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A new era considering inorganic trace elements and biological activity of
dental biomaterials (angiogenic activity)

Recently due to the environmental and ecosystemic
changes caused by air pollution, impurities of foods and
water, and exposure to enormous electromagnetic waves
we have greater concern regarding the release of inor-
ganic trace elements from different materials that can
have drastic effects on life of biological cells, tissues, and
organs. Inorganic trace elements are essential substances,
and in trace amounts (Figure 1) play critical roles in
many physiological and pathological processes.[1] One of
the most important processes is angiogenesis, the forma-
tion of new blood vessels from preexisting capillaries.[2]
Angiogenesis has great influence on physiological condi-
tions such as regeneration and reparation processes, as
well as pathological conditions including malignancies
and tumorigenesis.[3] In dentistry, angiogenesis plays a
great role in regeneration of dentin and dental pulp tis-
sues after injuries, and has utmost importance in revas-
cularization of traumatic premature teeth, which results
in radicular dental pulp survival and continuity of root
formation.[4,5]

There is a body of evidence indicating that trace ele-
ments can induce the angiogenesis process.[1,6,7] Many
of these elements can be found in dental biomaterials,

which are leachable from the applied area.[8–15]
Releasing trace elements from dental materials include:
restorative materials such as dental amalgam (Hg, Ag,
Sn, Cu, Zn, Pd),[8] and glass ionomers (Ca, P, Al, Sr, F),
[9] dental casting alloys (Au, Ag, Cu, Pd),[10] endodon-
tic metal instruments (SS, Ni, Ti),[11] and calcium sili-
cate-based cements (Ca, Si, As, Pb, Al),[12] orthodontic
appliances (Mg, Al, Si, P, S, K, Ca, Ti, V, Mn, Fe, Co,
Cu, Zn, Ni, Cr),[13,14] and dental implants (Ti, Al, Co,
Cr, Mo, Ni, V).[15] These articles reviewed more than
500 articles regarding the effects of different trace ele-
ments on angiogenesis. Among these trace elements, Ca,
P, Cu, and S present pro-angiogenic activity, while Ti
nanoparticles, Au nanoparticles (AuNPs), Si nanopar-
ticles, Cr, Zn, As, and V have anti-angiogenic properties.
Fe can be both pro- or anti-angiogenic depending on the
context presented.[1,6,7,16]

According to these facts, it is evident that inorganic
trace elements have undeniable influence on angiogenesis
events. Hence, the release of these elements from bioma-
terials used in dentistry can affect angiogenesis in
surrounding tissues. We suggest that the pro- or anti-
angiogenic properties of trace elements should be

Figure 1. The effect of restorative biomaterials on surrounding tissue and its consequence effects on maxillofacial tissue.
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considered during dental biomaterial manufacturing, and
their application under different treatment modalities.
The angiogenic activity can act as a double edged sword.
It can lead to a better regeneration and healing, or result
in necrosis of biological tissues that might jeopardize the
dental treatment outcomes.
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