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Abstract

Background: The aim of this case series/control study is to investigate the presence of the Advanced Glycation
End products (AGEs) and oxidative stress in periimplantitis.
The study group was composed of five dental implants, failed within 6 months after implantation, taken from 5
subjects (3 M/2 F) aged between 43–57 years and stored in isotonic liquid before freezing at −80°C, according to
literature. All the implants had been placed using traditional submerged technique. The whole saliva was also
collected using Salimetrics device and stored at −80°C, to assess molecular analysis. Two age-matched control
groups were examined: they consisted of 5 subjects encountering dental extraction for chronic periodontal disease
(2 M/3 F) and 5 healthy subjects (3 M/2 F) who needed extraction for dental trauma. Their whole saliva was
collected with the same method. The implants and the tooth of control groups were processed to assess Western
Blotting for identification of AGEs. The case/control whole saliva was used to perform ThioBarbituric Acid Reactive
Substances (TBARS) for oxidative stress evaluation.

Findings: The Western Blotting analysis on periimplantitis and periodontal disease tissues showed marked increase
of AGEs when compared to healthy control tissues. Also TBARS assay of whole saliva confirmed the expectations,
showing higher oxidative stress levels in periimplantitis and periodontitis groups than in healthy group.

Conclusions: With the limitation of the sample size, these results showed that oxidative stress could be involved in
the aetiology of periimplantitis. This hypothesis could lead to new therapeutic strategies in periimplantitis, using
antioxidant approach in addition to conventional treatments.

Keywords: Dental implants, Periimplantitis, Oxidative stress, Glycation, Advanced glycation end products, AGEs, ROS
Findings
To date it is commonly accepted that the failure of dental
implants can be defined as the inability of tissue to estab-
lish or maintain osteointegration, caused by host response
and opportunistic infection. In fact, the Sixth European
Workshop on Periodontology in 2008 has confirmed that
“peri-implant diseases are infectious in nature. Peri-
implant mucositis describes an inflammatory lesion that
resides in the mucosa, while periimplantitis also affects the
supporting bone” [1].
To date many studies suppose that oxidative stress plays

and important role in the aetiology and severity of peri-
odontal diseases, but there are no researches in this field
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for periimplantitis. We suppose that the same mechanisms
are involved in the failure of dental implants.
Substantially, the periodontal bacteria promote the

flogistic events that lead to an increase in intracellular pro-
duction of physiological Reactive Oxygen Species (ROS).
The latter are highly reactive compounds due to the pres-
ence of shell electrons with unpaired valence. The most
relevant radicals are OH and H2O2. ROS are formed as
natural products of normal oxygen metabolism and play
important roles in cells signaling and homeostasis. How-
ever, during inflammation, ROS levels can dramatically in-
crease. This may result in the increase of oxidizing
conditions, thus leading to cell structures damage. Cumu-
latively, this is known as oxidative stress [2]. Normally,
cells defend themselves against ROS damage with enzym-
atic and non-enzymatic systems. Alpha-1-microglobulin,
superoxide dismutases, catalases, lactoperoxidases, gluta-
thione peroxidases and peroxiredoxins are considered an
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important enzymatic system. Moreover, small molecules
such as ascorbic acid (vitamin C), tocopherol (vitamin E),
uric acid and glutathione also play important roles as non-
enzymatic systems [2,3].
Effects of ROS on cell metabolism are well documented.

The effects of ROS are not limited to the apoptosis but
also include positive actions, such as the induction of host
defence genes [4] and the mobilization of ion transport
systems [2]. Platelets involved in wound repair and
blood homeostasis release ROS to recruit additional
platelets in the sites of injury. In addition, they provide
a link to the adaptive immune system via the recruit-
ment of leucocytes [5].
ROS are implicated in the cellular activity as well as in

variety of inflammatory responses; furthermore, they
can potentially cause cellular injury by the damage of
DNA, RNA, proteins, lipids, which contributes to age-
ing and other pathologies like cardiovascular diseases,
neurodegeneration and periodontal diseases [6]. The
free radical theory of aging assumes that there is a single
basic cause of aging, modified by genetic and environ-
mental factors, and postulates that free radical reactions
are involved in aging and age-related disorders [2,4,6].
Soory et al. claim that an increase in ROS can induce

a hyper-inflammatory status in aggressive forms of peri-
odontal diseases, leading to an unbalance of redox sta-
tus, that results in a cellular damage [7] .
In addition to ROS, the Advanced Glycation End prod-

ucts (AGEs) are another emerging marker of oxidative
stress. The AGEs are heterogeneous products, that are
constantly formed in physiological conditions, but signifi-
cantly increase in hyperglycaemia and excessive oxidative
stress [8,9]. Recent studies suppose that the AGEs are in-
volved in a large number of systemic diseases, where the
oxidative component is strong, such as in diabetes and
hypertension [8].
The activation of these pathways is not restricted to lim-

ited areas of the body; in fact, their signaling triggers sys-
temic responses, which are also visible in teeth-supporting
tissues. Indeed, it is documented that AGEs induce the ac-
tivation of pro-inflammatory molecules such as TNFalfa,
Interleukin 6, 10 (IL-6, IL-10) and C-Reactive Protein
(CRP). These molecules are strongly involved in host re-
sponse against periodontal pathogens and promote the
osteoclast activation in periodontitis [6].
The activation of these complexes leads to the inter-

action between AGEs and RAGE cellular receptors (found
in many cell populations), which amplify the release of cy-
tokines, metalloproteinases (MMPs) and ROS [10]. The
pathogenetic action of these compounds, in fact, performs
directly, damaging the tissues, or indirectly, through the
binding of a specific receptor, called RAGE, which belongs
to the family of immunoglobulins [10]. This receptor is
physiologically but poorly present in many cells, while it is
over-expressed in conditions such as diabetes, vasculopathy
and cancer [11]. The AGE-RAGE bond produces a cascade
of pro-inflammatory signaling with subsequent activation
of redox-sensitive transcription factors, such as NF-kB [12].
This interaction produces a hyper-permeability at the level
of endothelial cells and activates the VCAM-1 molecules,
whereas on monocytes it contributes to chemotaxis and to
the increase of cytokines, such as the Tumor Necrosis Fac-
tor (TNF), and interleukins IL-1 and IL-6 [13]. Collagen
synthesis by fibroblasts is also reduced [14].
From this basis, in this preliminary case series/control

study we investigate the presence of AGEs and oxidative
stress in periimplantitis, in order to deepen this poorly
understood field.
Methods
This study was conducted in accordance with the Dec-
laration of Helsinki. The Committee on Ethics in Science
of the University of L’Aquila approved the study and
written informed consent was obtained from each
subject.
Due to the lack of data about this topic, we decided at

first to elucidate the possibility that oxidative stress
plays a role not only in periodontitis, but also in
periimplantitis. From this basis, we needed to compare
a group of people with failed dental implant with a first
group of people with chronic periodontal disease and a
second group of healthy people. So, three groups were
examined: Group 1 (periimplantitis), Group 2 (chronic
periodontal disease) and Group 3 (healthy subjects), for
a total number of 15 patients.
According to literature, the peri-implant tissues were

compared with periodontal tissues of healthy and
chronic parodontopathic subjects, as suggested by Fritz
et al. [15].
The enrolled patients shared the following exclusion

criteria: moderate/severe hypertension (according to
American Heart Association), metabolic syndrome, alco-
holism, history of antibiotics/anti-inflammatories/other
medications consumed in the past 6 months, drugs, dia-
betes, vegetarian diet, autoimmune diseases, liver and kid-
ney diseases, cancer, metastasis, osteoporosis, radiographic
evidence of bone loss, hypovitaminosis D, dyslipidemia,
smoking, history of systemic diseases.
For each group, moreover, there were specific inclu-

sion criteria:

� Group 1 (periimplantitis) - dental implants, placed
using traditional submerged technique and failed
within 6 months after implantation.

� Group 2 (chronic periodontal disease) – age-
matched patients who needed dental extraction for
chronic periodontitis. Mean of probing depth ≥
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5 mm (six conventional sites) with RX evidence of
alveolar bone loss.

� Group 3 (healthy subjects) – age-matched patients
who needed dental extraction for dental trauma
without history of periodontal diseases.

The same operator who had placed the implants re-
moved them after diagnosis of periimplantitis in order to
mantain intraoperator repeatability. As described by litera-
ture, different production lots were used in order to
reduce the mechanical defects bias of the implants. Diag-
nosis of periimplantitis was made according to Lindhe
et al. using repeated measures over time of probing depth
(PD) of conventional six sites and RX [1].
Table 1 Results of salivary TBARS assey

Groups Abs

Health 0,62 (0,22) a

Peri Implantitis 1,25 (0,11) b

Chronic Periodontitis 1,70 (0,12) c

Mean of absorbance (Abs) and standard deviation (SD) in groups. Different
superscript letters indicates statistical significant difference (P < 0.05) between
groups performing one way ANOVA with post-hoc Bonferroni.
Implants collection method
Five dental implants, failed within 6 months after im-
plantation (3 from mandible, 2 from maxilla), were taken
from 5 subjects (3 M/2 F) aged between 43–57 years
(average 49.6 ± 4.6). Peri-implant tissues adherent to the
implant spires were conserved; the contamination of the
implants by oral cavity was prevented. Samples were
stored in Phosphate Saline Buffest (PBS) pH 7,4 (P5368;
Sigma–Aldrich, St. Louis, MO, USA) before dry freezing
at −80°C.

Tooth collection method
Both in the periodontopatic and the healthy group, dental
extraction followed the same procedure. After local
anesthesia (Mepivacaine 2% and adrenaline 1:100.000 –
Scandonest 2% Ogna Laboratori Farmaceutici - Milan),
teeth were extracted and then put in PBS solution before
dry freezing at −80°C. We collected 5 teeth from as many
subjects with chronic periodontal disease (2 M/3 F) aged
between 45–53 years (average 49.2 ± 2.9) and 5 teeth from
healthy subjects (3 M/2 F) aged between 37–51 years
(average 45.0 ± 5.8).

Saliva collection method
Whole saliva of all enrolled patients was also collected to
assess oxidative stress analysis. Saliva was collected before
any oral operation, in the morning, after a vigorous rinsing
with water, using Salimetrics® collection system
(Salimetrics UK - Oral Swab - Swab Storage Tube) [16].

Tissues sample processing: extraction of periodontal and
peri-implant tissues
According to Takatsu et al. [17], the same method for tis-
sues extraction was used in the samples. Both implants
and teeth were unfrozen by bain-marie at 37°C for 5 min.
First, the samples were processed with scalpel to remove
the small quantity of apical and coronal tissues into the
Petri dish with PBS 1x. The periodontal ligament and the
peri-implant tissues were so obtained, and then dry frozen
at −80°C.

SDS-Page Electrophoresis and Western Blotting of
extracted tissues
The tissues pellet were unfrozen using bain-marie at 37°C
for 5 min. Three wash cycles with PBS 1x at 4000RPM/
10 min were done. The cells lysation was assessed in ice
for 20 min using 200 uL of standard RIPA buffer (R0278;
Sigma–Aldrich, St. Louis, MO, USA). Every 5 minutes
vortexing was done. Three cycles of freezing-unfreezing
with liquid nitrogen and three cycles of sonication in ice
were assessed (10 sec for 60 sec of recovery). Bradford
method was used for the proteins quantification.
Standard SDS-Page and Western Blotting were done

using monoclonal antibody for AGEs (AGE06B – Biologo.
de). Silver stained was performed on Polyacrylamide gel.

Saliva analysis
According to producer (Salimetric® UK), the vials
containing saliva were unfrozen and centrifuged at
6000RPM/10 min to obtain whole saliva for analysis.
Oxidative stress was measured as lipid peroxidation using

specific colorimetric assay for ThioBarbituric Acid Reactive
Substances - TBARS – (BioAssay USA, DTBA-10). The
TBARS absorbance, for each sample, was measured three
times and the mean value was taken as oxidative stress
level, as suggested by the producer.

Results
The statistical analysis for oxidative stress was performed
using software SPSS (Version 20.0 for Windows 7). Statis-
tical difference in oxidative stress in terms of TBARS light
absorbance between groups was analyzed by one-way
ANOVA with post-hoc Bonferroni correction due to the
small sample size, even though the Shapiro-Wilk test re-
vealed a normal distribution of data. The level of signifi-
cance was set at p < 0.05 for all tests. Results are expressed
as mean and standard deviation (Table 1).
The results showed statistically significant differences in

each group. In particular, the chronic periodontal disease
group showed higher oxidative stress than periimplantitis
and healthy groups. Periimplantitis group compared to the
healthy one had higher oxidative stress levels (p < 0,001).
Chronic periodontal disease compared to periimplantitis



Pietropaoli et al. BMC Research Notes 2013, 6:296 Page 4 of 6
http://www.biomedcentral.com/1756-0500/6/296
showed higher oxidative stress (p = 0,002) as described in
Figure 1. Chronic periodontal disease compared to health
met the expectation, showing even higher (p < 0,0001) oxi-
dative stress levels than compared to periimplantitis.
Western Blotting analysis showed that AGEs are present

in both tissues of periimplantitis and periodontopatic
groups compared to healthy subject tissues (Figure 2).

Discussion
With the limitation of the sample size, in this preliminary
study we highlighted the possible role of AGEs and oxida-
tive stress in the genesis and progression of periimplantitis.
From our data a clear picture emerges, in which oxidative
stress and consequent AGEs production are possibly in-
volved in the failure of dental implants. This hypothesis is
strongly supported by recent literature, since a possible
role of AGEs and oxidative stress was established in many
oral inflammatory diseases [6].
One of our recent reviews of literature also supports

the hypothesis that glycation and oxidative stress are the
Figure 1 Box blot of salivary TBARS in the study groups.
possible common link with periodontal diseases in pa-
tients with metabolic syndrome, which is an example of
systemic proinflammatory condition [8]. Minor pro oxi-
dant conditions, too, like moderate smoking, unbalanced
diet, mild hypertension, minor or undiagnosed hypergly-
cemia, can promote ROS production and irreversible ac-
cumulation in genetically predisposed patients [8]. Finally,
genetic conditions probably play an important role in the
failure of dental implants and would explain why it can
manifest in some patients without apparent risk factors
for periimplantitis. Many studies, in fact, support the hy-
pothesis that the accumulation of ROS is influenced by
genetic factors. Motohashi et al., for example, showed
that the mutation of the gene Nrf2 promotes ROS accu-
mulation [18].
The ROS production induces formation of AGEs, which

irreversibly accumulate in the peri-implant tissues, and
this may induce tissue damage by both affecting the func-
tional status of collagen fibers and promoting an increase
of oxidative stress and inflammation. These effects are



Figure 2 Western Blotting image of analyzed tissues. A)
Molecular weight; B) healthy subjects; C) periimplantitis; D) chronic
periodontal disease.
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mediated by AGE-RAGE interaction. From its side, AGEs
formation in the extracellular matrix may contribute to in-
crease the production and release of ROS from peri-impant
tissues cells and phagocytes, with subsequent induction
of proinflammatory cytokines and metalloproteinases
(MMPs), leading to osteoblast inactivation and consequent
osteoclast activation [6].
Our findings are in line with literature, since we found

higher values of oxidation in periodontitis than in healthy
people, and also add new data about the unexplored field
of oxidation/glycation in periimplantitis. Our preliminary
data, in fact, showed that periimplantitis is characterized
by an increase in oxidative stress markers in saliva and
higher levels of AGEs in periimplant tissues. These alter-
ations are similar in severity to those of periodontitis, even
though they don’t reach the same values. The quantity of
oxidation in periimplantitis group, in fact, is less than in
periodontitis group. This finding is coherent with the fact
that periodontal disease is a chronic disorder, with an early
beginning, a major duration and, probably, a systemic in-
volvement, of which they may be the mirror.
Also the Western Blotting analysis of AGEs showed

more glycation in periimplantitis than in healthy people.
This finding supports and strengthens the previous data,
confirming the involvement of the oxidizing system and
the AGE-RAGE interaction in periimplantitis.
Based on the data reported, a potential innovative ther-

apy of periimplantitis may be hypothesized, using drugs
with antioxidant and anti-AGEs effects. Possible interven-
tions against AGEs formation and AGE-RAGE mediated
damage are numerous. The discovery of chemical agents
that can inhibit glycation reactions may have potential
therapeutic importance. Pyridoxamine, one of the neutral
form of vitamin B, has been shown to inhibit AGEs forma-
tion by interfering with post Amadori oxidative reactions,
and it is employed in clinical trial evaluating the efficacy of
pyridoxamine in inhibiting the progression of proteinuria
and hyperlipidemia in diabetic patients [19]. A further
inhibitor of protein glycation is metformine, that has add-
itional effects on AGEs accumulation by reducing oxida-
tive stress [20]. Recently it has been reported that
nifedipine and telmisartan, respectively a Ca2+ channel
blocker and an angiotensin receptor antagonist, exert anti-
oxidative and anti-AGE-RAGE axis properties [21].
A further group of anti-AGE drugs may be that of modi-

fied tetracyclines with antioxidant effects. In addition to
their antimicrobial action, these molecules are effective in
combating oxidative stress in periodontal disease and have
beneficial effects on systemic diseases driven by oxidative
stress [22]. This is the case of doxycycline, whose efficacy
in reducing periodontal inflammation has been associated
with a reduction in level of glycated haemoglobin in dia-
betics [23].
In addition to drugs therapy, also diet and life style can

provide to reduce oxidative stress and AGEs formation. In
fact, flavonoids, present in many foods like green tea,
chocolate and fruit, have the capacity to reduce glycation
[23]. Also vitamins C, E, P have antioxidant proprieties
[24]. Therefore, it is clear how dietary factors may play an
important role in the strategy against the oxidation.

Conclusion
This preliminary study, with the limitation of the sample
size, identifies the periimplantitis as a multifactorial dis-
ease, in which glycation and oxidative stress play a role in
terms of etiology and severity. This finding remarks the re-
cent literature assumptions, that support a closer correl-
ation between systemic conditions and oral health. The
molecular pathways that are involved in periimplantitis
are unknown, but probably oxidizing is involved in its eti-
ology, as it is in the periodontitis.
These data suggest to the clinician a new strategy to

prevent the failure of dental implants. Probably, in a not
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too distant future, the simple measurement of oxidative
stress or AGEs in saliva, prior to dental implant surgery,
could prevent implant failure. To this aim, future inves-
tigation on the presence of AGEs and oxidizing in the
periimplantitis is needed, in order to develop prevention
and treatment strategies for this disease. However, com-
mon and safe drugs or target diets could be used in
order to prevent or treat the periimplantitis.

Competing interests
All authors declare that they have no competing interests.

Authors’ contributions
DP an AM contributed to the conception and design of the study, the
analysis and interpretation of the data and drafted the manuscript. EO, MS
and IC were involved in the interpretation of the data and contributed to
the revision of the drafted manuscript. RG provided statistical analysis. All
authors read and approved the final manuscript.

Received: 27 March 2013 Accepted: 24 July 2013
Published: 26 July 2013

References
1. Lindhe J, Meyle J, Group D of European Workshop on Periodontology: Peri-

implant diseases: Consensus Report of the Sixth European Workshop on
Periodontology. J Clin Periodontol 2008, 35:282–285.

2. Chen AF, Chen D-D, Daiber A, Faraci FM, Li H, Rembold CM, Laher I: Free
radical biology of the cardiovascular system. Clin Sci 2012, 123:73–91.

3. Pietropaoli D, Sgolastra F, Ciarrocchi I, Spadaro A, Masci C, Petrucci A, Cattaneo
R, Monaco A: Oxidative stress status in the saliva of growing subjects as a
potential pubertal biomarker. Eur J Inflamm 2012, 10:209–216.

4. Rada B, Leto TL: Oxidative innate immune defenses by Nox/Duox family
NADPH oxidases. Contrib Microbiol 2008, 15:164–187.

5. Tyml K: Critical role for oxidative stress, platelets, and coagulation in
capillary blood flow impairment in sepsis. Microcirculation 2011, 18:152–162.

6. Pietropaoli D, Tatone C, D'Alessandro AM, Monaco A: Possible involvement
of advanced glycation end products in periodontal diseases. Int J
Immunopathol Pharmacol 2010, 23:683–691.

7. Soory M: Redox status in periodontal and systemic inflammatory
conditions including associated neoplasias: antioxidants as adjunctive
therapy? Infect Disord Drug Targets 2009, 9:415–427.

8. Pietropaoli D, Monaco A, Del Pinto R, Cifone MG, Marzo G, Giannoni M:
Advanced glycation end products: possible link between metabolic
syndrome and periodontal diseases. Int J Immunopathol Pharmacol 2012,
25:9–17.

9. Sgolastra F, Severino M, Pietropaoli D, Gatto R, Monaco A: Effectiveness of
periodontal treatment to improve metabolic control in patients with
chronic periodontitis and type 2 diabetes: a meta-analysis of
randomized clinical trials. J Periodontol 2012, 84(7):958–973.

10. Ramasamy R, Yan SF, Schmidt AM: Receptor for AGE (RAGE): signaling
mechanisms in the pathogenesis of diabetes and its complications.
Ann N Y Acad Sci 2011, 1243:88–102.

11. Ramasamy R, Vannucci SJ, Yan SSD, Herold K, Yan SF, Schmidt AM:
Advanced glycation end products and RAGE: a common thread in aging,
diabetes, neurodegeneration, and inflammation. Glycobiology 2005,
15:16R–28R.

12. Schmidt AM, Stern DM: Hyperinsulinemia and vascular dysfunction: the
role of nuclear factor-kappaB, yet again. Circ Res 2000, 87:722–724.

13. Vlassara H, Brownlee M, Manogue KR, Dinarello CA, Pasagian A: Cachectin/
TNF and IL-1 induced by glucose-modified proteins: role in normal
tissue remodeling. Science 1988, 240:1546–1548.

14. Hollá LI, Kanková K, Fassmann A, Bucková D, Halabala T, Znojil V, Vanĕk J:
Distribution of the receptor for advanced glycation end products gene
polymorphisms in patients with chronic periodontitis: a preliminary
study. J Periodontol 2001, 72:1742–1746.

15. Fritz ME, Braswell LD, Koth D, Jeffcoat M, Reddy M, Cotsonis G:
Experimental peri-implantitis in consecutively placed, loaded root-form
and plate-form implants in adult Macaca mulatta monkeys. J Periodontol
1997, 68:1131–1135.
16. Topkas E, Keith P, Dimeski G, Cooper-White J, Punyadeera C: Evaluation of
saliva collection devices for the analysis of proteins. Clin Chim Acta 2012,
413:1066–1070.

17. Takatsu M, Uyeno S, Komura J, Watanabe M, Ono T: Age-dependent
alterations in mRNA level and promoter methylation of collagen alpha1(I)
gene in human periodontal ligament. Mech Ageing Dev 1999, 110:37–48.

18. Motohashi H, Kimura M, Fujita R, Inoue A, Pan X, Takayama M, Katsuoka F,
Aburatani H, Bresnick EH, Yamamoto M: NF-E2 domination over Nrf2
promotes ROS accumulation and megakaryocytic maturation. Blood 2010,
115:677–686.

19. Syngle A, Vohra K, Garg N, Kaur L, Chand P: Advanced glycation end-
products inhibition improves endothelial dysfunction in rheumatoid
arthritis. Int J Rheum Dis 2012, 15:45–55.

20. Ishibashi Y, Matsui T, Takeuchi M, Yamagishi S-I: Beneficial effects of
metformin and irbesartan on advanced glycation end products (AGEs)-
RAGE-induced proximal tubular cell injury. Pharmacol Res 2012, 65:297–302.

21. Falcone C, Buzzi MP, Bozzini S, Boiocchi C, D'Angelo A, Schirinzi S, Esposito
C, Torreggiani M, Choi J, Ochan Kilama M, Mancia G: Microalbuminuria and
sRAGE in high-risk hypertensive patients treated with nifedipine/
telmisartan combination treatment: a substudy of TALENT.
Mediators Inflamm 2012, 2012:874149.

22. Soory M: A role for non-antimicrobial actions of tetracyclines in
combating oxidative stress in periodontal and metabolic diseases:
a literature review. Open Dent J 2008, 2:5–12.

23. Engebretson SP, Hey-Hadavi J: Sub-antimicrobial doxycycline for
periodontitis reduces hemoglobin A1c in subjects with type 2 diabetes:
a pilot study. Pharmacol Res 2011, 64:624–629.

24. Calder PC, Ahluwalia N, Brouns F, Buetler T, Clement K, Cunningham K,
Esposito K, Jönsson LS, Kolb H, Lansink M, Marcos A, Margioris A, Matusheski
N, Nordmann H, O'Brien J, Pugliese G, Rizkalla S, Schalkwijk C, Tuomilehto J,
Wärnberg J, Watzl B, Winklhofer-Roob BM: Dietary factors and low-grade
inflammation in relation to overweight and obesity. Br J Nutr 2011,
106(Suppl 3):S5–78.

doi:10.1186/1756-0500-6-296
Cite this article as: Pietropaoli et al.: Glycation and oxidative stress in the
failure of dental implants: a case series. BMC Research Notes 2013 6:296.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusions

	Findings
	Methods
	Implants collection method
	Tooth collection method
	Saliva collection method
	Tissues sample processing: extraction of periodontal and peri-implant tissues
	SDS-Page Electrophoresis and Western Blotting of extracted tissues
	Saliva analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


