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Introduction

To substitute themissing or lost teeth, use of osseointegrated
dental implants are the inexorablywell-knownmethodology
of treatment. Nonetheless, the enduring success of dental
implants is not comparable with their survival, due to
occurrence of complications in functioning implants and
their restorations.1 Implant therapy may be susceptible to
two major types of complications: biological and technical
(mechanical). Any disruptions in the activity of implants
characterized by biological processes which influence the
tissues supporting the implant, are referred to as biological
complications.2 According to the confirmation of Sixth Euro-
pean Workshop on Periodontology, “peri-implant diseases
are infectious in nature and can be considered as biological
complications of the peri-implant tissues.”3. These peri-
implant diseases are demarcated as inflammatory lesions

of the tissues around implants and incorporate two distinct
conditions: peri-implant mucositis and peri-implantitis.4 In
analogy to the periodontal disease at teeth, peri-implant
mucositis resembles gingivitis at natural teeth and peri-
implantitis corresponds to periodontitis.5 Peri-implant
lesions contain inflammatory infiltrates similar to periodon-
tal lesions but in a larger volume and number.

Peri-implant mucositis is characterized by reversible in-
flammation of the soft tissues surrounding a functioning
implant, and peri-implantitis is defined as inflammatory
reactions in peri-implant soft tissues associated with loss of
supporting bone around a functioning implant.5 Both the
infectious peri-implant diseases are caused by bacterial bio-
films accumulated around dental implants.6 Peri-implant dis-
eases are of higher significance for their high prevalence. Peri-
implant mucositis has been accounted for affecting 80% sub-
jects with dental implants and 50% of the dental implants,
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Abstract Osseointegrated dental implants have become an increasingly popular modality of
treatment for the replacement of absent or lost teeth because of its high rates of long-
term survival when used to support various types of dental prostheses. However,
complications and implant failure can still occur and are considered by many clinicians
as a major obstacle for implant treatment. Biological complications mainly refer to
inflammatory conditions of the soft tissues and bone surrounding implants and their
restorative components, which are induced by the accumulation of bacterial biofilm.
Two clinical varieties may be distinguished: peri-implant mucositis and peri-implantitis.
Peri-implant mucositis is a reversible, plaque-induced inflammatory lesion confined to
the peri-implant soft tissue unit, whereas peri-implantitis is an extension of peri-implant
mucositis to involve the bone supporting the implant. Diagnosing and managing these
biological complications is of utmost importance for the implant surgeon and dental
practitioner. This review encompasses the etiology, diagnostic aspects, prevention,
and management of biological complications.
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while 28 to 56% of the subjects and 12 to 43% of the implants
have been reported to be affected by peri-implantitis.7

Clinicians need to be aware of the causative factors,
diagnosis, and management of these peri-implant diseases.
Hence, this review encompasses the causative factors, diag-
nosis, preventive measures, and treatment modalities of
peri-implant diseases.

Peri-Implant Mucositis and Peri-Implantitis

The similarities and differences betweenperi-implantmuco-
sitis and peri-implantitis8–10 are discussed in ►Table 1.

Etiology and Risk Factors
It is reported that bacterial biofilm accumulation is the main
cause for the peri-implant diseases’ progression.8–10 More-
over, several risk factors are present which can influence the
advancement of peri-implant diseases (►Table 2).

Role of Biofilm Accumulation
Both the infectious peri-implant diseases are caused by
bacteria present in dental biofilm.6 In a fluid system, oral

implants reflect a hard, nonshedding surface like teeth and
are thus subject to biofilm formation.11 Single bacterial
colonies will adhere to the pellicle coat after only a
few minutes to hours after implant placement.12 Following
this, the colonies will form larger and more expansive
aggregates of oral bacteria. Mombelli et al concluded in a
study that peri-implant disease-associated microbiota is
mixed anaerobic and relatively variable.13

Additive Risk Factors
History of periodontitis, cigarette smoking history, poor oral
hygiene status, systemic disease like diabetes, radiation thera-
py, and alcohol consumption, are considered as the risk factors
for pathogenesis of infectious peri-implant diseases.14 Staubli
et al reported in a systematic review that the coarse cement
surface may provide a surface for the adherence and develop-
ment of biofilm.15 Iatrogenic factors such as “inadequate
restoration-abutment seating, over contouring of restorations
or implant-malpositioning” may influence the progression of
peri-implant diseases.9 Better osseointegration was reported
in association with loaded over occlusally unloaded implants
in an animal model study.16 Heitz-Mayfield et al found no

Table 1 Similarities and differences between peri-implant mucositis and peri-implantitis8–10

Peri-implant mucositis Peri-implantitis

Reversible inflammatory peri-implant lesion Irreversible inflammatory peri-implant lesion

Characterized by inflammation of implant surrounding
mucosa without loss of continuous peri-implantmarginal bone

Characterized by inflamed peri-implant mucosa along with
advanced supporting bone loss

Clinical signs include redness of peri-implantmucosa, swelling,
bleeding on gentle probing, and suppuration

Clinical signs include swelling, redness, bleeding on gentle
probing, and suppuration along with peri implant pocket
≥ 6mm

Radiographically no evidence of bone loss beyond the alveolar
crest

Radiographic evidence of bone loss beyond alveolar crest
(≥ 3mm)

Histologically, connective tissue with inflammatory infiltrate
adjacent to the epithelium, including T-cells, B-cells, PMN

Comparatively, more neutrophil granulocytes and B-cells.
Also, large numbers of plasma cells and lymphocytes,
polymorphonuclear leukocytes and macrophages

Abbreviation: PMN, polymorphonuclear neutrophil.

Table 2 Etiological factor and risk factors of peri-implant infections8,9

Biofilm induced Nonbiofilm-induced

Etiological factor Additive risk factors

Bacterial plaque
biofilms

History of periodontitis Mucosal diseases
(e.g., OLP)

Cigarette smoking

Poor oral hygiene

Systemic disease like diabetes

Radiation therapy

Alcohol consumption

Design of implant-supported prostheses, excess cement, iatrogenic factors,
occlusal overload, titanium particles

Other factors like genetic trait, the implant surface, or lack of keratinized mucosa

Abbreviation: OLP, oral lichen planus.
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significantmarginal bone loss at the site of implant placement
due to excessive occlusal load over a period of 8 months.17

Presence of residues of particles, presenting titaniumpeaks, is
uncommon in the infiltration of inflammatory cell at the sites
of peri-implantitis.18 Research is still on to determine the role
of several other factors like the implant surface features and
materials, design of implant-supported prostheses, deficiency
of keratinized peri-implant mucosa, and genetic traits.19

Available evidence also suggest that the tissue phenotype
(either mucosal thickness or amount of attached keratinized
mucosa) could be a reasonable risk factor for peri-
implantitis.20

Role of Mucosal Disease
Mucosal diseases like oral lichen planus (OLP) adversely
influence the attachment capability of epithelium to titani-
um surfaces. Affected peri-implant mucosa also reacts dif-
ferently to a bacterial challenge compared with a healthy
peri-implant mucosa and causes rapid destruction of the soft
tissue seal around implant.8 The prevalence of peri-implant
mucositis was seen considerably high in OLP and gingival
desquamation patients.20

Implant Loss or Failure
Implant loss or failure depends on placement time or
restoration. Early implant defects may occur prior to im-
plant restoration. After the restoration of the implant, late
implant defects occur. Esposito and colleagues reported that
infections, impaired healing, and overload have most sig-
nificant contribution in implant failure.21 Direct bacterial
contamination of the implant surface, microbial contami-
nation from adjacent infected teeth, and plaque accumula-
tion on the bare surfaces of the biomaterial can cause
infection. Impaired healing-associated implant failure is
usually seen in the two-stage system during second surgical
procedure for attaching the abutment. When the applied
functional load to the implants crosses adaptive capacity of
the bone, it causes “overload-” induced implant failure.21

Replacement of a failed implant poses a challenge in
achieving osseointegration in a healed bone site and can
reduce the implant survival rate. Failure of implant can
additionally be prevented by placement of an implant with
inbuilt platform switching in a prosthetically guided posi-
tion, with appropriate treatment planning and guided
surgical procedures. It also helps to restore a cleanable
screw-retained implant with mild occlusal contacts that
match natural tooth forms.22

Diagnostic Aspects
Early detection of peri-implant diseases is critical, to inter-
vene before destruction of a considerable portion of the
supporting bone. Therefore, sensitive parameters should be
used in diagnostic procedures used around the implant to
detect initial signs and symptoms of infection.23

Mobility
Implant mobility specifies osseodisintegration. Presence of
mobility cannot be used in identification of early stages of

peri-implant disease, rather it could be indicative of the final
stage of osseodisintegration.23

Bleeding On Probing
Standardized probe and applied force (0.25N), used in
healthy and normal periodontium, should be used for as-
sessment of bleeding on probing (BOP) around oral implants.
Clinically, the lackof BOP around implant defines healthyand
normal peri-implant tissues.24

Modified Gingival Index
To assess the health or inflammatory status in peri-implant
mucosal tissues, the modified gingival index (GI) can be suc-
cessfully applied. It is the modification (by Mombelli et al)25 of
GI system (Loe and Silness).26

Probing Depths and Attachment Levels
Probing depths (PD) and the attachment levels concerning
implant shoulder can be used effectively to evaluate the peri-
implant soft-tissue seal.24 In varied soft-tissue conditions,
peri-implant probing demonstrated the outstanding sealing
effect of the healthy and mucositis peri-implant soft tissues
and the comparatively unrestrained penetration to the alve-
olar crest of the probe in case of peri-implantitis.27 For long-
term clinical evaluation of peri-implant mucosal tissue, PD
and attachment levels must be recognized as a sensitive and
accurate parameters.24

Suppuration
Histologically, diseased peri-implant tissues reveal high
numbers of neutrophil infiltrations. This indicates that suppu-
ration is related to the activity of the disease and indicates
a need for anti-infective therapy.23 In peri-implantitis
patients, the existence and grade of suppuration are corre-
lated with PD, peri-implant bone loss, and morphology of
the deformities.28

Radiographic Interpretation
Conventional radiographs (intraoral and panoramic tomog-
raphy) and computerized tomography (CT) or digital volume
tomography (DVT) have proved useful for the radiological
diagnosis of peri-implant infections.

Conventional Radiography
Conventional radiography is a commonly used procedure in
clinical practice to examine the adjacent bony structure of
the implants. The long-cone parallel technique must be
used in conventional radiography, although minor changes
in crestal bone level cannot be exposed in radiograph till the
changes become significant.29 The accuracy of the qualita-
tive and quantitative assessment of the marginal bone
level can be enhanced by the application of computer-
assisted picture analysis methods such as subtraction
radiography.30

Computed Tomography
CT is based on the principle that a one to several millimeter
thickness body layer is transversally palpated. The risk of
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formation of artifacts in metallic restorations currently
limits the implementation of CT diagnosis in dental implan-
tology to preimplantological diagnosis.14

Cone Beam Digital Volume Tomography
This technique is linked to lower radiation exposure. This
facilitates a comparable imaging of the hard tissue. Due to
reduced artifact formation in metallic restorations in com-
parison with CT, DVT is primarily appropriate for the identi-
fication of peri-implant bone deformities.31

Prevention and Treatment

Prevention: Prophylactic Measures

Oral Hygiene Instructions and Patient Motivation
A disease-free dentition prior to the final implant placement
helps to achieve a successful long-term prognosis. Plaque
control plays a critical role in maintaining the integrity of
periodontal treatment and preventing the future diseases.32

Therefore, the patient should be encouraged to carry out an
acceptable degree of plaque control on a daily basis. Proximal
cleansing is of utmost importance, and proper cleansing
devices should be used regularly.24

Cleansable Restorations
Subgingivally placed restorations with ill-defined margins
and overcontoured interdental restorationsmay threaten the
abutment teeth and their adjacent tissue health.33 Therefore,
it is important that restorations are prepared with well-
defined subgingival margins and well-contoured interproxi-
mal restorations.24

Maintenance Care
Amaintenance treatment regimen properly tailored to meet
specific patient needs should be provided to the patient
following satisfactory periodontal and implant therapy. It
is necessary to ensure that recalls are made at frequent
intervals.24 A maintenance interval of usually 5 to 6 months
is recommended to lower the incidence of peri-implant

diseases. This frequency should however be every 3 months
in the presence of systemic risk factors.34

Therapeutic Strategies

Therapy for Peri-Implant Mucositis
Treatment for peri-implant mucositis involves accumulated
calculus and plaque eliminationwith particular instruments
(titanium coated curettes, carbon fiber curettes) along with
providing oral hygiene instructions. Antiseptics (like chlor-
hexidine) may be prescribed according to the disease
severity.35

Peri-Implantitis Therapy
The cumulative interceptive supportive therapy protocol or
CIST protocol has been accepted as a treatment guideline for
the peri-implantitis treatment.35 Depending on severity of
the diseases, this cumulative system follows a series of
therapeutic procedures with increasing antibacterial affect
(►Table 3).

Mechanical Debridement
Mechanical debridement is directed at peri-implant plaque
and calculus removal without modifying the implant surface
to reestablish a healthy peri-implant mucosa.36,37 Calculus
may be removed using carbon fiber curettes, and rubber cups
and polishing paste may be used for plaque debridement.38

Currently, the abrasive sodium carbonate air-powder tech-
nique and polyetheretheretherketone-coated ultrasonic sys-
tems are also available measures for implant surface
debridement.39 Studies revealed significant reduction in
bacterial numbers and partial reduction of bleeding and
plaque scores after mechanical curettage.40

Antimicrobial Therapy

Antiseptic Treatment
Antiseptic therapy is performed together with mechanical
debridement to avoid bacterial recolonization when the
pocket depth increases to 4 to 5mm.24 Chlorhexidine

Table 3 Treatment strategies based on CIST protocol (by Mombelli and Lang 1998)23

Clinical parameters Treatment strategies

Dental plaque BOP Suppuration PD
(mm)

Bone loss

Present Present Absent < 4 Absent Mechanical debridement

Present Present Present/absent 4–5 Slightly present Mechanical debridement þ
antiseptic treatment

Present Present Present/absent ≥ 6 Prominent Mechanical debridementþ
antiseptic treatmentþ
antibiotic treatment

Present Present Present/absent ≥ 6 Advanced Mechanical debridementþ
antiseptic treatmentþ
antibiotic treatmentþ
surgical approach

Abbreviations: BOP, bleeding on probing; CIST, cumulative interceptive supportive therapy; PD, probing depth.
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digluconate is themost effective antiseptic,41 available in the
form of liquid for daily rinsing or gel, which should be used
for 3 to 4 weeks regularly to achieve the positive therapeutic
outcome, although, Heitz-Mayfield et alwere unable to prove
effectiveness of antiseptic treatment when applied along
with mechanical debridement only.37

Antibiotic Treatment
Antibiotics must be used in the antibacterial therapy ap-
proach for effective reduction of pathogenic microorgan-
isms in the peri-implant pockets formed due to peri-
implant diseases. The mechanical and antiseptic treatment
procedures must be applied prior to administering anti-
biotics.42 Leonhardt et al reported a successful treat-
ment of peri-implantitis using mechanical debridement
along with numerous antibiotics or combination of them
in more than 50 percent of cases. Antibiotics include
amoxicillinþmetronidazole, tetracycline, clindamycin,
and ciprofloxacin.43

Locally Delivered Antibiotics
Use of locally administered antibiotics through controlled
delivery devices were found to be more effective than
systemic administration for the management of peri-im-
plant diseases. In order for the antibiotic to be effective, it
should be introduced in the active sites for a minimum
period of 7 to 10 days.24 Some studies have shown the
same therapeutic outcome of tetracycline periodontal fibers
and systemically applied antibiotics.23

Laser Therapy
In recent times, there has been an increased interest in the
use of lasers for the treatment of peri-implant diseases due to
their bactericidal effects. CO2, Er: YAG lasers are used to
fulfill this purpose. Mailoa et al reported that the effects of
lasers in PD reduction is equivalent as compared with
conventional therapies.44

Photodynamic Therapy
In photodynamic therapy, the photosensitizer (photoactive
dye) is activated by a specific wavelength of light in the
presence of oxygen and creates reactive oxygen species. This
helps photodynamic therapy to generate bactericide effects
against aerobic and anaerobic bacteria.45,46 Deepe et al
demonstrated the efficacy of photodynamic therapy in the
reduction of both bleeding index and clinical attachment on
moderate and severe peri-implantitis cases.47

Resective or Regenerative Therapy (Surgical Approach)
Due to the limited efficiency of nonsurgical treatment, a
variety of surgical protocols and biomaterials have been
documented for the management of peri-implantitis in the
literature. However, further studies are required to establish
the long-term success.48

Only after the successful infection control, the surgical
approach should be discussed to either reestablish the bone
support of the implants (regenerative approach) or resect the
bony structures and soft tissues for reshaping (resective

approach), according to the lesion morphology and aesthetic
concerns.24

Resective Therapy
Themain objectives of resective therapy include the removal
of implant supporting bony defects through ostectomy and
osteoplasty procedure along with elimination of pathogenic
microorganisms. Moreover, implantoplasty may be per-
formed for polishing the supra-alveolar implant surface.49

When these procedures are performed in a combination,
they can prevent the progression of peri-implantitis partially
or completely. Pocket removal along with osseous reshaping
with pre- and postsurgical plaque management is reported
as effective for treating patients with active peri-implant
diseases.50

Regenerative Approaches
Complete osseous restoration and reosseointegration is de-
sirable from functional and aesthetic perspectives as well as
for long-standing survival of implant. In animal models,
experimentally generated defects can be restored using
different types of grafts, according to the guided bone
regeneration concept.49 There is sufficient research on the
management of peri-implantitis using regenerative
approaches in humans. Regenerative approaches are autolo-
gous, allogenic, and xenogenic bone grafts with or without
collagen membrane.49 Research has demonstrated radiolog-
ically better bone filling property of bovine-derived xeno-
grafts over autogenous bone for the correction of infra-
alveolar defects. They also have benefit in terms of better
pocket reduction.51

Conclusion

Implant complications are encountered in everyday practice
and can be challenging to practitioners; hence, it is essential
that clinicians have a sound knowledge of biology, compli-
cations, and management of peri-implant diseases. Diagno-
sis of the peri-implant complications, elimination of
etiological factors, followed by appropriate decision making,
help clinicians manage peri-implant complications better.
Patient counselling and expectations should also be consid-
ered before choosing an appropriate treatment protocol for
achieving successful treatment outcome.
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