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Microbiologic and Clinical Findings of Implants in  
Healthy Condition and with Peri-Implantitis
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Purpose: To compare implants in healthy conditions and implants with peri-implantitis with regard to their 

clinical parameters and the microbiologic composition at the peri-implant sulcus, inside the implant connection, 

and the gingival sulcus of neighboring teeth. Materials and Methods: A cross-sectional study was performed 

including consecutive patients with implants in healthy conditions and with peri-implantitis. Clinical parameters 

for which patients were screened included bleeding on probing, pocket depth, and plaque index at six sites. 

Samples for microbiologic analysis were obtained from three locations: the peri-implant sulcus, inside the 

implant connection, and the gingival sulcus of neighboring teeth. Quantitative real-time polymerase chain 

reaction (PCR) was carried out for total counts of 10 microorganisms: Aggregatibacter actinomycetemcomitans, 
Porphyromona gingivalis, Tanerella forsythia, Tanerella denticola, Prevotela intermedia, Peptostreptococcus 
micros, Fusobacterium nucleatum, Campylobacter rectus, Eikenella corrodens, and Candida albicans. The 

response variables were the percentage of positive sites and total bacterial counts. Results: One hundred 

twenty-two implants in 57 patients were analyzed in the healthy group and 113 implants in 53 patients in the 

peri-implantitis group. Differences between the groups were statistically significant for bruxism, probing pocket 

depth, bleeding on probing, and radiographic bone level. Orange complex species (P intermedia, P micros, F 
nucleatum) were the most prevalent in the three types of sites for both groups, and prevalence values were 

higher in the peri-implantitis group. Differences in prevalence between groups were more marked inside the 

connection than in the peri-implant sulcus. Absolute loads of most microbes and total bacterial counts were 

higher for the peri-implantitis group in the three locations. Again, differences were bigger inside the connection 

than at the peri-implant sulcus. Significant interactions were found for prevalence and absolute microbial 

loads between groups and locations, and for the interaction of group × location. Conclusion: Clinical and 

microbiologic differences were observed between healthy subjects and those with peri-implantitis. Microbiologic 

differences between groups were more marked inside the connection than in the peri-implant sulcus. The 

potential role of the implant connection as a microbial reservoir for peri-implant diseases and in the outcome 

of their treatment should be confirmed with further studies. Int J Oral MaxIllOfac IMplants 2015;30:834–842. 
doi: 10.11607/jomi.3947
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Compared to natural periodontal/tooth interface, 
peri-implant tissues present an “open wound 

conformation” more susceptible to endogenous in-
fection.1 Clinically, it has been demonstrated that the 

host response at the gingival tissue of patients with 
peri-implantitis (peri-mucositis) is more pronounced 
than in individuals with periodontitis.2 Also, human 
biopsy material has revealed more apical extension of 
the inflammatory cell infiltrate, with neutrophils and 
granulocytes found in great proportions.3 Besides sup-
puration, increased bleeding, and pocket depth altera-
tions, the clinical consequence of peri-implantitis is 
circumferential bone loss, still not completely resolved 
with the single or combined treatment strategies4 de-
scribed in the literature, with obvious implications for 
esthetics and patient satisfaction.

Once present, peri-implantitis has an infectious pat-
tern. Thus, to understand how health and disease states 
are balanced over time, it is necessary to consider the 
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microbial succession in a tooth model. Pioneering stud-
ies with 40 bacterial species at healthy and periodontitis 
sites established that: (1) Treponema denticola cohabits 
in a consortium including Porphyromona gingivalis and 
Tanerella forsythia,5 and (2) the detection/population 
load of T denticola and Treponema socranskii is related 
to the severity of periodontal disease.6 Also, P gingivalis, 
T forsythia, and T denticola are found together in plaque 
samples adjacent to the epithelial lining of periodontal 
sulcus7 and considered the “red group”8 because their 
members increase in prevalence with the clinical param-
eters of periodontal disease.9 Interestingly, when the 
red complex was investigated in patients with chronic 
periodontal disease from four different countries (Brazil, 
Chile, Sweden, United States), except for T forsythia, no 
statistically significant difference was seen. Also, no dif-
ference in the clinical outcomes was observed among 
 individuals.10 On the other hand, data from DNA 
probe studies11–17 with dental implants having similar 
parameters for disease (pocket depth ≥ 4 mm, bone 
loss ≥ 2 mm) showed levels of green (Aggregatibacter 
actinomycetemcomitans), orange (Fusobacterium  
nucleatum, Peptostreptococcus micros, Prevotela inter-
media, Prevotella nigrescens), and red complex mem-
bers; one study14 demonstrated the yellow complex 
(Streptococcus gordonii, Streptococcus sanguinis); and 
two studies14,15 showed a member of the purple com-
plex (Veillonella parvula). However, another clinical 
study18 showed evidence of a large number of bacte-
rial species in healthy peri-implant sulci even after 12 
months (pocket probing depth [PPD] ≤ 3 mm in 75% of 
implant sites). Also, few differences were noted in the 
prevalence of bacteria between healthy implants and 
adjacent tooth sites.

The peri-implant sulcus can carry fluids through 
the implant-abutment junction and thus alter the in-
ner implant portions by creating a possible reservoir 
for potential pathogens. A large retrospective clinical 
report with 272 human titanium-retrieved implants 
found bacteria inside the inner parts of all implant con-
nections except for cemented connections.19 Another 
long-term clinical study confirmed that intracoronal 
compartments of screw-retained restorations were 
heavily contaminated. The pellet enclosed was very 
similar to the peri-implant sulcus in terms of detection 
frequencies and levels for all 40 bacterial species after 
DNA-DNA checkerboard hybridization.20

The correlation between abutment surface rough-
ness and plaque accumulation has not yet been deep-
ly investigated. Long-term studies on the relationship 
between plaque accumulation/inflammatory response 
and abutment surface are lacking; only short-term 
studies in human test models have been reported.21,22

The aim of this study was to compare implants in 
healthy conditions and implants with peri-implantitis 

and evaluate the clinical parameters and the micro-
biologic composition at three different locations (peri-
implant sulci, inside implant connections, and gingival 
sulci of neighboring teeth).

MATERIALS AND METHODS

Patient Population
An observational study was performed involving all pa-
tients with implant restorations treated at the Oral Sur-
gery Department of the University of Valencia (Spain) 
from September 2013 to March 2014. This study was 
approved by the ethics committee of the University 
of Valencia (reference number: H1389711142765). All 
participating individuals signed an informed consent.

All consecutive patients presenting with signs of 
peri-implant disease as defined by Mombelli and Dé-
caillet23 were included in this study (peri-implantitis 
group). Patients in healthy conditions were consecu-
tively selected and considered to be the “healthy 
group.” The inclusion/exclusion criteria of both groups 
are summarized in Table 1. 

Information on every patient’s age, sex, habits  
(tobacco, parafunctional habits), and medications was 
collected.

Clinical Parameters
The following clinical parameters were assessed using 
a manual Hawe Neos Probe 1395, (Keer, Switzerland), 
at six sites per implant: mesiobuccal, midbuccal, disto-
buccal, mesiopalatal/lingual, midpalatal/lingual, and 
distopalatal/lingual:

• PPD was measured from the mucosal margin to the 
bottom of the probable pocket.

• Modified plaque index (mPI) was used to evaluate 
the presence/absence of plaque at the cervical part 
of the implant-supported crown scored by running 
a probe along the implant-supported crown 
surface.

• Bleeding on probing (BoP) was used to evaluate 
when the presence/absence of bleeding was 
evident within 30 seconds after probing.

• Tissue biotype was described as thin or thick if 
the outline of the periodontal probe was visible 
or not visible through the sulcus, respectively, on 
visualization of the probe through the sulcular 
margin.

• Radiographic analysis (peri-apical X-ray) included 
intraoral radiography and bone level (BL) 
measurement from the fixture-abutment junction 
to the level where the bone was seen to be in 
intimate contact with the implant.24
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Microbiologic Sampling and Analysis
Every patient in both groups underwent microbiologic 
sampling and analysis.

The subgingival microbial samples were collected 
from: (1) the peri-implant sulcus, (2) the internal con-
nection of the implant after crown/abutment removal, 
and (3) the four deepest periodontal pockets before 
the treatment.

Sampling was performed using Guidor Perio-Im-
plant Diagnostic Test kits (Sunstar Iberia S.L.U, Barce-
lona, Spain), consisting of five sterile absorbent paper 
tips and a 2-mL sterile empty Eppendorf tube. Before 
subgingival plaque sampling, supragingival plaque 
was eliminated from implants and teeth using a cu-
rette or cotton roll, without penetrating the gingival or 
peri-implant sulcus. Cotton rolls were used for relative 
isolation, and the sampling sites were dried with an air 
pistol. The paper tips were inserted in the gingival or 
peri-implant sulci for 30 seconds.

To collect the samples of the implant connection, 
prostheses and abutments were carefully removed to 
avoid contamination. One drop of RNA- and DNA-free 
water (Water Molecular Biology Reagent code W4502 
[SIGMA]) was placed inside the implant connection, 
and three paper tips were inserted for 30 seconds. The 
connection surface of the abutment was moistened 
with a drop of RNA- and DNA-free water and smeared 
with two paper tips.

The paper tips were placed into the Eppendorf 
tubes and sent for microbiologic analysis to the Insti-
tut Clinident SAS laboratory (Aix en Provence, France) 
in the mailing envelopes provided.

Quantitative Real-Time PCR Assays
Quantitative real-time polymerase chain reaction 
(PCR) was carried out for total bacterial count and for 

10 pathogens: A actinomycetemcomitans, P gingivalis,  
T forsythensis, T denticola, P intermedia, P micros, F  
nucleatum, Campylobacter rectus, Eikenella corrodens, 
and Candida albicans.

Quantitative real-time PCR assays were performed 
in a volume of 10 µL composed of 1× QuantiFast Sybr 
Green PCR (Qiagen), 2 μL of DNA extract, and 1 µmol/L 
of each primer. The species-specific PCR primers used 
in this study were provided by Institut Clinident SAS 
and manufactured by Metabion GmbH.

Assays were carried out on the Rotor-Gene Q ther-
mal cycling system (Qiagen) with the following pro-
gram: 95°C for 30 seconds, followed by 40 cycles of 10 
seconds at 95°C, 10 seconds at 60°C, and 35 seconds 
at 72°C. A final melt curve analysis (70°C to 95°C in 1°C 
steps for 5-second increments) was conducted. Fluo-
rescence signals were measured at every cycle at the 
end of the extension step and continuously during the 
melt curve analysis. The resulting data were analyzed 
using Rotor-Gene Q Series software.

Serial dilutions of standard DNA provided by Insti-
tut Clinident SAS were used in each reaction as the 
external standard for absolute quantification of the 
targeted pathogens.

Statistical Analysis
Means and standard deviations (SD) of patient person-
al data were calculated. The prevalence (% of positive 
sites) of the microorganism studied at each site and for 
both groups was calculated. Mean, median, SD, and 
95% confidence intervals (CI) of absolute microbial 
loads for each analyzed species and the total bacterial 
counts were obtained, in each site and for both groups. 
Microbial loads were transformed (log10) before statis-
tical analysis. For relationships among clinical parame-
ters, prevalence, and bacterial loads, the general linear 

Table 1 Inclusion and Exclusion Criteria for Groups of Healthy Subjects with Implants and  
Those with Peri-Implantitis 

Subject inclusion criteria Specific subject and site exclusion criteria

Healthy subjects
Healthy peri-implant tissues: absence of bleeding on 
gentle probing (< 0.25 N), PPD ≤ 5 mm, and absence of 
radiographic bone loss assessed in paralleled periapical 
radiographs3

Uneventful functional loading for at least 5 years; the fixed 
partial denture must have not been removed during this time

Age > 18 years

Healthy subjects
Presence of active periodontal or peri-implant pathology in any 
site of the mouth (diagnostic criteria: bleeding on gentle probing 
[< 0.25 N] and PPD > 3 mm in teeth and > 5 mm in implants)

Use of antimicrobials during the 6 months before the study

Pregnant and lactating patients

Patients refusing to sign an informed consent document or to 
participate in the study

Subjects with peri-implantitis
Presence of peri-implant disease with vertical bone defect > 
3 mm after implant integration

Age > 18 years

No relevant medical conditions

Subjects with peri-implantitis
Use of antimicrobials during the 6 months before the study

Pregnant and lactating patients

Patients refusing to sign an informed consent document or to 
participate in the study

PPD = probing pocket depth.
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model (GLM) and chi-square tests (Wald) were adopt-
ed. For associations at the patient level, the Student  
t test, chi-square, and nonparametric equivalent 
(Mann-Whitney and Kruskal-Wallis) tests were used. 
The level of significance was set at 1% (α = .01). The 
test power of GLM for bacterial loads was 95% (effect 
size = 0.25). For association among clinical parameters, 
the power was 76% (effect size = 0.25).

RESULTS

Description of the Study Sample
During the study period, 139 screened patients ful-
filled the inclusion criteria. Twenty-nine patients were 
excluded: 20 had taken systemic antibiotics during the 
6 months before the microbiologic sampling, four pa-
tients were pregnant, and five patients refused to par-
ticipate in the study.

At the end of the exclusion process, the overall 
sample consisted of 53 patients (28 men, 25 women; 
mean age of 59.6 years old) with 113 implants in the 
peri-implantitis group. The healthy group included 57 
patients (28 men, 29 women, mean age of 69.2 years) 
with 122 implants. The statistical analyses yielded no 
significant differences.

Clinical Parameters (Table 2)
Healthy Implants Group. Bruxism was identified 
in 2% of subjects, smoking (> 10 cigarettes/day) in 
28.5%. No subject had diabetes or took any medica-
tions. The mPI registered scores according to Mombelli 
et al were as follows: 0 = 4 implants; 1 = 69 implants,  
2 = 47 implants, and 3 = 2 implants. Mean plaque lev-
els corresponded to 1.02 ± 0.4 for all implant samples. 
The mean PPD was 3.2 ± 1.2 mm (range, 1 to 4 mm). 

BoP was verified in 49 (40.16%) implants. None of the 
sites presented suppuration. The periodontal biotype 
was thin in 82.1% of subjects. The mean radiographic 
BL loss was 1.3 ± 0.9 mm.

Peri-implantitis Group. Bruxism was identified 
in 68% of subjects, smoking (> 10 cigarettes/day) in 
30.4%. One subject had diabetes, and four were receiv-
ing bisphosphonate therapy. The mPI registered scores 
according to Mombelli and Décaillet23 were as follows:  
0 = 1 implant; 1 = 49 implants, 2 = 39 implants, and 3 = 24 
implants. Mean plaque levels corresponded to 1.7 ± 0.7  
for all implant samples. The mean PPD was 6.7 ± 2.2 mm 
(range, 4–14 mm), with PPDs of 6.5 ± 2.2 mm and 6.2 ± 
2.3 mm at the buccal and lingual sites, respectively. BoP 
and suppuration were verified in 101 implants (96.2%). 
The periodontal biotype was thin in 89.3% of subjects. 
The mean radiographic BL was 2.9 ± 1.9 mm.

Differences were statistically significant between 
the two groups for bruxism, PPD, BoP, and BL. Consid-
ering the whole sample, a significant association was 
seen between PPD and BL; plaque levels were higher 
for smokers, bruxers, and thin-scalloped biotypes; thin 
biotypes had lower mean PPD levels than thick-flat 
ones; and BL was positively correlated to plaque levels.

Microbiologic Analysis
A total of 455 locations were evaluated in healthy sub-
jects and those with peri-implantitis as follows: gingi-
val sulcus (57 healthy/53 peri-implantitis), peri-implant 
sulcus (57 healthy/53 peri-implantitis), and internal im-
plant portions (122 healthy/113 peri-implantitis). 

Descriptive outcomes for microbial prevalence (% 
of positive sites) are presented in Table 3 and Figs 1 
to 3. Orange complex species (P intermedia, P micros,  
F nucleatum) were the most prevalent in all sites for 
both groups. At the peri-implant sulcus, the prevalence 

Table 2 Clinical Parameters

Event, condition, or observation Healthy implant group Peri-implantitis group P Significant difference

Bruxism (%) 2 68 < .01 Yes

Smoking > 10 cigarettes/d (%) 28.5 30.4

Diabetes 0/57 1/53

Modified plaque index, No. (%)
0
1
2
3

4 (3)
69 (57)
47 (39)
2 (2)

1 (1)
49 (43)
39 (35)
24 (21)

Mean ± SD plaque level 1.02 ± 0.4 1.7 ± 0.7

Mean ± SD PPD (range) (mm) 3.2 ± 1.2 (1–4 ) 6.7 ± 2.2 (4–14 mm) < .01 Yes

BoP 40.16% 96.2% < .01 Yes

Periodontal biotype thin (%) 82.1 89.3

Mean ± SD radiographic BL (mm) 1.3 ± 0.9 3.9 ± 1.9 <0.01 Yes

SD = standard deviation; PPD = pocket probing depth; BoP = bleeding on probing; BL = bone loss.
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varied from 0 (A actinomycetemcomitans) to 98.5%  
(F nucleatum). Species with ≥ 50% of prevalence were 
P gingivalis, T forsythia, T denticola, P intermedia, P mi-
cros, F nucleatum, C rectus, and E corrodens. Differences 
between groups were smallest in this location; differ-
ences > 20% were only observed for T denticola and 
E corrodens. Inside the implant connection, the preva-
lence varied from 1.1% (A actinomycetemcomitans) 

to 98.9% (F nucleatum). Species with ≥ 50% of preva-
lence were P gingivalis, T forsythia, T denticola, P inter-
media, P micros, F nucleatum, C rectus, and E corrodens. 
At this location, all the analyzed species were more 
prevalent in the peri-implantitis group and differences 
between groups were more marked than at the peri-
implant sulcus. At the gingival sulcus, the prevalence 
varied from 2.0% (A actinomycetemcomitans) to 98%  

Table 3 Microbial Prevalence (% of Positive Sites) in Study Groups and Locations

Species Location Healthy (%) Peri-implantitis (%)

A actinomycetemcomitans Gingival sulcus
Peri-implant sulcus
Implant connection

0
3.3
1.5

2
0
1.1

P gingivalis Gingival sulcus
Peri-implant sulcus
Implant connection

445.8
66.7
40.9

70.6
56.9
54.3

T forsythia Gingival sulcus
Peri-implant sulcus
Implant connection

41.7
80.0
42.4

70.6
75.4
57.6

T denticola Gingival sulcus
Peri-implant sulcus
Implant connection

25.0
43.3
27.3

62.7
64.6
53.3

P intermedia Gingival sulcus
Peri-implant sulcus
Implant connection

50.0
76.7
37.9

82.4
75.4
69.6

P micros Gingival sulcus
Peri-implant sulcus
Implant connection

91.7
96.7
81.8

94.1
96.9
96.7

F nucleatum Gingival sulcus
Peri-implant sulcus
Implant connection

95.8
96.7
90.9

98.0
98.5
98.9

C rectus Gingival sulcus
Peri-implant sulcus
Implant connection

62.5
76.7
28.8

70.6
86.2
62.0

E corrodens Gingival sulcus
Peri-implant sulcus
Implant connection

62.5
53.3
15.2

74.5
75.4
52.2

C albicans Gingival sulcus
Peri-implant sulcus
Implant connection

8.3
10.0
9.1

3.9
16.9
25.0

Fig 1  Microbial prevalence (% positive sites) in 
healthy subjects and those with peri-implantitis 
at the peri-implant sulcus. Aa = A actinomycetem-
comitans; Pg = P gingivalis; Tf = T forsythia; Td = T 
denticola; Pi = P intermedia; Pm = P micros; Fn = F 
nucleatum; Cr = C rectus; Ec = E corrodens; Ca = C 
albicans.
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(F nucleatum). At this location, differences 
were marked between health and peri-
implantitis for the red complex bacteria 
(P gingivalis, T forsythia, T denticola), and  
P intermedia. The GLM identified significant 
differences in prevalence of some of the 
studied microbes among groups, locations, 
and the interaction of group × location 
(Table 4).

Mean, median, SDs, and 95% CIs for ab-
solute microbial loads (log10) are expressed 
in Table 5. Loads of most microbes and total 
bacterial counts were higher for the peri-im-
plantitis group in the three types of locations. 
However, differences were bigger at the in-
ternal implant parts than at the peri-implant 
sulcus. At the gingival sulcus, similar to the 
prevalence rate, differences between groups 
were highest for red complex bacteria and  
P intermedia. The GLM identified significant 
interactions in absolute loads of some of 
the assessed microbes among groups, loca-
tions, and the group × location interaction 
(Table 6).

DISCUSSION

Clinical Parameters
In this study, some clinical parameters 
(PPD, BoP, and mPI) were used to verify 
healthy and diseased sites. The diagnosis 
of peri-implantitis through PPD has been 
validated.25,26 Also, the prognostic value of 
BoP was confirmed in a prospective clinical 
study27 and almost unanimous in this clini-
cal report; the mPI reliability was verified 
with a histologic index (counting of plas-
mocytes and lymphocytes) developed in a 
pilot study.28

Poor oral hygiene, history of periodon-
titis, and smoking habit are risk indicators 
of peri-implant disease.29 In this cross-sec-
tional report, most implants in the peri-
implantitis group presented plaque that 
was visibly recognizable or identified af-
ter wiping of the periodontal probe. Also, 
the mean PPDs were higher than those 
considered to be cutoff levels for peri- 
implantitis,11–17 thus showing close sym-
metry between buccal and lingual sites. 
Mean BL loss values observed were similar 
to those seen in other studies 11–17 and cor-
related to plaque levels. However, for 25% 
of implants, BL loss was above 4 mm.

Fig 3  Microbial prevalence (% positive sites) in healthy subjects and those 
with peri-implantitis at the gingival sulcus of neighboring teeth. Aa = A acti-
nomycetemcomitans; Pg = P gingivalis; Tf = T forsythia; Td = T denticola; Pi = P 
intermedia; Pm = P micros; Fn = F nucleatum; Cr = C rectus; Ec = E corrodens; 
Ca = C albicans.
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Fig 2  Microbial prevalence (% positive sites) in healthy subjects and those 
with peri-implantitis inside the implant connection. Aa = A actinomycetemcomi-
tans; Pg = P gingivalis; Tf = T forsythia; Td = T denticola; Pi = P intermedia; Pm 
= P micros; Fn = F nucleatum; Cr = C rectus; Ec = E corrodens; Ca = C albicans.
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Table 4 GLM with Chi-Square Using the Wald Method  
(P values, Prevalence)

Species Group Location Group × location

A actinomycetemcomitans .987 .952 .991
P gingivalis .206 .003* .002*
T forsythia .223 .001* .093
T denticola .001* .016 .310
P intermedia .013 .001* .002*
P micros .557 .645 .594
F nucleatum .309 .895 .302
C rectus .069 < .001* .196
E corrodens < .001* < .001* .075
C albicans .612 .170 .046
*Statistical significance (P < .01).
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Table 5 Mean, Median, SD, and 95% CI of Absolute Microbial Loads for Groups and Locations

Microorganism

Healthy group Peri-implantitis group

PIS I GS PIS I GS

A actinomycetemcomtans

Mean
Median
SD
95% CI

0.19
0.00
1.02

0.00–0.00

0.10
0.00
0.81

0.00–0.00

0.00
0.00
0.00

0.00–0.00

0.00
0.00
0.00

0.00–0.00

0.00
0.00
0.00

0.00–0.00

0.08
0.00
0.60

0.00–0.00

P gingivalis

Mean
Median
SD
95% CI

3.74
5.02
2.81

0.00–5.78

1.84
0.00
2.34

0.00–3.17

2.40
0.00
2.77

0.00–4.69

3.61
4.62
3.36

0.00–5.71

2.40
0.00
2.77

0.00–4.69

4.25
5.26
3.02

3.78–5.99

T forsythia

Mean
Median
SD
95% CI

4.01
4.57
2.18

4.21–5.14

1.99
0.00
2.41

0.00–3.70

1.89
0.00
2.36

0.00–3.95

4.32
5.27
2.74

4.51–5.54

1.89
0.00
2.36

0.00–3.95

4.00
5.10
2.76

4.11–6.03

T denticola

Mean
Median
SD
95% CI

2.33
0.00
2.74

0.00–4.97

1.39
0.00
2.32

0.00–0.00

1.29
0.00
2.32

0.00–0.00

4.16
5.39
3.22

4.66–6.14

1.29
0.00
2.32

0.00–0.00

3.82
5.31
3.05

0.00–5.95

P intermedia

Mean
Median
SD
95% CI

4.60
5.68
2.79

4.15–6.12

1.96
0.00
2.58

0.00–3.86

2.57
1.77
2.72

0.00–4.78

4.81
5.76
2.96

5.39–6.46

2.57
1.77
2.72

0.00–4.78

5.52
6.33
2.76

5.67–6.75

P micros

Mean
Median
SD
95% CI

4.91
5.23
1.39

4.55–5.54

4.00
4.51
2.20

3.78–5.15

4.27
4.67
1.61

3.83–5.14

5.74
5.88
1.50

5.77–6.29

4.27
4.67
1.61

3.83–5.14

5.25
5.59
1.63

5.34–6.04

F nucleatum

Mean
Median
SD
95% CI

5.60
6.00
1.33

5.31–6.15

4.44
4.61
1.72

4.40–5.19

5.16
5.41
1.37

4.78–5.85

6.36
6.50
1.25

6.18–6.83

5.16
5.41
1.37

4.78–5.85

6.01
6.13
1.34

5.86–6.75

C rectus

Mean
Median
SD
95% CI

4.22
5.25
2.44

4.75–5.58

1.50
0.00
2.41

0.00–0.00

3.30
4.59
2.66

0.00–5.50

5.11
5.27
2.39

4.94–6.33

3.30
4.59
2.66

0.00–5.50

4.20
5.10
2.89

4.52–6.21

E corrodens

Mean
Median
SD
95% CI

2.66
3.27
2.63

0.00–4.94

0.71
0.00
1.72

0.00–0.00

3.19
4.32
2.64

0.00–5.25

4.40
5.34
2.71

4.55–5.74

3.19
4.32
2.64

0.00–5.25

3.91
4.56
2.48

4.17–5.24

C albicans

Mean
Median
SD
95% CI

2.66
0.00
2.63

0.00–0.00

0.71
0.00
1.72

0.00–0.00

0.42
0.00
1.50

0.00–0.00

4.40
0.00
2.71

0.00–0.00

0.42
0.00
1.50

0.00–0.00

3.91
0.00
2.48

0.00–0.00

Total bacterial load

Mean
Median
SD
95% CI

8.18
8.18
0.80

7.61–8.54

7.25
7.27
1.08

6.71–7.79

7.63
7.55
0.94

7.71–8.44

8.76
8.97
1.14

8.36–9.25

7.63
7.55
0.94

7.71–8.44

7.25
8.95
1.08

8.23–9.49
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Prevalence and Bacterial Loads
This study aimed to verify possible differences be-
tween potential pathogens at three locations: the gin-
gival sulcus, the peri-implant sulcus, and the internal 
implant parts. Twenty-five prior studies have reported 
findings in the first two locations,23 but until now just 
one clinical study investigated cotton pellets and pros-
thetic abutment screws.20 To the knowledge of the au-
thors, this is the first cross-sectional study to compare 
healthy and diseased implants in this manner.

Bacteria from red, orange, and green complexes were 
seen in varied prevalence rates and bacterial counts at 
the peri-implant sulcus, internal implant parts, and gin-
gival sulcus locations. The interaction among different 
species is a complicated issue, and an interpretation 
is necessary (Tables 3 and 5). The members of the red 
complex are demonstrated > 60% at gingival sulcus, 
> 55% at peri-implant sulcus, and > 50% at internal 
implant parts in infected sites. At healthy sites, only  
P gingivalis and T forsythia had prevalence rates of > 
65% at peri-implant sulcus. Individually, the prevalence 
of P gingivalis was higher in the gingival sulcus (70.6%) 
and lower in the internal implant parts (54.3%), but no 
significant difference was seen among locations in peri-
implant cases. In contrast, healthy cases had a higher 
prevalence at the peri-implant sulcus than the inter-
nal implant parts. Those values are in accordance with 
P gingivalis counts (Table 5) where the inner implant 
parts showed less contamination. Prevalence values 
for T forsythia were higher in the peri-implant sulcus 
than the internal implant parts for affected (P = .001) 
and healthy (P < .001) implants, with the same patterns 
observed for T denticola. Again, the bacterial counts 
followed the same mode. In this way, the prevalence 
and bacterial counts in red species were similar inside 
and outside the implant parts. All red complex species 
showed gram-negative and anaerobic organisms, and 
thus had a chance to live inside dental implant con-
nections. The fact that members of this consortium 
rose proportionally in prevalence/numbers according 
to the severity of periodontal disease was striking at 
the gingival sulcus, but mild at the peri-implant sulcus 
and moderate at internal implant parts (P gingivalis and  
T forsythia only) (Tables 3 and 5). At the same time, 
BoP was positively correlated with the appearance of  
P gingivalis in the developing periodontitis23,30 and 
possibly associated with increasing levels of T for-
sythia,31 a fact reinforced by values observed in the 
present study (101 implants). The members of the or-
ange complex (P intermedia, P micros, F nucleatum, and  
C rectus) showed prevalence rates of ≥ 70% at the gingi-
val sulcus, ≥ 75% at the peri-implant sulcus, and ≥ 60% 
at the internal implant parts of infected sites. For healthy 
sites and inner implant connections, two distinct pat-
terns were identified: P intermedia and C rectus showed 

a prevalence rate of less than 40% in contrast with the 
higher counts of P micros and F nucleatum (prevalence 
> 80% and proportional to bacterial counts), also seen 
at the gingival sulcus and peri-implant sulcus in both 
healthy/infected sites. It is well known that the orange 
complex is a “bridging” species32 and F nucleatum and 
P intermedia are found in chronic periodontitis and 
regularly detected in peri-implantitis.23 From Table 3, 
it can be extrapolated that F nucleatum and P micros 
continue their bridging roles at the internal implant 
parts in healthy subjects and those with disease. Also,  
C rectus levels appeared significantly altered (28.8% vs 
62%) for infected internal implant parts (P = .004). Final-
ly, one member of the green species (E corrodens) dem-
onstrated the same alterations. One interesting aspect 
was that, for patients with peri-implantitis exhibiting  
C albicans, the inner implant parts were the most vul-
nerable location (P = .008). However, when the levels 
of C rectus and E corrodens were compared in healthy 
sites from peri-implant sulcus to internal implant parts, 
a considerable decrease was seen (Figs 1 to 3).

Altogether, the total bacterial load (log10) at the in-
ternal implant parts was more protected than at the 
peri-implant sulcus (P < .001) in both healthy (7.25 vs 
8.18) and diseased (8.05 vs 8.76) cases.

In the present study, data analyzing the bacterial 
contamination of the sulcus around affected implants 
confirmed outcomes of recent literature that dem-
onstrated the presence of microflora dominated by 
gram-negative bacteria.33,34 The presence of pepto-
streptococci or staphylococci were also confirmed.35

The present findings are the result of a cross-sec-
tional study and, because of spatiotemporal chang-
es in bacterial profile, must be confirmed in further 
investigations.

Table 6 GLM with Chi-Square Using the  
Wald Method (P Values, Absolute 
Microbial Loads)

Species Group Location
Group × 
location

A actinomycetemcomitans .784 .763 .882

P gingivalis .048 < .001* .001*

T forsythia .011 < .001* .013

T denticola .001* .011 .211

P intermedia .009* < .001* < .001*

P micros .001* .001* .543

F nucleatum .182 < .001* .411

C rectus .014 < .001* .041

E corrodens .002* < .001* .003*

C albicans .518 .221 .291

*Statistical significance (P < .01).
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CONCLUSIONS

Within the limits of the present investigation, it may 
be concluded that some clinical and microbiologic 
differences were observed between health and peri-
implantitis. The microbial composition was similar in 
the three locations studied, but microbiologic differ-
ences between groups were higher inside the con-
nection than in the peri-implant sulcus. This suggests 
that the implant connection has the potential role as a 
microbial reservoir for peri-implant diseases and in the 
outcome of their treatment. However, further studies 
with larger samples, analyzing more microbial species 
and their proportions in the biofilm are necessary to 
confirm these findings.
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