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Å Free/Discounted pproducts have been given (various companies)
Å Frequent sponsors: Elevate Oral Care, GC America, Mouthwatch, and Armor 
Å Clinic sponsorship: Delta Dental  of Idaho, Rotary Club, Keveren Foundation
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Financial Disclosures

άConcepts mentioned in this presentation were developed with support by HRSA/HHS as part of a financial 
assistance award totaling $567,317 with 60% funded by HRSA/HHS and $167,317(40%) funded by non-
government source(s). The contents are those of the author(s) and do not necessarily represent the official view 
of, nor an endorsement, by HRSA/HHS, or the U.S. Government."  We are only a small part of this ŀǿŀǊŘέ

This and other course(s)   
sometimes sponsored by
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Todayõs Courseõs  Sponsor isé

Thank YOU!



άL 5ƻ aȅ hǿƴ {ǘǳƴǘǎ έ
Though I am sponsored, I am not scripted. 

All patients and treatment photos are mine. 
Sometimes I use product photos from companies. 
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ÅState laws vary. Check with your state regulations.  
ÅLaws change, keep updated.
ÅNothing in this presentation should be interpreted as legal advice
Å Images and videos are all used with permission from patients and their 

guardians.  Feel free to download or take screenshots of slides for your 
personal study, but please, out of respect for our models do not use 
slides or images for other purposes without specific written 
permission. 
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By attending this course YOU have helped improve the 
quality of life for residents of long-term care
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Thank You For Attending



Contact/Website/Social 

Website: https://www.yourspecialsmiles.com/ 

Email:  yourspecialsmiles@gmail.com 
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https://www.facebook.com/brooke.fukuokaosgood/

https://www.yourspecialsmiles.com/
mailto:yourspecialsmiles@gmail.com
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Private Practice:
 Owner 

Federally Qualified Health Center :
Employee



Assisted Oral HygienePortable:  Hygiene Education 
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Hospital  Care

Innovative in Office Care

Family Health Services Advanced Delivery 
Dental Clinic 

https://fhsid.org/locations/jerome/jerome -advanced -delivery -dental -clinic/



What To ExpectΧ

I am a practicing dentist who likes to learn and has found this useful
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WHAT IS IN SDF?

Silver and Fluoride Ions Dissolved in Ammonia 

Ag(NH 3)2F 

Å Rosenblatt A, Stamford T.C.M., Niederman R.  òSilver Diamine Fluoride: A Caries òSilver-Fluoride Bulletó. J Dent Res 88(2):116-125. 2009 

https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver -

Fluoride_Bullet/link/00b49525abb72534fb000000/download  

Å MSDS: https://www.elevateoralcare.com/site/images/AdvantageArrestGELSDS.pdf  

Å Yan IG, Zheng FM, Gao SS, Duangthip D, Lo ECM, Chu CH. Ion Concentration of Silver Diamine Fluoride Solutions. Int Dent J. 2022 Dec;72(6):779-784. doi: 
10.1016/j.identj.2022.04.005. Epub 2022 May 13. PMID: 35570012; PMCID: PMC9676425. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9676425/ © 2015-2026  Your Special Smiles PLLC
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Atomic # 9

9 protons

9 electrons

10 neutrons

47 P, 46 E 9 P, 10 E

38% Ag(NH 3)2F 

5% - Fluoride

8% - Ammonia

25%- Silver

62% - Water 

If Gel has 

carboxymethylcellulose < 2%

If blue has FD&C Blue #1 <1% 

*pH about 9

If Riva Star Aqua- doesnõt have 

ammonia

Shell # e -

1 2

2 8

3 8

4 18

5 18

https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download
https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download
https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download
https://www.elevateoralcare.com/site/images/AdvantageArrestGELSDS.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9676425/


SILVER NITRATE + FLUORIDE VS SILVER DIAMINE FLUORIDE 

Silver Diamine Fluoride

Ag(NH 3)2F

Silver Nitrate   +  Fluoride

AgNO 3 +  F-

Å Gao SS, Zhao IS, Duffin S, Duangthip D, Lo ECM, Chu CH. Revitalising Silver Nitrate for Caries Management. Int J Environ Res Public Health. 

2018;15(1):80. Published 2018 Jan 6. doi:10.3390/ijerph15010080 https://pubmed.ncbi.nlm.nih.gov/29316616/  

Å MSDS: https://www.elevateoralcare.com/site/images/AdvantageArrestGELSDS.pdf  

Å Watch her on YouTube: LINK (in Japanese but has English subtitles) 
© 2015-2026 Your Special Smiles PLLC

1960õs (1963)

1920õs

2.5% -5% 

Fluoride varnish+
9% - Nitrate

16%- Silver

75%- Water

5% - Fluoride

8% - Ammonia

25%- Silver

62% - Water 

Gel: carboxymethylcellulose < 2%

Blue:  FD&C Blue #1 <1% 

Mizuho Nishino
GV Black

https://pubmed.ncbi.nlm.nih.gov/29316616/
https://www.elevateoralcare.com/site/images/AdvantageArrestGELSDS.pdf
https://www.youtube.com/watch?v=7_wumLNh8po&ab_channel=NPO%E6%B3%95%E4%BA%BA%E7%A7%91%E5%AD%A6%E7%9A%84%E3%81%AA%E3%82%80%E3%81%97%E6%AD%AF%E3%83%BB%E6%AD%AF%E5%91%A8%E7%97%85%E4%BA%88%E9%98%B2%E3%82%92%E6%8E%A8%E9%80%B2%E3%81%99%E3%82%8B%E4%BC%9A


Fluoride
Strengthens Tooth

Å Rosenblatt A, Stamford T.C.M., Niederman R.  òSilver Diamine Fluoride: A Caries òSilver-Fluoride Bulletó. J Dent Res 88(2):116-125. 2009  

https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver -Fluoride_Bullet/link/00b49525abb72534f b000000/download

Å Lamia Mokeem, Abdulrahman A. Balhaddad, Isadora M. Garcia, Fabrício M. Collares, Mary Anne S. Melo, Emerging Nanomaterials an d Nano-Based Drug Delivery 

Approaches to Combat Antimicrobial Resistance, Elsevier, 2022, Pages 661 -700, ISBN 9780323907927, https://doi.org/10.1016/B978 -0-323-90792-7.00013-0 
Å Walmsley, D. Restorative Dentistry. Second Edition 2007 , Chapter 7 , https://www.sciencedirect.com/topics/pharmacology -toxicology -and-pharmaceutical -science/fluorapatite  

Å Simmer JP, Hardy NC, Chinoy AF, Bartlett JD, Hu JC. How Fluoride Protects Dental Enamel from Demineralization. J Int Soc Prev  Community Dent. 2020 Apr 2;10(2):134 -141. doi: 

10.4103/jispcd.JISPCD_406_19. PMID: 32670900; PMCID: PMC7339990. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7339990/  
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Fluoride:  Strengthens Tooth

Å Rosenblatt A, Stamford T.C.M., Niederman R. ά{ƛƭǾŜǊ 5ƛŀƳƛƴŜ CƭǳƻǊƛŘŜΥ ! /ŀǊƛŜǎ ά{ƛƭǾŜǊ-CƭǳƻǊƛŘŜ .ǳƭƭŜǘέΦ J Dent Res 88(2):116-125. 2009  https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-
Fluoride_Bullet/link/00b49525abb72534fb000000/download

Å Lamia Mokeem, Abdulrahman A. Balhaddad, Isadora M. Garcia, Fabrício M. Collares, Mary Anne S. Melo, Emerging Nanomaterials and Nano-Based Drug Delivery Approaches to Combat Antimicrobial Resistance, Elsevier, 2022, Pages 
661-700, ISBN 9780323907927, https://doi.org/10.1016/B978-0-323-90792-7.00013-0 

Å Walmsley, D. Restorative Dentistry. Second Edition 2007 , Chapter 7 , https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/fluorapatite 
Å Simmer JP, Hardy NC, Chinoy AF, Bartlett JD, Hu JC. How Fluoride Protects Dental Enamel from Demineralization. J Int Soc Prev Community Dent. 2020 Apr 2;10(2):134-141. doi: 10.4103/jispcd.JISPCD_406_19. PMID: 32670900; PMCID: 

PMC7339990. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7339990/ 
Å Mei ML, Nudelman F, Marzec B, Walker JM, Lo ECM, Walls AW, Chu CH. Formation of Fluorohydroxyapatite with Silver Diamine Fluoride. J Dent Res. 2017 Sep;96(10):1122-1128. doi: 10.1177/0022034517709738. Epub 2017 May 18. 

PMID: 28521107; PMCID: PMC5582683. https://pubmed.ncbi.nlm.nih.gov/28521107/ 
Å Hydroxyapatite crystalline structure: https://www.chromspheres.com/nano-hydroxyapatite-powder/ © 2015-2026 Your Special Smiles PLLC

Ca10(PO4)6(OH)2
Hydroxyapatite

 Critical pH =  about 5.5

Ca10(PO4)6(OH)(2-x) Fx  

Flurohydroxyapatite

 Critical pH = about 4.5
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Critical pH and pH Scale

Å Qiao W, Liu Q, Li Z, Zhang H, Chen Z. Changes in physicochemical and biological properties of porcine bone derived hydroxyapatite induced by the incorporation of fluoride. Sci Technol 

Adv Mater. 2017 Feb 1;18(1):110-121. doi: 10.1080/14686996.2016.1263140. PMID: 28243337; PMCID: PMC5315024. https://pmc.ncbi.nlm.nih.gov/articles/PMC5315024/ 

Å pH of common liquids: https://www.epa.gov/goldkingmine/what-ph 

Å pH of beers: https://atlas-scientific.com/blog/ph-of-beer/?srsltid=AfmBOoploqFTWE40uMfE5NShKye51ndCrTpctUwvIFSaOIS4pH8Z6NJL  * note porters range 3.5-5.5 so were not included,  
also note that the beers have ranges and were included only as examples. © 2015-2026 Your Special Smiles PLLC
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Fluorohydroxyapetite =4.5

Hydroxyapatite =5.5

Dentin (less inorganic) =6.5
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ÅIn 2011 in Canada: 
ÅCalgary stopped fluoridating
ÅEdmonton kept fluoridation 
ÅNow Calgary is working on putting 
ƛǘ ōŀŎƪΧ 
Å5ǊΦ !ƳŀƴŘŀ ƛǎ ŦǊƻƳ /ŀƭƎŀǊȅΧ

Å https://www.cdc.gov/fluoridation/about/index.html 
Å https://www.cdc.gov/mmwr/preview/mmwrhtml/00016840.htm#:~:text=Annual%20costs%20of%20water%20fluoridation,serving%20fewer

%20than%2010%2C000%20persons; 
Å https://ntp.niehs.nih.gov/whatwestudy/assessments/noncancer/completed/fluoride 
Å https://jamanetwork.com/journals/jamapediatrics/fullarticle/2828425 
Å https://nccd.cdc.gov/doh_mwf/default/default.aspx 
Å https://www.thetimes.com/us/news-today/article/this-city-took-flouride-out-of-the-water-now-its-putting-it-back-in-6gsgk63hf 
Å https://pmc.ncbi.nlm.nih.gov/articles/PMC9542152/ 
Å https://www.calgary.ca/water/drinking-water/fluoride.html 
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Basic Fluoride Info For Public Health
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ÅCDC : 10 greatest public health measures of 20th century 
ÅIdeal H2O Fluoride: 0.7ppm
ÅCosts about 12-75 cents per person for communities 

over 10,000
Å¢Ƙƛǎ ǿŜōǎƛǘŜ ȅƻǳ Ŏŀƴ ǎŜŜ ȅƻǳǊ ǿŀǘŜǊΩǎ ŦƭǳƻǊƛŘŜ ŎƻƴǘŜƴǘ 

https://nccd.cdc.gov/doh_mwf/default/default.aspx 

Å https://www.cdc.gov/fluoridation/about/index.html 
Å https://www.cdc.gov/mmwr/preview/mmwrhtml/00016840.htm#:~:text=Annual%20costs%20of%20water%20fluoridation,serving%20fewer%20than%2010%2C000%20p

ersons; 
Å https://ntp.niehs.nih.gov/whatwestudy/assessments/noncancer/completed/fluoride 
Å https://jamanetwork.com/journals/jamapediatrics/fullarticle/2828425 
Å https://nccd.cdc.gov/doh_mwf/default/default.aspx 
Å https://www.thetimes.com/us/news-today/article/this-city-took-flouride-out-of-the-water-now-its-putting-it-back-in-6gsgk63hf 
Å https://pmc.ncbi.nlm.nih.gov/articles/PMC9542152/ 
Å https://www.calgary.ca/water/drinking-water/fluoride.html 
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Fluoride in Your Water:  Fears
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ÅάCƭǳƻǊƛŘŜ ƛƴ ǿŀǘŜǊ ƛǎ ŀ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ōȅǇǊƻŘǳŎǘέ - Kinda
ÅMost common fluorides used in fluoridation 
Åsodium fluoride
Åsodium fluorosilicate
Å fluorosilicic acid  - this is a byproduct of phosphate fertilizer 

manufacturing
ÅAll chemicals added to water are purified and must meet standards 

from National Sanitation Foundation and American Water Works 
Association. 

Åά¢ƘŜǊŜ ǿŀǎ ŀǎ ǎǘǳŘȅ ƛƴ W!a!Χέ 
ÅThe study that looked at IQ looked at much higher (at least double 

the recommended) doses 

Å https://www.thetimes.com/us/news-today/article/this-city-took-flouride-out-of-the-water-now-its-putting-it-back-in-6gsgk63hf 
Å https://pmc.ncbi.nlm.nih.gov/articles/PMC9542152/ 
Å https://www.calgary.ca/water/drinking-water/fluoride.html 
Å https://www.in.gov/health/eph/water-fluoridation-program/fluoride-and-water-fluoridation-information/# 
Å https://www.awwa.org/policy-statement/fluoridation-of-public-water-supplies/ 
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Silver Fights Bacteria
Silver Interacting with Thiol Groups (S-H groups)  of  DNA, RNA, Proteins  and preventing disulfide bonds

pH of SDF = 10

Rosenblatt A, Stamford T.C.M., Niederman R. ά{ƛƭǾŜǊ 5ƛŀƳƛƴŜ CƭǳƻǊƛŘŜΥ ! /ŀǊƛŜǎ ά{ƛƭǾŜǊ-CƭǳƻǊƛŘŜ .ǳƭƭŜǘέΦ J Dent Res 88(2):116-125. 2009  (link in two slides) 
https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download  © 2015-2026 Your Special Smiles PLLC

Å Disrupts Thiol Nucleic and 
Amino Acids

Å Inhibits enzyme breakdown of 
organic matrix such as 
metalloproteinases and 
cathepsins

Å Disrupts cell membranes and 
biofilm formation

https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download
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{ƛƭǾŜǊ ŀƴŘ 5ƛǎǳƭŦƛŘŜ .ƻƴŘǎΧ ŜȄǇƭŀƛƴŜŘ
The function these men need to carry out is to win video games, when I come along and 

bring beer, I significantly decrease their ability to do that. 

pH of SDF = 10

Rosenblatt A, Stamford T.C.M., Niederman R. ά{ƛƭǾŜǊ 5ƛŀƳƛƴŜ CƭǳƻǊƛŘŜΥ ! /ŀǊƛŜǎ ά{ƛƭǾŜǊ-CƭǳƻǊƛŘŜ .ǳƭƭŜǘέΦ J Dent Res 88(2):116-125. 2009 
https://www.researchgate.net/publication/24194015_Silver_Diamine_Fluoride_A_Caries_Silver-Fluoride_Bullet/link/00b49525abb72534fb000000/download 
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Zombie Effect

ÅWhen cell is infected with silver ions, it can 
disintegrate and release silver into the 
ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ƪƛƭƭ ƻǘƘŜǊ ŎŜƭƭǎΧΦ

Wakshlak RB, Pedahzur R, Avnir D. Antibacterial activity of silver -killed bacteria: the "zombies" effect. Sci Rep. 2015;5:9555. Published 2015 Apr 23. 

doi:10.1038/srep09555 https://pubmed.ncbi.nlm.nih.gov/25906433/  © 2015-2026  Your Special Smiles PLLC

https://pubmed.ncbi.nlm.nih.gov/25906433/


Can it Kill Bacteria? - YES
Live/Dead Stain 
Green is live bacteria 
Red is dead bacteria

Å Hamama H, Yiu CK, Burrow MF. Effect of silver diamine fluoride and potassium iodide on residual bacteria in dentinal Htubules. Australian Dental Journal. 2015; 60(1):80ς87.10.1111/adj * Abridged 
for simplicity https://onlinelibrary.wiley.com/doi/10.1111/adj.12276  

Å Carisolv is a combo of  amino acids and NaOCl: Pai VS, Nadig RR, Jagadeesh T, Usha G, Karthik J, Sridhara K. Chemical analysis of dentin surfaces after Carisolv treatment. J Conserv 

Dent. 2009 Jul;12(3):118-22. doi: 10.4103/0972-0707.57636. PMID: 20543919; PMCID: PMC2879719.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879719/#:~:text=Carisolv%202%20is%20a%20chemomechanical,Solution%202%20contains%200.5%25%20NaOCl. 
Å Papacaries uses enzymes to be antimicrobial: Reddy MV, Shankar AJ, Pentakota VG, Kolli H, Ganta H, Katari PK. Efficacy of antimicrobial property of two commercially available 

chemomechanical caries removal agents (Carisolv and Papacarie): An ex vivo study. J Int Soc Prev Community Dent. 2015 May-Jun;5(3):183-9. doi: 10.4103/2231-0762.159955. 
PMID: 26236677; PMCID: PMC4515800.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515800/#:~:text=%5B45%5D%20In%20case%20of%20Papacarie,presence%20of%20proteolytic%20cysteine%20enzymes. 
Å Mubaraki H, Ingle NA, Baseer MA, AlMugeiren OM, Mubaraki S, Cicciù M, Minervini G. Effect of Silver Diamine Fluoride on Bacterial Biofilms-A Review including In Vitro and In Vivo 

Studies. Biomedicines. 2023 Jun 5;11(6):1641. doi: 10.3390/biomedicines11061641. PMID: 37371736; PMCID: PMC10296145. https://pmc.ncbi.nlm.nih.gov/articles/PMC10296145/ 

Å Hamama H, Yiu CK, Burrow MF. Effect of silver diamine fluoride and potassium iodide on residual bacteria in dentinal tubules. Australian Dental Journal. 2015; 60(1):80ς87.10.1111/adj 
https://onlinelibrary.wiley.com/doi/10.1111/adj.12276 

SDF/KI based txBacteria no txPlain Disk
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https://pmc.ncbi.nlm.nih.gov/articles/PMC10296145/
https://onlinelibrary.wiley.com/doi/10.1111/adj.12276


Other Cool Ways Silver is Used as Antimicrobial
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Hydroxyapatite = Ca10(PO4)6(OH)2

© 2015-2026 Your Special Smiles PLLC

Å Pushpalatha C, Gayathri VS, Sowmya SV, Augustine D, Alamoudi A, Zidane B, Hassan Mohammad Albar N, Bhandi S. Nanohydroxyapatite in dentistry: A comprehensive review. Saudi 

Dent J. 2023 Sep;35(6):741-752. doi: 10.1016/j.sdentj.2023.05.018. Epub 2023 Jun 7. PMID: 37817794; PMCID: PMC10562112. https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/ 
Å Beniash, E., Stifler, C.A., Sun, CY.et al.The hidden structure of human enamel.Nat Commun10, 4383 (2019). https://doi.org/10.1038/s41467-019-12185-7https://www.nature.com/articles/s41467-019-

12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0. 
Å Chen L, Al-Bayatee S, Khurshid Z, Shavandi A, Brunton P, Ratnayake J. Hydroxyapatite in Oral Care Products-A Review. Materials (Basel). 2021 Aug 27;14(17):4865. doi: 

10.3390/ma14174865. PMID: 34500955; PMCID: PMC8432723. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8432723/#:~:text=Currently%2C%20there%20are%20two%20types,membrane%20%5B19%2C32%5D. 

Å Vitiello F, Tosco V, Monterubbianesi R, Orilisi G, Gatto ML, Sparabombe S, Memé L, Mengucci P, Putignano A, Orsini G. Remineralization Efficacy of Four Remineralizing Agents on Artificial 

Enamel Lesions: SEM-EDS Investigation. Materials (Basel). 2022 Jun 22;15(13):4398. doi: 10.3390/ma15134398. PMID: 35806523; PMCID: PMC9267358. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9267358/ 

ÅThe major part of inorganic component of teeth
ÅEnamel 96%-97%  inorganic 
ÅDentin 65% -70% inorganic

ÅShape:
ÅEnamel: Shape and Size:  Rods 20-50nm 
ÅProducts: Shape and size vary (sphere, rod, irregular)
ÅMicro: 5,000-10,000nm
ÅNano: 20-100 nm 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/
https://doi.org/10.1038/s41467-019-12185-7
https://doi.org/10.1038/s41467-019-12185-7
https://doi.org/10.1038/s41467-019-12185-7
https://doi.org/10.1038/s41467-019-12185-7
https://doi.org/10.1038/s41467-019-12185-7
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https://www.nature.com/articles/s41467-019-12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0
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https://www.nature.com/articles/s41467-019-12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0
https://www.nature.com/articles/s41467-019-12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0
https://www.nature.com/articles/s41467-019-12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0
https://pmc.ncbi.nlm.nih.gov/articles/PMC8432723/#:~:text=Currently%2C%20there%20are%20two%20types,membrane%20%5B19%2C32%5D
https://pmc.ncbi.nlm.nih.gov/articles/PMC9267358/


Micro-Hydroxyapatite vs Nano-Hydroxyapatite Size
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Å National Nanotechnology Initiative: https://www.nano.gov/about-nanotechnology/just-how-small-is-nano 

Å National Nanotechonnology Coordinated Infrastructure: https://nnci.net/what-nano 

Å Microparticles and Nanoparticles. Shalu Suri et all. Biomaterials Science (Third Edition) 2013 https://www.sciencedirect.com/topics/engineering/microparticles 

Å Bioresorbably polymicroparticles in the medical and pharmaceutical fields S.A. Chew https://www.sciencedirect.com/topics/materials-

science/microparticle#:~:text=Concluding%20Remarks,small%20enough%20to%20be%20injectable. 

Å Sebastian R, Paul ST, Azher U, Reddy D. Comparison of Remineralization Potential of Casein Phosphopeptide: Amorphous Calcium Phosphate, Nano-hydroxyapatite and Calcium Sucrose Phosphate on 

Artificial Enamel Lesions: An In Vitro Study. Int J Clin Pediatr Dent. 2022 Jan-Feb;15(1):69-73. doi: 10.5005/jp-journals-10005-2339. PMID: 35528489; PMCID: PMC9016902. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9016902/ 

Å Al-hijazi, Athraa & Hasan, Nada & Nasr, Bassem & Al-Khafaji, Hanadi & Al-Khafaji, Buthaina & Alanssari, Bahaa & Al-Attabi, Abduladheem. (2023). Recent advances in the use of inorganic nanomaterials as 

anti caries agents. Heliyon. 9. e15326. 10.1016/j.heliyon.2023.e15326. https://www.researchgate.net/publication/369903637_Recent_advances_in_the_use_of_inorganic_nanomaterials_as_anti_caries_agents 

Micro Nano

Micrometer = micron = 1000nm

Micrometer 1/1,000,000m (millionth) Nanometer 1/1,000,000,000m  (billionth)

Microparticles:  1-1000 micrometers 
(1000-1,000,000nm)

Nanoparticles: at least one direction 
smaller than 100nm 

Micro-hydroxyapatite typically 
5,000-10,000nm

Nano-hydroxyapatite particle size range : 
20-100 nm 

https://www.nano.gov/about-nanotechnology/just-how-small-is-nano
https://www.nano.gov/about-nanotechnology/just-how-small-is-nano
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https://www.sciencedirect.com/topics/materials-science/microparticle#:~:text=Concluding%20Remarks,small%20enough%20to%20be%20injectable
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Hydroxyapatite = Ca10(PO4)6(OH)2
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Å Pushpalatha C, Gayathri VS, Sowmya SV, Augustine D, Alamoudi A, Zidane B, Hassan Mohammad Albar N, Bhandi S. Nanohydroxyapatite in dentistry: A comprehensive 

review. Saudi Dent J. 2023 Sep;35(6):741-752. doi: 10.1016/j.sdentj.2023.05.018. Epub 2023 Jun 7. PMID: 37817794; PMCID: PMC10562112. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/ 
Å Beniash, E., Stifler, C.A., Sun, CY.et al.The hidden structure of human enamel.Nat Commun10, 4383 (2019). https://doi.org/10.1038/s41467-019-12185-7

https://www.nature.com/articles/s41467-019-12185-7#:~:text=The%20elongated%20crystals%20are%20indeed,angle%20spread%20of%2090%C2%B0. 
Å Chen L, Al-Bayatee S, Khurshid Z, Shavandi A, Brunton P, Ratnayake J. Hydroxyapatite in Oral Care Products-A Review. Materials (Basel). 2021 Aug 27;14(17):4865. doi: 

10.3390/ma14174865. PMID: 34500955; PMCID: PMC8432723. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8432723/#:~:text=Currently%2C%20there%20are%20two%20types,membrane%20%5B19%2C32%5D. 

Å Vitiello F, Tosco V, Monterubbianesi R, Orilisi G, Gatto ML, Sparabombe S, Memé L, Mengucci P, Putignano A, Orsini G. Remineralization Efficacy of Four Remineralizing 

Agents on Artificial Enamel Lesions: SEM-EDS Investigation. Materials (Basel). 2022 Jun 22;15(13):4398. doi: 10.3390/ma15134398. PMID: 35806523; PMCID: 

PMC9267358. https://pmc.ncbi.nlm.nih.gov/articles/PMC9267358/ 

ÅWhat it can do ?
ÅCalcium and Phosphate  Reservoir 
Å If small enough :
ÅBind to Crystals as a Unit
ÅPenetrate Collagenous Matrix

Å Interrupt pellicle formation, can 
bind to bacteria

https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/
https://doi.org/10.1038/s41467-019-12185-7
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Nano-Hydroxyapatite vs Micro-Hydroxyapatite 
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Å Beniash, E., Stifler, C.A., Sun, CY.et al.The hidden structure of human enamel.Nat Commun10, 4383 (2019). https://doi.org/10.1038/s41467-019-12185-7  or find at  https://www.nature.com/articles/s41467-019-12185-
7#:~:text=c%20Zoomed%2Din%20region%20in,large%20area%20of%20inner%20enamel. 

Å Chen L, Al-Bayatee S, Khurshid Z, Shavandi A, Brunton P, Ratnayake J. Hydroxyapatite in Oral Care Products-A Review. Materials (Basel). 2021 Aug 27;14(17):4865. doi: 10.3390/ma14174865. PMID: 34500955; 

PMCID: PMC8432723. https://pmc.ncbi.nlm.nih.gov/articles/PMC8432723/#:~:text=Currently%2C%20there%20are%20two%20types,membrane%20%5B19%2C32%5D. 
Å Huang, S.B. & Gao, S.S. & Yu, H.Y.. (2009). Effect of nano-hydroxyapatite concentration on remineralization of initial enamel lesion in vitro. Biomedical materials (Bristol, England). 4. 034104. 10.1088/1748-6041/4/3/034104. 

https://www.researchgate.net/publication/26268434_Effect_of_nano-hydroxyapatite_concentration_on_remineralization_of_initial_enamel_lesion_in_vitro 

ÅHydroxyapatite crystals in tooth enamel are around 20-50nm wide
Åprimarily rod-shaped
Å20-50nm wide but can be over 10 micrometers long

ÅNano-hydroxyapatite particle size range : 20-100 nm 
Å Ideal size a between 20-50nm  for remineralization
Å Ideal concentration 10% nano-hydroxyapatite 
ÅMay show promise in penetrating bacteria

ÅMicro-hydroxyapatite typically  5-10 microns (5,000-10,000nm)
ÅSignificantly LARGER THAN enamel hydroxyapatite crystals
ÅMay show promise in blocking pellicle receptors and having bacteria 

bind to them instead of forming pellicle 

https://doi.org/10.1038/s41467-019-12185-7
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https://doi.org/10.1038/s41467-019-12185-7
https://doi.org/10.1038/s41467-019-12185-7
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Recaldent: CPP-ACP (the stuff in MI Paste)
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Å Pushpalatha C, Gayathri VS, Sowmya SV, Augustine D, Alamoudi A, Zidane B, Hassan Mohammad Albar N, Bhandi S. Nanohydroxyapatite in dentistry: A comprehensive review. Saudi Dent J. 2023 

Sep;35(6):741-752. doi: 10.1016/j.sdentj.2023.05.018. Epub 2023 Jun 7. PMID: 37817794; PMCID: PMC10562112. https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/ 

Å MI paste uses CPP-ACP https://www.gc.dental/america/products/operatory/preventive/mi-paste 

Å Vitiello F, Tosco V, Monterubbianesi R, Orilisi G, Gatto ML, Sparabombe S, Memé L, Mengucci P, Putignano A, Orsini G. Remineralization Efficacy of Four Remineralizing Agents on Artificial Enamel Lesions: 

SEM-EDS Investigation. Materials (Basel). 2022 Jun 22;15(13):4398. doi: 10.3390/ma15134398. PMID: 35806523; PMCID: PMC9267358. https://pmc.ncbi.nlm.nih.gov/articles/PMC9267358/ 

Å Wahba N, Schwendicke F, Kamel MA, Allam G, Kabil N, Elhennawy K. Preventing and Arresting Primary Tooth Enamel Lesions Using Self- Assembling Peptide P11-4 In Vitro. J Int Soc Prev Community Dent. 

2022 Jan 29;12(1):58-70. doi: 10.4103/jispcd.JISPCD_257_21. PMID: 35281691; PMCID: PMC8896585. https://pmc.ncbi.nlm.nih.gov/articles/PMC8896585/ 

Å Imani MM, Safaei M, Afnaniesfandabad A, Moradpoor H, Sadeghi M, Golshah A, Sharifi R, Mozaffari HR. Efficacy of CPP-ACP and CPP-ACPF for Prevention and Remineralization of White Spot Lesions in 

Orthodontic Patients: a Systematic Review of Randomized Controlled Clinical Trials. Acta Inform Med. 2019 Sep;27(3):199-204. doi: 10.5455/aim.2019.27.199-204. PMID: 31762578; PMCID: PMC6853720. 
https://pmc.ncbi.nlm.nih.gov/articles/PMC6853720/#:~:text=Results:,WSLs%20during/after%20orthodontic%20treatment. 

ÅCPP = Casein Phosphopeptide
ÅCasein- cheese protein- inhibit bacteria adhesion to teeth
ÅStabilizes  high concentrations of fluoride, calcium, and 

phosphate 
ÅBinds to pellicle, in low pH  releases Ca2+ and PO4

3-  
ÅACP = Amorphous Calcium Phosphate 
Åsupplies calcium and phosphate

ÅThe idea is to maintain supersaturation of calcium and 
phosphate ions at the tooth surface for remineralization. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10562112/
https://www.gc.dental/america/products/operatory/preventive/mi-paste
https://www.gc.dental/america/products/operatory/preventive/mi-paste
https://www.gc.dental/america/products/operatory/preventive/mi-paste
https://pmc.ncbi.nlm.nih.gov/articles/PMC9267358/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8896585/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6853720/#:~:text=Results:,WSLs%20during/after%20orthodontic%20treatment
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