Response to Nano Hydroxyapatite Claims

Written by Dr. Kim Kutsch

We appreciate the conversation around nano-hydroxyapatite and the opportunity to clarify
some important context for those trying to make informed decisions about oral health.

In this case, the video features and promotes the perspectives of Dr. Ryan Nolan, who is
also the founder of Elementa, a company that markets elemental silver oral care products.
Elementa products are further promoted and recommended within the comments and
follow-up discussion. Because this is a directly competing approach to nano-
hydroxyapatite, this represents a clear conflict of interest and is an important context to
consider when evaluating the claims being made.

This conflictis compounded by an apparent inconsistency in how nanoparticles are
characterized. The discussion raises safety concerns about nano-hydroxyapatite and
nanoparticles broadly, despite nano-hydroxyapatite having received formal safety approval
from the European Union’s Scientific Committee on Consumer Safety, while
simultaneously promoting a brand built on silver nanoparticles. Silver nanoparticles, by
contrast, have not been approved by the EU due to safety concerns and insufficient data.”’
Questioning the safety of an EU-approved material while advocating for one the EU has
restricted reflects a selectivity that is worth noting when weighing the objectivity of these
claims.

While several of the individual scientific statements presented are technically accurate,
key pieces of context are missing. Without that broader framework, the information can
lead to conclusions that don’t fully reflect how the oral environment actually functions.

A helpful place to start is with the biology itself. The basic building block of enamel is 20-40
nm rod-shaped nanocrystals of hydroxyapatite. The body maintains teeth by keeping them
bathed in a supersaturated solution of this mineral. Under physiological conditions, saliva
and oral fluids are supersaturated with respect to hydroxyapatite and fluorapatite. If the
oral fluids were unsaturated with respect to apatite, the dental hard tissues would dissolve
without any other cause.”

These minerals are present in the form of Ca** + HPO42‘ ion pairs that are sub-nanometerin
size; prenucleation clusters (~0.5-2 nm), which are dynamic and reversible and widely
described in non-classical crystallization literature; and amorphous calcium phosphate
(ACP)-like nanophases (~1-5 nm, sometimes up to ~10 nm transiently). These forms are
kept stable by salivary proteins such as statherin.?



These sub-nanometer to small nanosized clusters are responsible for maintaining tooth
mineralization. They penetrate the biofilm and act as a reservoir for calcium and phosphate
ions, supporting remineralization as pH changes. Oral soft tissues are constantly exposed
to these minerals in a range of sizes and structures without evidence of tissue toxicity.

This is how the system is designed. When quality nano-hydroxyapatite is introduced
through oral care products and formulated correctly, it can bypass mesocrystal growth
inhibition, resulting in some particle deposition on enamel and within surface defects, ion
reservoir behavior following partial dissolution, and subsequent reprecipitation and growth
onto existing enamel mineral. A substantial and growing body of research supports nano-
hydroxyapatite’s effectiveness in this role.?

Our goal in sharing this is not to dismiss differing viewpoints, but to ensure that the
discussion includes the full scientific context so clinicians and consumers can evaluate
the information more completely.

Technical Review and Response to Claims:

1. Composition and Structure
a) Synthetic crystals. This is a misleading claim. Synthesized nano-hydroxyapatite is

lab-created, but it is nano-hydroxyapatite, the real mineral, not some synthetic
material. Much like nano particles of elemental silver are typically synthesized, but
are still silver. Hydroxyapatite is the primary mineralin hard tissues and is relatively
insoluble. Itis soluble with a critical pH of about 5.5.

b) Nanoscale dimensions. The gold standard for nano-hydroxyapatite is 20-40
nanometers and rod-shaped. Studies indicate that the size* is important for
remineralization efficiency, and shape® for tissue safety.® This is the basic building
block crystalline structure of enamel and is therefore most biomimetic, which
accounts for the non-classical theory of remineralization by oriented attachment of
meso-crystals, although the primary remineralization interaction of nano-
hydroxyapatite is by ionic epitaxial crystal growth on demineralized enamel.” Saliva
is supersaturated with both hydroxyapatite and fluorapatite. It is how the body
maintains the mineralization of teeth.

c) Chemical Stability: A calcium to phosphate ratio of 1.67 is ideal stoichiometric
chemistry. Enamel is often contaminated with carbonate, and the ratio is closer to
1.6. Obviously, even carbonated hydroxyapatite is relatively insoluble, or you
wouldn’t have enamel.®

d) Stabilizing agents: Yes, typically, potassium chloride salt is utilized to keep the nano
particles of hydroxyapatite stable, much like nano particles of elemental silver use a
stabilizing agent. Once in the mouth, salivary proteins like statherin adsorb to the



surface of the nano crystals and also aid in stability and inhibiting agglomeration
and aggregation.®

2. Intended Use versus Actual Function

a)

b)

c)

Marketed as Remineralization: There is no clear FDA marketing clearance for nano-
hydroxyapatite in dentistry oral care products, so most use is based on cosmetic
claims: Remineralizes enamel, Strengthens teeth, Reduces sensitivity, Whitens.
Multiple studies demonstrate its effectiveness at remineralization, strengthening
enamel, reducing sensitivity, and providing whitening.* %24, It cannot be marketed as
an anticavity material; only fluoride has that FDA Clearance. A product containing
both fluoride and nano-hydroxyapatite can be marketed as an anticavity product.
The evidence for the effectiveness of fluoride-free, hydroxyapatite-containing oral
care products in reducing dental caries, both from RCTs and in situ clinical trials, has
expanded. More studies now show that hydroxyapatite is effective as an anti-caries
active ingredient in the absence of fluoride.’ However, it is not FDA market cleared
for those claims.

Function as an Occluding Agent: nano-hydroxyapatite does actually participate in
remineralization, both by providing ions for epitaxial growth and also mesocrystals
for oriented attachment of new crystal growth. It occludes dentinal tubules and
creates new permanent layers of mineral, and is superior to fluoride for reducing
dentin hypersensitivity and may be superior to other desensitizing agents. 2°

Sand in a pothole: This is not substantiated by any study. In fact, nano-
hydroxyapatite does actually participate in remineralization, both by providing ions
for epitaxial growth and also mesocrystals for oriented attachment of new crystal
growth. It occludes dentinal tubules and creates new permanent layers of mineral,
and is superior to fluoride for reducing dentin hypersensitivity and may be superior to
other desensitizing agents. 2°

3. Technical Challenges and Criticisms
a) Agglomeration (clumping): When dental formulations are exposed to saliva, the salt

stabilizers become weakened, and nanoparticles clump together. Not substantiated
by any study. A stable dental formulation may exhibit some agglomeration in the
mouth during use, but agglomeration is held together by weak forces. nHA
formulations in the mouth are not likely to remain as a fully monodisperse hano
suspension; they probably become a mixed population of small particles, clusters,
and enamel/pellicle-bound deposits, all of which contribute positively to
remineralization. And the nano-hydroxyapatite bypasses the inhibition of meso
crystal formation and salivary protein adsorbs onto and coats the nano



b)

d)

hydroxyapatite and prevents agglomeration and aggregation just the way they inhibit

smaller prenucleation clusters found in saliva. 22527
Biofilm Barrier: Actually, the biofilm acts as both a barrier and a scaffold. It contains

irregular channels, but is a negatively charged material which attracts positively
charged calcium, so nanoparticles do penetrate the biofilm to some degree, but also
get trapped in the biofilm and become a reservoir for calcium and phosphate ions,
as there is an acid challenge. lons are easily transported through the biofilm
channels. So the biofilm transports ions to the enamel surface and traps
nanoparticles that are too large to be transported, serving as a future reservoir. For
remineralization to occur, the pH must be above the critical pH of 5.5, so modulating
the pH is a significant strategy.

Lack of Permanent Binding: This is categorically false and not supported by any
study. Instead, the mechanism is clear: both epitaxial growth of enamel and
mesocrystal growth occur, creating new permanent enamel. Again, the use of
“synthetic crystals” is intentionally misleading, as these “synthesized crystals” are
actually real hydroxyapatite mineral. The literature is replete with studies indicating
the efficacy of nano hydroxyapatite in remineralization of enamel. 4118

Mineral Reservoir Issues: Again, this is misleading and ignores dissolution kinetics.
It’s not as simple as nano hydroxyapatite survives while enamel dissolves first.
Kinetics matter more than thermochemistry. Nano particles have a very high surface
area compared to the enamel surface, so while enamel can and often does dissolve
faster because of the thermochemistry, nano-hydroxyapatite can have faster
dissolution kinetics based on surface area, and they dissolve quickly despite being
less soluble because of their slightly higher calcium to phosphate ratio.
Thermodynamics (calcium phosphate ratio) sets the direction and ultimate
equilibrium, but kinetics (surface reactivity, structure, transport, protein/biofilm
interactions, and surface area) overwhelmingly determine which phase dissolves
first and how fast in the oral environment.?® And if the enamel dissolves faster, the
nano hydroxyapatite provides a stable source of ions acting as a mineral reservoir.

e) An Internal Contradiction on Stability and Sensitivity: The claim that nano-

hydroxyapatite is too chemically stable to dissolve and therefore cannot function as
a mineral reservoir is directly undermined by a concession made elsewhere in the
same discussion: that nano-hydroxyapatite is effective for dentin hypersensitivity.
Sensitivity relief cannot occur without mineral deposition into dentinal tubules,
which requires precisely the kind of dissolution and reprecipitation dynamics being
dismissed. These two positions cannot coexist: if nano-hydroxyapatite is inert and
unable to release ions, it cannot occlude tubules. The acknowledgment of



sensitivity efficacy is, in effect, an acknowledgment that the mineral reservoir
argument fails.

4. Safety and Comparison to Natural Enamel
a) Toxicity Concerns: What are the “sources”? Not supported by studies. The

Fluidinova nanoXIM® material has gone through extensive toxicity testing and won
approval from the Scientific Committee on Consumer Safety of the EU. Excerpt
here:
As the nanoXIM® ingredient is only intended to be used in oral cosmetic products
(toothpastes, mouthwashes...), only exposure via oral route has to be considered.
After entering into the mouth, part of the cosmetic formulation will enter into
contact with the buccal mucosa and part may be ingested. Therefore systemic
exposure to the HAP-nano may either occur either via uptake by mucosal cells or by
crossing the intestinal tract. Both routes have been assessed by the Notifiers.

Penetration into buccal mucosal cells (from SCCS/1624/20): As a preliminary step
to investigate whether HAP-nano can enter systemic tissues through the oral
epithelium, it was histologically studied to what extent HAP-nano could penetrate
the stratified layers in two types of three-dimensional (3-D) reconstituted human
oral epithelial models, one with and one without a stratum corneum. The results
showed that the NPs did not penetrate the stratum corneum in SkinEthic HGE
samples and penetrated only the outermost layer of cells in SkinEthic HOE samples
without stratum corneum, and no permeation into the deeper layers of the
epithelium in either tissue model was observed.

Absorption by the gastric compartment (from SCCS/1624/20): The stability of
nanoXIM.CarePaste HAP-nano was assessed in a stability study in simulated gastric
fluid (SGF) by determination of calcium content at different time points (7.5, 15 and
30 mins). The results have confirmed that the material would solubilise in the
gastric fluid if ingested. Therefore, there should not be any issue of nano-related
concerns over its safety following ingestion. As it was concluded that systemic
exposure to HAP-nano following cosmetic use in oral care products was not
significant, only local toxicity and genotoxicity have to be assessed.
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Toxicological Evaluation:
Local toxicity (from SCCS/1624/20): To determine the biocompatibility / oral
irritation test on human oral epithelium of HAP-nano, an in vitro model of



reconstructed human oral epithelium was used after exposure to nanoXIM
nanoparticles (SkinEthic reconstructed Human Oral Epithelium). Most probably, it
was a non-keratinizing model that was taken as the worst case scenario, as no
toxicity was revealed using this model, one should not assume any toxic effectsin a
keratinized model, which has an additional protective layers of stratum corneum.
Also, the data showed that 3.1% HAP-nano after an incubation period of 48 hr was
not cytotoxic to the mucosal cells. Cellular internalization uptake of HAP-nano by
CHO-K1 and L5178Y TK+/- mouse lymphoma cells was tested in all experimental
conditions used for the mammalian gene mutation test and the micronucleus
assay. The uptake by CHO-K1 cells was demonstrated at all tested concentrations.
However, the uptake of HAP-nano by L5178Y TK+/- mouse lymphoma cells was
marginal and only observed at one concentration, the highest one tested, after24 h
treatment.

Mutagenicity/genotoxicity: The genotoxicity of HAP-nano was investigated in three
endpoints: gene mutations (by the mammalian gene mutation test), structural
chromosome aberrations, and aneuploidy (by the micronucleus assay). The
genotoxicity studies were performed along with characterization in culture media
and uptake of HAP-nano by cells. Stability of the dispersion of the test nanomaterial
in cell culture medium prior to and after the experiment was provided. The Notifier
used appropriate methodologies according to OECD TGs, the SCCS Guidance on
the safety assessment of nanomaterials in cosmetics (SCCS/1611/19), and the
current state of knowledge.

The results showed that HAP-nano did not induce gene mutation in the mammalian
gene mutation test using the thymidine kinase gene in the L5178Y/TK+/- cell line and
did notinduce structural or numerical chromosomal damage in CHO-K1 cells when
tested up to precipitation concentrations. Based on these valid in vitro study results
on gene mutations and micronucleus tests, the SCCS is of the opinion that HAP-
nano does not pose a genotoxicity hazard.
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Conclusion: In view of the above, and taking into account the scientific data
provided and reasonably foreseeable exposure conditions, does the SCCS consider
hydroxyapatite (nano) safe when used in oral cosmetic products according to the
maximum concentrations and specifications as reported in the submission? Based
on the data provided, the SCCS considers hydroxyapatite (nano) safe when used at



concentrations up to 10% in toothpaste, and up to 0.465% in mouthwash. This
safety evaluation only applies to the hydroxyapatite (nano) with the following
characteristics: - composed of rod-shaped particles of which at least 95.8% (in
particle number) have an aspect ratio of less than 3, and the remaining 4.2% have
an aspect ratio not exceeding 4.9; - the particles are not coated or surface modified.
This product went through extensive toxicity/safety studies. Yet another study
indicates that nano particles of hydroxyapatite in oral health products do not pose a
risk to oral soft tissues.® Another study examined particle shape and penetration of
renal tissue, with round spherical shaped particles being the biggest concern
followed by needle shaped, and lastly by rod shaped.® Rod shape is the material in
nanoXIM.

Mismatch and Human Teeth: Again, this information is inaccurate, and the
conclusions are false and not substantiated by any study. Most human enamel has

a calcium to phosphate ratio of 1.60 to 1.67 as determined by EDS.*° The mismatch
does not inherently inhibit remineralization. A more biomimetic substituted apatite
can sometimes be a closer chemical match to enamel and may influence
dissolution rate, adhesion, and crystal perfection. But plain stoichiometric nano-
hydroxyapatite can still remineralize enamel effectively, which is why multiple
reviews conclude it has meaningful remineralizing potential.?
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