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Abstract 
Purpose: Currently, bacteriological examinations of implant treatments tar-
get periodontopathic bacteria such as red complex bacteria, including Por-
phyromonas gingivalis, and detect them qualitatively or quantitatively. How-
ever, it seems that those examinations do not reflect the peri-implant tissue 
conditions precisely, because periodontopathic bacteria are also frequently 
detected from healthy peri-implant sites. The purpose of the present study 
was to investigate bacteria species most involved in peri-implantitis using a 
PCR method. Methods: Polymerase chain reaction (PCR) primers in this 
study were designed based on partial sequences of 16S rDNA of bacteria spe-
cies involved in peri-implantitis that were described in numerous previous 
studies. Peri-implant sulcus fluid (PISF) samples were collected from thirty 
periodontally healthy patients with implants (HI) and thirty patients with pe-
ri-implantitis (PI). Each detection frequency of bacteria species in PISFs of 
both groups was investigated using a PCR method, and was compared using 
Fisher’s exact test. Results: In PI group, detection frequencies of Corynebac-
terium durum, Fretibacterium fastidiosum and Slackia exigua were signifi-
cantly higher than those of HI group (p < 0.01). On the other hand, P. gingi-
valis and Tannerella forsythia belonging to red complex were frequently de-
tected in the PISF samples of HI group (p > 0.05). Conclusion: It was sug-
gested that monitoring C. durum and F. fastidiosum levels in PISF samples 
was useful as a clinical indicator for the evaluation of peri-implant tissue condi-
tions. 
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1. Introduction 

At the present moment, dental implants have shown high survival rates of up to 
99% for the last ten years [1] [2]. Even if many severe criteria for success are ap-
plied, the concept of dental implantology still appears promising [3] [4], despite 
the fact that certain limitations of the relevant techniques become evident. Besides 
minor prosthetic complications (such as crown loosening or ceramic chipping, 
which can mostly be resolved easily, and without big effort), peri-implantitis is the 
most common cause of biologic failure [4] [5]. The prognosis of peri-implantitis 
therapy, however, is far away from satisfactory today [6] [7]. The key feature of 
peri-implantitis is the progressive loss of marginal peri-implant bone as a symp-
tom of chronic inflammation of the peri-implant tissues [6]. While particular 
co-factors, such as diabetes mellitus [8] [9], tobacco smoking [10] [11], and in-
sufficient oral hygiene [12] [13], were found to accelerate the progress of bone 
destruction, the primary etiologic reason for the inflammation of peri-implant 
tissues is the oral biofilm [14]. 

Shortly after the installation of titanium implants, an implant sub-mucosal 
microbiota is established [15]. In fact, the initial colonization of peri-implant 
pockets with bacteria associated with periodontitis has been demonstrated to 
occur within two weeks [16]. This early colonization pattern may contribute to 
the development of peri-implant lesions. Leonhardt et al. [17] reported that pe-
ri-implantitis lesions contain not only periodontopathic bacteria, but also sta-
phylococci, enteric species, and yeasts, indicating that a complex microbiota is 
associated with the infections of tissues surrounding implants. Such observations 
are consistent with the hypothesis that an extensive unknown microbiota may be 
associated with periodontitis [18]. 

Currently, bacteriological examinations of implant treatments target periodon-
topathic bacteria such as red complex bacteria, including Porphyromonas gingi-
valis, and detect them qualitatively or quantitatively. However, it seems that those 
examinations do not reflect the peri-implant tissue conditions precisely, because 
periodontopathic bacteria might be detected from healthy peri-implant sites 
[19]. Moreover, there is still some controversy among researchers about whether 
the composition of biofilm in peri-implantitis is really different from that in pe-
riodontitis-affected sites, or even from the microflora around healthy dental im-
plants.  

The purpose of the present study was to design species-specific primers in or-
der to detect bacteria species involved in peri-implantitis that were described in 
numerous previous studies, and investigate bacteria species most involved in pe-
ri-implantitis using a PCR method.  
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2. Materials and Methods 
2.1. Bacteria Species, Bacterial Strains and Culture Conditions 

Bacteria species involved in peri-implantitis investigated using PCR method in 
this study are listed in Table 1. Bacterial strains were obtained from American 
Type Culture Collection (ATCC; USA), Culture Collection University of Go-
thenburg (CCUG; Sweden) and Japan Collection of Microorganisms (JCM; Ja-
pan). The following bacterial strains were used in the present study: Eubacte-
rium sulci ATCC 35585, Eubacterium saphenum ATCC 49989, Eubacterium li-
mosum JCM 6421, Eubacterium nodatum JCM 14550, Eubacterium branchy 
ATCC 33089, Eubacterium yurii ATCC 43714, Eubacterium infirmum ATCC 
700433, Eubacterium minutum ATCC 700079, Atopobium minutum ATCC 
33267, Atopobium deltae CCUG 65171, Atopobium rimae ATCC 49626, Atopo-
bium fossor ATCC 43386, Atopobium parvulum ATCC 33793, Atopobium va-
ginae ATCC BAA-55, Gemella morbillorum JCM 12968, Streptococcus mutans 
JCM 5705, Filifactor alocis ATCC 35896, Fretibacterum fastidiosum JCM 16858, 
Fusobacterium nucleatum JCM 8532 and Slackia exigua JCM 11022. Anaerobic 
bacteria strains, i.e. genera Eubacterium, Atopobium, Gemella, Filifactor, Freti-
bacterium, Fusobacterium and Slackia exigua, were maintained by cultivating 
them on Fastidious Anaerobe Agar (FA; Neogen Co., Lansing, MI, USA) with 
sterile defibrinated sheep blood. These organisms were cultured at 37˚C for 48 h 
under anaerobic conditions with a gas pack system (AnaeroPack; Mitsubishi Gas 
Chemical Co., Inc., Tokyo, Japan). S. mutans strains were maintained by culti-
vating them on BactTM Brain Heart Infusion (BHI; Becton, Dickinson and Co., 
Sparks, MD, USA) and 1.5% agar (BHI agar). The organism was cultured at 37˚C 
overnight in an atmosphere of 5% CO2 in a CO2 incubator (MCO-18AIC; Sanyo 
Electric Co., Tokyo, Japan).  

2.2. Design of Species-Specific Primers for Bacteria Species  
Involved in Peri-Implantitis  

Design of species-specific primers for some bacteria species involved in pe-
ri-implantitis, i.e. E. sulci, E. saphenum, E. limosum, E. nodatum, E. branchy, E. 
yurii, E. infirmum, E. minutum, A. minutum, A. deltae, A. rimae, A. fossor, A. 
parvulum, A. vaginae, G. morbillorum, S. mutans, F. alocis, F. fastidiosum, F. 
nucleatum and S. exigua was performed as described previously [20]. Briefly, the 
16S rRNA gene sequences of E. sulci (accession no. AJ006963), E. saphenum 
(U65987), E. limosum (M59120), E. nodatum (Z36274), E. branchy (Z36272), E. 
yurii (GU269551), E. infirmum (Z36273), E. minutum (AB020885), A. minutum 
(M59059), A. deltae (KF537630), A. rimae (AB540986), A. fossor (AB015945), A. 
parvulum (AB558168), A. vaginae (Y17195), G. morbillorum (LC096237), S. 
mutans (AJ243965), F. alocis (AJ006962), F. fastidiosum (GQ149247), F. nuc-
leatum (M58683) and S. exigua (AF101240) were obtained from the DNA Data 
Bank of Japan (DDBJ; https://www.ddbj.nig.ac.jp/services/index.html, Mishima, 
Japan), and a multiple sequence alignment analysis was performed with the 
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CLUSTAL W program.  

2.3. Development of a PCR Method for Detecting Bacteria Species  
Involved in Peri-Implantitis  

A PCR method for detecting bacteria species involved in peri-implantitis, using 
the designed primers in this study and the previous reported primers [21]-[26] 
that were listed in Table 1, was developed as follows. Bacterial cells which were 
cultured on FA or BHI agar were suspended at a density of 1.0 McFarland stan-
dard (approximately 107 CFU in 1 ml of sterile distilled water). A total of 5.6 μl 
of the suspension was then used as a PCR template. The detection limit for PCR 
was assessed by serially diluting known numbers of bacterial cells in sterile dis-
tilled water and then subjecting each suspension to PCR. The PCR mixture con-
tained 2 μM of each primer, 10 μl of 2 × MightyAmp Buffer Ver. 2 (Takara Bio 
Inc., Shiga, Japan), 0.4 μl of MightyAmp DNA Polymerase (Takara), and 3.6 μl 
of the template in a final volume of 20 μl. PCR was performed in a DNA thermal 
cycler (Applied Biosystems 2720 Thermal Cycler; Applied Biosystems, Carlsbad, 
CA). PCR conditions included an initial denaturation step at 98˚C for 2 min, 
followed by 30 cycles consisting of 98˚C for 10 s and 68˚C for 1 min. PCR prod-
ucts were analyzed by 2.0% agarose gel electrophoresis before being visualized by 
electrophoresis in 1 × Tris-borate-EDTA on a 2% agarose gel stained with ethi-
dium bromide. A 100-bp DNA ladder (Takara Biomed, Shiga, Japan) was used 
as a molecular size marker.  
 

Table 1. Species-specific primers for bacteria species involved in peri-implantitis and detection frequencies of those organisms. 

No. Sequence  
Size 
(bp) 

Reference 

Detection frequency  
Number of positive  

samples (%) 

Healthy  
implant 
(n = 30) 

Peri-implantitis 
(n = 30) 

1 
Porphyromonas 

uenonis 
F CGTCTACGTGTAGACGTTT 

189 

[21] 

0 (0) 3 (10) 
R CTAGAGAGTTTCAAAGGCAAGA 

2 
Porphyromonas 

endodontalis 
F TGATTACAGATGGGCATG 

257 6 (20) 16 (53.3) 
R TCTCAGCTACACGTAGCTGC 

3 
Porphyromonas 

gingivalis 
F ACAGAGGGGGATAACCCGTT 

338 6 (20) 12 (40) 
R ATGCAATACTCGTATCGCC 

4 
Porphyromonas 
asaccharolyticus 

F TACTCCTTAGATCCCATGAG 
466 0 (0) 4 (13.3) 

R CTAGAGAGTTTCAAAGGCAAGA 

5 
Porphyromonas 

bennonis 
F CTTAAGTACGCCTGTACATG 

831 3 (10) 2 (6.7) 
R GGTTTCCCAAGAGGCTCAC 

6 
Prevotella 

melaninogenica 
F TTTGAAGTAAAGATTTATC 

274 3 (10) 6 (20) 
R AATAGGGACACGTCCCTAAC 
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Continued 

7 
Prevotella 
loescheii 

F GGGGCGCTTGAGTGCGCTGA 
394 

 

3 (10) 0 (0) 
R GCGGCGGCCCCGAAGGGCC 

8 
Prevotella 
intermedia 

F CATATGGCATCTGACGTGGAC 
659 3 (10) 6 (20) 

R TAACGCCAGGCGCTAACAG 

9 
Prevotella 
nigrescens 

F GTTTCATTGACGGCATCCGATA 
394 3 (10) 8 (26.7) 

R AAGCCCACGTCTCTGTGGG 

10 
Prevotella 
Denticola 

F TTCGAAGCAAAGATCCGTC 
1062 9 (30) 8 (26.7) 

R GCTCGCGCCGCACCGGCAC 

11 
Tannerella 
forsythia 

F GCGTATGTAACCTGCCCGCA 
641 

[22] 

6 (20) 18 (60) 
R TGCTTCAGTGTCAGTTATACCT 

12 
Treponema 

denticola 
F TAATACCGAATGTGCTCATTTACAT 

316 6 (20) 14 (46.7) 
R TCAAAGAAGCATTCCCTCTTCTTCTTA 

13 
Aggregatibactor 

actinomycetemcomitans 
F AAACCCATCTCTGAGTTCTTCTTC 

557 0 (0) 0 (0) 
R ATGCCAACTTGACGTTAAAT 

14 
Campylobactor 

rectus 
F TTTCGGAGCGTAAACTCCTTTTC 

598 9 (30) 18 (60) 
R TTTCTGCAAGCAGACACTCTT 

15 
Helicobacter 

pylori 
F ATAGTCAGTCAGGTGTGA 

869 [23] 3 (10) 2 (6.7) 
R CAATTTAGCATCCTGACTT 

16 
Solobacterium 

moorei 
F TCGGAAGGCATCTTCTGGTT 

452 [24] 3 (10) 6 (20) 
R AAGTGGCTGGATTGGGTTGA 

17 
Rothia 

mucilaginosa 
F GCCTAGCTTGCTAGGTGGA 

400 [25] 21 (70) 6 (20) 
R GCAGGTACCGTCAATCTCTC 

18 
Corynebacterium 

matruchotii 
F TGGTGACGGTACCTTTGTTA 

569 

[26] 

3 (10) 6 (20) 
R ACCGGTCCCCACACCTAA 

19 
Corynebacterium 

durum 
F ACATACGACCATGGCGTAGG 

284 16 (53.3) 29 (96.7) 
R AGGTGGGGCTTCGTCCCGG 

20 
Eubacterium 

sulci 
F ATAAAGGAATGAAGCTTCG 

122 

In this 
study 

0 (0) 0 (0) 
R GTTATGGGGTATTAATCAC 

21 
Eubacterium 

saphenum 
F CGTACCCTTAATCGGGTAT 

275 0 (0) 4 (13.3) 
R AAGATTTGCTCCCCCTTGCG 

22 
Eubacterium 

limosum 
F TTGATGGATCTTCGGGTGAC 

361 0 (0) 2 (6.7) 
R TCCGAAAACCTTCTTCAC 

23 
Eubacterium 

nodatum 
F TTAAGTAAGCGTAGGGTTT 

433 0 (0) 8 (26.7) 
R CTCAGTTTTAACCGAGCTT 

24 
Eubacterium 

branchy 
F TTTTGAAAAGATTCTTCGGA 

509 0 (0) 2 (6.7) 
R AAGGCCACCTACGTACCC 

25 
Eubacterium 

yurii 
F TCAACCTGTGACACACGGA 

691 0 (0) 6 (20) 
R TTCCTCCCGACACCTAGTGT 
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Continued 

26 
Eubacterium 

infirmum 

F GATGCAAGAGATACACATGT 
790 

 

0 (0) 6 (20) 
R GTTCCTGGTAAGGTTCTT 

27 
Eubacterium 

minutum 

F TAAAAGGACACTTCGGTAG 
936 0 (0) 2 (6.7) 

R AACGGCATTACCCGATACT 

28 
Atopobium 
minutum 

F TCTTTTAGATGTGTATAAAG 
139 0 (0) 0 (0) 

R TAGACGCTTTGTCTTGTGTG 

29 
Atopobium 

deltae 

F TGTATTGATCGCATGGTAT 
277 0 (0) 0 (0) 

R ATAAGGCCTCGTCCCTGCTG 

30 
Atopobium 

rimae 

F AGAATAGCTCTTCCGTGCC 
432 6 (20) 2 (6.7) 

R CGCCCTTGCGGGTTGGCAGCT 

31 
Atopobium 

fossor 

F AGACCGCGTTCCGATACCG 
500 0 (0) 0 (0) 

R TGGCTGCCAGCTTAACCT 

32 
Atopobium 
parvulum 

F GAGACTTCCGCATGGAAGACT 
642 0 (0) 2 (6.7) 

R GAAATACTCCCCCACACCT 

33 
Atopobium 

vaginae 

F ATATTTCTCGCATGGCGAAT 
817 0 (0) 0 (0) 

R AGTGTTTCCACTGCTTCAC 

34 
Gemella 

morbillorum 

F TATTTCTCGCATGAGAGATA 
300 0 (0) 0 (0) 

R TACATGTATAGTTACTACAT 

35 
Streptococcus 

mutans 
F GAGCTTACCAAGGCGACGATA 

332 18 (60) 12 (40) 
R TCCTGACCGCCTGCGCTCC 

36 
Filifactor 

alocis 
F AAGAAATGACAGTACCC 

546 3 (10) 12 (40) 
R GTCCTCGATTAAAAGGCTGTCATT 

37 
Fretibacterium 

fastidiosum 

F TGGTAACACGGAATGGCATAC 
738 5 (16.7) 20 (66.7) 

R ACCAACATCTCTGCTCGC 

38 
Fusobacterium 

nucleatum 

F AATAGGGCATCCTATAAT 
1063 22 (73.3) 24 (80) 

R TTCACAGCTTTGCAACTC 

39 
Slackia 
exigua 

F TTTAGGGGGCGCATAGAGT 
1175 4 (13.3) 18 (60) 

R AAGGGATTCGCTCGCCCTCGCGGGTC 

2.4. Clinical Samples  

Sixty patients attending Nihon University Hospital, School of Dentistry at Mat-
sudo, participated in the present study. They were divided into two subject 
groups: periodontally healthy patient with implants (HI) and patients with pe-
ri-implantitis (PI) groups. Thirty HI and thirty PI subjects were selected by in-
clusion criteria for peri-implantitis as follows: patients who underwent dental 
implantation treatments between 2015 and 2019; patients with at least one dental 
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implant for more than half a year; according to the Guidelines of Periodontolo-
gy, PI was defined as bleeding of probing (BOP) and/or probing pocket depth 
(PPD) ≥ 4 mm, accompanied by bone tissue loss under the first thread of the 
implant (i.e. bone absorption ≥ 2 mm). HI was defined as PPD ≤ 3 mm, and the 
absence of BOP, pus discharge, and bone absorption. Exclusion criteria were as 
follows: patients with systematic diseases; patients receiving periodontal therapy 
within six months; taking immunosuppressive agents or antibiotics; the long-term 
use of contraceptive drugs; pregnant women. Peri-implant sulcus fluid (PISF) 
samples were collected using endodontic paper points from all subjects and 
placed in a sterile microcentrifuge tube containing 50 μl of Tris-HCl buffer (0.05 
M, pH 7.2). Samples were dispersed by sonication for 30 s in an ice bath (50 W, 
20 kHz, Astrason® System model XL 2020, NY., USA). The detection frequencies 
of bacteria species involved in peri-implantitis in each PISF sample were deter-
mined using a PCR method. The present study was conducted in accordance 
with the principles of the Declaration of Helsinki, and was approved by the Eth-
ics Committee of Nihon University School of Dentistry at Matsudo, Japan (EC 
18-033). 

2.5. Statistical Analysis  

The detection frequencies of bacteria species involved in peri-implantitis in both 
groups were compared using Fisher’s exact test. Values of p < 0.05 were consi-
dered significant. Moreover, bacteria species involved in peri-implantitis were 
divided into three hierarchies (Hierarchy I: p < 0.01; Hierarchy II: p < 0.05; Hie-
rarchy III: p > 0.05).  

3. Results  
3.1. PCR Method for Detecting Bacteria Species Involved in  

Peri-Implantitis 
3.1.1. Primer Design  
Ten specific primers covering the upstream regions of the 16S rDNA of E. sulci, 
E. saphenum, E. limosum, E. nodatum, E. branchy, E. yurii, E. infirmum, E. mi-
nutum, A. minutum, A. deltae, A. rimae, A. fossor, A. parvulum, A. vaginae, G. 
morbillorum, S. mutans, F. alocis, F. fastidiosum, F. nucleatum and S. exigua 
were designed in the present study (Table 1). The amplicon sizes of E. sulci, E. 
saphenum, E. limosum, E. nodatum, E. branchy, E. yurii, E. infirmum, E. minu-
tum, A. minutum, A. deltae, A. rimae, A. fossor, A. parvulum, A. vaginae, G. 
morbillorum, S. mutans, F. alocis, F. fastidiosum, F. nucleatum and S. exigua 
were 122 bp, 275 bp, 361 bp, 433 bp, 509 bp, 691 bp, 790 bp, 936 bp, 139 bp, 277 
bp, 432 bp, 500 bp, 642 bp, 817 bp, 300 bp, 332 bp, 546 bp, 738 bp, 1063 bp and 
1175 bp, respectively.  

3.1.2. Assay of Bacteria Species Involved in Peri-Implantitis 
The PCR method used to detect bacteria species involved in peri-implantitis 
produced positive bands from each reference strains (Figure 1 and Figure 2). 
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Some Streptococcus, Actinomyces, Neisseria, Corynebacterium and Rothia spe-
cies were used as representative oral bacteria in PCR using the designed primer 
set. No amplicons were produced from any of the representative oral bacteria 
(data not shown). The detection limit was assessed in the presence of titrated 
bacterial cells, and the detection sensitivity of the PCR assay was 50 - 100 CFU 
per PCR template (5.6 μl) for each species-specific primer set with each strain 
(data not shown).  
 

 
Figure 1. Specificity of PCR assays. Lanes: 1: Eubacterium sulci ATCC 
35585; 2: Eubacterium saphenum ATCC 49989; 3: Eubacterium limo-
sum JCM 6421; 4: Eubacterium nodatum JCM 14550; 5: Eubacterium 
branchy ATCC 33089; 6: Eubacterium yurii ATCC 43714; 7: Eubacte-
rium infirmum ATCC 700433; 8: Eubacterium minutum ATCC 700079. 
M: molecular size marker (100-bp DNA ladder).  

 

 

Figure 2. Specificity of PCR assays. Lanes: 1: Atopobium minutum ATCC 33267; 2: Atopobium deltae CCUG 65171; 3: 
Atopobium rimae ATCC 49626; 4: Atopobium fossor ATCC 43386; 5: Atopobium parvulum ATCC 33793; 6: Atopobium 
vaginae ATCC BAA-55; 7: Gemella morbillorum JCM 12968; 8: Streptococcus mutans JCM 5705; 9: Filifactor alocis ATCC 
35896; 10: Fretibacterum fastidiosum JCM 16858; 11: Fusobacterium nucleatum JCM 8532; 12: Slackia exigua JCM 11022. 
M: molecular size marker (100-bp DNA ladder).  
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3.2. Clinical Examination 

The clinical parameters of HI and PI groups are shown in Table 2. The average 
ages and PPDs of HI and PI groups were 56 (range: 37 - 68) and 58 (range: 44 - 
71), and 2.32 mm and 7.78 mm, respectively. The detection frequencies of bacte-
ria species involved in peri-implantitis in PISF samples obtained from the two 
groups are shown in Table 1. Also, Table 3 shows the hierarchy of bacteria spe-
cies involved in peri-implantitis. In the PI group, detection frequencies of Cory-
nebacterium durum (p = 0.0001), F. fastidiosum (p = 0.0002) and Slackia exigua 
(p = 0.0004) were significantly higher than those of the HI group, and were 
grouped into Hierarchy I (p < 0.01). Following those organisms, Tannerella for-
sythia (p = 0.003), E. nodatum (p = 0.005), Porphyromonas endodontitis (p = 
0.015), F. alocis (p = 0.015), E. yurii (p = 0.024), E. infirmum (p = 0.024) and 
Campylobacter rectus (p = 0.037) were grouped into Hierarchy II (p < 0.05). On 
the other hand, Porphyromonas gingivalis (p = 0.158) and Treponema denticola 
(p = 0.054) belonging to red complex were frequently detected from some of the 
HI group, and were grouped into Hierarchy III (p > 0.05). 

4. Discussion 

In addition to periodontitis, peri-implantitis is primarily caused by bacterial in-
fection and presents symptoms such as soft tissue inflammation and bone re-
sorption, but often progresses asymptomatically. However, peri-implantitis ra-
pidly progresses compared with periodontitis, and therapeutics for periodontitis 
have limited effectiveness against peri-implantitis [27] [28] [29]. The detach-
ment of the implant body in severe peri-implantitis cases occurs by resorption of 
the supporting bone, thereby reducing the quality of life of patients. In order to 
prevent the onset of peri-implantitis, it is necessary to establish a useful bacteri-
ological examination system.  

In the present study, species-specific primers to detect some bacteria species 
involved in peri-implantitis were designed using a multiplex PCR method. These 
primers were able to distinguish each bacteria species and did not react with 
representative oral bacteria. Moreover, the PCR analysis in this study could di-
rectly use bacterial cells using MightyAmp DNA Polymerase Ver. 3 (Takara) and 
be completed in approximately 1.5 h.  

 
Table 2. Clinical parameters of the two groups.  

Group 

Subject Clinical findings 

No. of subjects 
(male:female) 

Average age 
(range) 

BOP 
Pus 

discharge 
Bone 
loss 

Average PPD 
(range) 

Healthy implants 
30 

(13:17) 
56 

(37 - 68) 
- - - 

2.32 mm 
(2 - 3 mm) 

Peri-implantitis 
30 

(16:14) 
58 

(44 - 71) 
+ + + 

7.78 mm 
(5 - 11 mm) 
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Table 3. Hierarchy of bacteria species involved in peri-implantitis.  

Ranking Bacteria species 
Fisher’s exact test 

Hierarchy  
(p-value) 

1 Fretibacterium fastidiosum 0.0001 
Hierarchy I 
(p < 0.01)  

2 Corynebacterium durum 0.0002 

3 Slackia exigua 0.0004 

4 Tannerella forsythia 0.003 

Hierarchy II 
(p < 0.05)  

5 Eubacterium nodatum 0.005 

6 Porphyromonas endodontalis 0.015 

7 Filifactor alocis 0.015 

8 Eubacterium yurii 0.024 

9 Eubacterium infirmum 0.024 

10 Campylobactor rectus 0.037 

11 Treponema denticola 0.054 

Hierarchy III 
(p > 0.05) 

12 Porphyromonas asaccharolyticus 0.112 

13 Eubacterium saphenum 0.112 

14 Porphyromonas gingivalis 0.158 

15 Prevotella nigrescens 0.181 

16 Porphyromonas uenonis 0.273 

17 Prevotella melaninogenica 0.472 

18 Prevotella intermedia 0.472 

19 Solobacterium moorei 0.472 

20 Corynebacterium matruchotii 0.472 

 
In the present study, bacteria species involved in peri-implantitis were inves-

tigated as an indicator of unhealthy peri-implant tissue conditions such as im-
plant mucositis and peri-implantitis. Currently, bacteriological examinations of 
implant treatments target periodontopathic bacteria such as red complex bacte-
ria, which are detected qualitatively or quantitatively. However, it seems that 
those examinations do not precisely reflect the peri-implant tissue conditions, 
because periodontopathic bacteria may be detected at healthy peri-implant sites 
[19]. We have been searching for bacteria that are suitable as an indicator for 
unhealthy peri-implant tissue conditions such as implant mucositis and pe-
ri-implantitis. Recently, peri-implantitis-specific bacteria species have been re-
ported by several studies using DNA hybridisation and 16S rDNA sequencing 
[30] [31]. We, therefore, chose several bacteria species involved in peri-implantitis 
as possible indicator species in the present study. As a result, In the PI group, the 
detection frequencies of C. durum (p = 0.0001), F. fastidiosum (p = 0.0002) and 
S. exigua (p = 0.0004) were significantly higher than those of the HI group (p < 
0.01); however, P. gingivalis (p = 0.158) and T. denticola (p = 0.054) belonging 
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to red complex were frequently detected from some of the HI group (p > 0.05). 
Renvert et al. also reported that the prevalence of red complex bacteria, consi-
dered as key pathogens in periodontitis, is low and does not seem to differ by 
implant status [19].  

The method described herein will be useful for determining the distribution 
and role of these organisms in various locations in humans. Moreover, the mon-
itoring of C. durum, F. fastidiosum and S. exigua levels may be suitable as an in-
dicator reflecting unhealthy peri-implant tissue conditions to aid in the preven-
tion of peri-implantitis. 

5. Conclusion 

It was suggested that monitoring C. durum, F. fastidiosum and S. exigua levels in 
PISF samples was useful as a clinical indicator for the evaluation of peri-implant 
tissue condition. 

Authors’ Contributions  

H. Murakami, O. Tsuzukibashi, A. Fukatsu, Y. Takahashi, K. Idei, K. Usuda, M. 
Fuchigami, C. Komine, S. Uchibori, K. Umezawa, S. Hayashi and T. Asano cor-
rected the data. H. Murakami, O. Tsuzukibashi, A. Fukatsu, M. Wakami, T. Ko-
bayashi and M. Fukumoto drafted and wrote the manuscript. The concept of this 
manuscript was devised by H. Murakami. All authors read and approved the fi-
nal manuscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Van Velzen, F.J., Ofec, R., Schulten, E.A. and Ten Bruggenkate, C.M. (2015) 10-Year 

Survival Rate and the Incidence of Peri-Implant Disease of 374 Titanium Dental 
Implants with a SLA Surface: A Prospective Cohort Study in 177 Fully and Partially 
Edentulous Patients. Clinical Oral Implants Research, 26, 1121-1128.  
https://doi.org/10.1111/clr.12499 

[2] Kuchler, U., Chappuis, V., Gruber, R., Lang, N.P. and Salvi, G.E. (2016) Immediate 
Implant Placement with Simultaneous Guided Bone Regeneration in the Esthetic 
Zone: 10-Year Clinical and Radiographic Outcomes. Clinical Oral Implants Research, 
27, 253-257. https://doi.org/10.1111/clr.12586 

[3] Pjetursson, B.E., Thoma, D., Jung, R., Zwahlen, M. and Zembic, A. (2012) A Syste-
matic Review of the Survival and Complication Rates of Implant-Supported Fixed 
Dental Prostheses (FDPs) after a Mean Observation Period of at Least 5 Years. Clini-
cal Oral Implants Research, 23, 22-38.  
https://doi.org/10.1111/j.1600-0501.2012.02546.x 

[4] Jung, R.E., Zembic, A., Pjetursson, B.E., Zwahlen, M. and Thoma, D.S. (2012) Sys-
tematic Review of the Survival Rate and the Incidence of Biological, Technical, and 
Aesthetic Complications of Single Crowns on Implants Reported in Longitudinal 

https://doi.org/10.4236/ojst.2023.1310029
https://doi.org/10.1111/clr.12499
https://doi.org/10.1111/clr.12586
https://doi.org/10.1111/j.1600-0501.2012.02546.x


H. Murakami et al. 
 

 

DOI: 10.4236/ojst.2023.1310029 364 Open Journal of Stomatology 
 

Studies with a Mean Follow-Up of 5 Years. Clinical Oral Implants Research, 23, 
2-21. https://doi.org/10.1111/j.1600-0501.2012.02547.x 

[5] Derks, J. and Tomasi, C. (2015) Peri-Implant Health and Disease. A Systematic Re-
view of Current Epidemiology. Journal of Clinical Periodontology, 42, S158-S171.  
https://doi.org/10.1111/jcpe.12334 

[6] Heitz-Mayfield, L.J. and Mombelli, A. (2014) The Therapy of Peri-Implantitis: A 
Systematic Review. The International Journal of Oral Maxillofacial Implants, 29, 
325-345. https://doi.org/10.11607/jomi.2014suppl.g5.3 

[7] Sahrmann, P., Attin, T. and Schmidlin, P.R. (2011) Regenerative Treatment of Pe-
ri-Implantitis Using Bone Substitutes and Membrane: A Systematic Review. Clinical 
Implant Dentistry Related Research, 13, 46-57.  
https://doi.org/10.1111/j.1708-8208.2009.00183.x 

[8] Monje, A., Catena, A. and Borgnakke, W.S. (2017) Association between Diabetes 
Mellitus/Hyperglycaemia and Peri-Implant Diseases: Systematic Review and Me-
ta-Analysis. Journal of Clinical Periodontology, 44, 636-648.  
https://doi.org/10.1111/jcpe.12724 

[9] De Araújo Nobre, M., Maló, P. and Antune, E. (2014) Influence of Systemic Condi-
tions on the Incidence of Peri-Implant Pathology: A Case-Control Study. Implant 
Dentistry, 23, 305-310. https://journals.lww.com/10.1097/ID.0000000000000071  
https://doi.org/10.1097/ID.0000000000000071 

[10] Renvert, S. and Quirynen, M. (2015) Risk Indicators for Peri-Implantitis. A Narra-
tive Review. Clinical Oral Implants Research, 26, 15-44.  
https://doi.org/10.1111/clr.12636 

[11] Vervaeke, S., Collaert, B., Cosyn, J. and De Bruyn, H. (2016) A 9-Year Prospective 
Case Series Using Multivariate Analyses to Identify Predictors of Early and Late Pe-
ri-Implant Bone Loss. Clinical Implant Dentistry Related Research, 18, 30-39.  
https://doi.org/10.1111/cid.12255 

[12] Heitz-Mayfield, L.J. (2008) Peri-Implant Diseases: Diagnosis and Risk Indicators. 
Journal of Clinical Periodontology, 35, 292-304.  
https://doi.org/10.1111/j.1600-051X.2008.01275.x 

[13] Tecco, S., Grusovin, M.G., Sciara, S., Bova, F., Pantaleo, G. and Capparé, P. (2018) 
The Association between Three Attitude-Related Indexes of Oral Hygiene and Sec-
ondary Implant Failures: A Retrospective Longitudinal Study. International Journal 
of Dental Hygiene, 16, 372-379. https://doi.org/10.1111/idh.12300 

[14] Sanz, M. and Chapple, I.L. (2012) Working Group 4 of the VIII European Workshop 
on Periodontology. Clinical Research on Peri-Implant Diseases: Consensus Report 
of Working Group 4. Journal of Clinical Periodontology, 39, 202-206.  
https://doi.org/10.1111/j.1600-051X.2011.01837.x 

[15] Van Winkelhoff, A.J., Goene, R.J., Benschop, C. and Folmer, T. (2000) Early Colo-
nization of Dental Implants by Putative Periodontal Pathogens in Partially Eden-
tulous Patients. Clinical Oral Implants Research, 11, 511-520.  
https://doi.org/10.1034/j.1600-0501.2000.011006511.x 

[16] Quirynen, M., Vogels, R., Peeters, W., van Steenberghe, D., Naert, I. and Haffajee, 
A. (2006) Dynamics of Initial Subgingival Colonization of Pristine Peri-Implant Pock-
ets. Clinical Oral Implants Research, 17, 25-37.  
https://doi.org/10.1111/j.1600-0501.2005.01194.x 

[17] Leonhardt, A., Renvert, S. and Dahlen, G. (1999) Microbial Findings at Failing Im-
plants. Clinical Oral Implants Research, 10, 339-345.  
https://doi.org/10.1034/j.1600-0501.1999.100501.x 

https://doi.org/10.4236/ojst.2023.1310029
https://doi.org/10.1111/j.1600-0501.2012.02547.x
https://doi.org/10.1111/jcpe.12334
https://doi.org/10.11607/jomi.2014suppl.g5.3
https://doi.org/10.1111/j.1708-8208.2009.00183.x
https://doi.org/10.1111/jcpe.12724
https://journals.lww.com/10.1097/ID.0000000000000071
https://doi.org/10.1097/ID.0000000000000071
https://doi.org/10.1111/clr.12636
https://doi.org/10.1111/cid.12255
https://doi.org/10.1111/j.1600-051X.2008.01275.x
https://doi.org/10.1111/idh.12300
https://doi.org/10.1111/j.1600-051X.2011.01837.x
https://doi.org/10.1034/j.1600-0501.2000.011006511.x
https://doi.org/10.1111/j.1600-0501.2005.01194.x
https://doi.org/10.1034/j.1600-0501.1999.100501.x


H. Murakami et al. 
 

 

DOI: 10.4236/ojst.2023.1310029 365 Open Journal of Stomatology 
 

[18] Aas, J.A., Paster, B.J., Stokes, L.N., Olsen, I. and Dewhirst, F.E. (2005) Defining the 
Normal Bacterial Flora of the Oral Cavity. Journal of Clinical Microbiology, 43, 
5721-5732. https://doi.org/10.1128/JCM.43.11.5721-5732.2005 

[19] Renvert, S., Roos-Jansaker, A.M., Lindahl, C., Renvert, H. and Persson, G.R. (2007) 
Infection at Titanium Implants with or without a Clinical Diagnosis of Inflamma-
tion. Clinical Oral Implants Research, 18, 509-516.  
https://doi.org/10.1111/j.1600-0501.2007.01378.x 

[20] Fukatsu, A., Tsuzukibashi, O., Suzuki, H., Asaka, K., Ono, Y., Fuchigami, M., Ko-
bayashi, T., Uchibori, S., Takahashi, Y., Komine, C., Konishi, Y., Ogura, Y., Omori, 
H., Wakami, M., Murakami, H. and Fukumoto, M. (2021) One-Step Multiplex PCR 
for Simultaneous Detection and Identification of Eight Medically Important Can-
dida Species. Open Journal of Stomatology, 11, 14-24.  
https://doi.org/10.4236/ojst.2021.111002 

[21] Fuchigami, M., Tsuzukibashi, O., Uchibori, S., Komine, C., Konishi, Y., Ogura, Y., 
Omori, H., Fukatsu, A. and Fukumoto, M. (2020) Primer Design for the Identifica-
tion and Detection of Black-Pigmented Anaerobe Rods Using Multiplex PCR. Journal 
of Japanese Society for Evidence and the Dental Professional, 12, 31-38. 

[22] Ashimoto, A., Chen, C., Bakker, I. and Slots, J. (1996) Polymerase Chain Reaction 
Detection of 8 Putative Periodontal Pathogens in Subgingival Plaque of Gingivitis and 
Advanced Periodontitis Lesions. Oral Microbiology and Immunology, 11, 266-273.  
https://doi.org/10.1111/j.1399-302X.1996.tb00180.x 

[23] Tsuzukibashi, O., Uchibori, S., Fuchigami, M., Takahashi, Y., Komine, C., Konishi, 
Y., Ogura, Y., Omori, H., Fukatsu, A. and Fukumoto, M. (2021) Novel Selective 
Medium for The Isolation of Helicobacter pylori and Its Prevalence in Oral Cavities. 
Journal of Japanese Society for Evidence and the Dental Professional, 13, 20-29. 

[24] Furuichi, Y., Fuchigami, M. and Tsuzukibashi, O. (2020) Isolation and Identifica-
tion Methods for Solobacterium moorei Involved in Halitosis. Journal of Japanese 
Society for Evidence and the Dental Professional, 12, 11-21. 

[25] Tsuzukibashi, O., Uchibori, S., Kobayashi, T., Umezawa, K., Mashimo, C., Nambu, 
T., Saito, M., Hashizume-Takizawa, T. and Ochiai, T. (2017) Isolation and Identifi-
cation Methods of Rothia Species in Oral Cavities. Journal of Microbiological me-
thods, 134, 21-26. https://doi.org/10.1016/j.mimet.2017.01.005 

[26] Tsuzukibashi, O., Uchibori, S., Shinozaki-Kuwahara, N., Kobayashi, T., Takada, K. 
and Hirasawa, M. (2014) A Selective Medium for the Isolation of Corynebacterium 
Species in Oral Cavities. Journal of Microbiological Methods, 104, 67-71.  
https://doi.org/10.1016/j.mimet.2014.06.005 

[27] Lang, N.P., Brägger, U., Walther, D., Beamer, B. and Kornman, K.S. (1993) Liga-
ture-Induced Peri-Implant Infection in Cynomolgus Monkeys. I. Clinical and Ra-
diographic Findings. Clinical Oral Implants Research, 4, 2-11.  
https://doi.org/10.1034/j.1600-0501.1993.040101.x 

[28] Charalampakis, G., Rabe, P., Leonhardt, A. and Dahlén, G. (2011) A Follow-Up 
Study of Peri-Implantitis Cases after Treatment. Journal of Clinical Periodontology, 
38, 864-871. https://doi.org/10.1111/j.1600-051X.2011.01759.x 

[29] De Waal, Y.C., Raghoebar, G.M., Meijer, H.J., Winkel, E.G. and van Winkelhoff, A.J. 
(2016) Prognostic Indicators for Surgical Peri-Implantitis Treatment. Clinical Oral 
Implants Research, 27, 1485-1491. https://doi.org/10.1111/clr.12584 

[30] Shiba, T., Watanabe, T., Kachi, H., Koyanagi, T., Maruyama, N., Murase, K., Takeu-
chi, Y., Maruyama, F., Izumi, Y. and Nakagawa, I. (2016) Distinct Interacting Core 
Taxa in Co-Occurrence Networks Enable Discrimination of Polymicrobial Oral Dis-

https://doi.org/10.4236/ojst.2023.1310029
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
https://doi.org/10.1111/j.1600-0501.2007.01378.x
https://doi.org/10.4236/ojst.2021.111002
https://doi.org/10.1111/j.1399-302X.1996.tb00180.x
https://doi.org/10.1016/j.mimet.2017.01.005
https://doi.org/10.1016/j.mimet.2014.06.005
https://doi.org/10.1034/j.1600-0501.1993.040101.x
https://doi.org/10.1111/j.1600-051X.2011.01759.x
https://doi.org/10.1111/clr.12584


H. Murakami et al. 
 

 

DOI: 10.4236/ojst.2023.1310029 366 Open Journal of Stomatology 
 

eases with Similar Symptoms. Scientific Reports, 6, Article No. 30997.  
https://doi.org/10.1038/srep30997 

[31] Sanz-Martin, I., Doolittle-Hall, J., Teles, R.P., Patel, M., Belibasakis, G.N., Hämmerle, 
C.H.F., Jung, R.E. and Teles, F.R.F. (2017) Exploring the Microbiome of Healthy 
and Diseased Peri-Implant Sites Using Illumina Sequencing. Journal of Clinical Pe-
riodontology, 44, 1274-1284. https://doi.org/10.1111/jcpe.12788 

 

https://doi.org/10.4236/ojst.2023.1310029
https://doi.org/10.1038/srep30997
https://doi.org/10.1111/jcpe.12788

	Investigation of Bacteria Species Most Involved in Peri-Implantitis
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Bacteria Species, Bacterial Strains and Culture Conditions
	2.2. Design of Species-Specific Primers for Bacteria Species Involved in Peri-Implantitis 
	2.3. Development of a PCR Method for Detecting Bacteria Species Involved in Peri-Implantitis 
	2.4. Clinical Samples 
	2.5. Statistical Analysis 

	3. Results 
	3.1. PCR Method for Detecting Bacteria Species Involved in Peri-Implantitis
	3.1.1. Primer Design 
	3.1.2. Assay of Bacteria Species Involved in Peri-Implantitis

	3.2. Clinical Examination

	4. Discussion
	5. Conclusion
	Authors’ Contributions 
	Conflicts of Interest
	References

