
Received: 7 February 2022 Revised: 30 May 2022 Accepted: 2 June 2022

DOI: 10.1002/JPER.22-0091

ORIG INAL ARTICLE

Ion release and local effects of titaniummetal particles from
dental implants: An experimental study in rats

Jorge Toledano-Serrabona1,2 Octavi Camps-Font1,2 Diogo Pompéu de
Moraes3,4,5 Mario Corte-Rodríguez3,4 María Montes-Bayón3,4

Eduard Valmaseda-Castellón1,2 Cosme Gay-Escoda1,2

M. Ángeles Sánchez-Garcés1,2

1Department of Oral Surgery and
Implantology, Faculty of Medicine and
Health Sciences, University of Barcelona,
Barcelona, Spain
(Email: ocamps@ub.edu;
eduardvalmaseda@ub.edu; cgay@ub.edu;
masanchezg@ub.edu)
2Bellvitge Biomedical Research Institute
(IDIBELL), Barcelona, Spain
3Department of Physical and Analytical
Chemistry, Faculty of Chemistry,
University of Oviedo, Oviedo, Spain
(Email: diogo.moraes@ufrgs.br;
cortemario.uo@uniovi.es;
montesmaria@uniovi.es)
4Instituto de Investigación Sanitaria del
Principado de Asturias (ISPA), Oviedo,
Spain
5Institute of Chemistry, Universidade
Federal do Rio Grande do Sul, Porto
Alegre, Rio Grande do Sul, Brazil

Correspondence
Jorge Toledano-Serrabona, School of
Medicine and Health Sciences, Campus
de Bellvitge, University of Barcelona, C/
Feixa Llarga s/n; Pavelló Govern, 2ª

planta, Despatx 2.9, 08907 – L’Hospitalet
de Llobregat (Barcelona), Spain.
Email: jorgetoledano25@gmail.com

Abstract
Background: The objective of this study was to evaluate the accumulation of
ions in blood and organs caused by titanium (Ti) metal particles in a mandibular
defect in rats, together with a description of the local reaction of oral tissues to
this Ti alloy debris.
Methods: Twenty Sprague-Dawley rats were randomly distributed into three
groups: an experimental groupwith amandibular bone defect filledwithmetallic
debris obtained by implantoplasty; a positive control group; and a negative con-
trol group. Thirty days after surgery, the rats were euthanized and perilesional
tissue surrounding the mandibular defect was removed, together with the lungs,
spleen, liver, and brain. Two blood samples were collected: immediately before
surgery and before euthanasia. The perilesional tissue was histologically ana-
lyzed using hematoxylin-eosin staining, and Ti, aluminum, and vanadium ion
concentrations in blood and organs were measured by TQ-ICP-MS. Descriptive
and bivariate analyses of the data were performed.
Results:All rats with implantedmetal debris showedmetal particles and a bone
fracture callus on the osseous defect. The metal particles were surrounded by a
foreign body reaction characterized by the presence of histiocytes and multinu-
cleated giant cells (MNGCs). The experimental group had a significant higher
concentration of Ti ions in all studied organs except lung tissue (p < 0.05).
In addition, there were more V ions in the brain in the experimental group
(p = 0.008).
Conclusions: Although further studies are required to confirm the clinical
relevance of these results, Ti metal particles in the jaw might increase the
concentration of metal ions in vital organs and induce a foreign body reaction.
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1 INTRODUCTION

Commercially pure titanium (Ti) or Ti alloys are the most
commonly used metallic materials in dental implants.1
Despite implants have proven to be a successful treat-
ment to restore function and esthetics in edentulous
patients,2 the increasing number of peri-implant diseases
has become a growing concern in implant dentistry.3
Although it is well documented that peri-implantitis is

an inflammatory condition caused by bacterial plaque,4
there are other factors such as Ti metal particles that
have been suggested as a contributor factor.5,6 Ti-based
implants are biocompatible due to formation of a protec-
tive Ti oxide layer. This stable passive film protects the
surface of the dental implant from corrosion.7,8 However,
an acid environment or implant polishing can reduce the
corrosion resistance of the material until the loss of the Ti
oxide layer.8,9 This fact facilitates the release of nanodebris
and soluble metal ions that might induce adverse tissue
reactions.10
The presence of nanoparticulated metal debris in the

peri-implant tissues has been previously described.11 In
addition, the presence of molecules, such as citrate or
tartrate in biological fluids might also generate “soluble”
forms of Ti (Ti-citrate or Ti-tartrate).12 Therefore, ions
and particles are two different forms of Ti that coexist
in the peri-implant environment. Likewise, the effects of
the release of these metal ions and nanoparticles into the
medium are still unknown.5,13,14 On the other hand, the
interaction between Ti metal particles and peri-implant
tissues still raises controversy.15 Albrektsson et al.16 sug-
gested that this metal debris triggers a foreign body
reaction, while others17,18 reported that Ti particles induce
a pro-inflammatory response.
The primary objective of this experimental animal study

was to determine whether accumulation of Ti metal par-
ticles from dental implants in mandibular bone defects of
rats results in a significant translocation and accumulation
of Ti, aluminum (Al) and vanadium (V) ions in blood, liver,
spleen and brain. The secondary objective was to analyze
the response of perilesional bone andmucosal tissue to the
presence of such Ti metal particles.

2 MATERIALS ANDMETHODS

2.1 Animal model

The present study followed the ARRIVE guidelines for
conducting animal studies,19 and was approved by the
Ethics Committee for Animal Experimentation of the
University of Barcelona (CEEA-UB) (Spain), under iden-
tification number 10799.

A randomized experimental study was carried out in
20 Sprague-Dawley rats. Adult male and female (propor-
tion 1:1) ex-reproductive rats aged 6–8 months and with a
weight of 380–450 gwere included in the study. All animals
were housed under standard conditions of 12-h light-dark
cycles at a temperature of 22± 2◦C and a relative humidity
of 50% ± 10%.

2.2 Sample size calculation

In order to compare the intervention with a reference,20
the sample size was calculated using a bilateral t-test for
independent groups with a power of 90% and an alpha
error of 5%, using an effect size of 1.05 and a common stan-
dard deviation (SD) of 0.62. Two experimental rats were
added to the experimental group to compensate possible
losses. Then, the rats were randomized to one of three
groups: an experimental group (10 rats with a unilateral
mandibular defect filled withmetal debris); a positive con-
trol group (eight rats with an empty unilateral mandibular
defect); and a negative control group (two rats with no
mandibular defect).

2.3 Randomization and concealment

A table of random numbers was generated using Stata14
(StataCorp, College Station, TX, USA) for random allo-
cation. To ensure concealment of allocation from the
surgeon, an independent investigator (O.C-F.) allocated
the rats using sealed, opaque and numbered envelopes.
Since the negative control rats did not undergo surgery,
their envelopes were labeled on the outside. The envelopes
were opened sequentially just after the mandibular bone
defects were made.

2.4 Preparation of metal debris

Metal particles obtained from implantoplasty of Ti-6Al-4V
dental implants (Avinent Implant System S.L., Santpedor,
Spain)were collected. The authors followed a standardized
implantoplasty protocol used in humans and previously
described by Costa-Berenguer et al.21 In order to stan-
dardize the procedure, all implantoplasty procedures were
performed by a single investigator (J.T.-S.). Implantoplasty
was carried out to remove the threads of 4.8× 13mmdental
implants (Coral E.C., Avinent Implant SystemS.L., Santpe-
dor, Spain). The implant surfacewas sequentiallymodified
with a fine-grained tungsten carbide bur (H379.314. 014,
KOMET GmbH & Co. KG, Lemgo, Germany) and two
silicon carbide polishers (9608.314.030 and 9618.314.030,
KOMET GmbH & Co. KG, Lemgo, Germany).
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TOLEDANO-SERRABONA et al. 3

F IGURE 1 Surgical procedure. Inhalation anesthesia (A), disinfection of the surgical area (B), incision (C), dissection (D), bone
exposition (E), bone defect (F), metal particles filling bone defect (G) and suture (H)

2.5 Surgical protocol

The surgical procedure was performed by a single expe-
rienced investigator (M.A.S.-G.). Anesthesia was induced
in a chamber using 5% isoflurane (Forane, Abbott Lab-
oratories, Madrid, Spain) and a continuous oxygen flow
of 5 L/min. Buprenorphine (Buprex, RB Pharmaceuticals
Ltd., Slough, Berkshire, UK) was given at a dosage of
0.1 mg/kg subcutaneously. A single dose of enrofloxacin
10 mg/kg (Baytril, Bayer Hispania, Barcelona, Spain) was
also administered as antibiotic prophylaxis. The experi-
mental animals were connected to a breathing machine
(New Generation Black Mk-TCIII, NSS, UK) for anes-
thetic maintenance with an oxygen flow of 0.7–0.8 L/min
and vaporized isoflurane 2-2.5% at 3.5 L/min. Additionally,
1 ml of 4% articaine with 1:100,000 adrenaline (Ultracain,
Laboratorios Normon, Tres Cantos, Madrid, Spain) was
infiltrated in the mandibular zone.
After verifying the depth of anesthesia, the surgical area

was disinfected with 10% topical povidone iodine (Iodine,
Laboratorios Reig Jofré, Sant JoanDespí, Barcelona, Spain)
and surgically dressed. The tail of the rat was immersed in
hot water for 10 minutes and, after applying 70% ethanol,
1.5 ml of blood was collected from an incision.22 After-
ward, the animals were immobilized using a magnetic
fixator retraction system (Fine Science Tools, Foster City,
CA, USA).23 A 1.5-cm long anteroposterior incision was
made in the submandibular skin. After exposing the infe-
rior border of the mandible through blunt dissection, a
standardized rectangular bone defect (6 × 2 mm) was cre-
ated following a previously described model.24 Bone was
removed with a rounded bur at 2000 rpm under ster-
ile saline irrigation. Immediately after the mandibular
bone defects were made, the envelopes with the alloca-

tion sequencewere opened. In the experimental group, the
bone defects were filled with metal particles up to the top
of the defect. Metal particles gathered by implantoplasty
of the coronal half of a 4.8 × 13 mm dental implant (Coral
E.C., Avinent Implant System S.L., Santpedor, Spain) were
inserted into the defect. The defects of positive controls
were left empty. The wound was sutured with Vicryl 4-0
(Laboratorios Aragó, Barcelona, Spain). Figure 1 shows the
surgical steps.
During the first 2 postoperative days, meloxicam

2 mg/kg (Metacam, Boehringer Ingelheim, Sant Cugat
del Vallés, Barcelona, Spain) was administered subcuta-
neously every 24 h.
Thirty days after surgery, the animals underwent

euthanasia by inhalation of a CO2-saturated atmosphere.
Prior to euthanasia, the rats were anesthetized with 5%
isoflurane as previously described. The same blood collec-
tion procedure was repeated to collect 1.5 ml of blood from
the tail.

2.6 Sample collection and processing

The sample of perilesional tissue obtained by dissec-
tion from the surgical site was immediately fixed with
formaldehyde in 10% aqueous solution (order number
HT501128-4L, Sigma-Aldrich, St. Louis, MO, USA). The
blood, liver, spleen, brain and both lungs were extracted
and frozen at -80◦C for subsequent lyophilization.
Lyophilization is a process that aims to separate water

(or some other solvent) from a solution by freezing and
sublimation of the ice at reduced pressure. This procedure
is the best method for drying organic compounds without
altering their qualitative or quantitative composition.

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.22-0091 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [28/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 TOLEDANO-SERRABONA et al.

2.7 Quantification of metal ions

The quantitative analysis of Ti, Al, and V ions in blood
and organs was performed by investigators unaware of the
allocation of each sample.

2.7.1 Instrumentation

Microwave-assisted digestionswere performed in an Ethos
1 system (Milestone, Sorisole, Italy) equipped with TFM
microsampling inserts for lower sample consumption and
dilution. The ICP-MS measurements were carried out in
an iCAP TQ triple-quadrupole instrument (Thermo Fisher
Scientific,Waltham,MA,USA). The TQ-ICP-MSwas fitted
with a micromist nebulizer, a cyclonic spray chamber and
copper/nickel sampling and skimmer cones. The samples,
digestion reagents and final dilutions were weighed in an
analytical balance (Mettler Toledo, Chicago, IL, USA) with
± 0.1 mg accuracy.

2.7.2 Reagents

Ultrapure water (<18 MΩ⋅cm) obtained from a PURELAB
flex 3 system (ELGA VEOLIA, Lane End, High Wycombe,
UK) was used for all solutions and working standards.
Concentrated nitric acid (HNO3) of analytical grade was
purchased from Thermo Fisher Scientific (Waltham, MA,
USA) and purified by sub-boiling distillation. Hydrogen
peroxide (H2O2) as a 30% solution was obtained from
Thermo Fisher Scientific (Waltham, MA, USA). Hydroflu-
oric acid (HF) 99.99% (metal basis purity) from Alfa
Aesar was purchased from Fisher Scientific (Hampton,
USA).
Contamination from reagents and vessels used for the

digestion of the tissues was minimized by careful manipu-
lation. At the beginning, hydrogen peroxide was not used,
since it did not provide any significant improvement in
the recoveries and in the repetition RSD (relative standard
deviation) was higher. The purification of concentrated
nitric acid by sub-boiling distillation was carried in the
LO setting (lowest distillation rate) and an initial cleaning
protocol to produce trace metal grade acid was performed
using a double distillation of ultrapure water. In addition,
when collecting theMilli-Q water used for further dilution
of standards and samples, the first 500 ml were discarded.
Clean-up of the polypropylene containers (used for dilu-
tion of the samples prior to their analysis by ICP-MS) with
1% nitric acid was conducted overnight. Subsequently,
they were rinsed with Milli-Q water before sample
preparation.

TABLE 1 Microwave digestion programs

For organs For blood
Step 1 10 min room

temperature to 90◦C
15 min room
temperature to 90◦C

Step 2 6 min 90 to 140◦C 15 min 90 to 140◦C
Step 3 5 min 140 to 200◦C 15 min 140 to 200◦C
Step 4 10 min hold at 200◦C 10 min hold at 200◦C
Step 5 1 h cooling to room

temperature
1 h cooling to room
temperature

2.7.3 Microwave-assisted digestion

The lyophilized samples were grinded using an agate mor-
tar, and 0.1 g of each sample was placed in the microwave
digestion inserts. Twenty-five microliter of HF were first
added and allowed to react with the sample powder for 5
min. Then, 2ml ofHNO3 were added and the sampleswere
subjected to the microwave heating program specified in
Table 1. The digested samples were finally diluted 10-times
in 2% HNO3.20,25
Due to the more complex nature of the matrix in blood

samples, 0.1 g of freeze-dried blood was incubated with
25 μl of HF and 2 ml of HNO3 for one hour at room tem-
perature before applying the modified digestion program
in the microwave, as shown in Table 1. The use of totally
new sample vessels specially designed for microsamples
intended to minimize external contamination. Between
samples, the inserts were cleaned using 2 ml of 50% (v/v)
HNO3 and 25 μl of concentrated HF. TheMWheating pro-
gram for the cleaningwas carried out using 10min rampup
to 150◦C, 10minhold at 150◦C (MWpower of 900W in both
steps) and a cooling step for 60 min up to room tempera-
ture. Afterward, inserts were rinsed with ultrapure water
and dried before the next run.

2.7.4 ICP-MS measurements

Ti was measured in the TQ-ICP-MS by monitoring the iso-
tope 47Ti+ to avoid interference of the long half-life 48Ca+
isotope on the most abundant isotope 48Ti+. The analysis
was carried out in triple-quadrupole (TQ) mode using
oxygen in the second quadrupole to form 47Ti16O+, which
is monitored in the m/z 63. Vanadium was also measured
as its most abundant oxide, 51V16O+, in TQ-O2 mode, at
m/z 67. Aluminum was measured in single-quadrupole
(SQ) mode as 27Al+. All analyses were quantified by exter-
nal calibration using elemental standards, and scandium
was used as internal standard. The sample measurement
time was 2 min per sample and the calibration curve was
prepared for Ti, Al and V with standards of 0, 0.25, 0.50, 1,
2.5, and 5 ng g–1 (solutions prepared by weight). The
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TOLEDANO-SERRABONA et al. 5

instrumental detection limit estimated as 3σ
(blanks)/slope of the calibration curve was 0.007 ng
Ti ml–1, 0.158 ng Al ml–1 and 0.002 ng V ml–1. Sensitivity
(slope of the calibration curve) for Ti is 69000 cps/ppb
(r2 = 0.9992), which is extremely low. However, consider-
ing the dilutions conducted in the samples this translated
into 1.75, 39, and 0.51 ng g–1 of tissue for Ti, Al, and V,
respectively. The measurement of each prepared sample
was done by triplicate, and for every organ a duplicate
of the digestion was prepared. Reproducibility within
measured replicates was between 2% and 3% in all cases
and between procedure replicates (including digestion)
below 15% for the three elements.

2.8 Histological samples

Histological analysis of the perilesional tissue of the sur-
gical site was performed by an experienced pathologist
(S.B.). The tissue was fixed in 10% neutral buffered for-
malin and embedded in paraffin after decalcification.26
Then, paraffin blocks were sectioned using a Microm HM
340 E rotatory microtome (Thermo Fisher Scientific, Wall-
dorf, Germany) to a thickness of 5 μm for staining with
hematoxylin-eosin (HE).
A light microscope (CX31, Olympus, Tokyo, Japan) was

used to study the histological samples. In addition, a Leica
DMD 108microscope (Leica Company, Wetzlar, Germany)
was used to obtain microphotographs.

2.9 Statistical analysis

The data obtained were entered in a Microsoft Excel
spreadsheet (Microsoft, Redmond, WA, USA) and pro-
cessed using the Stata 14 statistical package (StataCorp,
College Station, TX, USA).
For the descriptive analysis, the median and interquar-

tile range (IQR) were calculated. Differences between
groups were tested with the Mann-Whitney U-test, and
within-subject changes were assessed with the Wilcoxon
test. Regarding the analysis of metal ions, extreme out-
liers (defined as values above the 75th percentile and three
times the IQR) were detected. We conducted the statisti-
cal analysis with and without these outliers. Finally, data
were presented without outliers. In all cases, statistical
significance was considered for p ≤ 0.05.

3 RESULTS

Of the 20 rats that underwent surgery, one in the positive
control group died during the first 24 h of the postoperative
period. Thus, ion quantification and histological analysis
of the samples were finally carried out in 10 rats of the

experimental group, seven of the positive control group,
and two of the negative control group.

3.1 Quantification of metal ions

The distribution of metal ion concentrations in blood and
organs is shown in Figure 2. Tables 2 and 3 display the con-
centration of metal ions in blood and organs, respectively.
These data were presented without the outlier values.

3.1.1 Blood

There were no statistically significant differences between
the study groups in terms of Ti, Al, or V ion concentrations.
However, in the experimental group the concentration of
Al was significantly lower in the post-intervention sample
compared to the pre-intervention sample (Table 2).
The two rats of the negative control group (not oper-

ated) showed the following concentrations of metal ions in
the pre-intervention sample: range [Ti]= 160.5–371.3 ng/g;
range [Al] = 747.9–758.3 ng/g; range [V] = 4.12–14.6 ng/g,
while the post-intervention concentrations were: range
[Ti] = 149.6–165.4 ng/g; range [Al] = 689.0–1149.5 ng/g;
range [V] = 4.9–5.3 ng/g.

3.1.2 Visceral tissues

The concentrations of Ti ions in brain (p = 0.010), spleen
(p = 0.037) and liver (p = 0.014) were significantly higher
in the experimental group than in the positive controls
(Table 3). In addition, there also was a higher concen-
tration of V ions in the brain of the experimental rats
(p = 0.016; Table 3). There were no statistically significant
differences in Al ion concentrations (Table 3).
The concentrations of metal ions are reported in

parentheses for the two rats of the negative control
group in brain (range [Ti] = 420.4–497.0 ng/g; range
[Al] = 1254.5–1858.6 ng/g; range [V] = 5.7–7.2 ng/g),
spleen (range [Ti] = 421.9–447.1 ng/g; range [Al] = 1113.6–
1133.7 ng/g; range [V] = 37.3–55.0 ng/g), lungs (range
[Ti] = 291.4–318.7 ng/g; range [Al] = 1555.2–2203.6 ng/g;
range [V] = 8.4–11.0 ng/g) and liver (range [Ti] = 374.1–
493.7 ng/g; range [Al]= 751.0–1160.6 ng/g; range [V]= 9.4–
10.4 ng/g).

3.2 Histological samples

All specimens consisted of mucosa lined by squamous
epithelium, submucosa, skeletal muscle, accessory sali-
vary glands, alveolar bone, and teeth.
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6 TOLEDANO-SERRABONA et al.

F IGURE 2 Boxplots of titanium, aluminum, and vanadium ion concentrations in blood (A) and organs (B)

TABLE 2 Results of the quantification of ions in blood: Data expressed as median (IQR)

Study groups
Between-group
comparison Within-group comparison

Quantification of
ions

Experimental Positive control p-value
experimental versus
control group

p-value
experimental
group pre-
intervention
versus post-
intervention

p-value control
group pre-
intervention
versus post-
intervention

Blood, ng/g
Pre-intervention
Titanium (n = 17) 157.9 (769.3) 148.05 (50.3) 0.939
Aluminum (n = 18) 1347.9 (245.9) 1593.7 (1192.1) 0.9854
Vanadium (n = 16) 2.95 (6.47) 2.36 (1.5) 0.755
Post-intervention
Titanium (n = 17) 145.4 (59.3) 165.6 (44.4) 0.746 0.161 0.600
Aluminum (n = 18) 1004.5 (334.9) 1138.3 (1149.8) 0.731 0.028* 0.735
Vanadium (n = 16) 1.43 (1.05) 2.64 (1.75) 0.682 0.063 0.917

*statistically significant (p < 0.05).

In the experimental group, metal particles were present
as black deposits of irregular contour and birefringent
under polarized light. As shown in Figure 3A, there was
a granulomatous reaction with the presence of histiocytes
andmultinucleated giant cells (MNGCs) around the metal
particles. Small metal particles were found within the
cytoplasm of the MNGCs (Figure 3B).
Disorderedmature bone with irregular ossification lines

corresponding to a fracture bone callus was detected in all

specimens of the experimental and positive control groups
(Figure 3C).

4 DISCUSSION

The present study evaluated whether the implantation of
metal particles in a mandibular defect in rats resulted in
the dissemination of metal ions to the blood, liver, spleen,
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TOLEDANO-SERRABONA et al. 7

TABLE 3 Results of the quantification of ions in organs: Data expressed as median (IQR)

Quantification of
ions

Study groups
Experimental

Between-group
comparison
Positive control

p-value
experimental
versus control
group

Organs, ng/g
Brain
Titanium (n = 19) 565.6 (163.2) 374.6 (35.6) 0.010*
Aluminum (n = 19) 971.1 (487.3) 806.6 (440.5) 0.512
Vanadium (n = 19) 6.5 (3.1) 4.3 (2.0) 0.016*
Spleen
Titanium (n = 19) 513.3 (108.2) 402.5 (100.9) 0.037*
Aluminum (n = 17) 726.0 (201.5) 819.9 (214.6) 0.721
Vanadium (n = 18) 44.2 (38.1) 43.4 (9.2) 0.988
Lungs
Titanium (n = 18) 392.7 (138.8) 322.3 (69.0) 0.135
Aluminum (n = 18) 1610.2 (633.9) 1599.7 (1060.8) 0.988
Vanadium (n = 18) 13.4 (10.4) 10.2 (3.0) 0.632
Liver
Titanium (n = 18) 402.8 (145) 338.7 (20.4) 0.014*
Aluminum (n = 19) 723.5 (337.2) 689.3 (584.5) 0.978
Vanadium (n = 19) 10.8 (4.4) 10.3 (3.8) 0.940

*statistically significant (p < 0.05).

F IGURE 3 Granulomatous reaction with the presence of histiocytes and multinucleated giant cells around metal particles. MNGCs,
multinucleated giant cells; MP, metal particle; I-cells, inflammatory cells. Hematoxylin-eosin staining; magnification ×20. (A) Small metal
particles within the cytoplasm of the multinucleated giant cells (arrows). MNGCs, multinucleated giant cells; MP, metal particle; I-cells,
inflammatory cells. Hematoxylin-eosin staining; magnification ×63. (B) Disordered mature bone with irregular ossification lines
corresponding to a fracture bone callus. B, bone. Hematoxylin-eosin staining; magnification ×10 (C)

lungs, and brain 30 days after surgery. To our knowledge,
this is the first study to quantify the accumulation of metal
ions in distant organs after the implantation of Ti metal
particles from dental implants. The results obtained indi-
cate a higher concentration of Ti ions in the liver, spleen,
and brain of the rats in the experimental group compared
to the positive control group. There was also a higher con-
centration of V ions in the brain of the experimental rats.
On the other hand, the histological findings suggest that

the metal debris induced a granulomatous reaction with
the presence of histiocytes and MNGCs characteristic of a
foreign body reaction.
The present study has some limitations that should be

commented on. First, the study period was only 30 days;
as a result, the effects of these particles over the middle
and long term are not known. Second, the experimental
rats had a mandibular defect that was filled with metal
particles. Although this model does not mimic the clinical
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8 TOLEDANO-SERRABONA et al.

situation in implantoplasty, the mobilization of metal ions
from the implanted site to organs and the local reaction
simulate a clinical scenario, in which debris cannot be
fully removed from the surgical field. On the other hand,
the presence of Ti, Al, and V ions could come from other
sources, and the variations of these ions might not be
explained only by the presence of implant debris. These
ions, especially Ti and Al, are difficult to measure due to
the high environmental backgrounds coming, most likely,
from food and drinking water. Ti dioxide is a common food
additive (also for humans), although recently banned by
the European Union (EU).27 In addition, the presence of
Ti in waters has been well documented.27 Therefore, small
variations due to the Ti metal particles above the relatively
high blanks are expected to hamper ultratrace analysis.
Similar reasons can be given for Al determination.20,28
It is worth noting that outliers were removed from the
analysis because statistical power was over 80% even after
removal, and analysis with and without outliers yielded
the same significance of results. Negative control rats had
a higher concentration of some metal ions than positive
controls, which possibly reflects that rats did not have
feeding difficulties.
Commercially pure Ti or Ti alloy is commonly used

in dental implants and orthopedics due to its corrosion
resistance, biocompatibility, and mechanical properties.29
Although Ti has been typically regarded as inert, sev-
eral studies have reported that Ti implants can undergo
corrosion and wear, releasing metal particles into the
medium.30 Such metal debris can be transported to other
tissues, and may even lead to adverse events includ-
ing cytotoxicity, genotoxicity, carcinogenicity, and metal
hypersensitivity.20,28 In the present study, dissemination
of Ti and V ions from the mandibular defect to certain
organs of the rat was observed 30 days after the implan-
tation of these metal particles. There was a decrease in
the concentration of Al ions in the blood of the experi-
mental group. Indeed, concentration of aluminum ions in
the positive control group decreased across time, although
the difference was not statistically significant. Therefore,
both groups appear to have a decrease in serum aluminum
levels, which might be due to the ubiquitous nature of
aluminum.31 It must be pointed out that the concentra-
tion of metal ions in the different tissues was low (ng/g),
and that their potential clinical effects are still unknown.
Future studies should address the effects of the accumu-
lation of these metal ions since Ti nanoparticles and ions
may exert cytotoxic effects upon human cells.28
Some authors have suggested that bone loss around

dental implantsmay be caused or accelerated by an inflam-
matory reaction in response to the presence of metal
particles or ions.5,6 In fact, Ti particles and ions are more
common in peri-implantitis sites and can cause dysbiosis

of the peri-implant biofilm.32 There are several mecha-
nisms by which metal particles can be released into the
peri-implant environment, such as implant insertion,33
micromovements of the implant in the bone,34 the meth-
ods used to decontaminate peri-implant surfaces26 or
biocorrosion.35 Among these mechanisms, implantoplasty
is undoubtedly the technique that releases the greatest
amount of metal particles into the peri-implant environ-
ment. Barrak et al.,36 in an in vitro study, reported that
irregularly shaped micro- and nanoparticles are released
during implantoplasty. In addition, these authors found
that Ti-6Al-4V particles caused a greater reduction of
fibroblast cell viability compared to commercially pure Ti.
In this line, a recent study showed that the samemetal par-
ticles used in the present study exhibited cytotoxic effects
in the fibroblast cell assays in the undiluted extract, but not
in the diluted extracts.37
Our results show that the metal particles embedded in

an experimental rat jaw defect triggered chronic inflam-
mation with a foreign body granulomatous reaction char-
acterized by the presence of histiocytes and MNGCs. On
the other hand, a bone callus was observed in all the his-
tological samples of the experimental and positive control
groups, which did not differ between the study groups.
Schwarz et al.38 conducted an experimental study in six
dogs and histologically examined the effect of Ti metal
particles released during implantoplasty around the den-
tal implants. They reported a moderate deposition of Ti
particles surrounded by highly vascularized areas delim-
ited by a mixed chronic inflammatory cell infiltrate. Other
authors39–42 reported that Ti metal particles induce a
chronic inflammatory cell infiltrate associated to a for-
eign body reaction, which is in line with the results of
our study. Future studies should consider the evaluation of
the inflammatory process in the subepithelial connective
tissue around metal particles, for instance by quantifying
proinflammatory cytokines.
In the field of orthopedics, metal particles and ions

induce immune responses leading to osteolysis around the
prosthesis in an absence of bacteria—a condition known
as aseptic osteolysis.43 Friction between the joint surfaces
causes wear of the prosthesis, and the released metal par-
ticles induce a local periprosthetic osteolytic reaction.44
This complication predominantly occurs 5 years post-
orthopedic implantation43 and is characterized by histio-
cytic inflammation and activation of osteoclasts, leading
to osteolysis and consequently joint prosthesis failure.45
Histologically, a granulomatous reaction is observed, with
black and birefringent particles.42 These findings are con-
sistent with the histological findings in our experimental
rats. Thus, metal particles embedded in a mandible may
have a detrimental effect upon the peri-implant tissues,
and the mechanism involved could be similar to that
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TOLEDANO-SERRABONA et al. 9

observed in total joint replacement surgery. Indeed, bone
loss around dental implants may be increased due to the
abundance of bacteria in themouth.33 However, long-term
studies and methodologies that mimic the real scenario
are still required to determine the effects of these metallic
particles upon implant survival.

5 CONCLUSION

In summary, 1 month after implantation of Ti metal parti-
cles, we observed a granulomatous inflammatory reaction
with the presence of histiocytes and MNGCs. In addition,
the concentration of Ti ions increased in the liver, spleen,
and brain, as the concentration of vanadium ions in the
brain.
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