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Background: Periodontitis and peri-implantitis are diseases caused by pathogenic microorganisms that cause tissue damage and 

alveolar bone destruction resulting in the loss of teeth and implants. Due to the biological differences in the tissues surrounding 

the implants, peri-implantitis progresses more rapidly and intensely than periodontitis, underscoring the importance of 

understanding the characteristics and interactions of pathogenic bacteria. This study aimed to quantitatively analyze the 

pathogenic microorganisms associated with periodontitis and peri-implantitis in Korean patients and evaluate the correlation 

between these bacteria.

Methods: A total of 98 (52 males and 46 females) were randomly selected and classified into three groups (healthy group [HG]=25; 

periodontitis group [PG]=31; and peri-implantitis group [PIG]=42). The relative expression levels of 11 pathogenic micro-

organisms collected from the gingival sulcus fluid were determined using multiplex real-time polymerase chain reaction. 

Results: Eikenella corrodens, Fusobacterium nucleatum, and Prevotella nigrescens were highly prevalent in the HG, PG, and PIG 

patients. The results of the relative quantitative analysis of microorganisms showed that all bacteria belonging to the green, 

orange, and red complexes were significantly more abundant in the PG and PIG than in the HG (p＜0.05). Porphyromonas 

gingivalis in the red complex showed a positive correlation with all microorganisms in the orange complex (p＜0.05). 

Campylobacter rectus in the orange complex showed a significant positive correlation with all microorganisms in the red complex, 

and with F. nucleatum, P. nigrescens, Prevotella intermedia, and Eubacterium nodatum (p＜0.05). 

Conclusion: P. gingivalis, C. rectus, and F. nucleatum exhibit strong interactions. Removing these bacteria can block complex 

formation and enhance the prevention and treatment of periodontitis and peri-implantitis.
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Introduction

1. Background

Periodontitis and peri-implantitis are diseases in which 
teeth and implants are lost due to tissue damage and alve-
olar bone destruction caused by inflammation1). Pathogenic 
microorganisms are the leading causes2,3), forming bac-
terial films on both the root and implant surfaces4). Moreover, 
the crevices of all the surfaces of healthy or inflamed im-
plants contain a greater variety of pathogenic microorganisms 
compared to the subgingival biofilms of natural teeth5). 

Peri-implantitis progresses faster and more intensely than 
general periodontitis because implants have different bio-
logical structures and less vascular distribution in the surro-
unding tissues1). Because peri-implantitis, such as perio-
dontitis, begins with pathogenic microorganisms, attention 
should be paid to the characteristics and interrelationships 
of bacteria growing in colonies6,7).

The pathogenic microorganisms commonly found in 
periodontitis and peri-implantitis include Aggregatibacter 
actinomycetemcomitans, Prevotella intermedia, Streptococcus 
intermedius, Fusobacterium nucleatum, Eikenella corr-
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odens, and Porphyromonas gingivalis8-11). Both diseases 
are associated with specific bacterial species or com-
plexes12). Socransky et al.13) identified the relationship 
between species, location, and environmental variables based 
on staining response, colony type, clinical parameters, and 
pigments. Based on this, the change patterns were pre-
dicted and classified into five types of complexes. Patho-
genic bacteria that significantly affect periodontal infla-
mmation are classified into red and orange complexes13). 
The red complex, which is related to pocket depth and 
bleeding, is mainly found in the late stages of periodon-
titis, whereas the orange complex is found in the middle 
stages. Bacteria in these two complexes promote interactions 
between strains, which may affect the occurrence and 
progression of periodontal inflammation14). Bacteria formed 
in the early stages of periodontitis are classified as green 
complexes, while those found in healthy periodontal tissue 
are classified as yellow and purple complexes13). A. acti-
nomycetemcomitans is the causative agent of rapid 
periodontal disease and is aggressive in localized areas. 
This is not classified as a cluster because the strain's 
“serum b” is different, but is mainly dealt with15).

It is essential to understand the characteristics, com-
position, and interactions of pathogenic microorganisms 
and develop strategies to prevent and treat diseases accor-
ding to risk factors. Sculean et al.16) suggested various 
treatment methods for patients with periodontitis and peri- 
implantitis through bacterial analysis, and confirmed that 
the treatment effect was improved by applying them. There-
fore, analysis of pathogenic microorganisms is essential. 
Existing culture-based methods have limitations such as 
difficulties in sample collection, low sensitivity and speci-
ficity, and cross-reactivity problems5). In addition, polyme-
rase chain reaction (PCR), which applies molecular bio-
logy technology, can confirm the appearance rate of mic-
roorganisms; however, quantitative analysis is not possible17). 
However, by using multiple real-time PCR, the causative 
bacteria of periodontal and implant infections can be dete-
cted and identified rapidly. Therefore, it has been widely 
used in dentistry because it can identify and quantify peri-
odontal pathogens in various clinical samples such as 
subgingival plaque, saliva, and gingival crevicular fluid7,18,19).

2. Objectives

This study aimed to compare the appearance rate and 
quantity of 11 types of periodontitis-related pathogenic mic-
roorganisms in periodontitis and peri-implantitis in Korean 
patients using multiplex real-time PCR, and to investigate 
the correlation between the detected bacteria. Thus, it is 
possible to predict the treatment effect through bacterial 
reduction in periodontal and implant health management, 
and to establish an appropriate treatment plan.

Materials and Methods

1. Participant selection

This clinical study was approved by the Gachon Bio-
ethics Committee. The study adhered to the ethical principles 
outlined in the Helsinki Declaration and followed the 
CONSORT guidelines20). The study was was registered in 
the Clinical Research Information Service (CRIS No. 
KCT0008890). G-power (version 3.1.9.7) was used to 
determine the sample size for this study, with the effect 
size set to 0.5, significance level  to 0.05, and power to 
0.95, and the calculated sample size was 80 people. 
Among the patients who visited the dental hospital, 130 
who showed an interest in the study were selected. All 
participants agreed to participate in the study after recei-
ving detailed information about the trial through oral and 
written study information sheets. In addition, 32 patients 
were excluded: patients with systemic diseases such as 
diabetes and hepatitis; patients with oral diseases exclu-
ding periodontitis; orthodontists; implant wearers used for 
overdentures; pregnant women; and antibiotic users. 
Finally, 98 patients (52 males, 46 females) participated in 
the study and signed a consent form.

2. Experimental procedure 

Probing pocket depth (PPD) and bleeding on probing 
(BOP) tests were performed in all patients to evaluate the 
periodontal and peri-implant conditions. One dental hygi-
enist examined four sites per tooth: #16, #11, #26, #31, 
#36, and #46 (mesial buccal, distal buccal, buccal, lingual, 
and palatal sides), using a WHO Probe (type C; DenMat, 
Lompoc., CA, USA). Patients were classified into healthy 
group (HG, n=25), periodontitis group (PG, n=31), and 
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Table 1. Used Strains in This Study

Scientific name Target strain Popular
A pannel Aggregatibacter actinomycetemcomitans KCCM 12227 ATCC 29522

Porphyromonas gingivalis KCTC 5332 ATCC 33277
Tannernella forsythia KCTC 5666 ATCC 43037
Treponema denticola KCTC 15104 ATCC 35405

B pannel Fusobacterium nucleatum KCTC 2640 ATCC 25586
Prevotella nigrescens KCTC 15081 ATCC 33563
Prevotella intermedia KCTC 9692 ATCC 25611
Total bacteria 16s rDNA

C pannel Eubacterium nodatum KCTC 15015 ATCC 33099
Parvimonas micra KCOM 1535 ATCC 33270
Campylobacter rectus KCTC 5636 ATCC 33238
Eikenella corrodens KCTC 15198 ATCC 23834

KCCM: Korean Culture Center of Microorganisms, ATCC: American Type Culture Collection, KCTC: Korean Collection for Type 
Cultures, KCOM: Korean Collection for Oral Microbiology.

peri-implantitis group (PIG, n=42). HG indicates no BOP 
and PPD not exceeding 3 mm. PG indicates presence of BOP 
in the periodontal area around natural teeth PPD greater than 
or equal to 4 mm. PIG indicates presence of BOP around the 
implant that has been placed for more than 12 months as 
well as PPD exceeding 4 mm21). 

Four samples were collected from the gingival crevi-
cular fluid of each tooth and implant. A sterilized paper 
point (#35, 04 taper; DiaDent, Cheongju, Korea) was 
inserted into the deepest periodontal pocket and maintai-
ned for 30∼40 seconds. The paper points that absorbed 
gingival sulcus fluid was transferred to a 50 mL conical 
tube (sterilized; SPL Life Sciences, Pocheon, Korea), 
stored at 4°C or colder, and then submitted to the OO Bio 
Corporation for pathogen sampling and analysis.

3. Pathogen sampling and analysis

A total of 11 significantly pathogenic microorganisms13) 
were selected and quantitatively analyzed. As shown in 
Table 1, the pathogenic microorganisms were classified 
into clusters based on colony morphology, staining reac-
tions, pigment production, and mutual correlation13), and 
the causative bacteria leading to acute periodontal disease15) 
were included. The genomic DNA (gDNA) of the patho-
genic microorganisms was extracted using a column-type 
Exgene Cell SV DNA Isolation Kit (Exgene Cell SV; 
GeneAll Biotech, Seoul, Korea) according to the manu-
facturer’s instructionsDue to potential interference bet-

ween forward and reverse primers designed for specific 
microbial DNA sequences, we grouped three to four strains 
into three separate panels (Table 1). These primers were 
used to analyze gDNA and clone standards isolated from 
the samples. Subsequently, the prepared forward and reverse 
primers and probes were mixed, and the analysis was 
conducted using a CFX96-IVD real-time PCR detection 
system (Bio-Rad Inc., Hercules, CA, USA). The input 
values before the analysis were the gDNA of standard 
strains sold by the Korean Collection for Type Cultures 
(KCTC, Korea), Korean Culture Center of Microo-
rganisms (KCCM, Korea), and Korean Collection for Oral 
Microbiology (KCOM, Korea). The conditions were set 
once at 95°C for 5 minutes, and 41 times at 95°C for 30 
seconds, 60°C for 40 seconds, and 72°C for 30 seconds. 
The strain was quantitatively analyzed based on the total 
gDNA amount of each sample. The analysis results were 
converted into an index to easily compare the differences 
by simply expressing the numerical value calculated as the 
average value obtained twice per sample.

4. Statistical analysis

Data were statistically analyzed using SPSS for 
Windows (version 29.00; IBM Corp., Armonk, NY, USA). 
First, the characteristics of the patients and sampling sites 
were analyzed using one-way ANOVA and Bonferroni 
post-hoc tests. The prevalence and number of pathogens in 
each group were evaluated using Kruskal–Wallis and 
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Table 2. Characteristics of Patients and Sampling Sites

HG (n=25) PG (n=31) PIG (n=42) p-value
Age (y) 39.72±10.32 54.81±10.85 62.31±8.06
Males:females (%) 07 (28.0):18 (72.0) 19 (61.3):12 (38.7) 26 (61.9):16 (38.1)
PPD (mm) 3.19±0.41 6.09±1.44 6.05±1.16
  p-value ＜0.001a ＜0.001b 0.893c

BOP (%) 2.96±3.87 27.58±10.87 31.36±11.84
  p-value ＜0.001a ＜0.001b 0.351c

Values are presented as mean±standard deviation or ratio.
HG: healthy group, PG: periodontitis group, PIG: peri-implantitis group, PPD: probing pocket depth, BOP: bleeding of probing.
aSignificant difference between the HG & PG.
bSignificant difference between the HG & PIG.
cSignificant difference between the PG & PIG.
The p-values are the result of one-way ANOVA and the Bonferroni post-hoc analysis.

Table 3. The Relative Expression Rate of Bacterial Pathogens in Three Groups by Real-time PCR

 HG (n=25) PG (n=31) PIG (n=42) p-value
Red Porphyromonas gingivalis 5 (20.0) 27 (87.1) 38 (90.5) ＜0.001

Tannernella forsythia 4 (16.0) 11 (35.5) 25 (59.5) 0.001
Treponema denticola 4 (16.0) 15 (48.4) 26 (61.9) 0.001

Orange Fusobacterium nucleatum 23 (92.0) 30 (96.8) 42 (100) 0.184
Prevotella nigrescens 18 (72.0) 28 (90.3) 37 (88.1) 0.120
Prevotella intermedia 2 (8.0) 22 (71.0) 32 (76.2) ＜0.001
Parvimonas micra 19 (76.0) 31 (100) 41 (97.6) 0.001
Eubacterium nodatum 2 (8.0) 20 (64.5) 29 (69.0) ＜0.001
Campylobacter rectus 7 (28.0) 24 (77.4) 36 (85.7) ＜0.001

Green Eikenella corrodens 25 (100) 30 (96.8) 41 (97.6) 0.683
Aggregatibacter actinomycetemcomitans 0 (0.0) 1 (3.2) 4 (9.5) 0.195

Values are presented as n (%).
HG: healthy group, PG: periodontitis group, PIG: peri-implantitis group.
The p-value is the result of the chi-square test.

Bonferroni post-hoc tests. Correlations between the 11 
pathogenic microorganisms were analyzed using Pearson's 
correlation coefficient. The statistical significance was set 
at p＜0.05.

Results

1. Characteristics of patients and sampling sites

Table 2 presents the mean age and sex of patients in each 
group. HG was 39.72 years (males: 28.0%; females: 72.0%), 
PG was 54.81 years (males: 61.3%; females: 38.7%); and 
PIG, 62.31 years (males: 61.9%; females: 38.1%). Table 2 
summarizes the characteristics of the sampling sites. The 
PPD and BOP of PG (6.09 mm, 27.58%, p＜0.001) and 
PIG (6.05 mm, 31.36%, p＜0.001) showed a significant 

difference from the HG (3.19 mm, 2.96%), but there was 
no difference between PG (6.09 mm, 27.58%) and PIG 
(6.05 mm, 31.36%) (Table 2).

2. The relative expression rate of bacterial 

pathogens in three groups by real-time PCR 

P. gingivalis, Tannernella forsythia, and Treponema 
denticola in the red complex appeared in the order of PIG 
(90.5%, 59.5%, and 61.9%, respectively), PG (87.1%, 35.5%, 
and 48.4%, respectively), and HG (20.0%, 16.0%, and 
16.0%, respectively) (p=0.001). P. intermedia and Parvi-
monas micra in the orange complex appeared at similarly 
high levels in PIG (76.2% and 97.6%, respectively) and 
PG (71.0% and 100%, respectively) and at low levels in 
HG (8.0% and 76.0%, respectively) (p=0.001). Eubac-
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Table 4. Amount of Bacterial Pathogens in Three Groups by Real-Time PCR 

 HG (n=25) PG (n=31) p
(HG-PG) PIG (n=42) p

(HG-PIG)
p

(PG-PIG) p

Red Porphyromonas gingivalis 0.42±2.08 18.24±28.95 ＜0.001 30.92±33.60 ＜0.001 0.389 ＜0.001
Tannernella forsythia 0.21±0.87 7.47±16.55 0.021 8.33±12.94 0.001 0.241 ＜0.001
Treponema denticola 0.00±0.01 0.37±0.62 0.018 2.29±8.32 ＜0.001 0.539 ＜0.001

Orange Fusobacterium nucleatum 50.31±68.35 163.08±120.71 ＜0.001 135.82±95.74 ＜0.001 ＞0.999 ＜0.001
Prevotella nigrescens 4.01±9.60 13.28±17.71 0.007 15.13±21.87 0.002 ＞0.999 0.001
Prevotella intermedia 0.59±2.13 11.64±22.99 ＜0.001 18.18±28.11 ＜0.001 0.922 ＜0.001
Parvimonas micra 0.27±0.76 3.45±4.00 ＜0.001 5.48±5.87 ＜0.001 0.745 ＜0.001
Eubacterium nodatum 0.13±0.45 4.45±8.67 ＜0.001 5.12±7.23 ＜0.001 ＞0.999 ＜0.001
Campylobacter rectus 0.21±0.68 3.22±4.34 ＜0.001 2.01±2.41 ＜0.001 ＞0.999 ＜0.001

Green Eikenella corrodens 3.56±3.89 9.97±11.51 0.030 5.45±8.26 0.032 ＞0.999 0.013
Aggregatibacter 

actinomycetemcomitans
0.00±0.00 0.00±0.01 0.256 0.02±0.11 0.061 0.639 0.189

Total 188.01±180.93 460.72±291.58 ＜0.001 446.06±200.62 ＜0.001 ＞0.999 ＜0.001
Values are presented as mean±standard deviation.
All bacterial counts are expressed in units of 106 cells/mL.
HG: healthy group, PG: periodontitis group, PIG: peri-implantitis group.
The p-values result from Kruskal–Wallis test and the Bonferroni post-hoc test by group.

terium nodatum and Campylobacter rectus appeared in the 
following order: PIG (69.0% and 85.7%, respectively), PG 
(64.5% and 77.4%, respectively), and HG (8.0% and 
28.0%, respectively) (p＜0.001) (Table 3).

3. Amount of bacterial pathogens in three 

groups by real-time PCR

All pathogens in the red and orange complexes showed 
differences in the abundance between HG and PG (p＜0.05), 
and HG and PIG (p＜0.01). The number of microorganisms 
in the PG and PIG was higher than that in the HG. However, 
there was no significant difference between PG and PIG. 
Similarly, E. corrodens in the green complex showed 
significant differences between HG and PG (p＜0.05), and 
HG and PIG (p＜0.05). A. actinomycetemcomitans did not 
differ between the groups (Table 4).

4. Pearson’s correlation between bacteria in 

sample sites

Among the red complexes, P. gingivalis and T. forsythia 
showed significant positive correlations (r=0.344, p＜0.001). 
P. gingivalis in the red complex correlated with F. nuclea-
tum (r=0.278, p＜0.01), Prevotella nigrescens (r=0.234, p
＜0.05), P. intermedia (r=0.290, p＜0.01), P. micra 
(r=0.221, p＜0.05), E. nodatum (r=0.448, p＜0.001) and 

C. rectus (r=0.338, p＜0.001) in the orange complex. In 
addition, T. forsythia correlated with F. nucleatum 
(r=0.261, p＜0.01), P. nigrescens (r=0.216, p＜0.05), E. 
nodatum (r=0.481, p＜0.001), and C. rectus (r=0.290, p
＜0.01). Among the orange complexes, P. nigrescens 
(r=0.253, p＜0.05), P. intermedia (r=0.409, p＜0.001), P. 
micra (r=0.610, p＜0.001), E. nodatum (r=0.435, p
＜0.001), and C. rectus (r=0.260, p＜0.01), and P. 
nigrescens correlated with P. micra (r=0.259, p＜0.01) 
and C. rectus (r=0.323, p=0.001). P. intermedia correlated 
with P. micra (r=0.395, p＜0.001), E. nodatum (r=0.381, p
＜0.001), and C. rectus (r=0.376, p＜0.001). P. micra 
showed a significant positive correlation with E. nodatum 
(r=0.353, p＜0.001), and E. nodatum with C. rectus 
(r=0.235, p＜0.05). No correlation was observed between 
the green complexes and A. actinomycetemcomitans 
(Table 5).

Discussion

1. Interpretation

Both periodontitis and peri-implantitis are caused by 
interactions between bacteria in the oral cavity and have 
bacteriological similarities. However, as suggested in a 
systematic review by Rajasekar and Varghese22), studies 
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Table 5. Pearson’s Correlation between Bacteria in Sample Sites 

Red Orange Green
P. g T. f T. d F. n P. n P. i P. m E. n C. r E. c A. a

Red P. g 1        

T. f 0.344 1
(＜0.001)

T. d 0.131 0.017 1
(0.197) (0.871)  

Orange F. n 0.278 0.261 0.013 1
(0.005) (0.009) (0.898)

P. n 0.234 0.216 0.115 0.253 1
(0.021) (0.032) (0.261) (0.012)

P. i 0.290 0.088 0.039 0.409 0.104 1
(0.003) (0.391) (0.706) (＜0.001) (0.308)

P. m 0.221 0.130 0.035 0.610 0.259 0.395 1
(0.028) (0.202) (0.735) (＜0.001) (0.009) (＜0.001)

E. n 0.448 0.481 0.068 0.435 0.088 0.381 0.353 1
(＜0.001) (＜0.001) (0.504) (＜0.001) (0.389) (＜0.001) (＜0.001)

C. r 0.338 0.290 0.223 0.260 0.323 0.376 −0.001 0.235 1
 (＜0.001) (0.003) (0.027) (0.009) (0.001) (＜0.001) (0.992) (0.019)   

Green
 

E. c 0.067 −0.047 0.012 0.088 0.186 −0.037 0.082 −0.012 0.034 1
(0.509) (0.645) (0.908) (0.391) (0.067) (0.719) (0.423) (0.904) (0.741)  

A. a −0.008 0.029 −0.022 0.054 −0.047 −0.059 0.035 0.093 0.073 −0.089 1
(0.941) (0.779) (0.831) (0.595) (0.643) (0.563) (0.731) (0.363) (0.477) (0.384)

HG: healthy group, PG: periodontitis group, PIG: peri-implantitis group.
P.g: Porphyromonas gingivalis, T.f: Tannernella forsythia, T.d: Treponema denticola, F.n: Fusobacterium nucleatum, P.n: Prevotella 
nigrescens, P.i: Prevotella intermedia, P.m: Parvimonas micra, E.n: Eubacterium nodatum, C.r: Campylobacterrectus, E.c: Eikenella 
corrodens, A.a: Aggregatibacter actinomycetemcomitans.
The p-value is the result of Pearson's correlation.

on the differences in pathogenic bacteria present in perio-
dontitis and peri-implantitis compared to those in healthy 
periodontal conditions are insufficient. Therefore, in this 
study, patients with healthy periodontal conditions, perio-
dontitis, and peri-implantitis were classified into three 
groups. The appearance rate and quantity of 11 microor-
ganisms highly related to periodontitis were identified, 
and the correlation between each bacterium was analyzed. 

2. Key results and comparison

As a result of the analysis of the 11 microorganisms, E. 
corrodens of the green complex and F. nucleatum and P. 
nigrescens of the orange complex showed high appearance 
rates in all groups of Korean patients, without any diffe-
rence between groups. Previous studies have identified F. 
nucleatum23,24) and P. nigrescens25,26) as microorganisms 
commonly found in healthy oral cavities. In addition, A. ac-

tinomycetemcomitans27), mainly observed because of its strong 
effect on local periodontitis, is rarely detected in Korean 
patients. The same results were confirmed in this study. 

Microorganisms belonging to orange and red complexes 
are characterized by virulence factors that promote or 
sustain inflammatory processes28,29). In particular, the highly 
pathogenic red complex is closely associated with the 
clinical features of periodontal diseases, especially PPD 
and BOP. Orange complexes are important because they 
may attach and bind to various oral bacteria and connect 
symbiotic colonies of periodontal pathogens13). In this 
study, all microorganisms from the red complex as well as 
P. intermedia, P. micra, E. nodatum, and C. rectus from 
the orange complex showed a significantly higher incide-
nce of periodontitis and PIG than in the HG (p≤0.001). 
Therefore, the pathogenic microorganisms most likely to 
cause periodontitis and peri-implantitis belong to the red 
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complex, specifically P. gingivalis, T. forsythia, and T. 
denticola; some microorganisms of the orange complex 
were also detected at high frequencies. However, regar-
ding the differences in microbial composition between 
periodontitis and peri-implantitis, Koyanagi et al.7) found 
that peri-implantitis has more diverse microbial compo-
sition than periodontitis. Salvi et al.1), Canullo et al.30), and 
Wang et al.31) reported that the red complex microbial 
composition showed similar microbial profiles with no 
differences between periodontitis and peri-implantitis. In 
addition, Tamura et al.32) reported that the microbial 
composition in peri-implantitis differs from that in healthy 
periodontal conditions. In this study, there was no diffe-
rence in the microbial composition between the PG and 
PIG, and the only difference was between the HG and the 
other groups. Because these results vary depending on the 
patients, methods, and microbial analysis techniques, 
follow-up studies reflecting the development of analytical 
techniques should be conducted.

Relative quantitative analysis of microorganisms showed 
that the numbers of all microorganisms belonging to the 
green complex (p＜0.05), orange complex (p＜0.001), and 
red complex (p＜0.001) were significantly higher in the 
PG and PIG than in the HG. Ebadian et al.33) reported that 
P. gingivalis was quantitatively high in both periodontitis 
and peri-implantitis patients, whereas T. forsythia, P. inter-
media, and C. rectus were quantitatively high in patients 
with periodontitis. In addition, Dabdoub et al.34) reported 
that the amount of T. denticola in the red complex was 
higher in periodontitis than in peri-implantitis. However, 
except for A. actinomycetemcomitans in this study, all 
periodontitis-causing bacteria belonging to the green, orange, 
and red complexes were abundant in the PG and PIG. 
Therefore, the microorganisms distributed in periodontitis 
and peri-implantitis are expected to affect the growth and 
proliferation of each other.

Gambin et al.14) reported that the microorganisms in red 
and orange complexes affected each other. In this study, 
the correlation between P. gingivalis and T. forsythia in the 
red complex was strong, and showed a very high corre-
lation with E. nodatum in the orange complex. In parti-
cular, P. gingivalis was positively correlated with all mic-
roorganisms in the orange complex. Based on this, it can 

be predicted that P. gingivalis links the red and orange 
complexes together. P. gingivalis may affect each other’s 
growth while interacting with the microorganisms in the 
orange complex. Similarly, C. rectus in the orange com-
plex significantly correlated with all microorganisms in 
the red complex, including P. gingivalis, T. forsythia, and 
T. denticola. It was highly correlated with all the mic-
roorganisms in the same complex, except for P. micra. 
Additionally, F. nucleatum in the orange complex was 
highly correlated with all microorganisms within the complex, 
confirming that it plays a key role in microbial growth in 
the orange complex. Thus, the red and orange complex 
microorganisms in the oral cavity may interact with each 
other to promote proliferation and induce a complex 
inflammatory response that may aggravate periodontitis or 
peri-implantitis. In this study, the most influential micro-
organisms between the complexes were P. gingivalis and 
C. rectus, whereas F. nucleatum had a strong influence on 
the orange complex. Therefore, the preferential removal of 
specific microorganisms that are highly related to other 
microorganisms, such as P. gingivalis, C. rectus, and F. 
nucleatum, may prevent colony formation or block the 
connections between colonies, thereby preventing perio-
dontal disease or delaying its exacerbation. 

3. Suggestion

The most important aspect in treating periodontal 
disease and peri-implantitis known so far is antibacterial 
treatment in the pathological periodontal pocket and 
cleaning of the contaminated implant surface35-37). The 
results of this study emphasize the importance of suppre-
ssing the number of red and orange complex micro-
organisms and controlling their proliferation for the 
treatment and management of periodontitis and peri-im-
plantitis. Since an increase in pathogens may be detected 
by identifying the composition of oral bacteria in both 
natural teeth and implant patients, it is possible to identify 
patients at risk of periodontitis and peri-implantitis in 
advance and find ways to treat them early. In addition, 
such bacteriological analysis and understanding may help 
dentists and dental hygienists provide oral healthcare 
methods to prevent periodontitis or peri-implantitis that 
are suitable for each patient. 
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4. Limitations

This study has limitations in terms of generalization due 
to the small number of samples, use of various implant 
products, and the limited number of microorganisms eva-
luated. To compensate for these limitations, more patients 
and follow-up studies are required to analyze the corre-
lation between pathogenic bacteria and disease severity. In 
addition, because various factors may influence the corre-
lation between microbial strains, it is necessary to further 
clarify the complexity of the interactions between strains 
through additional research and clinical trials.

5. Conclusion

This study showed that the appearance rate and quantity 
of 11 microorganisms that cause periodontitis were similar 
in PG and PIG, and that there were significant differences 
between the HG and the two other groups. P. gingivalis in 
the red complex and C. rectus in the orange complex 
exhibited the most inter-complex interactions, whereas F. 
nucleatum exhibited significant interactions within the 
orange complex. These findings suggest that certain 
microorganisms are associated with periodontitis or peri- 
implantitis, and may influence disease development and 
progression through interactions. Eliminating microor-
ganisms that play a significant role in periodontitis and 
peri-implantitis may help prevent these conditions and 
contribute to the development of treatment strategies and 
individualized treatment plans.
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