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Abstract
Background: Dental implants are affected by peri-implantitis, an inflammatory condition
that can lead to rapid bone loss and implant failure. This prospective study investigated
the qualitative bacterial etiology of peri-implantitis, a particularly aggressive form of the
disease.
Methods: This prospective study included 26 patients (aged 23-45) with healthy,
functional implants in service for at least 12 months, who presented with acute infection.
Patients were divided into two groups based on reverse torque testing values. Group I
(n=12) consisted of implants with a reverse torque value of less than 15 Ncm, indicating
reduced rotational stability and more severe implantitis. Group II (n=12) consisted of
implants with a reverse torque value of 15 Ncm or greater, indicating adequate rotational
stability and less severe implantitis. Group I implants were explanted for bacterial culture.
Group II implants underwent supra-structure removal, debridement, laser disinfection,
and bacterial swabbing. All patients were examined for primary infection sources
(periodontal, endodontic, or other), which were managed accordingly. Bacterial
specimens were cultured and identified.
Results: Seven bacterial strains were identified: Porphyromonas gingivalis, methicillin-
resistant Staphylococcus aureus (MRSA), Aggregatibacter actinomycetemcomitans, Enterococcus
faecalis, Prevotella intermedia, Pseudomonas aeruginosa, and Serratia marcescens. Many
specimens exhibited antibiotic resistance, requiring tailored combination therapies. Grade
I patients received new implants after 8 weeks; Grade II patients received new
abutments/restorations after 6 weeks. Bacterial species from primary infection sources
matched those from affected implant sites.
Conclusion: Peri-implantitis is associated with aggressive, often antibiotic-resistant
bacterial infections, including MRSA. Early diagnosis, pathogen identification, and
targeted antimicrobial therapy, along with management of primary infection sources, are
essential for preventing rapid osseointegration loss and implant failure. Further studies
are needed to quantify the bacterial burden in these infections.
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1 Introduction
Dental implants have become a reliable and popular

treatment option for replacing missing teeth. While
generally successful, with reported 10-year success rates of
90-95% 1, complications can occur and pose significant
challenges. Among these, peri-implantitis, an inflammatory
condition affecting the tissues surrounding the implant, is a
major concern. Peri-implantitis can lead to bone loss,
implant instability, and ultimately, implant failure. The
reported prevalence of peri-implantitis varies widely,
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ranging from 1% to 47% in a meta-analysis by Derks et al. 2,
with a more recent study by Vignoletti et al. 3 reporting a
prevalence of 35%.

Peri-implantitis is characterized by inflammation,
bleeding on probing and/or suppuration, detectable bone
loss exceeding 2mm beyond initial remodeling, and
probing depths of 4mm or greater 4. Peri-implant diseases
encompass a spectrum of inflammatory processes affecting
both the soft and hard tissues surrounding implants.
Several classification systems have been developed to
categorize peri-implant lesions. These classifications
consider factors such as the activity of the lesion (active vs.
inactive) 5, the extent of bone loss 6, the location of the
lesion (apical vs. marginal) 7, and the source of infection
(tooth-to-implant vs. implant-to-tooth). 8

A critical factor in peri-implantitis development is
the concept of endo-implant cross-infection, initially
described by Daubert et al..9 This refers to infection
spreading from an adjacent tooth with an endodontic
infection to the nearby implant. Clinically, this cross-
infection can mimic peri-implantitis, presenting with
mucositis and marginal bone loss. However, radiographic
examination can often reveal the infectious pathway
connecting the tooth and implant, differentiating it from
true peri-implantitis. This cross-infection is essentially a
biofilm-mediated process 10, where a complex community
of bacteria encased within an extracellular matrix adheres
to the implant or tooth surface. Biofilm formation is a
multi-stage process involving attachment, growth,
maturation, and dispersal.11 Periapical pathosis in adjacent
teeth has been implicated in up to 25% of implant failures
12, and the incidence of retrograde peri-implantitis
(periapical bone loss around the implant within the first 6
months) is increased in the presence of adjacent tooth
periapical infection. 13

Treatment strategies for peri-implantitis
encompass non-surgical approaches (mechanical
debridement, antiseptics, and antibiotics), surface
decontamination (air abrasives, chemical agents, laser
irradiation) 14,15, and surgical interventions (resective and
regenerative techniques).16 While mechanical debridement
is essential, it is often insufficient to eliminate the causative
bacteria completely. Therefore, combination therapies
involving antiseptics and/or surgical interventions are
often necessary. Surface decontamination methods like
laser treatment or air abrasion can be helpful, but their
long-term effectiveness requires further investigation.
Surgical interventions, including pocket reduction, bone
recontouring, and meticulous plaque control, have
demonstrated efficacy in managing peri-implantitis. 16

Critically, addressing the primary source of infection is
paramount to successful treatment. 17

Several bacterial species have been implicated in
peri-implantitis, including Staphylococcus aureus,
Staphylococcus epidermidis, Enterococcus faecalis, and
Pseudomonas aeruginosa. 18 These bacteria are commonly
found in oral biofilms and can cause both acute and chronic
infections, not only in dental implants but also in orthopedic
implants. The connection between dental infections and
other distant site infections is also recognized. For example,
dental infections have been identified as a source of
hematogenous spread to prosthetic joint replacements,
contributing to approximately 15% of peri-prosthetic joint
infections. 19

A particularly challenging form of peri-implantitis is
the rapidly destructive variant. In these cases, a previously
healthy and functional implant can rapidly become mobile
due to acute destruction of the surrounding bone. The rapid
progression of this infection often necessitates implant
removal if diagnosis and treatment are delayed.17 This study
aimed to highlight a strong correlation between qualitative
bacterial species found at primary infection sites and their
etiology to affected implant sites. This underscores the
importance of targeted antimicrobial therapy and primary
infection management in preventing rapid osseointegration
loss and implant failure in peri-implantitis.

2 Materials and Methods
2.1 Ethical Approval
The method employed in this study was approved by the
research ethical committee (Faculty of Dentistry - MSA
University). The research was granted confirmation of
conductance number (52114), and all participants provided
written informed consent, with the right to withdraw from
the study at any time. The study was conducted at the
Restorative and Oral Pathology Department, Faculty of
Dentistry, MSA University, between (June,2022) and
(August,2024). Ethical considerations were paramount, with
adherence to the Declaration of Helsinki.

2.2 Study design
This prospective study investigated the bacterial
strains associated with peri-implant infections and
evaluated different treatment protocols for these
infections Table 1.

Table 1. Summary Statistics of Demographics by Group with
P-Value
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Twenty-Six patients meeting specific inclusion
criteria were recruited from those presenting with
functioning delayed implants, which were loaded
with the prosthetic part after 3 months, that had been
in service for at least 12 months. The study included
individuals aged 23 to 45 years who had recently
developed pain or mobility associated with their
implant or superstructure and maintained good oral
hygiene. Exclusion criteria encompassed smoking,
presence of immunocompromising diseases, and
significant bone loss.

2.3 Eligibility Criteria:

Inclusion Criteria:

Presence of a functioning delayed implant (loaded
after 3 months) that had been in service for at least 12
months, Recent onset of pain or mobility related to
the implant or superstructure, Age between 23 and
45 years, and Good oral hygiene.

Exclusion Criteria:

Smoking, Immuno-compromising diseases, severe
bone loss, Uncontrolled diabetic patients, Heavy
Smokers above 10 cigarettes per day.

Patients exhibiting severe bone loss were excluded to
minimize the influence of pre-existing bone
deficiencies on the study's outcomes. Severe bone
loss can negatively impact implant osseointegration
and long-term stability, potentially leading to
increased failure rates. 21

2.4 Allocation of Participants
Patients underwent initial clinical and

radiographic examinations to confirm the presence
of implant-related issues. Implant mobility,
specifically quantified using reverse torque testing,
served as the primary grouping criterion. Patients
were assigned to one of two groups based solely on
the results of the reverse torque testing.

Group 1: Grade I Infection: This group comprised
patients exhibiting implants with more than 2mm of
mobility in any direction, pain on pressure, and
radiographic evidence of early bone loss
surrounding the affected implant 12 months
immediately following implant placement, during
which bone loss was assessed. These patients
underwent aseptic implant removal, bacterial culture
of the explanted implant, thorough curettage and
cleaning of the extraction socket, and suturing. Post-
operatively, they received chlorhexidine mouthwash
and analgesics.

Group 2: Grade II Infection: This group included
patients whose implants demonstrated at least 15 Ncm
of torque resistance. Radiographic examination
revealed some signs of inflammation but without
severe bone loss. These patients also reported pain on
pressure and soreness in the jawbone surrounding the
affected implant. Their treatment consisted of supra-
structure (abutment and restoration) removal, bacterial
swabbing from the implant neck area, cover screw
placement, a small crestal incision, soft tissue curettage,
and cleaning, irrigation, and diode laser disinfection of
the implant periphery. Following bacterial culture
results, patients received tailored combination
antibiotic therapy. Table 2.

Table 2. Grouping Criteria

2.5 Management of Primary Infection Source

To ensure comprehensive patient care
and eliminate potential sources of cross-infection that
could compromise long-term implant health, all
patients underwent a thorough oral examination. This
included assessment for periodontal disease, caries,
pulpitis, and periapical infections. The presence of
these conditions did not exclude patients from the
study; instead, they were addressed according to a
detailed, pre-established protocol. Acute and chronic
periodontal infections were treated with deep pocket
debridement, consisting of scaling and root planing
using ultrasonic tips with povidone-iodine irrigation,
gingival curettage with Gracey curettes to remove
necrotic and granulation tissue, saline irrigation, and
application of metronidazole gel to the infected
pockets.

All periodontal procedures were
performed by a single, calibrated operator to
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standardize treatment. Non-restorable teeth, defined
as those presenting with extensive caries, significant
bone loss, furcation involvement, or other factors
precluding successful restorative or endodontic
intervention, were extracted. While patients
demonstrated good oral hygiene at screening, these
non-restorable teeth, along with other identified
dental infections, could contribute to the overall
microbial burden and negatively impact implant
outcomes. Therefore, their extraction was deemed
necessary. Carious lesions were restored, and
defective existing restorations were replaced. Vital
teeth with pulp exposure received endodontic
treatment, including local anesthesia (4% articaine
with 1:100,000 epinephrine), access cavity
preparation, canal instrumentation using a crown-
down technique with ProTaper Gold files, and
obturation with bio-sealer coated gutta-percha cones.
Periapical infections were managed with root canal
retreatment, involving gutta-percha removal with
Gates Glidden burs and solvent, copious NaOCl
irrigation, and a 10-day calcium hydroxide dressing
(UltraCal XS).

2.6 Bacterial Culture Procedures
Bacterial samples were collected from

three sources: extracted implants (Grade I), the
implant-bone interface (Grade II), and infected root
canals (including those from extracted teeth). For
Grade I implants, explanted specimens were rinsed
with saline to remove debris and planktonic bacteria
before being placed in sterile tubes for processing
and identification 22. Samples from the implant-bone
interface of Grade II implants were collected using
sterile swabs and a no-touch technique to minimize
contamination, then transported in sterile containers
for processing within two hours 23. Root canal
samples were collected after rubber dam isolation
and access cavity preparation (without water spray).
Canals were enlarged with K-files, and sterile paper
points were inserted for 60 seconds to absorb
samples, which were then transferred to transport
medium 24. This same paper point method was used
for sampling infected root canals from extracted
teeth. Following bacterial identification, antibiotic
susceptibility testing was performed. Disc diffusion
assays provided an initial assessment of resistance to
common antibiotics. Isolates showing resistance or
intermediate susceptibility then underwent broth
microdilution assays to determine minimum
inhibitory concentrations (MICs) for a wider range of
antibiotics. Clinical guidelines and known resistance

patterns informed antibiotic selection for testing, and
MIC results guided patient-specific combination
antibiotic therapies.

2.7 Targeted Antibiotic Therapy
Following bacterial identification and

antibiotic sensitivity testing, each patient received a
tailored combination antibiotic therapy, which
successfully controlled the infections in all cases.
Specifically, patients infected with methicillin-resistant
Staphylococcus aureus (MRSA) were prescribed
vancomycin 125 mg four times a day for 10 days. For
infections involving Pseudomonas aeruginosa and/or
Enterococcus faecalis, the regimen consisted of
amoxicillin and clavulanate 1.0 g, followed by a
maintenance dose of 500 mg three times a day for
three days. Patients with Serratia marcescens
infections received a single dose of aminoglycosides
for two days, combined with a fourth-generation
cephalosporin.

3 Results
Ten patients presented with Grade I peri-

implantitis, requiring implant removal and replacement,
while thirteen patients with Grade II peri-implantitis
received new restorations after six weeks. The primary
infection source was identified as a necrotic or failed
endodontically treated tooth in fifteen cases, periodontal
infection in five, and a non-dental source in three. Table 3.
Table 3. Cell culture results of infected implants and the proposed
line of treatment
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Bacterial cultures consistently revealed
aggressive, highly antibiotic-resistant strains. Notably,
bacterial species cultured from explanted implants
(Grade I) and the implant-bone interface (Grade II)
matched those found in concurrently sampled infected
root canals, when present. Seven bacterial species were
identified: Porphyromonas gingivalis, methicillin-
resistant Staphylococcus aureus (MRSA),
Aggregatibacter actinomycetemcomitans, Enterococcus
faecalis, Prevotella intermedia, Pseudomonas
aeruginosa, and Serratia marcescens. Following
antibiotic sensitivity testing, tailored combination
antibiotic therapies were administered, successfully
controlling all infections.

Figure 1A. Grade I implant infection due to post extraction infection of
mandibular right molar.

Figure 1B. Grade I implant infection due to periodontal abscess
infecting implant in position mandibular left Incisor area.

Figure 1C. Grade I implant infection due to bacterial load related to
exposed lower right molar.

Figure 2A. Grade II implant infection due failed root canal treatment of
lower right molar.

Figure 2B. Grade II implant infection due failed root canal treatment of
lower right second molar.

Figure 2C. Grade II implant infection due to failed root canal treatment
of upper right canine.

4 Discussion
This study identified seven bacterial strains

associated with peri-implantitis: Porphyromonas gingivalis,
methicillin-resistant Staphylococcus aureus(MRSA),
Aggregatibacter actinomycetemcomitans, Enterococcus faecalis,
Prevotella intermedia, Pseudomonas aeruginosa, and Serratia
marcescens. The rapid implant loss observed in ten cases
underscores the aggressive nature of these infections and the
importance of prompt diagnosis and treatment. These
findings align with existing literature describing retrograde
peri-implantitis, particularly its association with endodontic
infections in adjacent teeth. 25,26 While the prevalence of
retrograde peri-implantitis is reported to be relatively low
(0.26%–1.86%), it increases significantly in the presence of an
adjacent endodontically treated tooth (up to 7.8%) 25,26,
highlighting the clinical relevance of this cross-infection
pathway.

The role of bacterial biofilms in peri-implant
infections, including retrograde peri-implantitis, is well-
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established. Biofilm formation is a complex, multi-stage
process 27 involving bacterial adhesion, growth,
maturation, and dispersal. Numerous bacterial species can
be found in and around the apices of endodontically
treated teeth.28 During endodontic treatment failure, the
microbial flora often shifts to a polymicrobial community
dominated by gram-positive facultative anaerobes,
notably Enterococcus faecalis. 29,30

E. faecalis possesses several mechanisms
that contribute to its persistence in challenging
environments, including its ability to adhere to dentin 31,
survive in trabecular bone 32, and resist both antibodies
and antimicrobials within its self-encapsulated biofilm.32

This resilience allows E. faecalis to survive in energy-
starved root canals 33 and even in bone after tooth
extraction, potentially colonizing implants placed in
extraction sites or adjacent to existing periapical infections.
34 The initial interaction between bacteria and the implant
surface is influenced by physiochemical properties like
hydrophobicity and electrostatic charge.35 High
hydrophilicity promotes bacterial adhesion and
aggregation, leading to biofilm formation and
encapsulation within a protective matrix that enhances
bacterial survival. Biofilm maturation is dependent on
nutritional factors, such as glucose availability, and cells
may detach from the biofilm surface when nutrients
become scarce.27

In this study, P. gingivalis was frequently identified,
suggesting a strong association with symptomatic infected
pulps or peri-radicular diseases in adjacent teeth.36 P.
gingivalis is a common component of complex multispecies
biofilms in both root canal and periodontal infections. Its
virulence factors, including caseinolytic proteases (Clp)
enzymes, contribute to tissue damage and biofilm
formation.37 The high prevalence of P. gingivalis in this
study reinforces the importance of managing existing
dental infections before implant placement to prevent
cross-infection. While a combined antibiotic regimen of
amoxicillin, clavulanate, cefoxitin, and imipenem has been
suggested for P. gingivalis infections 38, antibiotic
sensitivity testing is crucial to ensure appropriate
treatment.

The notable presence of MRSA in this study
is a significant concern. The emergence of drug-resistant S.
aureus strains, including MRSA, poses a serious challenge
in oral infections.39 S. aureus biofilms, composed of water,
bacterial microcolonies, and an extracellular polymeric
substance containing polysaccharides, extracellular DNA,
and proteins like clumping factors A and B 40, contribute to
their persistence and resistance to antimicrobials. S.
aureus's affinity for implant surfaces, mediated by
microbial surface components recognizing adhesive

matrix molecules (MSCRAMMs) 13, further complicates peri-
implant infections. This affinity, coupled with increased
implant surface roughness promoting biofilm formation,
emphasizes the need for meticulous management of
periapical infections in adjacent teeth, particularly before
implant placement in cases with a lower implant prognosis.
While vancomycin remains a common treatment option for
MRSA infections 41, antibiotic susceptibility testing is
essential to guide therapy.

The presence of A. actinomycetemcomitans is
consistent with its known role in localized aggressive
periodontitis (LAP). 42,43 P. aeruginosa, known for its ability to
form biofilms on both biotic and abiotic surfaces, is a
frequent isolate in refractory root canal infections 44 due to
its facultative anaerobic nature and denitrifying capacity 45-47.
Prevotella intermedia, another common isolate, can be treated
with metronidazole, azithromycin, or beta-lactam antibiotics
plus beta-lactamase inhibitors. 48 E. faecalis' involvement in
post-treatment apical periodontitis 49 and its ability to
develop antibiotic resistance through horizontal gene
transfer within biofilms highlight the challenges in
eradicating this organism. S. marcescens, while less common
in the oral cavity, has been isolated from subgingival
biofilms 50 and exhibits resistance to several antibiotics 50,
underscoring the importance of tailored antibiotic therapy.
The microbial composition of peri-implantitis can differ
from that of periodontitis. 51 While both often involve gram-
negative bacteria, peri-implantitis can also harbor
opportunistic microorganisms like S. aureus, Streptococcus
anaerobius, E. coli, Candida, and various Streptococci spp. The
low infection rates associated with orthopedic implants 52

contrast with the challenges seen in peri-implantitis, likely
due to differences in the surrounding tissues and the
potential for oral flora to contribute to infection.
Hematogenous spread from distant infection sites, including
dental infections, to orthopedic implants is a recognized
phenomenon 19, emphasizing the interconnectedness of
systemic and oral health.

The mechanisms of bone destruction in peri-
implantitis involve osteoclastogenesis, a process regulated
by RANKL and influenced by bacterial LPS via TLR4 on
osteoblasts 53. Acute inflammatory pathways likely
contribute to rapid bone loss in Grade I infections.
Osteoclasts, expressing TRAP and utilizing αVβ3 integrin
receptors, attach to bone surfaces and release proteolytic
enzymes like cathepsin K, facilitating bone resorption 54.
These cellular and molecular mechanisms explain the rapid
destruction observed in peri-implantitis. The reverse torque
test is a valuable tool in implant dentistry, providing a
quantifiable measure of primary stability. Unlike subjective
assessments, it objectively measures the torque needed to
initiate reverse rotation, enabling precise evaluation of initial
implant anchorage. This is crucial for early detection of
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instability, a major risk factor for early failure, allowing
timely intervention. The test reflects the mechanical bond
between implant and bone, especially important in
compromised bone quality. While primarily used at
placement, it can sometimes monitor healing. 55

5 Conclusion

Within the limitations of this study:

In this prospective study, seven bacterial strains (P.
gingivalis, MRSA, A. actinomycetemcomitans, E. faecalis,
P. intermedia, P. aeruginosa, S. marcescens) were
associated with peri-implantitis, highlighting the need for
prompt intervention and tailored antibiotic therapy.

Rapid implant failure underscore the importance of
considering endodontic cross-infection, tailoring antibiotic
therapy based on sensitivity testing due to prevalent
antibiotic resistance, and a comprehensive treatment
approach encompassing source control, debridement, and
targeted antimicrobials.

Future studies should evaluate treatments and quantify
bacterial load, which was a limitation of this initial
investigation.
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