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Context  Early microbiological diagnosis and treatment of periodontal pathogens is 
important for successful retention of dental implants.
Aims  This study aimed to identify and monitor oral bacterial colonization after suc-
cessful two-piece dental implants.
Settings and Design  In this study, 50 two-piece dental implant subjects were 
included and assessed clinically, radiographically, and microbiologically.
Methods and Material  All the parameters were recorded at various stages after 
prosthesis placement. In each stage, nonadherent (peri-implant sulcular fluid) and 
adherent (curetted inner threads) samples were collected. Semiquantitative anaero-
bic culture of the samples were done in Anoxomat system. Bacterial colonies were 
first identified by routine microbiological methods and then by matrix-assisted laser 
desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) method.
Statistical Analysis  All the results were analyzed by appropriate statistical methods 
(Chi-square, one factor analysis of variance, etc.).
Results  All the bacterial isolates were identified in the MALDI-TOF MS system with 
no failure. After implant placement for the nonadherent samples, the frequency (%) 
of Fusobacterium nucleatum, Prevotella melaninogenica, and Propionibacterium acnes 
decreased whereas frequency (%) of Escherichia coli, Staphylococcus epidermidis, and 
Streptococcus mitis increased. For adherent samples, the frequency (%) of E. coli, 
Enterococcus faecalis, Porphyromonas gingivalis, P. melaninogenica, and Veillonella par-
vula decreased, whereas frequency (%) of S. mitis and Streptococcus mutans increased. 
The postimplant mean nonadherent and adherent bacterial load increased with time 
but not significantly over the periods (p = 0.302 and 0.123, respectively).
Conclusion  Combination of basic (semiquantitative culture method) and advanced 
microbiological method (MALDI-TOF MS) can be useful for accurate detection and 
monitoring of potential pathogens around two-piece dental implants.
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Introduction
Most of dental implants are two-piece systems compris-
ing an endosteal implant body and suprastructure-carrying 
abutment. The two components (i.e., implant body and abut-
ment) are fitted at the implant–abutment interface.1 Soft tis-
sue relationship to implants is one of the most challenging 
areas in implant dentistry and is influenced by various con-
tributing factors like surgical protocol, implant and abutment 
design, and loading considerations.

There is difference between tooth and implant biologic 
attachments which make dental implants more susceptible 
to inflammation.2,3 The process and extent to which micro-
organism colonize intraimplant cavities and form biofilm 
on intraimplant surfaces after implant placement remain 
unclear.4,5 The periodontium should be checked and its 
healthy status must be maintained for early detection of 
pathogens and implant maintenance.6

The microbiologic investigations are usually done for 
implant patients who are susceptible to periodontal dis-
ease for early detection of periodontal pathogens. However, 
limited literature is available on the microbial colonization 
of the peri-implant sulcus area without clinical periodontal 
disease. It is important to detect the oral bacterial flora to 
their species level. Various techniques that have been used 
for microbial detection are routine bacterial culture, auto-
mated culture systems, DNA–DNA hybridization, and poly-
merase chain reaction.

A new diagnostic technique, matrix-assisted laser 
desorption ionization-time of flight mass spectrometry 
(MALDI-TOF MS) expanded the field and allowed for the 
analysis of biological molecules.7 In an increasing number 
of settings, MALDI-TOF MS has replaced traditional identi-
fication methods, including microscopy and in determina-
tion of phenotypic characteristics, which typically requires 
multiple steps.8,9 In comparison to conventional methods, 
this technology is much less labor intensive and can provide 
accurate and reliable results in minutes from single isolated 
colony.

At present, only few data are available regarding the oral 
microorganism colonizing the internal surfaces of two-piece 
dental implants. Thus, the present study has been under-
taken to evaluate periodontal pathogens around two-stage 
dental implants during various stages of implant rehabilita-
tion using MALDI-TOF MS technique.

Subjects and Methods
The present study was conducted in the Department of 
Periodontology and Implantology, in collaboration with 
Department of Microbiology. Patients were explained about 
the study procedures and a written informed consent was 
taken from the patients who were willing to participate in the 
study and ethical clearance was obtained from Institutional 
Ethical Committee Review Board.

Subjects were selected from the outpatient pool of the 
Department of Periodontology & Implantology. Total 50 sites 

where implants were placed and had undergone second stage 
implant surgery 1 week before were included in the study.

The patients fulfilling the following criteria were included 
in the study: patients aged between 18 and 60 years, patients 
motivated to maintain oral hygiene and understood mainte-
nance protocols, and medically fit patients.

The following patients were excluded from the study: 
history of antibiotics use during and 1 month before pros-
thetic loading, implants with evidence of peri-implantitis 
assessed clinically and radiographically, immunocompro-
mised patients, pregnant or lactating females, current smok-
ers and tobacco chewers, acute or chronic systemic disorders  
(e.g., uncontrolled diabetes, autoimmune deficiency).

Patients included in the study were informed about the 
study and written consent was taken. Clinical examination 
was done on all patients, which consisted of a thorough med-
ical and dental history, general and oral health status, and 
assessment of implant site.

A total of 50 implants were included in the study and 
assessed clinically, radiographically, and microbiologically.

Clinical parameters that were assessed for two-stage den-
tal implants are: modified plaque index (MPI), modified sul-
cus bleeding index (MSBI), and peri-implant probing depth 
(PPD).10

All the above parameters were recorded at various stages 
namely—2 days after prosthesis placement (Appointment 
B1), 7 days after prosthesis placement (Appointment B2), and 
1 month after prosthesis placement (Appointment B3).

Sampling from implant sites were performed at various 
time frames (B1, B2, and B3). Before sampling, the implant 
site was isolated with sterile gauze pads to prevent contam-
ination by saliva. For nonadherent microbial samples, paper 
points were passively inserted in the peri-implant sulcus. 
The fixture was washed using 1-mL syringe and was filled 
with 100-μL sterile NaCl solution. For adherent plaque, plas-
tic curettes were inserted into the deepest part of the implant 
and the inner threads were brushed twice in counterclock-
wise direction. Thereafter, the samples were placed into 
sterile tubes filled with 1.95-mL prereduced culture medium 
(Robertson’s cooked meat medium) such that only minimal 
air volume remained. Within half an hour the samples were 
sent to the Department of Microbiology for microbiological 
assessment of the samples. Patients were advised to follow 
implant maintenance criteria.11

The nonadherent microbial samples were inoculated in 
serial dilutions onto sheep blood agar and Wilkins-Chalgren 
agar. The thioglycolate broth tubes, containing the micro-
brushes, were vortexed and then were stirred by rotation 
for 20 minutes. Aliquots of the microbial suspensions were 
plated onto sheep blood agar and Wilkins-Chalgren agar.

Blood agar plates were incubated in air enriched with 10% 
CO2, whereas Wilkins-Chalgren agar plates were placed in 
anaerobic jars for up to 7 days at 37°C. Anaerobic condition 
was created by Anoxomat System (Advanced Instruments).

To set up a jar for anaerobic conditions, the jar was attached 
to the Anoxomat by a lead which formed a gas tight fit by means 
of a snap-shut adaptor on the lid. The jar was then evacuated by 
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the selected method after which an audible signal was given to 
indicate completion of the cycle as given by Brazier et al.12

Representative colonies were isolated according to growth 
morphology, pigmentation, and hemolysis. All isolates were 
subjected to various microbiological methods for identifi-
cation. Organisms were quantified in colony-forming units 
(CFU) per milliliter for each sample tested according to 
Hereker et al.13

The bacterial isolates were first stained by Gram staining to 
differentiate between gram-positive bacteria and gram-neg-
ative bacteria. The identities were further confirmed by bio-
chemical tests as given by Dowell and Hawkins.14

The MALDI-TOF assay was performed in VITEK–MS 
(bioMérieux SA) system. Pure cultures of bacterial isolates 
were processed. First, the provided disposable plate contain-
ing 48 spots was taken. With a wooden applicator, bacterial 
spots were prepared on the plate. The spot of control bacte-
rial strain (E. coli ATCC 8739) was prepared on the control 
spot. Then the spots of test isolates were made. After that,  
1 µL of provided matrix (α-cyanohydroxy 4-cinnamic acid) 
was put on each spot by a micropipette.15

After all the spots of bacterial isolates were made, the 
plate barcodes were scanned by prep-station scanner and 
the plates were put in the VITEK-MS. The machine gave the 
results in 15 to 20 minutes.

Statistical Analysis
Data were summarized as mean ± SE (standard error of 
the mean). Groups were compared by one factor analysis 
of variance (ANOVA) and the significance of mean differ-
ence between (inter) the groups was done by Tukey’s HSD  
(honestly significant difference) post hoc test after ascer-
taining normality by Shapiro-Wilk’s test and homogeneity 
of variance between groups by Levene’s test. Categorical  
(discrete) groups were summarized in number (n) and  
percentage (%) and compared by chi-square (2) test. A  
two-tailed (α = 2) p < 0.05 was considered statistically  
significant. Analysis was performed on SPSS version 17.0 
(IBM Corp.).

Results
The periodontal parameters (MPI, MSBI) did not increase sig-
nificantly over the follow-up period except PPD (►Table 1). 

It indicated that the peri-implant tissue health can be main-
tained if the patients are aware about the benefits of good 
oral hygiene after implant therapy.

All the bacterial isolates were identified in the MALI-
TOF system with no failure. After implant placement, 
the frequency (%) of Fusobacterium nucleatum, Prevotella 
melaninogenica, Propionibacterium, Staphylococcus 
aureus, Streptococcus salivarius, Streptomyces griseus, and 
Veillonella parvula decreased, whereas frequency (%) of E. 
coli, Staphylococcus epidermidis, Streptococcus mitis, and 
Streptococcus mutans increased. In contrast, the frequency 
(%) of both Prevotella intermedia and Veillonella atypica 
remained the same (►Fig. 1). Comparing the frequency (%) of 
nonadherent plaque bacteria of three periods, 2 test showed 
similar frequency of nonadherent plaque bacteria among the 
periods (2 = 16.17, p = 0.963), i.e., frequency (%) did not differ 
significantly.Further, the nonadherent plaque bacterial load 
at appointments B1, B2, and B3 ranged from 2 to 400 × 104 
CFU/mL, 1 to 500 × 104 CFU/mL, and 2 to 450 × 104 CFU/mL, 
respectively with mean (± SE) 53.26 ± 12.61 × 104 CFU/mL, 
65.43 ± 14.01 × 104 CFU/mL, and 84.25 ± 15.84 × 104 CFU/
mL, respectively, and median of 20, 30, and 27×104 CFU/mL, 
respectively. The post treatments mean nonadherent plaque 
bacterial load increased with time but not significantly over 
the periods (F = 1.21, p = 0.302) (►Fig. 2).

Also, in the adherent samples, MALDI-TOF detected all 
bacterial isolates. After implant placement, the frequency 
(%) of E. coli, Enterococcus faecalis, Porphyromonas gingiva­
lis, P. melaninogenica, and V. parvula decreased, whereas S. 
mitis and S. mutans increased. In contrast, the frequency (%) 
of Neisseria subflava, P. intermedia, Propionibacterium acnes, 
S. aureus, and S. salivarius remained the same (►Fig.  3). 
Comparing the frequency of adherent plaque bacteria of 
three periods, 2 test showed similar frequency of adherent 
plaque bacteria among the periods (2 = 12.31, p = 0.998), 
that is, the frequency did not differ significantly.

Further, the adherent plaque bacterial load at B1, B2, and 
B3 ranged from 2 to 500 × 104 CFU/mL, 2 to 240 × 104 CFU/
mL, and 2 to 650 × 104 CFU/mL, respectively with mean (± SE) 
36.60 ± 12.38 × 104 CFU/mL, 49.72 ± 10.37 × 104 CFU/mL, 
and 74.72 ± 16.36 × 104 CFU/mL, respectively and median  
10 × 104 CFU/mL, 20, and 25 × 104 CFU/mL, respectively. 
The post treatments mean adherent plaque bacterial load 
increased with time but not significantly (F = 2.13, p = 0.123) 
(►Fig. 4).

Table 1   The different periodontal parameters (MPI, MSBI, and PPD) in the three appointments

Appointment Periods MPI
Mean ± SE,  
n = 50

p-Value MSBI
Mean ± SE, 
n = 50

p-Value PPD
Mean ± SE, 
n = 50

p-Value

B1 Two days after gingival 
former placement

0.38 ± 0.07 0.378 0.24 ± 0.06 0.213 2.36 ± 0.07 < 0.001

B2 One week after prosthesis 
placement

0.38 ± 0.07 0.36 ± 0.07 2.90 ± 0.06

B3 One month after prosthesis 
placement

0.50 ± 0.07 0.40 ± 0.07 3.10 ± 0.05

Abbreviations: MPI, modified plaque index; MSBI, modified sulcus bleeding index; PPD, peri-implant probing depth; SE, standard error.
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Discussion
This descriptive study surveyed bacterial detection and 
load in adherent and nonadherent plaque samples around 
two-stage dental implants. The periodontal parameters 
such as MPI, MSBI, and PPD were followed up in the dif-
ferent appointment. The MPI and MSBI did not change sig-
nificantly which indicate the subjects of the present study 
have followed the implant maintenance protocol properly 
and maintained good oral hygiene after implant placement.

In the study, samples collected at different time inter-
vals demonstrated a consistency in the occurrence of cer-
tain pathogens during the entire experimental period. 

Nonadherent flora (denotes transient flora) and adherent 
flora (denotes established bacteria) around two-stage dental 
implants at various stages were evaluated. The use of MALDI-
TOF significantly increased the accuracy of the identity of 
bacteria and the rapidity of identification as compared with 
traditional methods of bacterial identification.

In both nonadherent and adherent samples, loads of E. 
coli, S. epidermidis, S. mitis, and S. mutans were increased. 
These bacteria have the propensity to attach to implant sur-
faces and produce biofilms.16 Also they form capsules around 
their cell wall, the property further recruits and attaches 
more bacteria of their kind. After prosthetic loading the 
surface area increases around implant which leads to more 

Fig. 1  Nonadherent plaque bacteria.

Fig. 2  Nonadherent plaque bacterial load.
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accumulation of bacteria and therefore leads to increase 
in bacterial load. So, their numbers gradually increase as 
detected in the present study. On the other hand, other bac-
teria have more planktonic or mobile forms which are grad-
ually washed out if good hygiene protocol is maintained. So, 
their count remains stable or decreased over a time period, 
which is necessary for long-term implant survival.

Oral Streptococci are gram-positive bacteria that comprise 
of various species like S. mutans, S. mitis, and Streptococcus 
gordonii. This group was the second most common abundant 
group in the study with respect to both nonadherent and 
adherent bacteria (16 and 30%, respectively). Hereker et al 
reported 85% prevalence of streptococci in their study.13 

Also these findings were reinforced by Asadzadeh et al and 
Mencio et al.17,18 This bacteria is related to the health of peri-
odontium as well as implants, so the results depict that sub-
jects have maintained proper oral hygiene instruction after 
implant placement.

Two major pathogens, i.e., A. actinomycetemcomitans (0%) 
and P. gingivalis (2%) were extremely low at B1, B2, and B3 in 
both nonadherent and adherent samples in this study. Similar 
findings were reported by van Winkelhoff et al.19 Hereker et 
al also reported very less prevalence (1%) of P. gingivalis in 
their study.13

The P. intermedia group bacteria are black-pigmented 
gram-negative anaerobic rods that are commonly found in 

Fig. 3  Adherent plaque bacteria.

Fig. 4  Adherent plaque bacterial load.
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oral biofilm. P. intermedia is associated with periodontal dis-
ease and Prevotella nigrescens with a healthy periodontium.20 
Routine biochemical tests and gas–liquid chromatography 
are incapable of separating them.21 These techniques are 
also time-consuming and have low levels of reproducibility. 
MALDI-TOF MS is good and rapid method to identify P. inter­
media and P. nigrescens.22 In the study, low prevalence (2%)
of P. intermedia was also detected by MALDI-TOF MS in both 
nonadherent and adherent samples, which indicated better 
prognosis of implants in the subjects. No P. nigricans was 
detected. Hereker et al also reported extremely low preva-
lence of P. intermedia in their study using conventional iden-
tification methods.13

Veillonella spp. (V. parvula and V. atypica) is a gram-neg-
ative oral bacteria. In the study, high prevalence of this bac-
teria as 30 and 26% in nonadherent and adherent samples 
respectively was found. High prevalence of this bacteria 
(43.8%) was also described by Buchmann et al.23 In a microbi-
ological study of dental implants, Lee et al reported V. parvula 
to be the most abundant followed by Streptococcus sanguis.24 
However, the pathogenicity of Veillonella is low as compared 
with other established periodontal bacteria.25

Further, mean nonadherent plaque bacterial load 
increased with time. However, the mean nonadherent plaque 
bacterial load between the periods, did not differ signifi-
cantly (p > 0.05). Similarly, the mean adherent plaque bac-
terial load between the periods did not differ significantly 
(p > 0.05). This similarity in maximum CFU/mL between the 
periods (B2 and B3) indicating the establishment of equilib-
rium after prosthesis placement; this denotes that subjects 
were following good implant maintenance protocol.

Hereker et al reported similar bacterial load in nonadher-
ent and adherent plaque samples around dental implants.13 
The loads of various bacteria changed but not significantly 
during the follow-up period of 1 month, as found in the 
study. Harder et al reported mean bacterial load to be 41 × 104 
CFU/mL in nonadherent samples only.1 However, they did not 
study the change in bacterial load over a time period.

In 1992, Socransky and Haffajec modified the postulates 
of Koch establishing criteria that identify periodontal patho-
gens.26 While the “purple” (with fundamentally aerobic flora 
lacking mobility), “yellow” and “green” complexes are not 
associated with disease, the “orange” (F. nucleatum, P. inter­
media, Peptostreptococcus micros) and “red” complexes (P. 
gingivalis, Tannerella forsythia, Treponema denticola) are dis-
ease-related. The presence of a pathogenic microflora in an 
initial phase can be associated with a higher risk of peri-im-
plantitis.27,28 The present study detected the bacteria of 
orange and red complexes, but the prevalence was very low 
(2%). The subjects in the present study with red and orange 
complex pathogens around dental implants are prone to 
develop peri-implant diseases, so they have to follow a strict 
implant maintenance protocol and regular follow-ups to pre-
vent early implant loss.

There is a need to identify the patients who have prevalence 
to harbor the pathogenic microorganisms. Microbiological 
tests may be a valuable tool for differential diagnosis of 
problems occurring with implant osseointegration and 

peri-implantitis. As the organisms continue to inhabit the 
oral cavity, these patients need better monitoring regarding 
oral hygiene. The proper and rapid identification of bacteria 
is very important for this purpose.

The early and accurate detection of potential pathogens 
around the dental implants is essential so that strict hygienic 
protocol can be maintained to prevent peri-implantitis and 
implant failure. Conventional identification methods take 
longer time and all anaerobic species cannot be determined 
by these methods. These methods are also costly and labor 
intensive. MALDI-TOF is helpful in this situation because this 
method is very rapid (takes 15 minutes) and very accurate 
because it utilizes the proteomics of bacteria which are not 
altered. The average cost per test is also very less compared 
with conventional methods. For this purpose, this technique 
is replacing the conventional methods in bacterial identifica-
tion. In this study also, MALDI-TOF led to early and accurate 
identification of microflora around dental implants so that 
proper infection control measures are advised to prevent 
pathogenic bacterial colonization and early implant loss.
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