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Endosseous root-form implants have become an integral part of dental
reconstruction in partially and fully edentulous patients. It has been esti-
mated that approximately 300,000—-428,000 endosseous implants are placed
annually in the United States [1]. The success of dental implants is highly
dependent on the integration between the implant and intraoral tissues,
hard and soft. The successful integration of the osseous tissue structures
to titanium implants, termed “osseointegration’ by Dr. Per-Ingvar Brane-
mark, has been well documented [2—4]. Current knowledge indicates that
the maintenance of a healthy soft tissue barrier is as important as osseointe-
gration itself for the long-term success of an implant-supported prosthesis
[5]. The long-term prognosis of an implant is related directly to routine as-
sessment and effective preventive care. To maintain healthy tissues around
dental implants, it is important to institute an effective maintenance regimen.
Different regimens have been suggested, but it is unclear which are the most
effective [6]. This article evaluates the literature regarding implant mainte-
nance. Factors affecting the soft tissue surrounding endosseous root-form
implants also are discussed, and procedures for assessment of the implant
and the treatment of reversible disease in implant maintenance are outlined.

Structure and function of the peri-implant tissues

It is important to have a basic understanding of the peri-implant soft tis-
sue structures. The interface of the soft tissue with the implant is critical in
sealing the intraoral environment from the endosseous part of the dental
implant [7]. This biologic soft tissue seal, which is analogous to the epithe-
lial attachment of the tooth, protects the implant—bone interface by resisting
the challenge of bacterial irritants and the mechanical trauma resulting
from restorative procedures, masticatory forces, and oral hygiene mainte-
nance [5]. The soft tissue (perimucosal) seal that forms around the coronal
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part of a dental implant is about 3 mm in corono-apical direction and con-
sists of two zones, one of epithelium and one of connective tissue [8]. The
outer surface of the peri-implant mucosa generally is covered by keratinized
stratified squamous epithelium that is analogous to the gingiva. Although
keratinized tissue may be less susceptible to bacteria at the implant—soft tissue
interface [9], lack of keratinization has been reported to have little adverse
effect on implant survival [10], especially in areas of healthy tissue. The barrier
epithelium, only a few cells thick, is continuous with outer surface tissue and
terminates about 2 mm apical to the soft tissue margin. Both epithelia harbor
hemi-desmosomes and have the appearance of a basal lamina [11].

The vascular system of the peri-implant mucosa derives solely from the
alveolar supraperiosteal blood vessels because there can be no contribution
from a periodontal ligament [12]. The remaining 1 to 1.5 mm of soft tissue
margin, between the apical portion of the barrier epithelium and the alveo-
lar crest bone, is composed of connective tissue. These connective tissue
bundles originate from the alveolar crest and run parallel to the abutment
surface. Unlike periodontal attachment surrounding natural teeth, there is
no insertion of connective tissue fibers into the implant surface. The connec-
tive tissue ““‘cuff” is held in close approximation to the epithelial attachment
that surrounds the implant. In the presence of keratinized mucosa, the
connective parallel fibers are woven with circular fibers running circum-
ferentially around the implant. The connective tissue immediately adjacent
to the implant is rich in collagen and is relatively acellular and avascular,
making it histologically similar to scar tissue [13].

Many authors have discussed biologic width and implants. When compar-
ing the collective measures in biologic width of sulcus depth and the dimensions
of junctional epithelium and connective tissue contact, the results of studies of
natural teeth [14,15] and those of implants remain dimensionally stable. There
are differences in the ratios for nonsubmerged [16] versus submerged implants
[13,17]. Although a healthy connective tissue seal can be achieved on both types
of dental implant systems, the epithelial attachment is more apically located on
submerged implants because of the presence of the so-called ““‘microgap’ [18].
Although the actual measure of the separate components of the biologic width
around implants can change at different times after insertion, the overall sum of
the sulcus depth, junctional epithelium, and connective tissue contact
surrounding the implant does not change. This stability indicates that the
biologic width is a physiologically formed and stable structure over time [19].
Biologic width is one of many factors to consider when monitoring the progress
of osseointegration and health of peri-implant tissues during the first critical
year after placement and afterwards during maintenance visits.

Peri-implant disease

Implants, like teeth, are susceptible to bacterial plaque accumulation and
calculus formation. In fact, because of a lack of connective fiber insertion
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and decreased vascular supply around the implant, there may be greater sus-
ceptibility to plaque-induced inflammation [20]. Plaque will form on implant
surfaces as soon as they are exposed to the oral cavity. The initial pellicle for-
mation on implants is similar to that on natural teeth, but the initial adhe-
sion rate of specific bacteria may vary [21]. The composition of bacterial
plaque is similar on implants and natural teeth [22]. Gram-positive faculta-
tively anaerobic rods and cocci were found around periodontally healthy
teeth and successful implants. In edentulous patients, bacteria colonizing
the implant surface are derived from the microflora in saliva, which in
turn are derived from various oral niches such as the dorsum of the tongue
and tonsillar crypts [23]. In partially edentulous patients opportunistic peri-
odontal pathogens such as Actinobacillus actinomycetemcomitans, Prevotella
intermedia, Peptostreptococcus micros, and Fusobacterium nucleatum have
been identified in association with peri-implantitis [24]. Periodontal patho-
gens identified in pockets before implant placement can be detected at im-
plant sites 3 months after exposure to the oral environment [25]. Other
data suggest that periodontal pathogens such as spirochetes may be trans-
mitted from residual teeth to implants within 6 months of implant placement
[26,27]. Proliferation of these pathogens can result in an inflammatory re-
sponse and may lead to peri-implant infections.

The term “‘peri-mucositis” refers to the reversible inflammation of the
soft tissue surrounding the implant and is somewhat analogous to gingivitis.
“Peri-implantitis” is defined as an inflammatory process affecting the bone
surrounding the osseointegrated implant and may be viewed as somewhat
analogous to periodontitis [28]. Supragingival calculus is more common
on implants than subgingival calculus, which is seldom seen. Calculus that
forms on implant surfaces may be less tenacious than calculus around nat-
ural teeth and is easier to remove because the low surface energy of the
titanium abutment surface attracts proteins with low surface affinity [29].
When the surface of the abutment fixture is exposed to the oral environment,
any calculus attachment is much more adherent and difficult to remove [29].

The mucosa surrounding the implant exhibits an inflammatory response
to plaque formation similar to that seen in the gingiva that surrounds the
natural teeth. Although the formation of biofilm and the initial inflamma-
tory response between the dento-gingival structures and the gingivo-implant
structures are similar, studies have shown that the pattern of spread of in-
flammation differs [20,30]. Because of the smaller numbers of fibroblasts
in peri-implant tissues, inflammatory cell infiltrate extends into the bone
marrow spaces of the alveolus. Thus, it has been suggested that the peri-
implant mucosa is less effective than the gingiva in preventing further pro-
gression of the plaque-induced lesion into the surrounding bone. This
progression can lead to peri-implantitis and potential failure of the implant
[31]. Tt is, however, difficult to reconcile these theoretical constructs with
the remarkably high success rates observed in numerous implant outcomes
studies. Peri-implantitis seems to be a rather uncommon condition, but it is
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prudent to implement maintenance measures that will reduce the incidence
of these infections further, because implant loss often involves significant
morbidity, expense, and inconvenience.

Clinical signs and symptoms of peri-implant disease include edematous
tissue and bleeding after gentle probing with a blunt instrument, with a po-
tential of suppuration [9]. Discrimination must be made between reversible
peri-mucositis, with no loss of supporting bone, and irreversible peri-
implantitis, in which there is progressive loss of osseointegration. Radio-
graphic evidence will show vertical bone destruction with an associated
peri-implant pocket. Pain is not a typical feature of peri-implantitis and,
if present, usually is associated with an acute infection. The final stage of
peri-implant disease is mobility of the fixture or a continuous radiolucency
around the implant. The overall frequency of peri-implantitis is in the range
of 5% to 10% [32]. The actual need for surgical removal of the implant is
reported to be much lower and to occur mostly during the first year after
placement [33]. Even with signs of infection, implant loss could remain
low if appropriate preventive and interventional treatment strategies are fol-
lowed after closely supervised monitoring and diagnosis. Indeed, reversal of
peri-implantitis and reintegration of surface-enhanced implants recently has
been demonstrated in an experimental peri-implantitis model [34]. In that
study, significantly greater reintegration was noted with a sandblasted,
acid-etched surface than was seen with smooth-surfaced implants.

Maintenance regimens for dental implants

Maintenance programs for implants should be designed individually
because there is a lack of data detailing precise recall intervals, methods
of plaque and calculus removal, and appropriate antimicrobial agents for
maintenance around implants [35]. The first interaction with the implant pa-
tient in regard to maintenance should be a review of home care ability and
motivation before the placement of the implant [36]. It is important that the
patient understand his or her responsibility in caring for the implant. The
role of the patient is that of cotherapist; the therapist and patient must
form a therapeutic alliance, as in dental care that does not involve implants.
The patient’s motivation and skill in performing oral hygiene measures may
influence the prosthetic design [37]. It has been suggested that a patient’s in-
ability to achieve adequate oral hygiene be considered a possible contraindi-
cation to implant placement [38].

The following post-placement parameters should be evaluated and con-
sidered before the restorative phase: quantity, quality, and health of soft
and hard tissues, implant stability, implant position and abutment selection,
and oral hygiene assessment [39]. Because peri-implant lesions result from
opportunistic infections that may lead to loss of supporting bone, it is man-
datory to monitor peri-implant tissues at regular intervals in hope of imple-
menting early interventions when signs of disease are noted. Studies have
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shown that mucositis lesions can exhibit apical progression after 3 months
of plaque buildup around implants [40]. Therefore a 3-month maintenance
regimen is recommended within the first year of implant placement. De-
pending on risk factors, oral hygiene compliance, and assessments, the recall
interval can then be extended to 6 months [41]. Because periodic evaluation
of the dental implant is vital to its long-term success, the following factors
must be evaluated at each maintenance appointment:

e Presence of plaque and calculus

e Clinical appearance of peri-implant tissue

e Radiographic appearance of implant and peri-implant structures
e Occlusal status, stability of prostheses and implants

e Probing depths and presence of exudates or bleeding on probing
e Patient comfort and function [39]

In addition to the evaluation, the maintenance appointment also should
include

e A thorough review of oral hygiene reinforcement and modifications

e Deposit removal from implant/prosthesis surfaces

e Appropriate use of antimicrobials [42]

e Reevaluation of the present maintenance interval, with modification as
dictated by the clinical presentation

Clinical assessment
Assessment of home care

Evidence from animal and human studies has established the importance
of the microbial biofilm in the pathogenesis of peri-implant disease [30,43].
Therefore it is logical to monitor oral hygiene habits by routinely assessing
plaque accumulation around dental implants. The amount of plaque around
implants always should be evaluated and documented [44]. Two indices have
been developed for such plaque assessments. Mombelli and colleagues [25]
suggest numerical scoring (0 = no visible plaque, 1 = plaque recognized
by running probe over smooth margin of implant, 2 = visible plaque, 3 =
abundance of soft matter) of visible marginal plaque amounts, whereas
Lindquist and colleagues [45] suggest a similar quantification (0 = no visible
plaque, 1 = local plaque accumulation, 2 = general plaque accumulation
greater than 25%) of plaque percentage. Another method of quantifying
plaque accumulation is to compute a simple percentage of surfaces with pla-
que accumulations. Six areas of plaque (three buccal and three lingual) are
recorded in the same manner used with natural teeth. A resulting percentage
of identified surfaces can be calculated and compared with an established
threshold set for acceptable oral hygiene. The clinician can decide whether
to incorporate the use of dyes or stains. Although this method may take a lit-
tle more time, it develops a record the presence of plaque on all individual
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implant surfaces that can be easily compared over time. Because the implant
abutment surface is highly polished, calculus does not tend to accumulate as
easily or as tenaciously on implants as on natural teeth [46].

Examination of peri-implant soft tissue

The clinical appearance of peri-implant tissues is another evaluation that
should be completed during a routine maintenance visit. Redness, swelling,
and alterations of color, contour, and consistency of the marginal tissues
may be signs of peri-implant disease. The appearance of peri-implant tissue
also may be influenced by the characteristics of the implant surface [47,48].
Several suggested methodologies to evaluate the clinical appearance of the
mucosa around implants involve measures of bleeding. Numerical indices
by Mombelli and colleagues [9] and by Aspe and colleagues [49] are similar
to the traditional gingival index but have been modified and adapted for ap-
plication around dental implants. Another study recommends the use of the
O’Leary index, a visual measure for periodontal tissue condition [50]. Using
an index consistently is more important than the choice of index.

Radiographic examination

Radiographic interpretation of peri-implant alveolar bone has proven to
be one of the most valuable measures of implant success [51]. Radio-
graphic interpretation is particularly important when probing cannot be
used to evaluate an area because of constricted implant placement or
lack of access because of prosthetic placement. Radiographs are important
when used to compare osseous changes over time. As with radiographic
evaluation of natural teeth, there is low sensitivity in detecting early path-
ologic and bone remodeling, making the results confirmatory to a clinical
diagnosis. Early lesions may not be noticed until they are more advanced
[52]. In particular, panoramic radiographs with poor resolution can be
used only for screening. Standardized periapical radiographs using long-
cone paralleling technique are recommended [53], but panoramic films
actually may be superior to intraoral exposures in some cases. In the final
analysis, the choice of imaging modality must be tailored to the clinical
and anatomic circumstances of the individual patient. Digital subtraction
radiology can increase the sensitivity significantly but is seldom used in
the clinical setting, for a variety of reasons [54]. A stable landmark, which
should be identified for each fixture evaluated, is the implant shoulder (col-
lar contour) for one-stage transmucosal implant systems or the apical ter-
mination of the cylindrical portion of the implant for two-stage submerged
implant systems [55]. The implant threads on screw-type fixtures can be
used as a reference to compare osseous peri-implant dimensional changes
between on-going series of radiographs. When making measurements from
radiographs, allowance must be made for dimensional distortion, which
may vary considerably [56]. Normally, a postoperative radiograph is taken
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immediately after implant placement to verify position and provide
a benchmark for future comparisons. Future imaging requirements would
be based on the clinical situation of the particular patient. One interval
that has been recommended (in the absence of obvious clinical problems)
is 1, 3, and 5 years, with films obtained thereafter based on the clinical sit-
uation [57].

The radiograph should reveal bone in close apposition to the implant
body. Anticipated crestal bone loss for the first year after insertion is approx-
imately 1 mm, with an average 0.1 mm subsequent bone loss per year. This
loss is seen primarily in submerged (two-stage) implants; it has been sug-
gested that this crestal loss results from the existence and microbial coloniza-
tion of a microgap. It has been reported that greater bone loss occurs in the
maxilla than in the mandible, but this finding has not been universally ob-
served [58]. Failing implants often exhibit a thin radiolucent space that
may mimic a normal periodontal ligament space but may also exhibit larger,
saucerlike defects at the alveolar crest. The periapical area also should be free
of significant radiolucencies.

Rapid bone loss, which may not be radiographically evident, may be as-
sociated with fractured fixtures, initial osseous trauma during insertion,
stress concentrated at the marginal bone by overtightening of fixtures during
placement, trauma from occlusion, poor adaptation of prosthesis to abut-
ment, normal physiologic resorption, and plaque-associated infection [58].

Occlusal evaluation

The occlusal status of the implant and its prosthesis must be evaluated on
a routine basis. Occlusal overload can cause a host of problems, including
loosening of abutment screws, implant failure, and prosthetic failure. The oc-
clusal contact patterns should be evaluated, as should the mobility of the im-
plant and opposing teeth. Successful implants are not perceptibly mobile.
Indeed, failing implants are not mobile until all or most of the bone has
been lost. The occlusion also should be evaluated at every maintenance ap-
pointment. There is little evidence available concerning implant survival
and occlusion. Although it is not known if nonaxial loading is detrimental
to osseointegration, it has been established that abnormal occlusal loading
will negatively affect the various components of the implant-supported pros-
thesis [59]. Any signs of occlusal disharmonies, such as premature contacts or
interferences, should be identified and corrected to prevent occlusal overload.
The implant-protected occlusion should have light centric contact with no
contacts on lateral excursions. A check of occlusion should hold shim stock
only with hard clinched teeth. Implant prostheses should be examined
when bruxism or other parafunctional habits are exhibited. Excessive concen-
trated force can result in rapid and substantial peri-implant bone loss [60].

A failed implant connected to a multiunit prosthesis may mask evidence
of mobility, although such an implant would almost always exhibit
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significant bone loss on radiographic examination. It has been suggested
that a fixed, multiple-unit, retrievable implant-retained prosthesis be re-
moved periodically to assess mobility, gingival health, and hygiene status,
although there is not universal agreement on this point. All prostheses
should be evaluated for mobility during routine maintenance evaluation.
Any movement would indicate possible lack of osseointegration of the fix-
ture, possible failure of the cement bond between the superstructure and
the retainer, or screw failure by fracture or loosening. Screw loosening is
a common problem [50]. Either the screw that retains the abutment or the
screw that retains the crown can be loose. In the case of the abutment screw,
it is sometimes difficult to determine whether the actual implant or only the
screw is loose. One useful hint is the presence of a parulis or fistula located
within the keratinized mucosa in close proximity to the microgap. Once the
abutment is loose, the microgap widens considerably, which results in
heavier microbial colonization, often resulting in the formation of a fistula.

Other methods have been developed to assess the degree of bony support.
One of the earliest devices known as the Periotest is designed to assess sub-
clinical mobility [61], but the diagnostic significance of the resulting values
has been questioned [62].

Peri-implant probing

Peri-implant probing depth should be measured routinely during main-
tenance appointments [63]. Measurement of probing depth around implants
is more sensitive to force variation than around natural teeth [64]. There-
fore less probing force (0.2-0.3 N) is recommended around implants.
Even with this lesser force, it was found that the probe caused a separation
between the surface of the implant and the junctional epithelium, but not
within the connective tissue adaptation. Five days after clinical probing,
healing of the epithelial attachment seemed to be complete. This finding
suggests that clinical probing around osseointegrated implants does not
have detrimental effects on the soft tissue seal or jeopardize the longevity
of oral implants [65]. Concern has been expressed about the possibility of
introducing pathogens into peri-implant tissues while probing. Indeed
probe penetration increases with the degree of inflammation, exceeding
the connective tissue adaptive level by a mean of 0.52 mm [63]. Even
with the influence of variables such as the roughness of the implant
body, difficult access, and location of the microgap in submerged implants,
the advantages of probing (eg, the simplicity of the method, the immediate
availability of results, and the ability to demonstrate topographic disease
patterns) make probing an indispensable part of implant maintenance as-
sessment [66]. Probing depths can be influenced by the thickness and type
of mucosa/epithelium surrounding the implant. Shallow depths usually
are associated with a keratinized collar, whereas deeper probing depths
are associated with mobile alveolar mucosa surrounding the implant [67].
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Use of a fixed reference point on the implant abutment or prosthesis for
a reliable measurement of attachment levels is recommended [68]. Success-
ful implants generally have a probing depth of 3 mm, whereas pockets of 5
mm or more serve as a protected environment for bacteria and can exhibit
signs of peri-implantitis [69]. Peri-implant probing should be avoided dur-
ing the first 3 months after abutment connection to avoid disturbing healing
and establishment of the soft tissue seal [70]. The peri-implant probing
attachment level correlates closely with radiographically measurable peri-
implant bone changes. It is recommended that probing be a part of each
maintenance recall appointment [54].

Bleeding on probing

Another suggested parameter for evaluation of the status of the implant
during maintenance is the presence of exudate or bleeding on probing. Bleed-
ing on probing indicates inflammation of soft tissue, whether around natural
teeth or implants. Controversy exists as to whether bleeding on probing rep-
resents traumatic wounding of the tissue or demonstration of clinical inflam-
mation [71]. Bleeding on probing alone has been found to be a poor predictor
of progression of periodontal disease, but its absence at successive mainte-
nance visits may be a reasonably good negative predictor of attachment
loss [72]. A positive correlation has been found between bleeding on probing
and histologic signs of inflammation at peri-implant sites [73]. Also, predic-
tive values for disease progression are high when combining high bleeding on
probing scores with positive microbiologic testing [74].

Several indices have been developed to assess marginal mucosal condi-
tions around oral implants. One index scores the amount of bleeding on
probing [9]. Another index scores various levels of tissue color and consis-
tency [49]. Although several promising studies have addressed the use of
peri-implant sulcus fluid analysis for markers of inflammatory mediators
in peri-implant disease, at this time it can be stated only that a potential
exists for using biochemical markers to monitor the host response during
the supportive phase of implant therapy [55]. Also, too little is known pres-
ently to recommend the routine use of microbiologic assays in determining
risk for peri-implant tissue loss. The value of microbiologic testing increases
after signs of peri-implant disease have been detected. Such information
may be helpful for the differential diagnosis of peri-implantitis and for treat-
ment planning [7].

Subjective symptoms

It is important to discuss patient comfort and function at each mainte-
nance appointment. Pain or discomfort may be one of the first signs of a fail-
ing implant, usually presenting with mobility [75]. There may be persistent
discomfort before any radiographic changes are detected [76]. A fractured
or loosened screw should be the first suspicion when a patient complains
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of a loose implant or discomfort. Function in regard to occlusal status, mo-
bility, and presenting prosthetic conditions has already been discussed.

Patients should be placed on a regularly scheduled, individually designed
maintenance program including monitoring of the peri-implant tissues, the
condition of the implant-supported prosthesis, and plaque control [77]. An
established protocol suggests a 3-month recall visit to limit disease progres-
sion and to allow treatment of disease at an early stage [50]. After the first
year the maintenance interval can be extended to 6 months if the clinical sit-
uation seems stable [30].

Oral hygiene instruction

Based on the condition of the tissue and the assessment of the presence of
plaque and calculus around implants, a thorough review of oral hygiene in-
structions should be implemented. Ideally a home care assessment has been
made before the implant fixture is placed surgically [36]. Patients who have
dental implants usually have a history of less-than-ideal home care, resulting
in the partially or totally edentulous state. Also these patients may fall into
the extremes of lack of home care because of postsurgical fear of causing
damage, on the one hand, or overzealous home care trying to stay totally
plaque-free, on the other. Either of these situations can lead to an undesir-
able outcome [78]. High plaque scores are correlated positively with peri-
implant mucositis and increased probing depths around implants [79].
Smooth implant surfaces form less plaque than roughened surfaces [80].
Therefore it is important to use and recommend home care aids that do
not alter the implant abutment surface and are safe and effective with daily
use [81]. The clinical situation and the type of implant influence the timing of
initiating home care measure. During healing periods, when mechanical
plaque control is contraindicated, chemical agents (eg, chlorhexidine)
should be used. A variety of devices, including soft-bristled brushes, dental
floss, and interproximal brushes with a nylon-coated core wire, may be used.
There is evidence that certain electromechanical brushes may be superior to
manual brushing for many patients [82]. Smaller-diameter toothbrush heads
such as end-tufted brushes or tapered rotary brushes may be of benefit in
difficult-to-access areas. Besides the interdental brush, interproximal plaque
may be removed by many types of floss (eg, plastic, braided nylon, tufted,
coated, woven, yarn, and gauze). These products have been found to be
safe for daily use, especially with multiunit or hybrid-type prostheses [83].

Just as with the tissues surrounding natural teeth, the health of the peri-
implant tissues depends on inhibiting and preventing early plaque
formation, removing existing plaque, and interrupting the progression of
peri-implant mucositis to peri-implantitis [50]. The professional procedures
and techniques for achieving such maintenance can vary considerably from
those used for natural dentition. Maintaining the surface integrity of the
transmucosal titanium abutment is crucial to avoid negatively affecting
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the surrounding soft tissue. Roughened surfaces can contribute to the
accumulation of bacterial plaque and allow recolonization with pathogenic
bacteria [84]. If there is no sign of inflammation, probing depths are 3 mm or
less, and there is little plaque, it can be assumed that the area is sparsely col-
onized by nonpathogenic gram-positive bacteria, and the risk for peri-
implant complications is low. In such cases, zealous instrumentation of the
implant surfaces is contraindicated [72]. When only soft debris is present,
deplaquing the surface is beneficial. The use of a rubber cup and tin oxide
or a specially designed prophylactic paste for titanium with fine abrasive
content is recommended as the safest modality [81], but regular rubber
cup polishing was found to be equal in cleaning effectiveness to regular
brushing and air-polishing [85]. Because air-powder abrasive systems may
have minimal effect on titanium surfaces, they may be used in implant pla-
que and stain removal, but excessive and prolonged exposure air-polishing
can cause significant, undesired alterations [86]. For titanium implant abut-
ments, it has been demonstrated that scalers made from stainless steel [81],
titanium [87], or titanium-tipped stainless steel [50] roughen implant sur-
faces, creating scarring and pitting. The same effect is seen when metal ultra-
sonic inserts are used on implant surfaces. Gold-plated instruments leave no
initial traces of residue on smooth titanium surfaces, but when used on
rough surfaces the gold coating wears down, exposing the underlying alloy
and leaving an unsuitable surface [88]. Research has shown that the use of
plastic scalers produced insignificant alteration of the titanium implant sur-
face following instrumentation [87,89]. Therefore, plastic instruments are
recommended for scaling titanium implant surfaces, even though residues
from the instruments are left behind [88]. Some plastic instruments are
very flexible and can be difficult to use when removing calculus from implant
surfaces. Plastic instruments reinforced with graphite are more rigid and can
be sharpened. It is best to use a dedicated stone for sharpening graphite-
reinforced plastic implant instruments so that metal filings are not transferred
to the plastic instrument from a previously sharpened metal instrument [90].
Plastic probes often are recommended to prevent surface alterations, although
there is no compelling evidence that the use of metal probes is detrimental to
health [91]. Nonmetal ultrasonic tips are suitable for implant maintenance
[92]. Although many researchers have proven that surface alterations are
generated with metal instruments and ultrasonic inserts, the literature does
not show that implant complications increase as a result of such surface
alterations [35]. Nevertheless, it seems prudent to recommend that plastic or
nylon instruments be used for implant débridement until more definitive
research findings offer guidance in this area.

With a goal of promoting optimal health by inhibiting plaque formation
and by altering existing plaque from pathogenic to nonpathogenic microor-
ganisms around implants, topical antimicrobials should be considered for
use in maintenance procedures. It has been documented that topical antimi-
crobials such as products containing chlorhexidine digluconate (0.12%),
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plant alkaloids, or phenolic agents produce minimal implant surface alter-
ations [81]. Mechanical débridement and mechanical débridement supple-
mented with chlorhexidine (0.12%) can reduce plaque, inflammation, and
probing depths in patients who have peri-implant mucositis [93]. The chlo-
rhexidine mouthrinse can be applied with a cotton swab or with a toothbrush
around the peri-implant tissues when staining of esthetic restorations is
a concern [94]. Antiseptic mouthrinses containing phenol-based therapeutic
ingredients have been found to reduce plaque, gingivitis, and bleeding of
peri-implant tissues significantly but do not improve probing depth or at-
tachment level [95]. Although water is not classified as an antiseptic or an-
timicrobial agent, its use in a water-irrigating device on the lowest setting
has been recommended, although there is insufficient published research
to make recommendations in this regard [96]. Given the paucity of research
in this area, it may be prudent to avoid the use of such irrigating devices.

Summary

Periodontal maintenance at individually established intervals is critical to
the ongoing success of implant therapy. Periodic clinical assessment of the
implant fixture, prosthesis, and surrounding tissue is critical to clinical suc-
cess. Equally important is the professional removal of supragingival and
subgingival deposits on a regular basis and counseling in home care tech-
niques. Although further studies are needed before evidence-based protocols
can be established, it seems prudent to recommend the routine implementa-
tion of an active maintenance program tailored to the circumstances of each
individual implant patient. In most fields of medicine and dentistry, primary
and secondary preventive strategies are usually superior to tertiary interven-
tions, and this is likely to be true of dental implants as well [97].

References

[1] Seckinger RJ, Barber HD, Phillips K, et al. A clinical study of titanium plasma sprayed
(TPS)-coated threaded and TPS-coated cylindrical endosseous dental implants. Guide to Im-
plant Research 1996;1:5-8.

[2] LambrechtJT, Filippi A, Kunzel AR, et al. Long-term evaluation of submerged and nonsub-
merged ITI solid-screw titanium implants: a 10 year life table analysis of 468 implants. Int J
Oral Maxillofac Implants 2003;18:826-34.

[2a] Branemark PI, Adell R, Breine U, et al. Intra-osseous anchorage of dental prostheses.

Scand J Plast Reconstr Surg 1969;3:81.

[3] Karoussis IK, Salvi GE, Heitz-Mayfield LJ, et al. Long-term implant prognosis in patients
with and without a history of chronic periodontitis: A 10-year prospective cohort study of the
ITI dental implant system. Clin Oral Implants Res 2003;14:329-39.

[4] Lemmerman KJ, Lemmerman NE. Osseointegrated dental implants in private practice:
a long-term case series study. J Periodontol 2005;76(2):310-9.

[5] Sclar AG. Beyond osseointegration. Soft tissue and esthetic considerations in implant ther-
apy. Chicago: Quintessence Publishing Co.; 2003.

[6] Esposito M, Coulthard P, Thomsen P, et al. Interventions for replacing missing teeth: differ-
ent types of dental implants. Cochrane Database Syst Rev 2005(1):CD003815.



IMPLANT MAINTENANCE 475

[7] LindheJ, Berglundh T. 1998. The interface between the mucosa and the implant. Perio 1998;
17:47-54.

[8] Vogel G. Biological aspects of a soft tissue seal. In: Lang NP, Karring T, Lindhe J, editors.
Proceedings of the 3rd European Workshop on Periodontal Implant Dentistry. Berlin: Quin-
tessence Publishing Co.; 1999. p. 140-52.

[9] Mombelli A, van Oosten MA, Schurch E, et al. The microbiota associated with successful or
failing osseointegrated titanium implant. Oral Microbiol Immunol 1987;2:145.

[10] Olsson M, Gunne J, Astrand P, et al. Bridges supported by free-standing implants versus
bridges supported by tooth and implant. A five year prospective study. Clin Oral Implants
Res 1995;6(2):114-21.

[11] Gould TRL, Westbury L, Brunette DM. Ultrastructural study of the attachment of human
gingiva to titanium in vivo. J Prosthet Dent 1984;52:418-20.

[12] Berglundh T, Lindhe J, Jonsson K, et al. The topography of the vascular systems in the peri-
odontal and peri-implant tissues dog. J Clin Periodontol 1994;21:189-93.

[13] Berglundh T, Lindhe J, Ericsson I, et al. The soft tissue barrier at implants and teeth. Clin
Oral Implants Res 1991;2:81-90.

[14] Gargiulo A, Wnetz F, Orban B. Dimensions and relations of the dentogingival junction in
humans. J Periodontol 1961;32:261-8.

[15] Vacek JS, Cher ME, Assad, et al. The dimensions of the human dentogingival junction. Int J
Periodontics Restorative Dent 1994;14:154-65.

[16] Cochran DL, Herman JS, Schenk RK, et al. Biologic width around titanium implants. A his-
tometric analysis of the implanto-gingival junction around unloaded and loaded nonsub-
merged implants in the canine mandible. J Periodontol 1997;68:186-98.

[17] Abrahamsson I, Berglundh T, Wennstrom J, et al. The peri-implant hard and soft tissue
characteristics at different implant system. A comparative study in dogs. Clin Oral Implants
Res 1996;7:212-9.

[18] Weber HP, Buser D, Conath K, et al. Comparison of healed tissues adjacent to submerged
and non-submerged titanium dental implants. A histometric study in beagle dogs. Clin Oral
Implants Res 1996;7:11-9.

[19] Hermann JS, Buser D, Schenk RK, et al. Biologic width around titanium implants. A phys-
iologically formed stable dimension over time. Clin Oral Implants Res 2000;11(1):1-11.

[20] Lindhe J, Berglundh T, Ericsson I, et al. Experimental breakdown of peri-implant and peri-
odontal tissues. Clin Oral Implants Res 1992;3:9-16.

[21] Edgerton M, Lo SE, Scannapieco FA, et al. Experimental salivary pellicles formed on
titanium surfaces mediate adhesion of streptococci. Int J Oral Maxillofac Implants 1996;
1:443-9.

[22] Leonhardt A, Berglundh T, Erricson I, et al. Putative periodontal pathogens on titanium im-
plants and teeth in experimental gingivitis and peridontitis in beagle dogs. Clin Oral Implants
Res 1992;3:112-9.

[23] Mombelli A, Buser D, Lang NP. Colonization of osseointegrated titanium implants in eden-
tulous patients. Early results. Oral Microbiol Immunol 1988;3:113-20.

[24] van Winkelhoff AJ, Goene RJ, Benschop C, et al. Colonization of osseointegrated titanium
implants in edentulous patients. Early results. Clin Oral Implants Res 2000;11:511-20.

[25] Mombelli A, Marxer M, Gaberthuel T, et al. The microbiota of osseointegrated implants in
patients with a history of periodontal disease. J Clin Periodontol 1995;22:124-30.

[26] Aspe P, Ellen RP, Overall CM, et al. Microbiota and crevicular fluid collagenase activity in
the osseointegrated dental implant sulcus: a comparison of sites in edentulous and partially
edentulous patients. J Periodontal Res 1989;24:96-105.

[27] Quirynen M, Listgarten MA. Distribution of bacterial morphotypes around natural teeth
and titanium implants ad modum Branemark. Clin Oral Implants Res 1990;1:8—12.

[28] Albrektsson T, Isidor F. Consensus report of session IV. In: Lang NP, Karring T, editors.
Proceedings of the 1st European Workship on Periodontology. London: Quintessence Pub-
lishing Co.; 1994. p. 365-9.



476 HUMPHREY

[29] Young-Mcdonald VL. Dental hygiene care for the individual with osseointegrated dental im-
plants. In: Darby ML, Walsh MM, editors. Dental hygiene theory and practice. Philadel-
phia: WB Saunders; 1995. p. 823-52.

[30] Berglundh T, Lindhe J, Ericcson I, et al. Soft tissue reaction to denovo plaque formation at
implants and teeth. An experimental study in the dog. Clin Oral Implants Res 1992;3:1-8.

[31] Berglundh T, Gislason O, Lekholm U, et al. Histopathological characteristics of human peri-
implantitis lesions. J Clin Periodontol 2004;31:341-7.

[32] Mombelli A. Prevention and therapy of peri-implant infections. In: Lang NP, Karring T,
Lindhe J, editors. Proceedings of the 3rd European Workshop on Periodontal Implant Den-
tistry. Berlin: Quintessence Publishing Co.; 1999. p. 281-303.

[33] Buser D, Mericske-Stern R, Bernard JP, et al. Long-term evaluation of non-submerged ITI-
implants. Part I: 8-year life table analysis of a prospective multi-center study with 2359 im-
plants. Clin Oral Implants Res 1997;8:161-72.

[34] Persson LG, MouhyiJ, Berglundh T, et al. Carbon dioxide laser and hydrogen peroxide con-
ditioning in the treatment of periimplantitis: an experimental study in the dog. Clin Implant
Dent Relat Res 2004;6(4):230-8.

[35] Esposito M, Hirsch J, Lekholm U, et al. Differential diagnosis and treatment of strategies for
biologic complications and failing oral implant: a review of the literature. Int J Oral Mixil-
lofac Implants 1999;14:473-90.

[36] Misch C, Meffert R, editors. Contemporary implant dentistry. In: Maintenance of dental im-
plants. 2nd edition. St. Louis (MO): Mosby-Year Book; 1999.

[37] DuCoin FJ. Dental implant hygiene and maintenance: home and professional care. J Oral
Implantol 1996;12(1):72-5.

[38] Conference proceedings: dental implants. National Institutes of Health Consensus Develop-
ment Conference. June 13-15, 1988. J Dent Educ 1988;52:678-827.

[39] American Academy of Periodontology parameters of placement and management of the
dental implant. J Periodontol 2000;71(5 Suppl):870-2.

[40] Zitzmann N, Berglundh T, Marinello CP, et al. Experimental periimplant mucositis in man.
J Clin Periodontol 2001;28:517-23.

[41] Berglundh T, Lindhe J, Lang NP, et al. Mucositis and peri-implantitis. In: Clinical periodon-
tology and implant dentistry. 4th edition. Blackwell Publishing Co., Munksgaard, Copenha-
gen; 2003. p. 1014-23.

[42] The American Academy of Periodontology. Position paper. Supportive periodontal therapy
(SPT). J Periodontol 1998;69:405-8, 502—6.

[43] Pontoriero R, Tonelli MP, Carnevale G, et al. Experimentally induced periimplant mucosi-
tis. A clinical study in humans. Clin Oral Implants Res 1994;5:254-9.

[44] Chen S, Darby 1. Dental implants: maintenance, care and treatment of peri-implant infec-
tions. Austr Dent J 2003;48(4):212-20.

[45] Lindquist LW, Rocker B, Carlson GE. Bone resorption around fixtures in edentulous patients
treated with mandibular fixed tissue-integrated prostheses. J Prosthet Dent 1988;59:59-63.

[46] Evian CI, Cutler SA. Long-term maintenance of dental implants. In: Implants. Clinical re-
views in dentistry, vol. 2. 2nd edition. Newtown (PA): Dental Learning Systems Co.; 1993.

[47] Listgarten MA, Lang NP, Schroeder HE, et al. Periodontal tissues and their counterparts
around endosseous implants. Clin Oral Implants Res 1991;2:1-19.

[48] Chaytor DV. The longitudinal effectiveness of osseointegrated dental implants. The Toronto
study: bone level changes. Int J Periodontics Restorative Dent 1991;11:113-25.

[49] Apse P, Zarb GA, Schmitt A, et al. The longitudinal effectiveness of osseointegrated dental
implants. The Toronto study: peri-implant mucosal response. J Periodontics Restorative
Dent 1991;11:95-111.

[50] Meffert RM. Maintenance of dental implants. In: Misch C, editor. Contemporary implant
dentistry. St. Louis (MO): Mosby Year Book; 1993. p. 735-62.

[51] Smith DE, Zarb GA. Criteria for success of osseointegrated endosseous implants. J Prosthet
Dent 1989;62:567-72.



IMPLANT MAINTENANCE 477

[52] Lang NP, Hill RW. Radiographs in periodontics. J Clin Periodontol 1977;4:16-28.

[53] Friedland B. The clinical evaluation of dental implants: a review of the literature, with em-
phasis on the radiographic aspects. Oral Implantol 1987;13:101-11.

[54] Bragger U, Hugel-Pisoni C, Burgin W, et al. Correlations between radiographic, clinical and
mobility parameters after loading of oral implants with fixed partial dentures: a 2 year lon-
gitudinal study. Clin Oral Implants Res 1996;7:230-9.

[55] Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-implant conditions. Int J
Oral Maxillofac Impants 2004;19(Suppl):116-27.

[56] Wie H, Larhiem TA, Karlsen K. Evaluation of endosseous implant abutments as a base
for fixed prosthetic appliances. A preliminary study. J Oral Rehabil 1979;6:353-63.

[57] Wennstrom JL, Palmer RM. Consensus report of session C. In: Lang NP, Karring T, Lindhe
J, editors. Proceedings of the 3rd European Workshop on Periodontology. Berlin: Quintes-
sence Publishing Co.; 1999. p. 255-9.

[58] Adell R, Lekholm U, Rockler B, et al. A 15 year study of osseointegrated implants in the
treatment of the edentulous jaw. Int J Oral Surg 1981;10:387-416.

[59] Cochran D. Implant therapy I. Ann Periodontol 1996;1:707-91.

[60] Miyata T, Kobayashi Y, Araki H, et al. The influence of controlled occlusal overload on peri-
implant tissue: a histologic study in monkeys. Int J Oral Maxillofac Implants 1998;13:677-83.

[61] Truhlar R, Morris H, Ochi S. Stability of the bone-implant complex. Results of longitudinal
testing to 60 months with the Periotest device on endosseous dental implants. Ann Periodon-
tol 2000;5:42-55.

[62] Meredith N. Assessment of implant stability as a prognostic determinant. Int J Prosthodont
1998;11:491-501.

[63] Lang NP, Wetzel AC, Stich H, et al. Histologic probe penetration in healthy and inflamed
peri-implant tissues. Clin Oral Implants Res 1994;5(4):191-201.

[64] Mombelli A, Buser D, Lang NP, et al. Comparison of periodontal and peri-implant probing
by depth force pattern analysis. Clin Oral Implants Res 1997;8:448-54.

[65] Etter TH, Hakanson I, Lang NP, et al. Healing after standardized clinical probing of the
peri-implant soft tissue seal: a histomorphometric study in dogs. Clin Oral Implants Res
2002;13(6):571-80.

[66] Lang NP, Mombelli A, Bragger U, et al. Monitoring disease around dental implants during
supportive periodontal treatment. Periodontology 2000;12:60-8.

[67] van Steenberghe D. Periodontal aspects of osseointegrated oral implants modum Brane-
mark. Dent Clin North Am 1988;32:355-70.

[68] Newman MG, Flemming TF. Periodontal considerations of implants and implant associ-
ated microbiota. J Dent Educ 1988;52:737-44.

[69] Buser D, Weber H-P, Lang NP. Tissue integration on non-submerged implants. 1-year
results of a prospective study with 100 ITI hollow-cylinder and hollow-screw implants.
Clin Oral Implants Res 1990;1:33-40.

[70] Bauman GR, Mills M, Rapley J, et al. Clinical parameters of evaluation during implant
maintenance. Int J Oral Maxillofac Implants 1992;7(2):220-7.

[71] Lekholm R, Ericsson I, Adell R, et al. The condition of the soft tissues at the tooth and fixture
abutment supporting fixed bridges. J Clin Periodontol 1986;13:558-62.

[72] Mombelli A, Buser D, Lang NP. The diagnosis and treatment of peri-implantitis. Periodon-
tol 2000 1998;17:63-76.

[73] Lang NP, Joss A, Orsanic T, et al. Bleeding on probing. A predictor for the progression of
periodontal disease. J Clin Periodontol 1986;13:590-6.

[74] Luterbacher S, Mayfield L, Bragger U, et al. Diagnostic characteristics of clinical and micro-
biological tests for monitoring periodontal and periimplant mucosal tissue conditions during
supportive periodontal therapy (SPT). Clin Oral Implants Res 2000;11:52-9.

[75] Lekholm U, van Steenberghe D, Herrmann I, et al. Osseointegrated implants in the treat-
ment of partially edentulous jaws: a prospective S5-year multicenter study. Int J Oral Maxil-
lofac Implants 1994;9:627-35.



478 HUMPHREY

[76] Worthingon P, Bolender CL, Taylor TD. The Swedish system of osseointegrated implants:
problems and complications encountered during a 4-year trial period. Int J Oral Maxillofac
Implants 1987;2:77-84.

[77] American Academy of Periodontology. Position paper. Dental implants in periodontal
therapy. J Periodontol 2000;71(12):1934-42.

[78] Meffert RM, Langer B, Fritz ME. Dental implants: a review. J Periodontol 1992;63(11):859-70.

[79] Lekholm R, Adell R, Lindhe J, et al. Marginal tissue reactions at osseointegrated titanium
fixtures (II). A cross-sectional study. Int J Oral Maxillofac Surg 1986;15:53-61.

[80] Quirynen M, van der Mei HC, Bollen CM, et al. An in vivo study of the influence of the sur-
face roughness of implants on the microbiology of supra- and subgingival plaque. J Dent Res
1993;72:1304-9.

[81] Thomson-Neal D, Evans G, Meffert R. Effects of various prophylactic treatments on
titanium, sapphire, and hydroxyapatite-coated implants: an SEM study. Int J Periodontics
Restorative Dent 1989;4:301-11.

[82] Esposito M, Worthington H, Coulthard P, et al. Maintaining and reestablishing health
around osseointegrated oral implants: a Cochrane systematic review comparing the efficacy
of various treatments. Periodontology 2003;33:204-12.

[83] Balshi TJ. Hygiene maintenance procedures for patients treated with the tissue integrated
prosthesis (osseointegration). Quintessence Int 1986;17:95-102.

[84] Quirynen M, Papaioannou W, van Steenberghe D. Intraoral transmission and the coloniza-
tion of oral hard surfaces. J Periodontol 1996;67:986-93.

[85] Speelman JA, Collaert B, Klinge B. Evaluation of different methods to clean titanium abut-
ments. A scanning electron microscopic study. Clin Oral Implants Res 1992;3(3):120-7.

[86] Chairay J, Boulekbache J, Jean A, et al. Scanning electron microscopic evaluation of the
effects of an air-abrasive system on dental implants: a comparative in vitro study between
machined and plasma-sprayed titanium surfaces. J Periodontal 1997;68:1215-22.

[87] Rapley JW, Swan RH, Hallmon WW, et al. The surface characteristics produced by various
oral hygiene instruments and materials on titanium implant abutments. Int J Oral Maxillofac
Implants 1990;5:47-52.

[88] Ruhling A, Kocher T, Kreusch J, et al. Treatment of subgingival implant surfaces with
Teflon-coated sonic and ultrasonic scaler tips and various implant curettes—an in vitro
study. Clin Oral Implants Res 1994;5(1):19-29.

[89] Fox SC, Moriarty JD, Kusy RP. The effects of scaling a titanium implant surface with metal
and plastic instruments: an in vitro study. J Periodontol 1990;61:485-90.

[90] Sternberg-Smith V, Eskow RN. Contemporary implant debridement. J Practical Hygiene
2001:15-21.

[91] Rapley JR. Periodontal and dental implant maintenance. In: Rose LF, Mealey BL, Genco
RJ, et al, editors. Periodontics: medicine, surgery, and implants. St. Louis (MO): Elsevier
Mosby; 2004. p. 263-75.

[92] Sato S, Kishida M, Ito K. The comparative effect of ultrasonic scalers on titanium surfaces:
an in vitro study. J Periodontol 2004;75(9):1269-73.

[93] Porras F, Anderson GB, Cafesse R, et al. Clinical response to 2 different therapeutic regi-
mens to treat peri-implant mucositis. J Periodontol 2002;73(10):1118-25.

[94] Jaffin R. Biologic and clinical rationale for second stage surgery and maintenance. Dent Clin
North Am 1989;33:683-99.

[95] Ciancio SG, Lauciello F, Shilby O, et al. The effect of an antiseptic mouthrinse on implant
maintenance: plaque and peri-implant gingival tissues. J Periodontol 1995;66(11):962-5.

[96] Balshi TJ, Mingledorff EB. Maintenance procedures for patients after complete fixed pros-
thodontics. J Prosthet Dent 1977;37:420-31.

[97] American Academy of Periodontology. Position paper on periodontal maintenance. J Perio-
dontol 2003;74(9):1395-401.



	Implant Maintenance
	Structure and function of the peri-implant tissues
	Peri-implant disease
	Maintenance regimens for dental implants
	Clinical assessment
	Assessment of home care
	Examination of peri-implant soft tissue
	Radiographic examination
	Occlusal evaluation
	Peri-implant probing
	Bleeding on probing
	Subjective symptoms
	Oral hygiene instruction

	Summary
	References


