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A B S T R A C T

The use of titanium implants in dentistry has become increasingly popular due to their biocompatibility and
excellent mechanical properties. However, the release of titanium ions from the implants has the potential
to lead to local and systemic toxicity, which may cause implant failure or have negative consequences on
the body. In this article, the causes of titanium toxicity are discussed, including implant design, surgical
methods, and patient specific elements. It also looks at the possible health hazards of titanium poisoning,
such as inflammation, allergic reaction and neurological issues.
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1. Introduction

Titanium is a widely used metal for dental implants because
of its biocompatibility, mechanical strength, and resistance
to corrosion. There have been worries about the possible
toxicity of titanium and its alloys in dental implantology,
despite the material’s many advantages. While titanium
toxicity is rare, it can occur and may result in various
adverse effects.

Titanium toxicity from dental implants can occur due to
the release of titanium ions from the implant surface into
surrounding tissues. These ions can trigger an inflammatory
response, leading to the accumulation of immune cells and
the release of reactive oxygen species (ROS).1 In some
cases, the release of titanium ions may also lead to bone
resorption around the implant, which compromises implant
stability and leading implant failure.2

Studies have shown that under certain conditions,
titanium ions can be released from the implant surface
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and enter the surrounding tissues, leading to cellular and
tissue damage. This process is known as corrosion, and it
can be accelerated by factors such as high acidity, high
temperature, and mechanical stress.3

While the evidence for titanium toxicity is limited, it is
essential for clinicians to be aware of the potential risks
associated with the use of titanium implants. Patients with
a history of metal allergies or autoimmune diseases may be
particularly susceptible to titanium toxicity and should be
evaluated carefully before undergoing implant surgery.4

2. Causes of Titanium Toxicity in Dental Implants

There have been some reports of titanium toxicity in dental
implant patients. The exact causes of titanium toxicity are
still not fully understood, but some possible factors include:

1. Allergic reaction: Some patients may be allergic to
titanium or other components of the implant, such as
nickel, chromium, or molybdenum. Allergic reactions
can cause inflammation, pain, and other symptoms, and
may require implant removal.5
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2. Corrosion: Although titanium is highly resistant to
corrosion, it can still corrode over time, especially
if exposed to acidic environments or other corrosive
substances. Corrosion can release metal ions into the
surrounding tissues, which can lead to inflammation
and other adverse effects.6

3. Overloading: Dental implants that are overloaded or
subjected to excessive force can cause bone loss and
implant failure. This can also result in the release of
metal ions and other particles into the surrounding
tissues, leading to inflammation and toxicity.7

4. Poor implant design or placement: If the implant is
poorly designed or placed, it can cause mechanical
stress or pressure on the surrounding tissues, leading
to inflammation and toxicity.8

5. Impurities in the titanium: Impurities in the titanium
used for the implant, such as iron or qaluminum, can
also cause toxicity.9

3. Mechanism of Titanium Toxicity

The mechanisms underlying titanium toxicity in dental
implants are not yet fully understood, but several potential
mechanisms have been proposed based on studies in vitro
and in vivo. These mechanisms include.

1. Generation of Reactive Oxygen Species (ROS):
Titanium ions and particles can induce the production
of ROS, which can cause cellular damage and
inflammation in surrounding tissues.10

2. Activation of the Immune System: Titanium particles
and ions can activate the immune system by
stimulating the release of cytokines and other
inflammatory mediators. This can lead to the
recruitment of immune cells and the production of pro-
inflammatory factors, which can damage surrounding
tissues.11

3. Disruption of Cellular Signaling Pathways: Titanium
particles and ions can interfere with cellular
signaling pathways, which can affect cell growth
and differentiation. This can lead to changes in
cellular behavior and contribute to the development of
toxicity.12

4. Direct Cytotoxicity: High concentrations of titanium
particles and ions can directly damage cells by
inducing necrosis or apoptosis. This can lead to tissue
damage and the release of pro-inflammatory mediators,
contributing to inflammation and toxicity.13

4. Symptoms of Titanium Toxicity

The symptoms of titanium toxicity depend on the route of
exposure and the duration and extent of exposure. There is
limited information on the toxicity of titanium in humans.
However, several animal studies have reported the effects of
titanium exposure, which may include:

1. Respiratory system: Inhalation of titanium dust
or fumes may cause respiratory irritation, cough,
shortness of breath, and wheezing. In rats, inhalation
of high concentrations of titanium dioxide (TiO2)
nanoparticles caused inflammation, lung damage, and
fibrosis in the lungs.14,15

2. Nervous system: Exposure to high levels of titanium
in the workplace may cause neurological symptoms
such as headaches, dizziness, and tremors. In rats,
injection of titanium nanoparticles into the brain
caused neuroinflammation and damage to the blood-
brain barrier.16,17

3. Skin: Exposure to titanium dust or fumes may cause
skin irritation, rash, and itching. In rabbits, topical
application of titanium dioxide nanoparticles caused
skin irritation and damage.18

4. Gastrointestinal system: Ingestion of titanium-
containing substances may cause gastrointestinal
symptoms such as nausea, vomiting, and diarrhea.
In rats, ingestion of high doses of titanium dioxide
nanoparticles caused inflammation and damage to the
stomach and intestines.9

It is important to note that these effects have been observed
in animals at high doses or after exposure to nanoparticles,
which are much smaller in size than conventional titanium
particles. The toxicity of titanium in humans is still being
studied, and more research is needed to determine the safe
levels of exposure to titanium.

5. Diagnosis of Titanium Toxicity

Currently, there is no consensus on the safe levels of
titanium in the body, as different studies have used different
exposure scenarios and biomarkers to measure titanium
levels. However, several studies have suggested that high
levels of titanium in the body may be associated with
adverse health effects, such as immunological reactions and
genotoxicity.

One of the most commonly used methods to diagnose
titanium toxicity is by measuring the levels of titanium
in the blood, urine, or tissues. Blood and urine titanium
levels can be measured using various analytical techniques,
such as inductively coupled plasma mass spectrometry
(ICP-MS) or atomic absorption spectrometry (AAS). Tissue
titanium levels can be measured using biopsy or post-
mortem analysis.19

Another diagnostic tool for titanium toxicity is the
lymphocyte transformation test (LTT), which is a functional
assay that measures the proliferation of lymphocytes
in response to titanium ions. The LTT has been used
to diagnose titanium hypersensitivity and implant-related
disease.20

In addition, imaging techniques such as X-ray and
magnetic resonance imaging (MRI) can be used to detect
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the presence of titanium in the body, particularly in cases
where implant-related disease is suspected.21

It is important to note that the diagnosis of titanium
toxicity should be based on a combination of clinical
symptoms, laboratory tests, and imaging studies, and should
be made by a qualified medical professional.

6. Treatment of Titanium Toxicity

In cases where titanium toxicity is suspected, the treatment
will depend on the severity of the symptoms and the location
of the titanium implant.

The treatment of titanium toxicity caused by dental
implants typically involves removal of the implant and
supportive care. If the toxicity is local, such as in the form
of inflammation or infection at the implant site, the implant
may need to be removed and antibiotics may be prescribed.
If the toxicity is systemic, such as in the form of skin rashes,
joint pain, or other symptoms, the implant may need to be
removed and the patient may require supportive care such
as pain management and monitoring of organ function.

There is limited research on the specific treatment
of titanium toxicity caused by dental implants, but
studies have suggested that removal of the implant is
necessary for resolution of symptoms. Additionally, some
studies have suggested that chelating agents such as
ethylenediaminetetraacetic acid (EDTA) may help remove
excess titanium from the body and improve symptoms.22

There is currently no specific medication or therapy
available to treat titanium toxicity. However, symptomatic
treatment may be administered to manage the symptoms,
such as anti-inflammatory medication, pain management,
and physical therapy.

It is important to note that titanium toxicity is a relatively
rare occurrence, and most patients with titanium implants
do not experience adverse reactions. If you suspect that
you may be experiencing titanium toxicity, it is important
to consult with a medical professional for an accurate
diagnosis and appropriate treatment.23

7. Prevention of Titanium Toxicity

Titanium is widely used as a dental implant material due to
its biocompatibility and ability to integrate with the bone.
However, in rare cases, titanium toxicity can occur and
cause adverse reactions. Therefore, it is important to take
appropriate measures to prevent titanium toxicity associated
with dental implants. Here are some measures that can be
taken to prevent titanium toxicity:

1. Patient selection: Before recommending dental
implant treatment, a thorough medical and dental
history should be taken to identify patients who
may be at risk of titanium allergy or sensitivity.
Additionally, patients with pre-existing conditions,
such as autoimmune disorders or metal allergies, may

be at higher risk for titanium toxicity.24

2. Material selection: There are different grades of
titanium used for dental implants, and some grades
may be more biocompatible than others. Therefore,
selecting the appropriate grade of titanium and using
high-quality implants may help reduce the risk of
titanium toxicity.24

3. Proper placement: Proper placement of the implant is
critical to prevent adverse reactions. Implants should
be placed according to manufacturer instructions, and
care should be taken to avoid overheating during the
drilling process, which can cause the release of metal
ions.25

4. Regular maintenance: Regular follow-up visits and
maintenance of the implant can help detect and
address potential issues early. Regular oral hygiene
and cleaning can also help reduce the risk of peri-
implantitis and inflammation, which can lead to
implant failure and toxicity.25

5. Allergy testing: In patients with a history of
metal allergies or sensitivity, allergy testing may
be recommended before implant placement. Patch
testing can identify patients with a potential allergy to
titanium, allowing for the selection of an appropriate
alternative material.26

8. Conclusion

The use of titanium in dental implants is generally
considered safe and biocompatible, with a low incidence
of adverse reactions or toxicity. However, in rare cases,
some individuals may develop hypersensitivity or allergic
reactions to titanium, which can result in symptoms such as
inflammation, pain, and implant failure.

Studies investigating the potential toxicity of titanium
from dental implants have yielded mixed results. Some
studies have reported elevated levels of titanium in
surrounding tissues, while others have found no evidence
of toxicity. Furthermore, there is currently no consensus on
the safe levels of titanium in the human body.

In summary, while titanium dental implants are generally
considered safe, there is a small risk of hypersensitivity or
allergic reactions, and the potential for toxicity remains a
subject of ongoing research and debate.
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