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Evaluation of Serum Metal lon Levels in Dental Implant
Patients: A Prospective Study
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Introduction: Titanium is the most commonly used bio-inert implant material. Nevertheless, there is a possibility of systemic release of metal
ions, which could have clinical implications like implant failure and toxicity. This prospective study focuses on the evaluation of serum metal
ion levels in patients receiving dental implants. The aim of the study is to evaluate the release of titanium, aluminium, and vanadium from
dental implants by comparing the preoperative and postoperative serum levels of these ions. Methodology: Serum samples were collected
from 30 patients undergoing dental implant placement preoperatively and postoperatively at intervals of 6 weeks, 3, 6, and 12 months. These
samples were analyzed for titanium, aluminium, and vanadium levels using Inductively Coupled Plasma Optical Emission Spectrometry. The
difference in preoperative and postoperative serum levels was measured and statistically analyzed using the paired #-test. Results: There was
a slight difference in the postoperative levels of titanium and aluminium (2.30 and 4.07 mg/dl) as compared to the preoperative levels (2.28
and 2.30 mg/dl), which was statistically insignificant (P > 0.5). The serum levels of vanadium were too insignificant to be detected by the
instrument (<0.0088 mg/dl). Discussion: Mild increase in the titanium and aluminium levels in blood serum was noted. These metallic ion
levels might increase significantly due to which further clinical research with larger sample sizes and a long-term follow-up period is required
to evaluate the clinical effects of metallic ion release from dental implants. There is no significant difference in the serum metal ion levels
before and after the implant placement, although a little increase is observed in the aluminium ion levels after the implant placement.
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placement in rabbits and concluded that there was no significant
increase.¥

INTRODUCTION

The use of dental implants for prosthetic teeth replacement

has gained importance in the last two decades and
implants are now the primary mode of treatment for
edentulism.['! Most implants used today are made from
titanium or titanium alloys, which is the material of choice
due to its low density, good mechanical properties, and
ability to osseointegrate.”) However, questions have always
been raised regarding metal ion release from implants and
its clinical effects.

Several authors have studied the release of titanium from
various orthopaedic and oral implants. Levine ef al. did a
10-year follow-up on patients who had undergone total hip
arthroplasty and stated that these patients had significantly
higher levels of cobalt, chromium, and titanium as compared
to controls.’) On the other hand, Bianco et al. studied the
difference in serum and urine titanium before and after implant
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Most dental implants nowadays are alloyed with aluminium
and vanadium to improve the mechanical properties.
The release of these metals from dental implants into the
bloodstream, and their clinical effects have not been studied
adequately.

The purpose of this study was to evaluate the release of
titanium, aluminium, and vanadium from dental implants by
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comparing the preoperative and postoperative serum levels
of these ions.

MEeTHoDOLOGY

The study was conducted in the department of oral and
maxillofacial surgery of our institute over a period of 2 years
extending from 2011 to 2013. This study was a prospective,
quasi-experimental uncontrolled study where each patient
served as his/her own control. The study protocol was approved
by the Institutional Review Board (IRB number—SRMDC/
IRB/2011/MDS/No. 405).

P <0.05 is considered to be statistically significant.

Sample selection
The subjects for the study were patients who had come to our
institution for replacement of missing teeth.

Inclusion criteria

1. Participants requiring replacement of single missing tooth
in upper central incisor region

2. Participants between the age group of 18—71 years

Healthy patients with no underlying medical conditions

4. Participans with adequate bone volume to accommodate
an implant of appropriate dimension

5. Co-operative patients, willing for the surgery and proper
follow-up.

W

Exclusion criteria

1. Patients who had underlying medical conditions

2. Patients with deleterious habits such as smoking and

tobacco chewing.

Patients with parafunctional habits

4. Patients who required multiple implants or had a history
of dental or orthopaedic implant placement.

W

An informed consent was obtained in writing from all the patients
before the procedure. Preoperative computed tomography (CT)
scans were taken for all patients to assess bone quality. The
implant recipient bone site was classified based on Misch’s
grading for bone density®™ and only cases that had Grade D2
were taken up for the study to ensure uniformity in bone quality.

Sample size
Our study included 30 participants, of which 18 were male
and 12 were female.

Sample collection and analysis

Prior to placement of the implant, serum samples were
collected from each patient to establish the baseline levels of
the titanium, aluminium, and vanadium ions. 10 ml of blood
was withdrawn from each patient into sterile vacutainers,
without the use of any anti-coagulant. The blood was allowed
to clot strictly for 20 min at room temperature, and then
centrifuged to extract serum; if allowed to remain for longer
periods, there would be risk of external contamination.

All serum samples were transported to the Sophisticated
Instrument and Analytical Facility (SIAF) at Indian Institute of

Technology, Chennai. The samples were analyzed for titanium,
aluminium, and vanadium using Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES) on a Perkin Elmer
optimal 5300 DV ICP-OES instrument (ICP-OES, ELAN DRC
I, Perkin Elmer, SCIEX, Inc.).

Implants were then placed using a flapless technique. In all
patients, the implant used was Micro-Textured surface (MTX)
tapered, screw-vent type, which was coated with hydroxyapatite
in the mid-section. (Zimmer Inc.). Loading of the implant was
done after 6 months.

Follow-up

All patients were recalled at intervals of 6 weeks, 3 months,
6 months, and 12 months after implant placement. At each
visit, blood samples were collected, serum extracted, and sent
for analysis of metal ions as mentioned above.

Normality of data collected was assessed using the
Kolmogorov—Smirnov test. Mean, median, and standard
deviations were calculated for all patient groups. Since the
datasets were interdependent, statistical analysis of parameters
was done using the paired ¢-test for small samples. If the data
were nonnormal, the Mann—Whitney U test would have been
applied. All statistical analyses were carried out using the SPSS
software version 16 (IBM Corp., Armonk, N.Y., USA in 2009).

ResuLts

Thirty patients requiring replacement of the maxillary central
incisor were taken up for the study. Of this, one patient was
excluded because of improper follow-up. Of the remaining
29 patients, 18 were male and 11 were female. The age of the
patients ranged from 18 to 71 years (mean 38.2 years).

In all patients, primary stability was achieved. Wound healing
was satisfactory in all patients. One patient developed mild
soft-tissue inflammation 2 weeks after placement. He was
treated with curettage and local antimicrobial mouth rinses,
after which healing was uneventful. Postoperative CT scans
taken before loading, 6 months after implant placement showed
good union between the bone and implant.

The difference in serum titanium levels before and after
placement of implants is summarized in Table 1. Although
there was a mild increase in the mean serum titanium levels,
the difference was not statistically significant. Similarly, the
serum aluminium levels also showed a minimal increase after
placement of implants, but the results were not statistically
significant. These levels are summarized in Table 2.

The serum concentration of vanadium fell below the detectable
limit of the ICP-OES, which was 0.0088 mg/dl.

Discussion

Although titanium is classified as a bio-inert material, studies
have proven that titanium from orthopaedic implants does get
released into the bloodstream.) However, the release of metal
ions specifically from dental implants has rarely been touched
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Table 1: Difference in serum titanium levels before and after implant placement

Titanium levels (mg/dl) Before placement

After placement

6 weeks 3 months 6 months 12 months
Mean 2.28 2.29 2.29 2.30
Std deviation 0.69 0.69 0.68 0.69
Range 1.11-3.77 1.13-3.77 1.13-3.78 1.13-3.78 1.14-3.78
SEM 0.1260 0.1278 0.1260 0.1242 0.1260
P 0.9558 0.9554 0.9551 0.9110
Table 2: Difference in serum aluminium levels before and after implant placement
Titanium levels (mg/dl) Before placement After placement

6 weeks 3 months 6 months 12 months
Mean 4.05 4.05 4.06 4.08 4.07
Std deviation 0.80 0.80 0.81 0.81
Range 2.49-5.54 2.49-5.53 2.49-5.56 2.50-5.54 2.50-5.54
SEM 0.1461 0.1461 0.1461 0.1479 0.1479
P 1.000 0.9616 0.8857 0.9237

upon, in both animal and human studies. The alloys that are
commercially available in titanium are pure titanium (cpTi) and
Ti-6Al-4V and both are found to give good clinical success
rates of up to 99% at a time span of 10 years. Both the alloys
are biocompatible with the native tissues when they are in
contact with bone and the gingival tissues and also helps in
osseointegration for stability of the implants.”)

Various mechanisms may contribute to metallic ion release
from implants. These include mechanical wear, electrochemical
corrosion, and a combination of the two, called fretting
corrosion.! Mechanical factors such as, the micro-gap and
fluorides can also influence the proportion of metal particles
and ions released from implants and restorations. The implant
surfaces and restorations are exposed to the saliva, bacteria and
chemicals that can potentially dissolve the titanium oxide layer
and, therefore, corrosion cycles can be initiated.” Therapeutical
substances such as fluorides and hydrogen peroxide can
promote the degradation of titanium-based dental implant and
abutments leading to the release of toxic ions.l'” The galvanic
corrosion of implant/superstructure systems is important in the
following two aspects: (1) the possibility of biological effects
that may result from the dissolution of alloy components and (2)
the current flow that results from galvanic corrosion may lead
to bone destruction."! The corrosion resistance of Ti alloys
depends on an oxide film (TiO2), called “passive layer,” the
disruption of which causes release of ions.['>!3!

Titanium is most commonly used in the form of titanium
dioxide. Rapid expansion of products containing titanium
increases percutancous and permucosal exposure of titanium.
Titanium allergy is lesser compared to other metal materials.
It is advisable to ask the patients about hypersensitivity
reactions before implant placement and patch testing can
also be performed in patients who have a previous history of
allergic reactions.['!”

The material used for implants can determine the amount
of corrosion, and it has been shown that less titanium is
released from titanium alloys as compared to commercially
pure titanium.!'®! Serum Ti levels were not related to total
implant-bone surface area, number of the implants, and
gender.'” Studies have shown that diameter and total area of the
implant were of less importance for the Ti released to the bone.['®!
The fate of metal ions thus released also depends on the size of
the particles. While larger particles may remain in the area of the
implant, smaller particles can either be ingested by macrophages
or can disseminate through lymphatics to areas such as the bone
marrow, liver, and spleen.'!” If the corrosion increases, metallic
ions released from the implants would eventually find their way
into the bloodstream and get concentrated in the erythrocytes.
Therefore, measurement of these ion levels in the blood would be
an accurate predictor of chemical and mechanical implant wear.
There is no correlation in blood titanium levels as the surface
area is small between dental implants and total-implant bone.
Bloodstream carries the corrosion products to spleen, hair, and
lungs and lead to increase in serum levels.*

The release of metallic ions from implants may have both
local and systemic effects. It is common to find Ti ions at
the level of peri-implant tissues, that are relatively higher
in peri-implantitis sites compared to healthy implants.?!->
Titanium dental implants are the most commonly used material
in dentistry and is associated with antenna activity and the
electromagnetic waves may produce harmful effects.]

The level of corrosion in titanium and its association with
peri-implantitis creates awareness in association between
peri-implantitis and periodontitis.** The presence of the
corrosion in the long term may lead to release of ions into the
tissues around the implant surface and can cause disintegration
of the implant and material fatigue leading to failure of implant
and abutment fracture.]
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Although titanium has not shown any adverse effects in
humans, studies in rats have shown titanium as being
responsible for toxic reactions in the lungs.?®! On the other
hand, aluminium has been proven to be toxic to humans.
Increased levels of aluminium in the blood have been linked
to Alzheimer’s disease, Parkinson’s disease, and diabetic
encephalopathy.?” Chronic exposure to aluminium has been
shown to increase the risk of osteomalacia and pathological
fractures.?®! Increased levels of vanadium have been linked
with kidney damage and gastrointestinal irritation.”

Mercuri et al. had compared metal ion levels in various surgical
techniques and has stated that in the dental implant group,
one of the patients had elevated levels of serum titanium and
another patient showed elevated levels of both serum levels
of titanium and chromium.B%

To date, there is only one study that has assessed levels of all
the three metal ions — titanium, aluminium, and vanadium in the
blood of patients who have undergone implant placement.!! This
study used absorption spectrometry (AS) to assess ion levels in
blood, and no significant difference was found in these levels in
patients before and after the procedure. The method used in the
current study was ICP-OES, which is believed to be a superior
method to AS.B? Despite this, we did not find any significant
difference in metal ion levels before and after implant placement.
There was a mild, nonsignificant increase in metal ion levels.

This study did not take into account the other sources that
could contribute to raised serum titanium and aluminium
levels. Processed food is known to contain large quantities of
titanium; trace amounts are also found in drinking water, soil
and air.?¥ Aluminium is more ubiquitous and can also be taken
up from soil, water, and air.®¥ The addition of preservatives
to processed food and packaging of such foods also increases
aluminium exposure.?*! To avoid confounding, each patient in
this study served as their own control. However, no attempt
was made to standardize ion levels in this cross-section of
population before the study. Such standardization, if done for
future studies, would enable the use of a separate control group
and randomization, thereby lessening bias. In the recent years,
various other implant materials are available in the form of
tantalum and zirconium to avoid titanium toxicity; however,
long-term success rate is good with titanium compared to
the other materials and toxicity of titanium is minimal and is
involved only with the peri-implant tissues.>®

In the present study, patients were followed up for 12 months.
However, dental implants are designed to last a lifetime, and the
expected lifespan of an implant is around 40 years. Therefore,
if these patients were followed up for greater periods, it is
possible that the metallic ion levels might increase to levels
that could eventually be clinically significant.

CONCLUSION

This study shows that there is no significant difference in the
serum metal ion levels before and after the implant placement,

although a little increase is observed in the aluminium ion
levels after the implant placement. More studies with long-term
follow-up and larger sample will be required to evaluate the
serum titanium and aluminium levels.
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