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[ Abstract] Antimicrobial photodynamic therapy uses photosensitizers to produce reactive oxygen species under light
exposure to inhibit pathogenic bacteria. Although its application in the management of oral infectious diseases has in-
creased over recent years, it is limited by inadequate tissue and biofilm penetration and suboptimal bioavailability exhib-
ited by individual photosensitizers. These challenges can potentially be surmounted through the integration of nanomate-
rials, such as polymers, metals and metal oxides, metal - organic frameworks, and carbon and silicon nanomaterials.
Polymers allow the controlled release of photosensitizers through structural adjustments but have low stability, while
metals and metal oxides possess strong antibacterial properties but can be potentially toxic. Meanwhile, metal — organic
frameworks have flexible structures and multifunctionality but have low stability and potential toxicity. Moreover, carbon
and silicon nanomaterials, despite exhibiting excellent antibacterial properties and biocompatibility, have limited appli-
cation due to high production costs. Materials with inherent antibacterial properties, such as chitosan and graphene ox-
ide, have broader application prospects, as they can form multimodal antibacterial platforms with photosensitizers, en-

hancing the antibacterial effects and eliminating infections. Future research could incorporate other functional materials,
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such as anti-inflammatory agents and immunomodulatory materials, to construct comprehensive therapeutic nanoplat-

forms for the treatment of oral infectious diseases.
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Table 1 Nanomaterials used in antimicrobial photodynamic therapy for the treatment of oral infectious diseases

Effects (compared to the sole

Nanomaterial Photosensitizer Disease Microorganisms ~ Advantage in aPDT . References
photosensitizer)
Polymer a-Cyclodextrin ~ RB Caries S. mutans Controlled  release Promoting bacterial uptake: nanopar- Alexandrino et
and targeted bind- ticles evident within the intracellular al®?
ing cytosol under microscopic examination
Polyethylene IR780 and Caries S. mutans Facilitating ~ photosensitizer ~release: Yu et al®;

glycol micelles  Ceb

maximum release rate observed under Liu et al®!

acidic conditions

Chitosan RB Endodontic E. faecalis Enhancing stability: singlet oxygen re- Shrestha et al®!
disease lease time increased by 3 min
Self-assembling ~ Ce6 Periodontitis ~ P. gingivalis Promoting bacterial uptake rate: in- Li et al®
peptides creased by > 50%
Metal and Bismuth Bismuth Caries S. aureus, Exhibiting inherent Self-antibacterial effect rate: increased Li et al®”)
metal oxide oxychloride and  oxychloride E. coli, and therapeutic proper- by > 50%; teeth whitening: significant
nanoparticles  cuprous oxide S. mutans ties change in surface color
Iron oxide TBO Caries S. mutans Self-antibacterial effect rate: increased Balhaddad et al®
by approximately 1.5%
Titanium Titanium dioxide ~Caries S. mutans Facilitating mineralization: increase in  Wang et al®

dioxide and

calcium:phosphorus ratio (1.67:1.59)

hydroxyapatite
Cerium dioxide ~ Ce6 Periodontitis  P. gingivalis, Anti - inflammatory effect: promoting Sun et al*"
F. nucleatum, macrophage M2 polarization
and S. gordonii
Gold MB and TBO Oral C. albicans Self - antibacterial effect: increased by Sherwani et al’!
nanoparticles candidiasis approximately 0.2X
Metal- 71F-8 Ce6 Caries S. mutans Multifunctionality ~ Oxygen storage: increase in oxygen Wang?
organic (oxygen storage, and reactive oxygen species; self-anti-
frameworks photosensitizer, bacterial effect: increased by approxi-
antibacterial mately 0.5 absorbance units
properties, etc.)
CuTCPP CuTCPP Periodontitis  P. gingivalis, Photosensitizer: generation of singlet Li et al®™
F. nucleatum, oxygen under light exposure;
and S. aureus self-antibacterial effect rate: increased
by > 99% (planktonic)
Carbon Graphene ICG, Caries, peri- S. mutans, Exhibiting inherent ~ Enhancing stability: degradation re- Gholibeglooetal®;

nanomaterials  oxide

graphene oxide, odontitis, and P. gingivalis,

antibacterial duced by 41%; self-antibacterial effect Pourhajibagher

and endodontic and E. faecalis  properties and rate: increased significantly (plank- et al®);
curcumin disease enhancing stability  tonic and biofilm) Ghorbanzadeh
et all®
Silicon Silane and meso- Ce6 Periodontitis ~ P. gingivalis, Enhancing biocom- Enhancing stability: photosensitizer Sun et al®”;
nanomaterials  porous silica F. nucleatum, patibility and release observed even after several Qi et al®™
nanoparticles and S. gordonii  stability days of static conditions; enhancing
cell compatibility: increased number
of viable fibroblasts
Upconversion ~ NaYF,: Yb* Titanium Periodontitis ~ P. gingivalis and  Enhancing light Excitation light shifting from red to Qi et al?';
nanoparticles dioxide and Ce6 F. nucleatum penetration near-infrared, increasing tissue Zhang et al®”!

penetration by 0.5 em

RB: rose-bengal; Ce6: chlorin €6; TBO: toluidine blue; MB: methylene blue; ZIF-8: zeolitic imidazolate framework-8; ICG: indocyanine green
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