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1 | INTRODUCTION

| Carlos Garaicoa-Pazmifio'® |
3

Abstract

Objectives: The presence of titanium (Ti) particles around dental implants has been
reported in the literature for decades. The prospective presence of Ti debris on soft
tissues surrounding dental implants has not been systematically investigated and re-
mains to be explored. Hence, this review aimed to evaluate the origin, presence,
characteristics, and location of Ti particles in relation to dental implants.

Material and methods: Literature searches were conducted by two reviewers inde-
pendently based on the PRISMA guidelines. The systematic review identified studies
on Ti particles derived from dental implants. We evaluated several parameters, in-
cluding anatomical location, and the suspected methods of Ti particles release.
Results: The search resulted in 141 articles, of which 26 were eligible and included in
the systematic review of the literature. The investigations reported Ti and metal-like
particles in the soft (i.e., epithelial cells, connective tissue, and inflammatory cells)
and hard (bone crest and bone marrow) tissues around the dental implants. Shape
and size of the particles varied. The current literature reported a size range from
100 nm to 54 um identified by multiple particles identification methods.
Conclusion: Ti particles surrounding peri-implant tissues are a common finding. Peri-
implantitis sites presented a higher number of particles compared to healthy im-
plants. The particles were mostly around the implants and inside epithelial cells,
connective tissue, macrophages, and bone. Various mechanisms were described as
causes of Ti release, including friction during implant insertion, corrosion of the im-
plant surface, friction at the implant-abutment interface, implantoplasty, and several
methods used for implant surface detoxification.

KEYWORDS
dental implant, dental implantation, endosseous, osseointegration, titanium

clinical investigations, dental implants have demonstrated to be

reliable and predictable and also provide long-term stability (Buser

Since their introduction in 1960 s, dental implants have progres-
sively evolved and completely revolutionized the field of oral re-
habilitation and aesthetics. While initially developed for specific
applications, today dental implants are used as the standard of

care for numerous clinical scenarios. Backed up by decades of

et al,, 2012; Hjalmarsson, Gheisarifar, & Jemt, 2016; Knofler,
Barth, Graul, & Krampe, 2016; Rokn, Bassir, Rasouli Ghahroudi,
Kharazifard, & Manesheof, 2016). Consequently, the use of dental
implants continues to rise worldwide, being considered now a day

the gold standard for replacing the missing dentition. Nonetheless,
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these implantable devices are not exempt from limitations and
complications; and as such, biological, surgical, and mechanical
complications have been extensively described in the literature
resulting in peri-implant diseases (Lang, Wilson, & Corbet, 2000;
Schwarz, 2000). Indeed, peri-implant diseases represent one of the
leading areas of interest and research in the periodontal field.

One of the significant successes of current implant technology
advents from the use of the type 4 Ti alloy, which is known to provide
enhanced biocompatibility with bone tissues and surrounding dental
structures, but Ti can release particles and ions. Emerging investiga-
tions are demonstrating that those particles and ions are not entirely
bioinert material. These observations elute to the prominent need
for better understanding the biological implications of free Ti and
metal-like particles surrounding peri-implant tissues. Multiple stud-
ies suggested the contribution of the Ti particles to the development
and progression of peri-implantitis (Cadosch et al., 2010; Liu et al.,
2013; Nishimura et al., 2014; Pettersson et al., 2017). These parti-
cles are associated with the activation of the inflammatory response
and release of pro-inflammatory cytokines, such as TNF-a, IL-1f, and
RANKL (Cadosch et al., 2010; Liu et al., 2013; Nishimura et al., 2014;
Pettersson et al., 2017). Similarly, Ti particles were associated with
the reduced viability of bone marrow stem cells (Meng, Chen, Guo,
Ye, & Liang, 2009), and disruption of epithelial homeostasis, increas-
ing DNA damage response, and potentially compromising the oral
epithelial barrier (Suarez-Lopez Del Amo et al., 2017).

The study of metal elements in the peri-implant tissues is not
new to the periodontal and implant fields (Ferguson, Laing, & Hodge,
1960). Numerous studies reported the presence of Ti particles in the
peri-implant tissues (Halperin-Sternfeld, Sabo, & Akrish, 2016; He et
al., 2016; Olmedo, Nalli, Verdu, Paparella, & Cabrini, 2013; Wilson
et al., 2015); however, the different hypothesis for the presence and
release of Ti and metal-like particles in the surrounding peri-implant
has not been systematically studied. The aim of this systematic re-
view was to assess the current knowledge on the origin, presence,
characteristics, and location of Ti particles surrounding dental im-
plants. Therefore, studies on root form dental implants were evalu-

ated on the present investigation.

2 | MATERIALS AND METHODS

2.1 | Information sources

An electronic and manual search in dental literature was performed
by two independent reviewers (FSLA and CG) in three databases
(i.e., PubMed, Web of Science, and Cochrane Central Register of
Controlled Trials databases) published in the English language up to
March 2017.

2.2 | Review question

This review aimed to systematically search the currently available
evidence related to the presence of Ti particles surrounding dental
implants and the potential mechanisms of release.

2.3 | Screening process

The search was conducted in three major electronic databases:
PubMed, Web of Science, and Cochrane Central Register of
Controlled Trials databases. The PRISMA (transparent reporting
of systematic reviews and meta-analyses) guidelines were used to
prepare the manuscript. It consisted of a checklist and a flow dia-
gram. For the PubMed database, the combinations of terms used,
where “[mh]” represented the MeSH terms and “[tiab]” represented
the titles and abstracts search, were as follows: ("implant"[all] OR
"dental implants"[mh] OR “dental implant”[tiab] OR “dental implanta-
tion” [tiab] OR “dental implantation, endosseous"[mh]) AND (“foreign
body”[tiab] OR “foreign bodies”[tiab] OR “foreign substance”[tiab]
OR “reactive lesion”[tiab] OR “reactive lesions”[tiab] OR “titanium
particle”[all] OR “titanium particles”[all] OR “metal element”[all]
OR "metal elements"[all]) AND ("dental"[tiab] OR "oral"[tiab] OR
"tooth"[tiab] OR "teeth"[tiab]). For the other databases, the key-
words used in the search included “dental implant,” “foreign body,”
“reactive lesion,” “titanium particle,” and “metal element.”.

We also searched for the references of the selected papers and
review articles. A hand search was carried out from January 2016
to March 2017 by two reviewers (FSLA and CG) in related den-
tal journals, which included: the Journal of Oral and Maxillofacial
Implants, Clinical Implant Dentistry and Related Research, Clinical
Oral Implants Research, Implant Dentistry, European Journal of
Oral Implantology, Journal of Oral Implantology, International
Journal of Oral and Makxillofacial Surgery, Journal of Oral and
Maxillofacial Surgery, Journal of Dental Research, International
Journal of Prosthodontics, Journal of Prosthetic Dentistry,
Journal of Clinical Periodontology, Journal of Periodontology,
and The International Journal of Periodontics and Restorative
Dentistry. For the search of the gray literature, Google Scholar
was used to identifying any articles not included in the databases

above.

2.4 | Eligibility criteria

Articles were included if they evaluated the presence and/or de-
bridement of Ti or metal-like particles released from dental im-
plants in human tissues, animal models, or in vitro. Investigations
were selected if at least one method for particles identification
was carried out to detect Ti or metal-like particles. Articles were
excluded if (I) implants other than dental implants were investi-
gated. Consequently, studies reporting on the presence of parti-
cles related to artificial joint replacement, plates for maxillofacial
rehabilitation, and other implants outside the oral cavity for pur-
poses other than dental restorations were excluded. We also
excluded studies on (Il) metal-like particles and reactive lesions
in patients that did not have dental implants except for the con-
trol group. (lll) Published materials that were review articles, let-
ters, personal opinions, book chapters, conference abstracts, and
(IV) articles published in a language other than English were also

excluded.
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2.5 | Data extraction and analyses

The same two authors (FSLA and CG) independently reviewed all full-
text articles. Discussions between the two authors initially resolved
any disagreements. If the two authors did not reach an agreement,
a third author (CHS) made the final decision. The primary outcome
considered was the histologic outcomes of peri-implant tissues. Due
to the observational nature and reported outcomes of the included
investigations, only a qualitative descriptive analysis was performed
and systematically reviewed using tables. Significant heterogeneity
was found preventing a quantitative synthesis of the included stud-
ies; therefore, the meta-analysis was precluded. This report adhered
to the PRISMA (Preferred Reporting Items for Systematic Review

and Meta-Analyses) statement.

2.6 | Risk of bias and quality assessment and of
selected studies

Assessment of study quality and bias was performed for the included
studies using the Cochrane review guidelines. The human non-ran-
domized cohorts and case-control studies were assessed using the
Newcastle-Ottawa Scale (NOS) (Wells et al., 2011). The criteria for
the quality assessment of case reports case series, case reports, and
cross-sectional studies were from the Joanna Briggs Institute (JBI)
critical appraisal checklist for studies reporting prevalence data (The
Joanna Briggs Institute, 2017) (Supporting information Tables S1-
S3). Currently, no quality assessment method has been developed
for analysis of in vitro studies. Animal research was assessed accord-
ing to ARRIVE guidelines for in vivo experiments and assigned pre-
defined grades (Kilkenny, Browne, Cuthill, Emerson, & Altman, 2010;
Schwarz, Iglhaut, & Becker, 2012) (Supporting Information Table S4).
Two authors (FS and CGP) independently evaluated the included
studies. Next, any disagreements were resolved by discussion, and
the final scores were formed. Summary assessments of the risk of
bias for outcomes (across domains or criteria for the quality assess-
ment used) within and across studies are represented in risk of bias
graphics following Cochrane review guidelines. In summary, a low
risk of bias was estimated when plausible bias is unlikely to seriously
alter the results, or the risk of bias was low in all key domains. The
unclear risk of bias was estimated when plausible bias that raises
some doubt about the results or risk of bias was in one or more key
domains; and the high risk of bias was estimated when plausible bias
that seriously weakens confidence in the results or risk of bias was in

one or more key domains (Higgins & Green, 2011).

3 | RESULTS

3.1 | Study selection

Initial screening of electronic databases yielded a total of 151 arti-
cles, and manual search identified 34 publications. After elimination
of duplicated studies, 141 titles and abstract were further evalu-

ated. The screening of titles and abstracts resulted in 43 potentially
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relevant articles to be selected. The full text of the relevant stud-
ies was obtained and thoroughly evaluated. Next, 17 investigations
were excluded due to the lack of investigation on dental implants and
Ti presence or release (Supporting information Table S5). Overall,
26 studies fulfilled the inclusion and exclusion criteria and were as-
sessed in this systematic review (Figure 1).

3.2 | Characteristics of included investigations

3.2.1 | Human studies

Eleven articles evaluated the presence of Ti, metal-like particles, and
other foreign bodies within peri-implant human biopsies. Included
investigations were case reports/series, and retrospective and pro-
spective studies (Table 1) (Flatebo et al., 2011, 2006; Fretwurst et
al., 2016; Halperin-Sternfeld et al., 2016; He et al., 2016; Olmedo et
al., 2013, 2012 ; Olmedo, Fernandez, Guglielmotti, & Cabrini, 2003;
Olmedo, Paparella, Brandizzi, & Cabrini, 2010; Safioti, Kotsakis,
Pozhitkov, Chung, & Daubert, 2017; Wilson et al., 2015). As such, the
size of Ti particles ranged from 100 nM (or 0.1 um) to 12 um identi-
fied at both healthy and diseased peri-implant sites (Flatebo et al.,
2011, 2006; Halperin-Sternfeld et al., 2016; He et al., 2016; Olmedo
et al,, 2013, 2010, 2012 ; Olmedo, Fernandez, et al., 2003; Wilson
et al., 2015). Additionally, two studies reported metal-like particles
with wider ranges (0.5-54 um) (He et al., 2016; Wilson et al., 2015).
Particle shape and description varied from round to elongated and
leaf-like appearance. Higher Ti content was confirmed with post-im-
plant placement when compared to their pre-operative counterparts
(Flatebo et al., 2011, 2006 ; He et al., 2016). Notably, significant con-
centrations of Ti were noted around diseased implants compared to
healthy ones (Olmedo et al., 2013; Safioti et al., 2017). Wilson and
coworkers identified foreign bodies in 94% of the samples collected
around dental implants, and 7 out of 36 samples displayed traces of
Ti (Wilson et al., 2015). Similarly, another study reported the exist-
ence of Ti and the associated occurrence of iron in 75% of the hard
and soft tissue biopsies of implants with peri-implantitis (Fretwurst
et al.,, 2016).

The most common mechanisms of Ti release to the peri-implant
tissues discussed in the articles were corrosion of the implant sur-
face and frictional wear during implant placement and the implant-
abutment interphase. Additional feasible methods of particle release
were reported, such as implant surface debridement during mainte-
nance recalls and exogenous sources (e.g., diet and dental products)
(Olmedo et al., 2013; Wilson et al., 2015).

Ti particles were abundant close to the implant and or adjacent
to the cover screw. Those particles were mostly found in the soft
tissue, particularly inside and outside of epithelial cells, in addition
to the connective tissue and inflammatory cells (i.e., macrophages)
(Table 1). For example, Flatebo and colleagues demonstrated deeper
deposition of particles within epithelial cells and connective tissue
level after implant installation compared to the superficial deposi-
tion of Ti found preoperatively, which also correlate with the super-
ficial deposition of Ti particles from exogenous sources (Flatebo et
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al., 2011). Notably, Ti particles were located inside the cytoplasm
of macrophages and epithelium cells from peri-implantitis tissue
(Olmedo, Fernandez, et al., 2003). Alterations of basic cell mecha-
nisms may occur in cells with phagocytized Ti particles and might
lead to reactive lesions, such as pyogenic granuloma and peripheral
giant cell granulomas (Halperin-Sternfeld et al., 2016; Olmedo et
al., 2010). Ti particles were also reported in bone marrow (He et al.,
2016).

As summarized in Table 1, the methods employed for the detec-
tions of the metal particles harvested soft and hard tissue biopsies
were spectroscopy methods, in addition to optic emission spectros-
copy with inductively coupled plasma (ICP-OES), inductively cou-
pled plasma mass spectroscopy (ICP-MS), and laser ablation with
ICP-MS (LA-ICP-MS).

3.2.2 | Invivo studies

A total of 12 in vivo studies were examined using animal models
(Table 2) (Deppe, Greim, Brill, & Wagenpfeil, 2002; Franchi et al.,
2004, 2007; Frisken, Dandie, Lugowski, & Jordan, 2002; Martini et
al., 2003; Meyer et al., 2006; Schliephake, Reiss, Urban, Neukam, &
Guckel, 1993; Tanaka, Ichinose, Kimijima, & Mimura, 2000; Weingart
et al., 1994; Wennerberg et al., 2004; Wennerberg, Albrektsson,
& Lausmaa, 1996; Wennerberg, Jimbo, Allard, Skarnemark, &
Andersson, 2011). Aligned with the human studies, Ti ions and Ti

particles with varying sizes and morphologies were described among
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the peri-implant biopsies. The Ti particle sizes ranged mostly from
0.1 to 45 um.

The release of Ti particles after treatment of peri-implantitis
was studied in vivo (Deppe et al., 2002). The in vivo studies also
focused in models studying the release of Ti particles due to cor-
rosion of the implant surface and frictional wear during implant
site preparation and placement, and analyses were restricted to
bone (i.e., maxilla and mandible) and distant organs. Notably, Ti
particles were found on the implant site (bone surface and bone
marrow) as well as in the blood, lymph nodes, and distant organs
such as lung, liver, and kidneys (Deppe et al., 2002; Frisken et al.,
2002; Schliephake et al., 1993; Weingart et al., 1994; Wennerberg
et al., 2011). Higher levels of Ti in the lungs and regional lymph
nodes were in animals with failed implants (Frisken et al., 2002).
Surgical contamination (e.g., aspiration and ingestion) was pro-
posed as a reason for the detection of the particles in distant
parts of the body; nonetheless, Deppe and coworkers found high
Ti concentrations, despite performing the surgeries with endotra-
cheal intubation (Deppe et al., 2002). Other authors attributed the
transportation of these particles to visceral organs to the immune-
related cleaning mechanisms (Weingart et al., 1994; Wennerberg
et al., 2011), which aligns with the presence of Ti particle in mac-
rophages from humans. Such finding could explain the reduction
of Ti particles after five months of dental implant placement
(Schliephake et al., 1993). Occasionally, Tiions were found despite
the absence of clinically detectable signs (Deppe et al.,, 2002).
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Methods of detection included similar spectroscopy methods
including energy dispersive X-ray spectroscopy (EDS), back-scat-
tered electron (BSE), secondary electron (SE) probes, synchrotron
radiation X-ray fluorescence (SRXRF), flameless atomic absorption
spectroscopy (FAAS), secondary ions mass spectroscopy (SIMS),
inductively coupled plasma atomic emission spectroscopy (ICP-

AES), and vibrational Raman and infrared spectroscopies (Table 2).

3.2.3 | Invitro studies

Four articles using in vitro assays were reviewed (Table 3) (Mints, Elias,
Funkenbusch, & Meirelles, 2014; Senna, Bel, Cury, Kates, & Meirelles,
2015; Sridhar et al., 2016; Wennerberg et al., 2004). Studies also showed
implant surface damage in addition to detection of Ti particles after im-
plant insertion, particularly at the osteotomy walls and at the implant-
bone interphase, with a higher prevalence at the crestal bone regions.
One study specified the Ti particle size which ranged from 10 nm to
20 um (Senna et al., 2015). The presence of Ti particles was confirmed
by various methods including Scanning Electron Microscopy (SEM) and

different spectroscopy methods including EDS and BSE probe.

3.3 | Quality assessment of included human and
animal studies

The quality assessment of all reviewed articles followed the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins & Green, 2011) (Supporting information Tables S6-S8).
The evaluations for risk of bias are shown in Figure 2. The assess-
ment of cross-sectional and case-control studies resulted in a
lower risk of bias. Issues were identified with case series and case
reports studies (Figure 2a). Some of the non-randomized studies
lacked information on the cohorts’ follow-up, and it is also pos-
sible that longer studies could affect the outcome; therefore, the
risk of bias was unclear. Except for the items mentioned above,
most aspects were considered satisfying, particularly the ones
assessed on cohort studies, case-control studies, and cross-sec-
tional studies (Figure 2a-b). Animal study assessment had numer-
ous criteria and required specific information to be available in the
papers. Most studies satisfactorily included animal numbers, spe-
cies, and ethical statement, but lack information on animal source,
strain, sex, age, allocation concealment, randomization, approval
number, welfare-related assessment, statistical methods used.
Consequently, most in vivo studies were classified as unclear risk

of bias (Figure 2c).

4 | DISCUSSION

Peri-implantitis is described as an inflammatory process of the
peri-implant soft tissues with the presence of progressive loss of
supporting bone beyond natural bone remodeling ("Peri-implant mu-
cositis and peri-implantitis: a current understanding of their diagno-
ses and clinical implications," 2013; Sanz & Chapple, 2012). Recent
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studies have reported conflicting results regarding the prevalence
of peri-implantitis. While a low percentage (~2%) of disease have
been reported (Buser et al., 2012), systematic reviews indicated the
prevalence of peri-implant mucositis and peri-implantitis as 43% and
22% respectively (Derks & Tomasi, 2015). Although peri-implantitis
was initially considered a periodontitis-like lesion, it is well estab-
lished now that it represents a more complex entity with numerous
etiologic and contributory factors (Dalago, Schuldt Filho, Rodrigues,
Renvert, & Bianchini, 2017; Derks et al., 2016; Suarez-Lopez Del
Amo et al., 2017). Bacterial plaque, imbalance between the implant
and the host altering the foreign body equilibrium, and other causes
were proposed as mechanisms for marginal bone loss and peri-im-
plantitis (Trindade, Albrektsson, Tengvall, & Wennerberg, 2016).
Thus, the influence of different implant surfaces and systems on
the incidence, severity, and treatment outcomes for peri-implantitis
has been investigated (Albouy, Abrahamsson, Persson, & Berglundh,
2011; Derks et al., 2015; Fickl, Kebschull, Calvo-Guirado, Hurzeler, &
Zuhr, 2015). These studies demonstrated high variability among the
different implant systems. While the present systematic review was
not able to compare the Ti particles surrounding different implant
systems, the reviewed studies on healthy and peri-implantitis sites
reported higher concentration of Ti particles around the peri-im-
plantitis (Olmedo et al., 2013; Safioti et al., 2017).

The substitution of turned surface implants for implants with
moderately rough and rough surfaces decades ago is of paramount
importance and aimed at providing faster and greater osseointe-
gration and preservation of the marginal bone levels, among others
biological benefits. Nonetheless, while presenting with numerous
advantages, the utilization of these newer surfaces also led to po-
tential disadvantages and complications. Some studies showed that
surfaces presenting a higher degree of roughness might experi-
ence more bone loss once peri-implantitis occurred, while turned
surface implants responded more favorably to treatment. (Albouy
et al., 2011; Albouy, Abrahamsson, & Berglundh, 2012; Berglundh,
Gotfredsen, Zitzmann, Lang, & Lindhe, 2007). Moreover, rougher
implants with higher peaks were related with an increased number
of particles released at the bone-implant interface during insertion
(Schliephake et al., 1993; Senna et al., 2015).

While Ti alloys with several other metals are commonly used in
implantable devices such as screws and plates, commercially pure
Ti and the Ti-6Al-4V alloy are primary materials used on endosse-
ous implants (Elias, Lima, Valiev, & Meyers, 2008). Ti and its alloys
are the most widely employed material for dental and medical ap-
plications (Elias et al., 2008). Many advantages can be attributed
to the use of Ti in dental implants including strength and biocom-
patibility (Sykaras, lacopino, Marker, Triplett, & Woody, 2000).
Despite the excellent properties of the Ti, the local and systemic
accumulation of Ti particles has been reported. The reports indi-
cated that it might a result of implant surface corrosion (Flatebo
et al., 2011, 2006; Olmedo et al., 2010), although Ti and Ti alloys
were initially considered capable of withstanding corrosion (Solar,
Pollack, & Korostoff, 1979). Exogenous sources and other dental
products were proposed as possible sources. Multiple investigators



SUAREZ-LOPEZ peL AMO ET AL.

Wl LE Y— CLINICAL ORAL IMPLANTS RESEARCH

1092

(sanujuo))

2oeyans juejdw|
JO U0IS0.I0D)

uolpiasul yuejdu)

9oe4uns jue|dwi
JO uoisoi0)

sapou
ydwaA| |euoi3au
03 sa3A208eyd
Aq sajd1yued
1] Jo j40dsuedy
‘uoljasul juejdw)

uolasul Juejduy
‘uonesedaud
931s Juejdw|

s9pdned
40 9sea|al 1oy
poyjaw pajdadsng

V/N

Ja19Welp
wiz'e-g'T
e y3Im sjusuodwod
I|-le|nuels

V/N

V/N

(w60 x0T x0T

1|-yed] uIyy

pue (wrl og x GT)
pijos punoy

uondiiasap sajied

S3v-doI

UOI1DBIYJIP UOJ}ID|T
‘INT L “49ZAjeueodiw
Ael-X ‘INFS ‘INT

Adodsoua3dads uoJ3d3|e

198nv ‘N3S ‘W1

SVYV4 ‘Sa3 ‘n3s ‘W1

Svv4d
‘s@3 ‘aqoud 359 ‘3S
uonedyUIP!
sa|diaed 10y poya N

JuSW1eaJ} JO POYIaW pue sanssiy
|ED0] Ul UOIIBJIUSIUOD WNIUEYI) USSMIS] UOIIR[S1I0D
ON ‘suesgJio paulwexa ayy uiyym 8/81 41 4-0e-T
uaaMm}aq pasduel pue BSOINW [BJ0 Ul JYSISAA Ysaid
8/81 £8°T JO UOIJBIIUSIUOD || UBD|A "SUESIO paujwexa
|Ie Ul pay13uapl suol winjuell] ‘sanssiy yuejdwi-1ad ul
punoy jusawsid pajejal-wniue}l} 3|qe3d333p Ajjediuld oN

92eJJ9)Ul BUOq
—-juejdwi ay) puoAaq punoj AjaJes pue a5ejuns suoq
1€ (wnjueyil pue \yH) sjusuodwod ayi|-Jejnuetd Jo saded]

‘puUNoyj 249Mm
2U0( JO $3294J9 dA13e38U ON "s9|2131ed 9|qISIA OU Y}M
seale ul Adodsou32ads elA pajdalap Suljeusis |y ‘0S|
"u18140 Jo 24n0s J13y} se wnipaw Sulise|q S0y aq
0} paje|ndads |NJS Jopun pajou saje|ndilied ‘uoljiasul
Ja1je sjuejdwi pajse|q WNG/ Ul a1n3xa} Jayjoows 1ysi|s

'SUeS.JO [BJDSIA 10}

8/81 12°0-10°0 pue sapou ydwA| ui 3/31 0’6 pue 91°0

u9aM3aq pasuel s|aAd)| 1] ‘dnous 3593 JO S|ewlue 4T/ZT
10 sapou ydwA| ul punoy sem jusw3id dljje1sw 9344-uod|

*dnoJ3 |043u0d

0} patedwod dnous 3593 JO SASUpD| pue UaAl| ‘s3un|

ul puNoJ SUOIIBJIUIIUOD || JuedIUBIS “sa3s Juejdwi

e syjuow g Jajje sajdljied Jo sadely oN Juswade|d
jue|dwi Ja3je suoqg-juejdw

S321}4ed JO UOIIEIO0T/3DUd|eAdId

sa|d13aed |e3oW Jo/pue || Jo dduasald oy} uo Sujpiodal SaIPN3S OAIA U]

od u| pappaquwa sadiyued ||

(eDV Juapel)

sjuejdwi wniuelnn

¢-}jelq pajeod
-Aeads ewse|d

(UOAIN)

‘3uileod paAeids

1L Yum JapuljAd
wniueyl} aing

s3|o13Jed
0V Jo Buneod
e(og =u)wigz
pue (0¢ = u) wrl gz
e yum sjuejdwi

1] padeys-maldg

(e
11you0g) syuejdwi
1] pajeod-ewse|d

(;gVv ewJeyd|aqoN)
S24N)X1 Winjuey |

juedwi jo adA|

‘A1a8uns-3sod syjuow 4 :N4
sAauppy ‘sdun| ‘sspou

ydwA| [euoi3au UaAl| ‘uas|ds
‘sanss|y juejdwi-11394 :SisAjeuy
V/N :1043U0D

‘Adeuayy

J9se| snjd yJopmod-iie pue ‘Adesay)
J9se| ‘aAIselqe Japmod-lie Jaylls
UM (sypuow g) sipipuejdui-tiad
pasnpui-aJnjesi| Jo Juswiea|
‘(8op J4ad QT = u) sa|qipuew

Sop 9|8eaq 9 ui pase|d Jase| 0D

yaim pajelpe. syuejdu 09 353l

A138ins-3s0d $99m ¢ :N4

sanssiy Jue|dwi-119d :SisAjeuy
V/N :|o13uo)

‘sa|qipuew Sop 3|8eaq ¢ ul paose|d

(8op J4ad 9 = u) syuejdwi 8T :1S9|

AJ1981ns-1sod s)o9M ZT :N4
9oeyuns jueldwi

pue sanssi} Juejdwi-LIad :SIsAjeuy
V/N :|ol3uo)

s}qged syym

puejeaz MaN QT 40 Jnwaj pue

ae|q} ul paseyd syuejdwi 09 :3sa|

AJ984ns-3sod syjuow 4 :N4

J9A1| pue ‘s3un| ‘sAaupiy

‘u99|ds ‘wn||2ga4ad ‘wWNJga.1ad
‘sapou ydwaA| [ea1A19d 1adasp
pue ue|ngipuewgns :sisAjeuy
‘sjue|dwi

OU Y}IM S|eWIUE G :|0JIu0)

‘s3op 9|8eaq 4T JO S9|qIpuEW pue

ae||Ixew ul pade|d sjuejdwi ZT 359

AJa8ins-3sod

syjuow G pue Ajgjelpaww] N4
suegJo |ewAydoua.ed

pue sanssiy juedwi-Lad

‘aoeyuns juejdw] :sisAjeuy
sjuejdwi

ou Y}Im s3id-1ulw ¢ :|oJ3uo)
s8id-1ujw

9 Jo s3|qipuew uil padse|d (3id-ulw

1ad g = u) sjuejdwi ZT 1S9

$3)1S 40 UoBIpU0D/uoldLdSIQ

(2002)
‘|e 32 addaQ

(0002)
‘|e 32 exeue]

(9661) 1€ 3
FFIETCRETVVEY VY

(P661)
‘|e 39 14e3uIdpA

(€667) I
10 feydaliyos

1ea) /loyiny

¢ 31avl



1093

CLINICAL ORAL IMPLANTS RESEARC H_Wl LEY

SUAREZ-LOPEZ peL AMO ET AL.

20eyuns juejdui
JO UOISO.I0D)

uojjJasul yuejdw|

V/N

sa[d1ped
J0 9sea|a4 1oy
poyjaw pajdadsng

V/N

V/N

V/N

uondiidsap sajied

SIS ‘JUXYS

saldoodsolydads
paJeaju| pue
uewey [euonjelqin
‘s@3 ‘seqoud

3S9 pue 3S ‘N3S ‘K1

J91awojoydouldads
uojjdiosqge J|woly

uopesl1up}
sadiaed 10y poyrd|N

wdd3m QQT pue 0Z usamiaq padued
UO13eJ3UDUOD pue SadkeyIns juejdwl
wouj wrl 9ot 03 dn papualxa ases|as
uol 1] |enpeJs) "Xa3J0d uey} molew
2U0( Ul 2J0W Pa}EIIUIDUOD SEM ||

159

‘sao13ed ayy Jajjews

ayj ‘adue)sip ayj Jajeaus ay] ‘sauejdwi

pa3e0d-Gd | Uey} saouesip Jajeals

e pa3ed0| pue UoIINqLIISIp Japeolq

€ Y}IM sadepns juejdwi Jeau sadeds
AJe|npaw ul punoy sajoiied yH4

3591

‘sjuejduil pajie Y3m sanssiy
|ew|ue uj uoI}ea3uaduod 1] JAYSIH

331

‘sjue|dwi

y3nou

0} paJedwod

usym

sjue|dwi

pauiny

woJj asealal
1] 495597

Jos3uod

'saoeds

Ade[|npaw

auoq ay3 ul

9|ge1d919p

slgap

11 "9duelsip

1918248 U0

wu 0sc-00¢

ulyym

SU0Q paw.oy

Amau

9y} spisul

pue sadejins

jueldwi

1€ punoy

so[onJed

1] pajesanal

sjue|dwi
pa3eod-Sdl
|o43u0)

'$9}IS 1593

0} paJedwod

uaym suesio

paulwexs

2y}

Jo Aue ul 1]

JO S|9A9| Ul

S92UIBYIP
ON

|o13uo)

S3[21}4ed JO UOI}EIOT/IUd|eAId

AJa8ins-3sod

JE9A-T pue s}eaMm ZT :N4

sanss|y Jue|dwi-119d :sisAjeuy

92BJ4NS pauiny} papis-auo

pey sjuejdwl T Y3 Jo g :|oi3uo)d

‘s)qqed ajym puejesz

MdN Jo aeiqly |ewixoad ui paose|d

sadiped wil oGz pue wil g7

‘wrl gz o Suneod pajse|q *o°|vY
ue ypm sjuejdwi g¢ 4o 4T 1359

(1speio) 11
2ind Ajjersawwon

AJ1981ns-1sod s)eaMm ZT :N4

sanssiy jue|dwi-149d :SIsAjeuy

‘auo|e 3uljeod

Sd.l e yym sjueidwi g7 :joi3uo)d

‘8uijeod

11-VH4+ Sd1 e yum sishyderp

eiqi} pue nway dasys |a43uow
Z u1 paose|d syuejdwi g 1S9

(;8unneooolg)
sjuedui
|esupuljAd pasade]

AJagins-i1sod
S}93M ZT pue g ‘v ‘T :Nd
“JaAI| pue ‘uaa|ds
‘s3un| ‘sapou ydwAT :sisAjeuy
‘sjue|dwi ou yym dasys 4 :|o43uo)
‘doays g1 4o sa|qipuew

ul pajsasul syuejdwl ZT 391

(,2Jed01g
12qoN) siuejdwi
I1>1e|N dej-jjos

92e4INs yjoows

juejdwi jo adA| $33IS JO uoipuo)/uondudsaqg

(panuRuOD)

(¥007) ‘e 32
FIETRETIVEY VY

(€002)
‘e 32 e

(z002)
‘|e 39 uaySLI4

1e3) /loyny

¢ 119vil



SUAREZ-LOPEZ peL AMO ET AL.

Wl LLE Y— CLINICAL ORAL IMPLANTS RESEARCH

1094

*9|2134e |eul3110 3y} uo pajiodal 9de)INs pue sweu puedd juejduy,

‘3|qe|leAe jJou :y/N ‘Adodsouidads uolydiosge d1wole sssjswel) (S 4

{U0J3D9[9 paJalIeds-yoe( 1359 ‘U043I9|2 Auepuodas i3S ‘Adodsou}dads ssew suol Aiepuodas SIA|S ‘Adodsou}dads uolssiwe djwole ewse|d pajdnod AjaAlanpul :s3y-dD| ‘Adodsoaldads aouadsalon|y Ael-x uoly
-eIpeJ UOJJOIYDUAS 4y XY S ‘Ad0ds0u10ads Ael-x aAIS1adsIp AS1aud 1T ‘wnjuel} Yloows :1] S {payd3a-pioe 3143 93.e| ‘pajse|gpues 1S 3u1jeod ajizedeAxospAyotony) i11-YHA 213edeAxolpAy :yH paAeids
ewse|d wniue) :5q ] ‘Adodsoudiw 3ysi| ;|7 ‘Ad0dS0IDIW U0IIIS|S UoISSIWSUe.] (A F ] -Ad0DSO0IDIW UO0I1I3|S SUIUURIS |AFS ‘WnulwNfe |y ‘wniuel) 1] :dn-moj||oj :n4 uol||iw Jad sjied 3ysiom :wdd I "230N

wiasAs

3uiues|d |eai130jo1q
03 anp suedio
1330 03 sa|d1yled

1] Jo jiodsues) *24N32N.3S |B3SAID uoljdelpip S|9A3] BD,, PASEaIdU| "po0|q pue sanssij juejdwi-Liad sjuejdwi 02 10 97 "sied Asymeg-anselds QT
‘aoe4uns juejdwy a)3ede ue yum Aeu-x Japmod Ul 3WI3J9A0 SuI3BOD WNIJ|BD 3Y) JO 3SE3II3P |[enpelD) pauin} (1 apeso) Suowe aeiqiy ul pase|d yH pazis (TT0Z) ‘|’ 32
JO uoiso.I0) sapied suljesAi)  ‘N3S ‘Aydesdolpesoiny ‘90ey4ns jue|dwi Suoje paudije pue payisodap sa|d1ed aind Ajepswwod) -19j2Wwoueu yjm sjuejdwi 0Z :3sal FIETCRETIVEY VY
9oeyuns juejdw] wouy Aeme wr 9Og 03 dn papuaixa
“JUBWUOUIAUD $9)2134ed "SUOIlelIeA MOYS J0u pIp s3|dilied Jasie|
juejdwi-1aad ulypm 3|IYM %G T8 AQ padnpas a1am ANF:_ 0G¢>) s9|dnied AJ1a8uns-3sod sAep 0g pue T :N4
HNEl 0002-15¢2 J3|jews ‘sAep 06 pue sAep 4T usamiaq %199 Aq sanssi} Jue|dwi-lIad :SisAjeuy
pue ,wi 0gz>) uol3onpaJ 3213Jed ||eJ9A0 JUBdIJIUSIS “XIJjew U0 ueyy V/N :[0J3u0D)
$9ZIS JUD434J1p s@3 ‘saqoud 9NSSI} MOJJBW Ul SUOIJRIIUSIUOD JaySIH ‘|eued sisAydelp ‘doays ¢ jJo sisAydelp (£002)
uolyaasul yuejdw| Jo sspied 1] |lews 359 pue 35 ‘IN3S ‘N1 e1q1} pue ‘\MoJJew 3U0q ‘9e|Nd3agel} dUod je 9|qe3dalap || sjueldwi Sd | eiqi3 ul pase|d syuejdwl g 13591 ‘[e 19 1ydued
$92B44NS S
pajou os|e 1 [PEAe 2
919M (wu QT 03 dn) ‘SdLymm
sa|dined pazis-oueN paniasqo
‘syuejdwi Sd 1 11 Jojunowe jue|dwii AJ1a3ins-1sod Aep-T :n4
punouJe sa|di3Jed 1s3Y3IH 92eJ4Ns pauun} sanssi} Jue|dwi-1Iad :SisAjeuy
padeys-|eAo ‘SoNs 39} 9dA3-|ed1u0d [aA0u (92e4uns uad ¢ = u) sssuy3nod
pue a3.1e7 ‘sjuejdwi ursesuoq € pue (,uuewnesg) 92e4uns (Sd.1) wrl z'z pue (y1s)
111 pue v1s S924INS VIS PUE Sd L UeLR unowe - —uejdwi-Liad Sujeod SdLpue 6T e yym spuejdwl g foau0D
03 3xau sa|o13ed ML G2 S e Sfeie]fg| DU 4 EE Elg e wen V1S Y3m sjue|duwil 's31d-1ujw 438u13309 Z Jo d|qipuew
pajesuo|a punou BRI T2 [PRARED AU, I L “EUIWEUOD 1L 2dA3-malds a3 ul pajje3sul ssauysnod adeyins (9002)
uoiyaasul yuejdw J0 Jejndue |jlews sa3 ‘was 159] |o43u0) |eaupuljAd wrl $°0 e yum sjuejdwi 4 13591 HEREPEVETN
AJagins-ysod
(eMA-10) sAep 7T pue Ajajelpawiw] :n4
S92B4UNS 1S sanssiy Jue|dwi-LIad :SisAjeuy
9pIX0 WNIU0dIZ V/N :|0J3u0)
jJuswaoe|d ‘V1S opiIxo ‘doays |a43uow
sagoud juejdwi Ja3je sAep {,T pue Ajajeipawwi a2ejajul jueld eujwnie ‘sd] ‘11S Z Jo sisAydelp [eiqI} pue |eJjoway (%002)
uolyaasul yuejdw| wrl gy-¢ 359 pue ‘IS ‘IN3S ‘N1 -wi-3uoq ay3 je sajnuead 1] pamoys sjueldwi Sd1 AluQ UHM SM3J2S dIU0D 03jul pajsasul sjueldwi 8 (1S9 ‘[e 19 1yduel4
sadoned uondiidsap sopd1ned uollesyiuapl $92114ed JO UOIIBI0T/3dUd|eAdld juejdwi jo adA| $311S JO uonipuo)/uondudsaqg Jea) /loyiny

40 9sea|al 1oy
poyiaw pajdadsng

‘WU QOTXST J0 $9)2
-11aedoueu padeys
-3|paau ounsig

sa|d134ed 10j poys N

J3AI| Y3 U] AJUO pajou aIam

AJagins-1sod

SYP9M g pue 7 ‘Z ‘T :N4

poo|q ‘Asupiy ‘SnWwAyY] USAI| ‘uleiq
‘sanssiy juejdwi-119d :SisAjeuy
V/N :]043Uu0D

.AmumL 3uijeod wnpje)
|euonippe ue pey syuejdwi

(panunuo))

¢ 31avl



1095

"9]213Je |eul3110 3y} UOo pariodal 9de4Ns pue sweu puelq juejdu,
*9|ge|leAR JOU \//N U0J}I3|D patalieds-yoeq 359 ‘Adodsou3dads 92uadsalon|y Aed-)X UOIJeIpe] UOJJOIYIUAS 4y X¥YS ‘Ad0ds0u30ads ssew suol Auepuodas SN S ‘Adodsou3dads Ael-X aAIstadsip AS1aus :sq3
9d02s0Jd1W U0J323|3 uluuedS :|AFS S3D0|q Weoy sueyialnAjod :g4d ‘uolnjos paisjjng-aleydsoyd :Sgd ‘wniueliy i1 paydja-pide pue 13 98.e| ‘pajse|qpues 1S 004 21qnd Jad :4Dd ‘dn-moj|o) :n4 ‘30N

CLINICAL ORAL IMPLANTS RESEARCH _Wl LEY

SUAREZ-LOPEZ peL AMO ET AL.

(sugap uonoeayp ‘0T 40 $320|q g4d sisAjeuy
aueyjainAjod) Ael-x Japmod g4d 2U3 Jo sjjem /N :[043u0D
|elia1ew pajel|osxa pue Adodsoudiw AW0109150 UIyM (pUuewneJ3s) syuejdu] (Ansuap »o0|q (9102)
|eAowal/uol3aasul juejdw| 2l||e3dW-UuoN |eanndo [ensiq |eliajew pajel|oyx3 |9A97 anssi] 1S plepuels Jad g = u) syuejdwi 9T 359 ‘[e 32 Jeypus
Aj9A1309dsau
‘suoi3au |eaide-piw
pue 3sa1d
e pajou sspdiyied
J98.e| pue J3||ews
*9}IS AW 0309350 juswade|d-3sod
3uoje sapijaed Ajd1elpsww| N4
juejduw pajeanad syuejdwi s320|q g4d :SIsAjeuy
pazipoue syl yum pazipoue AjuQ ¢ opeus 1] aund Ajlensswiwod V/N :]oJ3uo)
320|q 3uoje sa|diried ‘palen|eAs sem yum siuejdwi pazipoue (@2B44nSs paulwexa (¥102)
uoljasul juedw 11-0J21W 0} -oueN sa3i ‘w3as dnos3uadg4d 1 pue ‘payd3a-pioe ‘pauin| Jad ¢ = u) syuejdwi g :359) ‘|e 39 SJullN
s9|2134ed eujwnie
pamoys os|e
uuewneJ)s ‘uoi3au
peaJy3-oaoiw
e sjuejdwi juswade|d-3sod
eJ3sy Yyim pajou Aj@1e1paWww| :N4
awN|oA sa|d13Jed a0 s320|q
juejdwi psonpad ‘[9AS] 3U0(q [B1S34D (,DV uuewneuls) au0q gl MO :SISAjeuy
wouy sapdipied 1e Aj3sow sspoiied @9A112Y1S pue ‘(,yda] easy) V/N :|oJ3uo)
jo3w g pordn 1] pamoys XL INLpa2dS50assQ ‘(,24ed01g (dnoug (ST02)
uopasur jueldwy  wil gz 03 wu QT PzIS  $AF ©qo4d 359 ‘INIS says Juejdul ||y [29ON) 1PN IWL33uNLL Jad 9 = u) syuejdwi T :3s9] ‘|e 32 BUUSS
uojsiowwi-3sod
yjuow e :n4
eipaw
sjuejdwl snoanbe ul suoj :sisAjeuy
1593 pue jopuod Sdd 1/1oW T°0 40 |W OT Ul
y1oqg usamiaq pastawuwi syuejdwyi :|0au0D
92U3J34JIp OU Y3m uoln|os snoanbe pioe d1310e|
e|psw snosnbe pajse|qpues Jo psuiny %T JO |W QT Ul pasJawuwl (#002) 'le1®
92e44ns Juejdw| JO UOISOII0D) V/N SINIS ‘4¥XYS  Ojul pases|aisuoll] (| apedo) 1| aind Ajeidiawwo) sjuejdwi g€ JO ¢ 359 FESETPETTEYVY
sa|d1ed Jo aseajal uondudsap sapdiyied uonedynuap! sa|diyied juejduwi jo adA| S3)g Jea) /oyny
10} poylaw pajdadsng sa|d114ed 10j poyian Jo uonesoT Jo uonipuo)/uonduasaqg
/92udjenald
s9|d13ded |e3aw Jo/pue || Jo 9duasald ayl uo Suiziodas salpnis 043A Ul € 319VL

juawade|d-3sod
Ajo3elpaww] :n4
42d 0% pue 0¢ ‘¢T



SUAREZ-LOPEZ pet AMO ET AL.

1096
Wl LEY— CLINICAL ORAL IMPLANTS RESEARCH

also associated the cause of the Ti release to the insertion and fric-
tion of the implant into the osteotomy site. (Flatebo et al., 2006; He
et al., 2016; Martini et al., 2003; Schliephake et al., 1993; Tanaka
et al., 2000). The in vivo studies confirmed that Ti particles could
be released during implant insertion and corrosion, while in vitro
investigations mainly focused on the insertion process. Once Ti par-
ticles detached from the implant surface, they can remain embed-
ded in the peri-implant tissues or be transported to other body sites
such as lymphatic nodes, lungs, kidneys, and liver by macrophages.
(Olmedo et al., 2003, 2008 ; Olmedo, Guglielmotti, & Cabrini, 2002;
Schliephake et al., 1993).

Multiple reviewed studies reported on the higher prevalence of
the particles around diseased implants depicting a strong association
between Ti particles and peri-implant disease (Fretwurst et al., 2016;
Safioti et al., 2017). The reports of Ti particles sizes in the nanome-
ter (nm) and micrometer (um) range are of paramount importance for
this topic. The tested implants originated particles ranging from 15 nm
to 45 um in the animal model studies, while similar the size particles

were found in human samples. The Ti particles found in human tissues
ranged from 100 nm to 54 um. Interestingly, particles of similar sizes
were used to investigate the inflammatory response, cytotoxicity, and
DNA damage response caused by the Ti(Cadosch et al., 2010; Liu et al.,
2013; Meng et al., 2009; Nishimura et al., 2014; Pettersson et al., 2017).

The results from this systematic review indicated that Ti parti-
cles are a common finding around the dental implants. This obser-
vation aligns with the findings related to orthodontic mini-implants
and Ti devices for maxillofacial purposes, which also release Ti par-
ticles (de Morais et al., 2009; Nautiyal, Mittal, Agarwal, & Pandey,
2013). Additionally, the release of Ti particles was reported in
the medical field after joint replacement (Abu-Amer, Darwech, &
Clohisy, 2007; Case et al., 1994; Grosse et al., 2015). The total joint
replacement has a high long-term success rate, although it requires
frequent revisions due to aseptic loosening caused by wear debris
(Marshall, Ries, Paprosky, Implant Wear Symposium 2008 Clinical
Work Group2008). The Ti particles were found in multiple loca-
tions. Similar to particle from the dental implants, their range is in

(a) Human studies

Case-control
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Case report

Cross-sectional

0% 25% 50%
B High risk [ Unclear risk

75% 100%
B Low risk

(b) Human studies (non-randomized/cohort)
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Study design ]
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FIGURE 3 Mechanisms for titanium
and metal particles release around the

dental implants Implant placement

the nanometer and micrometer units, although some reports even
described particles in the millimeter range (Bitar & Parvizi, 2015;
Grosse et al., 2015).

The most common methods of Ti particle release discussed in the
reviewed papers were the implant corrosion, insertion, implant-abut-
ment friction, and wear during debridement, implantoplasty and other
decontamination methods (Figure 3). An example of Ti release into
the peri-implant tissue due to implantoplasty is depicted in Figure 4.

Based on the data presented in this review, possible clinical mea-
sures could potentially reduce the release of Ti and metal-like parti-
cles into the peri-implant tissues. First, the precise installation of the
fixture without excessive pressure against the osteotomy site could
significantly reduce the detachment of particles. The utilization of
turned surface implants could diminish the presence of such particles
after insertion (Goodman, Davidson, Song, Martial, & Fornasier, 1996;
Scarano et al., 2003); yet, turned surface implants also present with
disadvantages and limitations (Smeets et al., 2016). The careful manip-
ulation of the implant surface during maintenance could also limit the
damage to the superficial aspect of the fixture and the release of par-
ticles. Similarly, the utilization of different barriers methods during im-
plantoplasty could reduce the impregnation of the surrounding tissues.

Limitations of the present investigation include the risk of bias.
Several studies were restricted to the analyses of implant affected
by peri-implantitis or reactive lesions. Lack of randomization and
healthy controls was commonly observed. Similarly, studies often
employed different methods of investigation for particles identifica-
tion at one specific time point, which may affect the determination
of the exact origin of the particles and potentially leading to inac-
curate assumptions. Lastly, the biological impact of Ti particles on
cells around the implant and in different organs needs to be further
elucidated.

5 | CONCLUSION

While additional studies are necessary to further elucidate the effects
of Ti particles on the tissue around the implant, several conclusions
can be drawn from the present review. First, the prevalence of Ti par-
ticles around diseased implants is higher than surrounding healthy
fixtures. Similarly, more particles can be found in sites and patients

with the dental implant than in patients without fixtures. Second,

Implantoplasty  Friction Abutment-Implant Corrosion

FIGURE 4 Example of Tl release in the peri-implant tissue

the current literature presents four main theories or explanations
to the presence of Ti particles and metal-like particles surrounding
dental implants (i.e., implant insertion; friction of abutment-implant
platform; implant surface decontamination, namely implantoplasty
and debridement procedures; and corrosion). Notably, the potential
detrimental effect of such particles in different cell populations re-
mains to be further explored. These Ti and metal-like particles were
found locally and systemically and vary in size and shape. Further
considerations are the enhancement of the installation procedures to
avoid excessive friction on the osteotomy site, and precise and deli-
cate maintenance and surgical procedures around implants. Lastly,
the employment of turned surface implants would be a consideration

for decreasing the detachment of particles.
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