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Abstract: Peri-implant infective diseases seem to be the most common cause for the late dental implant failure.
Therefore, peri-implant microbiota has been intensively studied in modern implantology. Many studies
showed a presence of extremely varied microflora in cases of peri-implant infective diseases. The main scope
of this observational single-blind study was to analyze the presence of some microbial species in a group of
patients with clinical signs of peri-implant mucositis compared to two other groups (patients treated with
dental implants but without any clinical signs of peri-implant inflammation and patients treated with no dental
implants). The identification of microorganisms was followed by an antibiogram in order to find their
sensitivity to various antibiotics. The results showed a microbiota not necessarily specific for each situation
(peri-implant infective diseases, healthy tissues around dental implants and healthy natural teeth and gums)
with species like Candida albicans, Neisseria mucosa, Prevotella, Staphylococcus aureus, Streptococcus and
others. Peri-implant infective diseases presented more bacterial species than other conditions.

Keywords: peri-implant infective diseases; microbiota; antibiogram

1. Introduction

The dental implant treatment currently has a high rate of success, but sometimes it fails. Lack of
primary stability, infection or surgical trauma appear to be the most common causes of early implant
failure [1]. The position of implants and smoking history are also part of it [2]. Peri-implantitis seems
to be the most frequent factor involved in the late failure [1], while common risk factors are rather
the patient history, posterior implant location and decisions made by the clinician [3]. The 10-years
survival rate of dental implants varies between 95.2% and 97.5% [4] with a mean value of 95.5% [5],
while the 2 to 9 years survival rate is reported as 97,4% [6]. However, the factors associated with late
implant failure are known but not fully understood and they are generally considered to be related
to peri-implant microbial environment, host tissues features and many others [7-9]. For a high rate
of success in these cases, a more accurate knowledge about dental implant treatment failures is
needed [10]. Many studies showed that peri-implant infective diseases (PIIDs) are very similar to
gingivitis or periodontitis (e.g. Fusobacterium and Prevotella [11], or Porphiromonas gingivalis,
Treponema denticola and Tannerella forsythia [12]) having common risk factors [13], but also having
significant differences compared to periodontal diseases [14]. Some authors found an imbalance
between oral microflora dysbiosis and deregulation of the immune system in cases of peri-implantitis
[15].

The aim of our study is to analyze the presence of certain bacterial species in a group of patients
with clinical signs of peri-implant mucositis (PIM) compared to two other groups, one with patients
treated with dental implants but who did not present any clinical signs of peri-implant inflammation
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and one consisting of patients with no dental implant treatment. The identification of microorganisms
was followed by the antibiogram in order to observe their sensitivity to various antibiotics.

The present study leads to the idea that peri-implant microbiota is very complex in case of PIM,
but also around the implants without any clinical signs of peri-implant inflammation. It is
recommended for dentists to deal with cases of PIIDs by requesting a laboratory bacterial
identification followed by an antibiogram in order to offer the most effective treatment,
individualized and more focused on each patient.

2. Materials and Methods

This study is analytical and observational.

2.1. Selection of Patients and Creating the Study Groups:

The study was conducted on a group of 15 patients from 2 cities in Romania: Bucharest and
Ramnicu Valcea. After they signed the informed consent form and learned about the procedures to
be followed, the patients were divided into 3 groups, 5 each. The first 10 patients (from group 1 and
2) were selected from a larger base group who had been enrolled in a previous study, consisting of
62 patients with dental implants. All these 62 patients were clinically checked-up for peri-implant
mucositis (PIM) or periimplantitis clinical signs.

All the patients were asked about the pain and bleeding in the area of implants.

One examiner was trained and calibrated (k = 0.81) before the study in order to perform the
clinical check-ups of all 62 patients and avoid any clinical record bias. The clinical check-up recorded
the following data: gingival or peri-implant mucosa color modifications, gingival or mucosa swelling,
bleeding on probing, depth of probing.

The probing was performed with a CP 15 periodontal probe, after careful air dry of the mucosal
/ gingival margin. The probing was also performed in 6 points for each tooth or implant as it follows:
central buccal, central oral, mesial-buccal, distal-buccal, mesial-oral and distal-oral, the last four
points of probing being directed towards the papilla. Bleeding or no bleeding was recorded for each
of the 6 probing points.

We assigned score values to assess the peri-implant mucosal or dental gingival health status as
it follows (according to the Silness-Loe gingival index (GI) [16]:

0 - healthy peri-implant mucosa / dental gingiva. No color modification, no swelling, no bleeding
on probing;

1 - reduced peri-implant mucosal / dental gingival inflammation. Reduced color modification
and/or swelling, no bleeding on probing;

2 - mild peri-implant mucosal / dental gingival inflammation. Obvious color modification and/or
swelling, bleeding on probing;

3 - severe peri-implant mucosal / dental gingival inflammation. Obvious color modification and/or
swelling, spontaneous bleeding or bleeding on air dry.

We excluded from the present study the patients with the score value of 3 because of the
uncertainty of diagnosis between peri-implant mucositis vs. periimplantitis.

The depth of probing for each probing point was compared with the bone level for each implant
or tooth as it could be measured on the X-ray. Patients with an implant probing depth going deeper
than the measured bone level were considered to suffer from peri-implantitis and were excluded
from the present study.

In the first group were included patients with implant-supported prosthesis with clinical signs
of PIM which persisted after efficient oral hygiene procedures were performed in the previous study.
These hygiene procedures included professional oral hygiene with scaling and Perio-flow and the
following instructions for patients: rigorous brushing at the inflammation site with soft brushes,
interdental cleaning 2 times per day with dental floss, super floss or interdental brushes, use of anti-
microbial mouth wash with or without an oral irrigator and local application of chlorhexidine gel.

The second group had patients with implant-supported prosthesis (such as individual crowns,
bridges or overdentures) but with no clinical signs of PIM.


https://doi.org/10.20944/preprints202409.1293.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2024 d0i:10.20944/preprints202409.1293.v1

In the third group were included patients with individual dental crowns, without any dental
implant treatment.

One selection criterion for all the patients involved in the study was for them to have natural
teeth (without any prosthesis) as well.

2.2. Selection of Peri-Implant/Periodontal Sites

2 sites for each patient were chosen to collect dental plaque or peri-implant sulcus/gingival
crevicular fluid.

The first samples in the first two groups were collected from the peri-implant sulcus while in the
third group was taken from the gingival sulcus of teeth with dental crowns.

The second sample was collected from gingival sulcus of natural teeth without any crown from
all 15 patients included in the study. The second harvesting site for each patient was located at
distance from the first harvesting site — on the opposite side of the same arch or on the opposite arch.
When it was possible we tried to use for the second sample the same tooth from the same arch, but
in the other side (e.g. first harvesting site 25, and second harvesting site 15).

2.3. Workflow procedure:

First, we informed the patients about the sample collecting and processing procedures and asked
them to sign the informed consent form. The patients were requested to avoid any oral hygiene
procedures (including toothbrushing, interdental cleaning, using mouth wash, oral irrigators or
chewing gum) or taking any antibiotics for 24 hours before the collection procedure. The sample
collecting procedure was performed by one examiner, using sterile paper cones inserted into the peri-
implant or gingival sulcus (Figures 1 and 2). We did not use any antimicrobial substances before
samples collection. After the collection procedure, the paper cones were placed into sterile containers
(Figure 3) and send to the laboratory for the microbiological culture procedures. The sample
collecting and processing procedures followed the next guidelines:

- in cases of PIM, we collected from sites that were most likely to be the starting point of peri-implant
infection, where the scores for assessing the peri-implant mucosal or dental gingival health were
higher;

- the paper cones were inserted into the gingival / mucosal sulcus as deep as possible, without
generating pain or discomfort for the patient and removed after approximatively 5 second in order
to have enough time to collect bacteria and crevicular fluid;

- we always tried to collect a sufficient amount of fluid; the paper cones had to be obviously wet on
the whole depth of insertion before removing and being further processed;

- every container received a label with the patient and site numbers (e.g. “patient no. 3, site no. 1”); the
study was simple-blind — so, the laboratory technician did not receive any information about the
patient or about the origin of the sample (implants, dental crowns or natural teeth);

- the external surface of the containers was disinfected after they have been used and introduced in
single use plastic bags; then, they were stored in safe, clean place until were picked up for sending to
the laboratory;

- the transport took place in the same day of collecting;

- we used specific procedures for the transport of microbiological samples; also, the transports were
processed as fast as possible in order to prevent the samples degradation;

- each sample received a unique serial number;

- the laboratory staff established the correct procedure for sowing, cultivating and analyzing the
samples;

- an antibiogram was performed for each of the 30 bacterial cultures.
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Figure 2. Gingival fluid sample collection using sterile paper cones from a dental implant crown
level.

Figure 3. Sterile containers and paper cones.

2.4. Statistical Analysis

The data were entered into a computer using a SPSS processor (v. 24 —IBM, USA). First, we used
chi-square tests for categorical values but because of low number of cases the tests were invalid (more

than 20% cells were expected count less than 5). After, we used the Fisher’s Exact Test for testing the
differences between groups.

The scheme of entire protocol is shown in Figure 4.
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Figure 4. Protocol scheme.

3. Results

9 women and 6 men, aged between 22 and 63 years were involved in this study. Patients from
groups 1 and 2 had between 1 and 6 dental implants. One patient had a removable dental prosthesis,
the rest of 9 having dental crowns or bridges.

After the laboratory processing, we received the analysis reports. The microbiological data are
shown in Table 1.

Table 1. Microbiological data from our sample.

Microorganism Number of sites PIM2= MPATP PAT- HS<
Candida albicans (Cand. a.) 7 3 1 2 1
Candida krusei (Cand. k.) 3 0 0 1 2
Candida parapsilosis (Cand. p.) 2 1 0 1 0
Neisseria mucosa (Neis. m.) 2 2 0 0 0
Prevotella (Prev.) 7 3 1 3 0
Staphylococcus aureus (Staph. a.) 3 1 2 0 0
Group A beta hemolytic streptococcus 5 1 0 1 3
(Strept. A.)
Group C streptococcus (Strept. C.) 3 2 0 0 1
Group G streptococcus (Strept. G.) 3 0 1 2 0
Pyogenic streptococcus (Strept. Pyo.) 2 0 0 1 1
Veillonella (Veil.) 3 1 2 0 0

aPeri-implant mucositis. "Periodontally affected tooth with crown. <Periodontally affected tooth. ¢Healthy site.

Candida albicans (p = 0.05) and group C streptococcus (p = 0.06) were found more often in
groups with no inflammation (2 and 3). Also, we discovered group C streptococcus more frequent in
women in second samples collected from healthy gingiva of all groups (p = 0.14).

The antibiogram for Neisseria, Staphylococci and Streptococci was performed with the
following antibiotics: oxacillin, vancomycin, penicillin, cefixime, amikacin,
trimethoprim/sulfamethoxazole, amoxicillin/clavulanic acid, moxifloxacin, azithromycin, ofloxacin,
gentamicin, ampicillin, ampicillin/sulbactam, clarithromycin, erythromycin, cefadroxil, fosfomycin
following common protocols [17-19].

The results for antibiogram were as it follows: Staphylococci generally showed resistance to
oxacillin, penicillin and ampicillin and in particular to moxifloxacin (one case) and intermediate
resistance to clarithromycin and gentamicin (one case). Streptococci have been shown to be sensitive
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to all antibiotics. Neisseria showed resistance to penicillin, ampicillin and ofloxacin and to
moxifloxacin (one case).

The antibiogram for Prevotella and Veillonella was performed with penicillin, ampicillin and
erythromycin and also with chloramphenicol, clindamycin, cefoxitin and metronidazole [21]. The
isolated species showed resistance to penicillin, ampicillin and erythromycin, except for one case for
erythromyecin.

The fungigram for Candida was performed with miconazole, amphotericin B, ketoconazole,
itraconazole, voriconazole, fluconazole and econazole [22]. With two exceptions, the isolated species
showed resistance to amphotericin B and sensitivity to the rest.

All patients who presented peri-implant mucositis (PIM) or periodontal diseases reported no
pain or discomfort in the affected areas. Also, none of the patients who presented these conditions
was concerned about the presence of occasional gingival / mucosal bleeding, when it appeared, and
did not feel the need to present to a dental office for professional care.

4. Discussion

The use of dental implants to replace missing teeth has become a first-choice-norm in oral
rehabilitation these days. Although implants have shown predictable and effective results, the
increased usage of implants in dental treatments is also related with an increasing number of implant
failures, the most common cause being peri-implantitis. Peri-implantitis is a chronic progressive
destructive disease which has bacterial or mechanical origin and affects the soft and hard tissues
surrounding dental implant and usually begins with an infection and inflammation of the peri-
implant mucosa, namely PIM [23].

The results presented above report the presence of certain bacterial species in the peri-implant
microbiota present in dental implants with and without PIM and in natural teeth treated with dental
crowns, compared to the microbiota present in natural teeth in the same group of patients.

The prevalence of PIIDs, at the implant level varies between 6.5%-47%. The prevalence of PIIDs
at the patient level varies between 18.8%-47%. These two statistical values are different in most
studies because one patient with PIID may be treated with only one dental implant while another
patient with PIID may be treated with two or more dental implants and does not necessarily present
PIID to all the implants_[23].

Dental plaque and some bacteria in particular have been largely identified as the primary
etiological factors. There are also a series of risk factors which have been related to peri-implant
diseases such as trauma, local factors (e.g. local anatomical factors, parafunctions), general factors
(e.g. age, genetics, medical conditions, etc.), behavioral factors (e.g. maintaining oral hygiene, patient
follow-up [23].

When analyzing the effects of systemic diseases on peri-implant tissues, diabetes was the most
frequently associated risk factor. Patients with uncontrolled diabetes have been shown to be at higher
risk of peri-implant infections compared with controlled diabetes and healthy patients [23].

Analyzing the evidence on the microbiological component of peri-implant infections, various
and conflicting results are reported. So, some microorganisms are more prevalent: Porphyromonas
gingivalis (PG), Prevotella intermedia, Treponema denticola (TD), Tannerella forsythia and
Staphylococcus [23].

In the case of PIIDs, most studies indicate a non-specific flora, gram-negative and anaerobic
species being most usually found [23]. Therefore, it was difficult for us to choose a reasonable number
of microbial species and check their presence in every site. After we studied and identified a large
group of microorganisms with peri-implant pathogenic potential, we chose to look for a number of 9
bacteria species, namely Staphylococcus, Streptococcus, Candida, Neisseria, Bacteroides,
Porphyromonas, Prevotella, Veillonella and Fusobacterium, the last six being gram-negative and
anaerobic.

The composition of the submucosal microbiota associated with peri-implant infective diseases
(PIIDs) and periodontitis appear to be similar, such as Prevotella nigrescens, Fusobacterium,
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Campylobacter rectus and Aggregatibacter actinomycetemcomitans, as well as Staphylococcus
aureus, Enteric bacilli, and Candida albicans [11,24,25].

The variations of the soft and hard tissues (clinically defined as an increase in pocket depth and
bone loss) seem to be related to important changes in the composition of the subgingival / submucosal
microbiota, [26]: a greater total bacterial load leads to an increased number of species such as
Aggregatibacter actinomycetemcomitans, Fusobacterium, Prevotella
intermedia and Porphyromonas gingivalis, a decrease in the percentage of all cocci, and an important
proportion of motile organisms and spirochetes [25]. Staphylococcus aureus seems to play an
important role in the development of a PIIDs [27]. This bacteria shows a high affinity to titanium and
has a high negative (90%) predictive value, according to the results of Salvi et al. [28].

The bacterial species of sub-mucosal plaque seems to be different in case of PIIDs lesions in
patients with natural teeth compared to fully edentulous patients. Plaque samples of partially
edentulous patients presented a greater number of gram-negative anaerobic bacterial species when
compared to the plaque collected from fully edentulous patients [29]. Results from the various studies
have revealed that pathogenic microorganisms such as Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola are often present in the
peri-implant sulcus of partially edentulous patients, but these microorganisms were not usually
detected in edentulous patients [30].

The microbiological analysis identified 11 species of microorganisms (see Table 1). The
microbiological analysis did not identify Bacteroides, Porphyromonas and Fusobacterium species in
any samples.

In this study we identified a number of microbial species from the gingival sulcus of a number
of patients treated with or without dental implants, with or without crowns, affected or not by
periodontitis. We also identified more microorganisms in the peri-implant sites and around teeth
affected by periodontitis than in healthy sites, but there was no microbial specificity related to any
type of pathology. These findings are similar to other studies. Charalampakis et al., for example
concluded that microbiological data do not always correspond to the severity of the PIIDs, but they
can show that peri-implantitis is nothing but a multi-microbial condition with an increased number
of aerobic gram-negative bacilli in about 18,6% of cases. The microbiological testing in the case of
PIIDs must be improved in order to find out what the microbiological profile actually is [31].

On the other hand, Pye et al. concluded that the main microorganisms involved in the etiology
and progression of PIIDs are cocci and gram-negative anaerobic bacilli such as Porphyromonas
gingivalis, Prevotella intermedia, Veillonella, spirochetes, including also Treponema denticola. The
authors also believe that the involvement of Staphylococcus aureus, Candida and coliform bacteria
in this pathology is questionable and it should be taken seriously [32]. Other authors detected in cases
of PIIDs a microbiota very similar to that involved in periodontitis [13].

Kumar et al. associated less PIIDs to Prevotella and Leptotrichia and more with species like
Actinomyces, Peptococcus, Campylobacter, Streptococci non-mutans and Butyrivibrio. They also
found lower levels of species in peri-implantitis compared to periodontitis, such as Prevotella, non-
mutans Streptococci, Lactobacilli, Selenomonas, Leptotrichia and Actinomyces and higher levels of
Peptococci, Mycoplasma, Eubacterium, Campylobacter, Butyrivibrio, S. mutans and Treponema.
PIIDs microbiota is less complex than one from periodontitis [33].

There is no consensus in the scientific community about microbiota associated with PIIDs.
However, it seems that the type of surface of dental implants does not change the microbiota in the
PIIDs [34,35].

A clear correlation between the highly pathogenic microbiota, bleeding score and peri-implant
pockets depth must be made. This leads to the need of more studies development focused on biofilm
control [36].

Our study showed that the microorganisms detected in the sampling sites have sensitivity to
different antibiotics. However, considering the variety of species we found, the local application of
just a single antibiotic cannot be efficient. For this reason, there are still no standards accepted for
antibiotics protocols in case of peri-implantitis [32,37].
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Anaerobic microorganisms usually showed an increased resistance to antibiotics over time [38].
A specific study which included more than 70 patients with PIIDs found that microorganisms are
resistant to one or more antibiotics [39]. Minocycline and doxycycline seem to be efficient in local
applications in the case of moderate peri-implantitis. At this moment there are no arguments for
systemic administration of antibiotics in PIIDs [40].

Therefore, scientifically based clinical studies including local usage of antibiotics in case of PIIDs
treatment are needed in the future.

The lack of pain and discomfort at the level of peri-implant mucous membranes affected by
infection and inflammation is a factor with an unfavorable prognosis, as the absence of disturbing
symptomatology leads patients suffering from this condition to consider that the peri-implant health
status is good and the early stages of PIIDs can go unnoticed if they neglect the mandatory treatment
follow-up. Therefore, when the patient is undergoing a treatment with dental implants, it seems
mandatory that the professionals performing these treatments insist, repeatedly, at each
appointment, on the need for a rigorous control of the oral biofilm and regular follow-up controls,
regardless of the presence or absence of any type of symptomatology at the level of dental implants

The major limit of our study was that we had a low number of cases. However, the complexity
and the costs related to this research were high and made us to proceed in this way.

5. Conclusions

The present research showed that peri-implant microbiota is complex in the first stage of PIIDs,
but also around implants without any clinical sign of peri-implant inflammation.

Most studies did find gram-negative anaerobic microorganisms in PIIDs, but also there are
others that did not. Also, many authors reported different results about the similarity between the
microbiota in periodontitis and PIIDs. Consequently, there is no consensus about a single pattern of
microbiota in case of PIIDs. Moreover, there is no standard protocol for topical usage of antibiotics in
PIIDs and also more research is needed. There are also no arguments for the oral administration of
antibiotics for PIIDs. Therefore, it can be recommended for the dentist to request a microbiological
laboratory exam followed by an antibiogram prior to clinical treatment for a better personalized
approach in case of PIIDs. Some correlations between highly pathogenic microorganisms and the
clinical signs of PIIDs were made, which leads to the need for more studies focused on peri-implant
biofilm control.
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