia
abutment materials|J]. Biomedicines, 2021, 9(1): 78. doi: 10.3390/
biomedicines9010078.
Soltanzadeh P, Ghassemi A, Ishijima M, et al. Success rate and
strength of osseointegration of immediately loaded UV -photofunc-
tionalized implants in a rat model[J]. J Prosthet Dent, 2017, 118
(3): 357-362. doi: 10.1016/j.prosdent.2016.11.008.
Taniyama T, Saruta J, Mohammadzadeh RN, et al. UV -photofunc-
tionalization of titanium promotes mechanical anchorage in a rat
osteoporosis model[J]. Int J Mol Sci, 2020, 21(4): 1235. doi:
10.3390/ijms21041235.
Ishijima M, Ghassemi A, Soltanzadeh P, et al. Effect of UV photo-
functionalization on osseointegration in aged rats[J]. Implant Dent,
2016, 25(6): 744-750. doi: 10.1097/1D.0000000000000459.
Ghassemi A, Ishijima M, Hasegawa M, et al. Biological and physi-
cochemical characteristics of 2 different hydrophilic surfaces cre-
ated by saline-storage and ultraviolet treatment|[J|. Implant Dent,
2018, 27(4): 405-414. doi: 10.1097/id.0000000000000773.
Funato A, Yamada M, Ogawa T. Success rate, healing time, and
implant stability of photofunctionalized dental implants[J]. Int J
Oral Maxillofac Implants, 2013, 28(5): 1261-1271. doi: 10.11607/
jomi.3263.
Hirota M, Ozawa T, Iwai T, et al. Implant stability development of
photofunctionalized implants placed in regular and complex cases:
a case-control study[J]. Int J Oral Maxillofac Implants, 2016, 31
(3): 676-686. doi: 10.11607/jomi.4115.
Hirota M, Ozawa T, Iwai T, et al. UV-mediated photofunctionaliza-
tion of dental implant: a seven-year results of a prospective study
[J]. J Clin Med, 2020, 9(9): 2733. doi: 10.3390/jcm9092733.
Lee JB, Jo YH, Jy C, et al. The effect of ultraviolet photofunctional -
ization on a titanium dental implant with machined surface: an in
vitro and in vivo study[J]. Materials (Basel), 2019, 12(13): 2078.
doi: 10.3390/mal12132078.

(4% 3KIH)





