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Peri-implant hard and soft tissues have such an anatomical framework that they are more prone to
inflammation and bone loss when compared to natural teeth. After the surgical phase of implant
placement, the emphasis is not only on adequate osseointegration, but is also conjoined with
adequate maintenance of the mucoperiosteal-implant seal and peri-implant health. This review
highlights the monitoring protocols for effective maintenance of implants to ensure long term
success. Preliminary assessment starts with updating patient’s medical and dental history. Clinical
evaluation should be done in every recall visit and radiographic evaluation can be done as and when
required. After reaching a diagnosis, appropriate non- surgical or surgical treatment should be
performed with the aim of maintaining implant health and survival, curbing peri-mucositis and/or
peri-implantitis progression and its reversibility. Collaborating good professional care with patient’s

Parameters in implant maintenance phase,
Home care regimen for implants,
Professional care of implants.

home care is the key for longevity of an implant.
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the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any
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INTRODUCTION

During the early years of oral implantology, the prime focus for
prediction of long term survival of implants was on
osseointegration. Even now due importance is given to
osseointegration, however, fixture placement, prosthesis and
esthetics are also regarded as key factors in implant success'.
Maintaining the peri-implant hard and soft tissue health
becomes imperative for prevention of peri-implant disease and
necessitates a team work between the dental professionals and
the patient’. Efficient home care by the patients can eliminate
up to 85% of microbial plaque accumulation®. Hence, it would
not be an exaggeration to refer patients as co-therapists in the
maintenance phase where their co-operation remains
indispensable®.

Peri-Implant Anatomy

The mucosa-implant interface serves as a critical barrier
between the intraosseous part of the implant and the oral
environment’. Similar to gingiva the peri-implant soft tissue is
mostly covered by keratinized squamous epithelium®. This
epithelial Dbarrier is a few cell layers thick with
hemidesmosome attachments to the “cuff” of connective tissue.
This connective tissue is rich in collagen, relatively avascular
and acellular mimicking a scar tissue histologically’. As the
dental implants lack a cementum layer, collagen fibers

*Corresponding author: Akshaya Narayanan

typically orient themselves in a parallel manner to the implant
surface (in contrast to natural teeth where the fibres are
perpendicular from cementum to bone), making them much
weaker and more prone to breakdown and bacterial invasion®.
The blood supply from the periodontal ligament does not exist
and the vascularity of peri-implant mucosa is mainly through
the supraperiosteal blood vessels’.

Peri Implant Microbiology

Composition of plaque around implants is similar to that of
natural tooth. The microbial flora of a healthy implant crevice
will predominately be comprised of gram-positive cocci and
non motile rods. Diseased implant crevices encompass
periodontal pathogens similar to those associated with
periodontitis but they are less diverse and frequently include
Fusobacterium, Prevotella, Porphyromonas, Streptococcus,
Campylobacter, and Neisseria species. Failed implants are
often associated with enteric bacteria, spirochetes, and
opportunistic bacteria (ie, Staphylococcus aureus). Studies have
demonstrated that Staphylococcus aureus is common in deep
peri-implant pockets closely linked to suppuration and bleeding
on probing but S. aureus is not closely related to chronic
periodontitis and seems to be more specific to implant surface
contamination'’. Plaque begins to accumulate as early as the
implants are exposed to oral cavity'"'>. After 3 months of
exposure, periodontal pathogens are found around implants and
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studies have shown that spirochetes can migrate from the
residual teeth to the implants 6 months after placement'”'*".
Between natural tooth and implant, plaque formation and
inflammatory response are similar but studies have shown that
their pattern of inflammation is different. Due to decreased
blood supply around implants, peri-implant mucosa is less
effective than the gingiva in prevention of progression of
plaque-related lesions into the adjacent tissue and bone'.
Hence, maintaining the health of peri implant tissue becomes
imperative for long term survival of implants.

Initiation of Implant Maintenance by the Dentist

The position paper on periodontal maintenance, American
Academy of Periodontology 2003, has stated “patients should
be evaluated at regular intervals to monitor their peri-implant
status, the condition of the implant supported prostheses and
plaque control”!”. After restoration of an implant, the patient
should be re-evaluated at every 3 months during the first year
and based on the response of the peri-implant tissues the
appropriate frequency of periodontal maintenance should be
determined with a customised strategy'®. If the patient is
clinically stable after one year, follow up interval of 6 months
is sufficient'.

Interaction with the Patient

In the follow up sessions, patient should be asked for comfort
and function of the implant. Symptoms such as pain and
discomfort stated by the patient should be given due
importance as they could be the first signs of implant failure
and are often associated with mobility and loosening™.

Updating Patient’s Medical and Dental History

The patient’s medical and dental history should be updated and
overall well being should be assured at every recall
appointment”’. Certain systemic conditions are known to
interfere with osseointegration and adversely affect implant
prognosis. For example, bone to implant contact has been
demonstrated to be affected by common systemic diseases such
as diabetes and osteoporosis. Smoking can affect the oral flora,
soft tissue and hard tissue metabolism.

Inflammatory response of the peri-implant environment can be
influenced by medications such as calcium channel blockers
and  immunosuppressants.  Patients  medicated = with
bisphosphonates, may develop Bisphosphonate Related Osteo-
Chemo-Necrosis (BROCN) of the jaws, following tooth
extraction 2. Hence, overall good general health is one of the
keys to the success of dental implants.

Diagnostic parameters

The clinical and radiographic parameters routinely used to
monitor oral implants during maintenance care should be of
high sensitivity, high specificity, should be easy to measure and
should yield reproducible data™.

Visual and palpatory assessment

Visual assessment of color, texture, consistency of tissues and
gingival margin position should be done. Palpation can be
performed for presence of edema, tenderness, exudate or pus.
Suppuration is a definite indicator of disease activity and
necessitates an anti-infective therapy”.

Plaque and mucosal assessment

Mombelli et al in 1987 and Apse et al in 1991 proposed
modified indices for the evaluation of the peri-implant marginal
mucosal conditions and plaque assessment™.(Table 1)

Bleeding on probing (BOP)

It has been demonstrated by Lang ef al. in 1994 that healthy
peri-implant sites were characterized by absence of bleeding
(0%). In contrast, peri-implant mucositis (67%) and peri-
implantitis sites (91%) showed significantly increased BOP*.
According to Luterbacher et a/ in 2000, presence of bleeding
on probing alone is less diagnostically accurate in predicting
the development of periodontal disease; but is more valuable
for implants®’.

Peri-implant probing

Peri-implant probing should be done regularly during the
maintenance phasezg, however, some clinicians do not
recommend probing the implant, or waiting three months after
abutment attachment to prevent disruption of the perimucosal

Table 1 Peri-implant marginal mucosal conditions and plaque assessment

Mombelli et al. (mP1l)

Mombelli et al. (mGI)

No bleeding when a

No detection of plague

Plague only recognized
by running a probe
across the
smooth marginal
surface of the implant

Plagque which can be
seen by the naked eye

Abundance of soft
matter

periodontal probe is
passed along
the mucosal margin
adjacent to the implant

Isolated bleeding spots
visible

Blood which forms a
confluentred line on
mucosal
margin

Heavy or profuse
bleeding

Normal mucosa

Minimal
inflammation along
with color change
and
minor edema

Moderate
inflammation with
redness, edema., and
glazing

Severe inflammation
with redness, edema,
ulceration.
and spontaneous
bleeding without
probing
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seal””. A lesser probing force (0.2-0.3 N) is advocated around

implants as the attachment strength of the junctional epithelial
attachment zone to the implant is less. Also, the connective
tissue zone has only two fiber groups and both are not inserted
into the implant *°. Recommendations for peri-implant probing
are listed in table 2°', figure 1*2. Generally, successful implants
have a probing depth of 3 mm. When the probing depth is Smm
or more, the pocket serves as a protected niche for the bacteria
and can present with signs of peri-implantitis®.

Table 2 Recommendations for peri-implant probing

» A flexible plastic probe (Figure 1) is recommended to
reduce the risk of scratching the implant’s surface and the
potential for trauma to the perimucosal seal.

# Probing forceof0.2-0.3N

» Dipping the probe in chlorhexidine prior to its usage
prevents bacterial infiltration of the peri-implant sulcus®'.

» Probing is done gently, with the plastic probe placed
parallel to the long axis of the implant.

» Clinical parameters should be recorded and documented
for future reference.

Figure 1 Williams Colorvue® Probe™

Peri-Implant Sulcus Fluid (PISF) Analysis

Several potential host markers for peri-implant disease activity
and progression have been identified in the PISF. A positive
correlation of PISF volume with plaque accumulation and
degree of peri-implant soft tissue inflammation has been
reported34; also, association between PISF volume and the
amount of bone resorption® has also been demonstrated. Early
indicators of peri-implantitis detected in peri-implant crevicular
fluid include inflammatory  biomarkers such as
myeloperoxidase, lactoferrin, IL-1B, prostaglandins. MMP-8
for connective tissue destruction phase of peri-implant disease
and bone remodeling biomarkers such as OPG, RANK, and
soluble RANKL for bone loss around implants seem to be other
promising biomarkers®.

Evaluation of restoration

The integrity and stability of the implant supported restoration
must be checked periodically and should be inspected for
fractures/chipping of the surface, loose screws, integrity of
solder joints, loss of cement seal and excessive wear patterns
on the restoration or opposing occlusion®. In cement retained
restorations, one of the potentially dangerous findings is the
presence of sub-gingival cement which can result in peri-
implant pathology. Lingual set- screws, screw- retained with
ceramic inserts, rubber dam technique and teflon (PTFE) tape

technique can be employed to eliminate/control flow of
cement’’.

Evaluation of occlusion

Abutment screw loosening, implant failure and prosthetic
failure could result from excessive occlusal forces on the
implant. It is recommended to establish a mild contact in
centric occlusion and no contact in lateral movements®, or
lateral forces must be evenly distributed™ without resulting in
destructive forces.

Evaluation of Implant Stability

Rigid fixation is the term for absence of clinical mobility of
implant. The techniques used to assess rigid fixation are similar
to that of natural tooth. Two rigid instruments are used to exert
a labiolingual force (approximately 500g) on the implant.
Based on the implant mobility scale given by Misch”, the
amplitude of tooth mobility may be rated from 0 to 4 (Table 3).

Table 3 Clinical implant mobility scale

Score Description
0 Absence of clinical mobility with 500 g in any direction
1 Slight detectable horizontal movement
2 Moderate visible horizontal mobility up to 0.5mm
3 Severe horizontal movement greater than 0.5mm
4 Visible moderate to severe horizontal and any visible vertical

movement

This index has low sensitivity and high specificity as it detects
the final stage of osseo-disintegration and, therefore indicates a
late implant loss”. To monitor initial degrees of implant
mobility Periotest has been recommended. However, the
accuracy of Periotest value for the diagnosis of peri-implantitis
and early signs of implant failure is questionable. Its
disadvantages are lack of resolution, poor sensitivity, and
susceptibility to operator variables*’. Osstell instrument, a non
invasive device based on resonance frequency analysis has
been recently developed to measure implant stability. It
evaluates the stiffness of the bone-implant interface and also
detects increase or decrease in implant stability over time®.

Radiographic assessment

Radiographs are indicators of crestal bone loss and loss of
integrity of component connections. Adell et al determined that
the mean bone loss for Branemark osseointegrated implants
was 1.5 mm for the first year and followed by mean bone loss
of 0.lmm/year®'. The suggested protocol is to obtain a baseline
film at the time of insertion of the final prosthesis followed by
a periapical/vertical bitewing radiograph at six months and one
year recall visits. If no changes or unfavourable clinical signs
are apparent, subsequent radiographic examinations may be
scheduled every 3 years thereafter. If crestal changes are
evident, radiographs must be taken and reviewed every 6 to 8
months until the bone is stable for two consecutive periods™.
Hence, the frequency of radiographic evaluation should be
customised for each patient based on the clinical scenario.

Categorising the Status of the Implant

Based on the clinical and radiographic evaluation, the implants
are sorted as surviving, ailing, failing or failed”** (Table 4).
Peri-implant pathology includes implant-mucositis and peri-
implantitis.
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Table 4 Categories of implant status

Surviving implant Ailing implant

Failing implant Failed implant

Demonstrates bone loss with
deeper pockets but appears to be
stable when evaluated at 3-4
months interval.

Show no inflammatory signs or
mobility

Implants are still in function but
have not been tested against
success criteria.

depths, bleeding on probing and

Shows signs of inflammation but

Demonstrates progressive bone
loss, increasing clinical probing

Demonstrates progressive bone loss,
clinical mobility, peri-implant
radiolucency and a dull sound when
percussed.

A failed implant is non functional and
must be removed.

suppuration.

no mobility.

Peri-implant mucositis

e Reversible inflammatory process in the soft tissues
surrounding a functioning implant.

e Has been reported to affect 80% of the subjects using
dental implants and 50% of the implants.

Peri-implantitis

e Progressive and irreversible disease of implant-
surrounding hard and soft tissues and is accompanied
with bone resorption, decreased osseointegration and
increased pocket formation.

e Affects between 28-56% of the subjects and between
12-43% of the implants.

The criteria for implant success were revised by Alberktson,
Zarb, Washington, and Erickson in 1986*(Table 5). Recently,
the width of the attached gingiva, co-existing medical
conditions, smoking, width of the implant, suture material used,
genetic and immunological factors like TNF-a and IL-1f have
also been identified as markers for implant success™.

the implant, filling the intrabony component of the defect with
either autologous bone or bone substitutes followed by
placement of resorbable or non-resorbable membrane.
Combined regenerative and resective approach has also been
performed by Schwarz et al**. The intrabony component of the
defect was treated with a collagen membrane and a bovine
xenograft and the supra-bony component with resective
surgery. “Cumulative Interceptive Supportive Therapy” (CIST)
suggested by Lang and coworkers® includes a series of four
protocols which describe the criteria for the peri-implant tissue
diagnosis as well as the different therapeutic measures that are
available to treat and prevent peri-implant infections (Figure 2).

Home Care Regimen for Implats
Mechanical plaque control

It comprises the use of manual or powered toothbrushes as well
as interproximal aids. Plaque control is the key for the primary
prevention of peri-implant mucositis as well its secondary
prevention once treated. Standard recommendations include
brushing twice daily with a low abrasive dentifrice, flossing

Table 5 Revised criteria for implant success- Alberktson et al/ 1986

service

Success.

1. Individualunattached implant thatis immobile when tested clinically
2. Radiograph does not demonstrate evidence of peri-implant radiolucency
3. Bone loss that is less than 0.2 mm annually after the implant’s first year of

4. No persistent pain, discomfort or infection
5. By these criteria, a success rate of 852 at the end of a 5 year observation
period and 80% at the end of a 10 year period are minimum levels for

Professional care during maintenance phase

After careful implant assessment, presence of calculus on the
implant / abutments should be evaluated. As implants exhibit
surface roughness, they pave way for bacterial adhesion and
colonization. Protocol for safe instrumentation should be
followed to remove the microbial deposits, however, for an
implant with a healthy gingival attachment minimal/ no
instrumentation may be necessary. The various techniques of
implant surface detoxification are listed in table 6*"°".

Surgical treatment of peri-implantitis lesions can be performed
in cases with considerable pocket formation (larger than 5 mm)
and bone loss after the resolution of acute infection and
adequate oral hygiene. Various surgical techniques have been
recommended depending on the final objective of the surgical
intervention: a) Access for cleaning and decontaminating the
implant surface (access flaps). b) Access for cleaning and
decontamination plus exposing the affected surfaces for
cleaning (apically repositioned flaps) and c) Access for
cleaning plus aiming for bone regeneration and re--
osseointegration (regenerative techniques), where after
decontamination of the implant surface, a graft is placed around

once daily (mesial/distal and facial/lingual), using a rubber-tip
stimulator once daily, an antimicrobial rinse if inflammation is
present and optionally, a water irrigation unit (not metal-
tipped)”'. Patients with good dexterity can choose among
manual squish grip brushes, sonic tooth brushes, ionic tooth
brushes and counter rotational powered toothbrushes. However,
as the patient ages, it is important to suggest powered tooth
brushes™. Interproximal cleaning can be done with use of floss,
plastic floss, braided flossing cord, satin floss, woven floss,
foam tips and interproximal brushes with a plastic coated wire.
Interdental or end-tuft brushes can be used in a “shoe-shine
rag” fashion to facilitate optimal home care procedures around
implants, hard-to-reach areas and ball implant abutments.
Powered oral irrigators are beneficial in implant maintenance,
however, care must be taken to direct the stream
interproximally and horizontally between implants, as improper
positioning can cause inadvertent damage to the peri-implant
seal®. Trrigation using 0.06% chlorhexidine with a special
subgingival irrigation tip has been shown to be more effective
than chlorhexidine gluconate (0.12%) mouth rinses®.
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Table 6 Implant surface detoxification techniques

Implantoplasty

Air powder
Abrasive

Polishing

Curettes

Ultrasonic scaler

Chemical methods

Lasers

Photodynamic therapy

Antibiotics

When titanium implant surface has been exposed, it is smoothened using rotary instruments.

This technique was recommended by Lang et al*’ , reported by Suh ez al** and it aims to reduce the roughness of the titanium
surface to decrease plaque adherence.

Abrasive powders such as sodium bicarbonate, sodium hydrocarbonate, amino acid glycine*’ or erythritol-chlorhexidine™ are
propelled by a stream of compressed air (pressure of 65-100 psi) to remove biofilm or extrinsic stains from teeth.

It is cautiously used at a 45° angle to the implant.

After hard deposits have been removed, the prosthesis and abutments may be selectively polished with a rubber cup and
nonabrasive polishing paste such as aluminum oxide, tin oxide, APF-free prophy paste, and low abrasive dentifrice’'.

Air polishing of implant components remains controversial.

Some researchers contraindicate its use as it can cause damage to the porcelain or composite material, can create random
pitting or undulating wave-type of surface irregularities on the titanium and may detach the soft tissue connection from the
implant due to air pressure leading to emphysema.

Non-metal: Made of plastic, carbon, resin-reinforced and resin—unreinforced®.

Metal: Efficient in reducing bacteria but causes obvious scratches on the implants™.

Metal scaler tips were more effective in eliminating bacteria and reducing bacterial adherence than plastic and carbon scaler
tips.

The scratches caused by a metal scaler do not significantly affect the amount of biofilm that adheres to the implant surface.
Does not cause temperature change, when cooling system is used properly.

Citric Acid- pH1 with a concentration of 40% commonly used®’.

Chlorhexidine- Debridement of the bone defect around the implant and rinsing the exposed contaminated implant surface
with 0.1% or 0.2% CHX followed by GTR with non-resorbable membranes has shown to decrease probing depth up to 3 mm
and increase bone level by 1.5 mm-3.6 mm>>*,

Ethylene Diamine Tetraacetic Acid (EDTA) - Implant surfaces debrided with titanium curettes were decontaminated with
EDTA 24% for 2 min and rinsed with saline. EDTA group demonstrated a decrease of probing depth of 2.6 mm. Main
advantage of EDTA is its neutral pH

Hydrogen Peroxide- 3% HP was capable of inactivating attached bacterial cells from human biofilms after immersion for

1 min®® . In animals, swabbing the implant surface with 10% HP for 1 minute has been shown to decontaminate the implant
surface and to allow re-osseointegration®’.

Saline, Saline Soaked Cotton Pellet and Tetracycline*’ have also been recommended.

Er:YAG Laser: Capable of effectively removing plaque and calculus without any damage to the implant surfaces.

CO2 Laser: Improve new bone formation by effective decontamination

GaAlAs laser: One of the safest for application to any surface type as it does not alter implant surfaces, regardless of the
strength at which it is applied®.

Human in vivo study - Dortbudak et a/ 2001: toluidine blue O for 1 minute and irradiation with a diode soft laser with a
wavelength of 690 nm for Iminute was shown to decrease 92% of the vital counts of P.gingivalis, P.intermedia and
A.actinomycetemcomitans™ .

This is a topical treatment where only the affected sites requiring antimicrobial treatment are targeted and also, there is no
evidence of resistance development in the target bacteria after PDT®.

Local: Useful as adjunctive therapy for mechanical debridement.

Eg: Insertion of tetracycline fibers; minocycline microspheres at treatment time and 180 and 270 days later®'; amoxicillin,
metronidazole, and their combination delivered locally have shown significant inhibition of S.sanguinis and P.gingivalis and
much lower bacterial resistance™.

Systemic: Provides increased antimicrobial level in the peri-implant crevicular fluid

HPD 4105 mrn}

Radiograph!

Abz%r;ci:;a;::gue »| Notreatment
Mechanical Bl
Pf&ﬁeng%giplaque »| debridement +
polishing
+ + Peri
i : implant
< Antiseptic s
cleansing g it
BOP+ . .
No bone loss
BOP+ Systemic or local R
Bone loss < 2 mm antibiotic therapy
e + | Peri implantitis
BOP+ Resective or
Bone loss > 2 mm regenerative
surgery —

Figure 2 CIST protocol by Lang et a/ 2004. A: Mechanical debridement, B: Antiseptic therapy, C: Antibiotic therapy, D: Regeneration / Resective therapy
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Chemical plaque control

Triclosan/copolymer toothpaste reduce plaque and gingival
inflammation, fluoride-containing mouth rinses have
demonstrated plaque control comparable to chlorhexidine
gluconate mouth rinses and are able to reduce pro-
inflammatory molecules in peri-implant crevicular fluid.
Reduction in plaque index, gingival index, and bleeding index
has been observed with Listerine, an essential oil mouth rinse,
used twice daily for 30 seconds directly after mechanical
brushing®. Chlorhexidine gluconate (0.12%) is used for plaque
control in post restorative phases after implant placement.
Chlorhexidine gel has also been proven to be effective.

CONCLUSION

Recall and review of implant patients should be scheduled
every three months for the first year to help prevent infection
and implant failure. After one year the interval between
maintenance visits should be based on the patient’s general
health, implant status and home care. This review highlights
the diagnostic parameters to assess the peri implant
environment, identify patients who are at risk for
mucositis/peri-implantitis, institute a proactive approach to
curb progression of disease activity, execute treatment in a
timely manner and emphasise the patients on the need for
meticulous home care. After adequate osseo-integration and
final prosthesis insertion, the patient and the dentist should
work together towards the long term success of the implant,
acknowledging the significance of maintenance of peri-implant
health through regular follow up visits and quintessential home
care. Hence, it would be apt to term the maintenance phase as
the lifeline of dental implants.
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