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Diagnostic Parameters for Monitoring 
Peri-implant Conditions

Giovanni E. Salvi, Dr Med Dent1/Niklaus P. Lang, Prof Dr Med Dent, Dr hc, FRCPS, PhD, MS2

Purpose: To review the literature on clinical, radiographic, and biochemical parameters used for moni-
toring peri-implant conditions. Materials and Methods: A MEDLINE search was conducted that
included articles published in English until the end of August 2003. Results from human and experi-
mental animal studies are presented. Results: The parameters that may be used to assess the pres-
ence of peri-implant health and the severity of peri-implant disease include plaque assessment,
mucosal conditions, peri-implant probing depth, width of the peri-implant keratinized mucosa, peri-
implant sulcus fluid analysis, suppuration, implant mobility and discomfort, resonance frequency
analysis, and radiographic evaluation. Discussion: Based on the analysis of the available evidence, it
appears reasonable to use a number of clinical and radiographic parameters to discriminate between
peri-implant health and disease. Conclusions: Systematic and continuous monitoring of peri-implant
tissues during maintenance care is recommended for the early diagnosis of peri-implant disease. INT J
ORAL MAXILLOFAC IMPLANTS 2004;19(SUPPL):116–127
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Oral endosseous implant systems with 2 different
healing modalities (submerged and nonsub-

merged) have been developed and used successfully
for the rehabilitation of partially or completely
edentulous patients.1–20 Knowledge of the biology
of osseointegration and peri-implant soft tissue
healing has expanded rapidly.21–27 A comparative
study in the beagle dog28 has provided histologic
evidence that the peri-implant hard and soft tissues
around 1-stage and 2-stage implant systems do not

significantly differ with respect to morphology and
composition. Furthermore, studies have provided
clinical and radiographic evidence that 2-part
implant systems can successfully osseointegrate in
the mandible when a nonsubmerged surgical proto-
col is applied for implant placement.29–32

At the population level, longitudinal evaluation
of oral implant systems is of primary importance for
the assessment of long-term survival and complica-
tion rates of each system, for the determination of
factors affecting the success of therapy, and for the
identification of specific problems. At the individual
level, clinical peri-implant evaluation is necessary
for the detection of early signs of disease and for the
planning of therapeutic interventions. An unbiased
comparison of different implant systems is only
meaningful if the stages of peri-implant disease are
defined and if appropriate clinical parameters and
indices are available. 

As established in 1993 at the First European
Workshop on Periodontology in Ittingen, Switzer-
land, peri-implant disease is a collective term for
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inflammatory processes in the tissues surrounding
an implant.33 Peri-implant mucositis was defined as a
reversible inflammatory process in the soft tissues
surrounding a functioning implant, whereas peri-
implantitis is an inflammatory process additionally
characterized by loss of peri-implant bone. A sub-
gingival biofilm formation has been shown in ani-
mal experiments and clinical studies to be an impor-
tant etiologic factor for the initiation of
peri-implant inflammation and subsequent loss of
marginal bone.34–37 In contrast to early implant
losses, implant loss occurring during function may
be the result of biologic processes characterized by
clinical signs (eg, implant mobility) that emerge
only when an advanced and possibly irreversible
state of the disease has been reached. Therefore, the
clinical and radiographic parameters routinely used
to monitor oral implants during maintenance care
should be of high sensitivity and/or specificity,
should be easy to measure, and should yield repro-
ducible data. The aim of this review article is to
summarize current scientific evidence on the avail-
able diagnostic parameters for the longitudinal
monitoring of oral implants. 

MATERIALS AND METHODS

A search of Medline/PubMed was performed up to
and including August 2003. The search was limited
to human and experimental animal studies pub-
lished in English. The following search terms were
used: dental implants, peri-implant health, peri-
implant disease, peri-implant mucositis, peri-
implantitis, probing depth, bleeding on probing,
dental plaque, peri-implant sulcus fluid, peri-
implant keratinized mucosa, implant mobility, sup-
puration, long-term evaluation, and dental radiog-
raphy. The journals Clinical Oral Implants Research,
Journal of Clinical Periodontology, Journal of Periodon-
tology, and The International Journal of Oral and
Maxillofacial Implants were searched by hand up to
July 2003. The selection criteria included all levels

of available evidence: systematic reviews, random-
ized controlled clinical trials, controlled clinical tri-
als, prospective and retrospective cohort studies,
and case reports of human and experimental animal
studies. One reviewer (GES) screened titles and
abstracts of the search results. The full text of  pub-
lications of potential relevance was then obtained.

EVALUATION OF THE ORAL HYGIENE 
STANDARD

Plaque Assessment
Microbial biofilms have been shown to form on
inert biomaterial surfaces in an aqueous environ-
ment.38 Implants placed in the oral cavity represent
artificial surfaces colonized by bacteria from saliva
and ecologic niches such as periodontal pockets,
tonsils, and crypts of the tongue. Experimental and
human studies have provided evidence that forma-
tion and development of a microbial biofilm repre-
sents an important etiologic factor in the pathogen-
esis of peri-implant disease.34,37,39–42 Several
microbiologic features of the subgingival biofilm
around implants have been correlated with the pres-
ence of clinically detectable plaque.43 Furthermore,
periodontal pathogens from residual pockets of
remaining teeth in patients treated for periodontal
disease have been documented to colonize oral
implants.44,45 Mombelli and coworkers40 modified
the original Plaque Index introduced by Silness and
Löe46 to assess biofilm formation in the marginal
area around ITI implants (mPI) (Institut Strau-
mann, Waldenburg, Switzerland). Lindquist and
associates47 assessed oral hygiene levels according to
a 3-point scale and reported a significant relation-
ship between oral hygiene and peri-implant bone
resorption over an observation period of 6 years.
Therefore, it appears meaningful to monitor oral
hygiene habits by quantifying plaque accumulation.
Indices used to assess plaque accumulation around
oral implants are presented in Table 1.

Table 1 Indices Used to Assess Plaque Accumulation
Around Oral Implants

Score Mombelli et al40 (mPI) Lindquist et al47

0 No detection of plaque No visible plaque
1 Plaque only recognized by running Local plaque accumulation

a probe accross the smooth
marginal surface of the implant

2 Plaque can be seen by the naked General plaque accumulation
eye greater than 25%

3 Abundance of soft matter
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EVALUATION OF THE PERI-IMPLANT 
MARGINAL TISSUES

Mucosal Conditions 
In addition to redness and swelling of the marginal
tissues, bleeding on probing (BOP), pocket forma-
tion, and suppuration have been reported to result
from peri-implant infections.40,48 Assessment of
these clinical signs has been considered important
in the diagnosis of periodontal diseases. Therefore,
the definition of peri-implant parameters based on
periodontal indices such as the Gingival Index Sys-
tem49 (GI) seems indicated. The GI49 has been
modified and adapted (mGI) for application around
oral implants,40 while a simplified GI has been pro-
posed by Apse and associates.50 Indices used to
assess marginal mucosal conditions around oral
implants are presented in Table 2.

Around implants, however, soft tissue texture and
color depend on the normal appearance of the
recipient tissues before implant placement, and may
be influenced by the material characteristics of the
implant surface.51 Furthermore, difficulties in
recording mucosal inflammation have been
reported, such as nonkeratinized peri-implant
mucosa normally appearing redder than keratinized
tissue.52 In a longitudinal study, only a weak corre-
lation between GI scores and changes in peri-
implant crestal bone level was reported.52

Presence or Absence of Bleeding
BOP (notated in clinical records as BOP+) elicited
after the insertion of a probe into the sulcus with
light pressure (ie, 0.25 N) has been shown to detect
the presence of an inflammatory lesion in the gin-
giva around teeth with a normal53 and a healthy but
reduced periodontium.54 On the other hand,
absence of bleeding on probing (BOP–) has been
reported to represent periodontal health with a neg-
ative predictive value of 98.5%.55,56 BOP has been

used to assess peri-implant tissue conditions around
implants. Lekholm and colleagues57 found no corre-
lation between BOP and histologic, microbiologic,
or radiographic changes around implants. These
authors hypothesized that bleeding could have been
caused by inappropriate force transmission from the
periodontal probe tip to the peri-implant soft tis-
sues. These preliminary findings were confirmed in
an animal study.58 Conversely, findings from animal
experiments using ITI implants yielded completely
different results.59 Healthy sites were characterized
by absence of bleeding (0%), whereas both peri-
implant mucositis and peri-implantitis sites showed
substantially increased BOP (67% and 91%, respec-
tively). The reason for these results might be attrib-
uted to the different probing forces applied by the
various investigators. These findings were con-
firmed in a prospective study where absence of BOP
had a high negative predictive value, thus serving as
a predictor for stable peri-implant conditions.60

Luterbacher and coworkers61 evaluated the diagnos-
tic characteristics of different BOP prevalences
alone or in combination with a microbiologic test
for monitoring periodontal and peri-implant soft
tissue conditions during maintenance therapy. The
authors reported that BOP alone yielded higher
diagnostic accuracy at implant sites compared with
tooth sites. Furthermore, when combining positive
microbiologic test and BOP of 75% or more, the
positive predictive values were greater for implants
than for teeth. With predictive values of 100% at
BOP frequencies of 50% or more at implant sites,
this parameter appears to play a central role in mon-
itoring changes in peri-implant tissue conditions. 

Peri-implant Probing Depth 
In contrast to natural teeth, for which average perio-
dontal probing depth (PD) has been reported, the
physiologic depth of the peri-implant sulcus of suc-
cessfully osseointegrated implants has been a matter

Table 2 Indices Used to Assess Marginal Mucosal 
Conditions Around Oral Implants

Score Mombelli et al40 (mGI) Apse et al50

0 No bleeding when a periodontal probe Normal mucosa
is passed along the mucosal margin
adjacent to the implant

1 Isolated bleeding spots visible Minimal inflammation with 
color change and minor edema

2 Blood forms a confluent red line on Moderate inflammation with
mucosal margin redness, edema, and glazing

3 Heavy or profuse bleeding Severe inflammation with 
redness, edema, ulceration, 
and spontaneous bleeding 
without probing
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of debate. Increasing periodontal PD and loss of clin-
ical attachment are pathognomonic for periodontal
diseases. Pocket probing is therefore an important
diagnostic process for the assessment of periodontal
status and for the evaluation of periodontal therapy.
The extent of probe penetration is influenced by fac-
tors such as probing force and angulation, probe tip
diameter, roughness of the implant or root surface,
inflammatory state of the periodontium, and firm-
ness of the marginal tissues. Furthermore, it has to be
realized that PD measurements may be affected by
compromised access. Data demonstrate that the peri-
odontal probe often fails to locate the histologic level
of the connective tissue attachment around teeth.62,63

The differences with respect to soft tissue com-
position, organization, and attachment between the
gingiva and the root surface on the one hand and
between the peri-implant mucosa and the implant
surface on the other make the conditions for PD
measurements around teeth and implants not fully
comparable.37,64,65 One potential explanation influ-
encing the differences in probe penetration is that
most collagen fibers in the supracrestal connective
tissue compartment have been demonstrated to run
mostly in a parallel direction to the implant axis.51,66

Ericsson and Lindhe58 used a beagle dog model to
compare the extent of probe penetration around
teeth and implants under healthy soft tissue condi-
tions. Compared with natural teeth, probe tip pene-
tration around 2-stage submerged implants ended
closer to the alveolar crest. The extent of peri-
implant probe penetration has also been investigated
around 1-stage oral implants in beagle dogs.59 It was
reported that density of the peri-implant tissues
influences probe penetration. In the presence of
inflamed peri-implant tissues, periodontal probes
penetrate close to the alveolar bone, exceeding the
connective tissue level by a mean of 0.52 mm. How-
ever, if healthy peri-implant conditions or mucositis
are present, the probe tips may identify the histologic
level of the supracrestal connective tissue attachment.
One potential explanation for the different outcomes
between the 2 above-mentioned studies may be
attributed to the different probing forces employed
(0.5 N versus 0.2 N). A recent experimental study in
monkeys65 has documented that PD measurements
around teeth and implants are different. While no
difference was observed with respect to probe pene-
tration under healthy peri-implant/periodontal con-
ditions, mild and severe marginal inflammation
around implants was associated with a significantly
deeper probe penetration into the supracrestal con-
nective tissue when compared to that around teeth.

The magnitude of probe penetration into a
periodontal pocket depends on the force applica-

tion.67,68 Furthermore, simultaneous recordings of
probing PD and probing force before and after
periodontal therapy have revealed that the force
range chosen for repeated probing influences the
amount of attachment level change determined.69,70

The tissue resistance to probing and the accuracy of
depth measurement at different force levels (eg,
0.25, 0.5, 0.75, 1.0, and 1.25 N) were compared
around nonsubmerged ITI dental implants and
teeth in 11 subjects.71 It was concluded that peri-
implant PD measurements are more sensitive to
force variation than the corresponding measure-
ments around teeth. 

Correlations between bone levels recorded on
radiographs and the extent of peri-implant probe
penetration have been observed. In the case of
screw-type implants, the probe tip appeared to stop
1.4 mm coronally to the bone level.72 The mean
discrepancy between probe penetration and the
location of the bone margin in radiographs was 1.17
mm in 100 nonsubmerged hollow-screw and hol-
low-cylinder implants measured 1 year after
implantation.73 In general, studies have indicated
that successful implants allow probe penetration of
approximately 3 mm.40,50,73–78

Implant shape and surface texture influence pene-
tration of the probe tip. Peri-implant probing is
impossible around some implant systems because of
characteristics of the design (eg, concavities, shoul-
ders, suprastructure, or steps). Lack of surface
smoothness, as with plasma-coated, sandblasted,
acid-etched, or threaded implants, might interfere
with probe penetration when bone resorption has
reached this level and may lead to underestimation of
pocket depth.79 Although convincing evidence is
lacking, some authors have expressed concerns about
the possibility of introducing bacteria into the peri-
implant tissues and about damaging the implant sur-
face with a metallic periodontal probe.58,65,77,79 Other
authors concluded that increased pocket depth could
be correlated with a higher degree of inflammation
of the peri-implant mucosa41,57,72,80 but not necessar-
ily with peri-implant bone loss.81,82 However,
absolute values of PD have to be interpreted in the
context of surgical implant positioning, eg, submu-
cosal implant placement in esthetic anterior sites ver-
sus conventional implant placement in posterior non-
esthetic sites. Progressive increases in PD may be an
alarming sign. Therefore, the establishment of base-
line PD values at the time of delivery of the pros-
thetic suprastructure is of critical importance in
allowing comparison with future PD measurements.

Peri-implant probing should also include the loca-
tion of the soft tissue margin relative to a fixed land-
mark point on the implant (eg, implant shoulder for
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1-stage nonsubmerged implant systems) or its supra-
structure. The combined full-mouth PI and the BOP
scores, as well as the mean attachment level of all
teeth in a group of partially edentulous subjects, were
shown to significantly influence mean PD and con-
nective tissue level around implants.83 If peri-implan-
titis is associated with marginal recession, then PD
alone may not accurately reflect peri-implant bone
loss, whereas increasing loss of connective tissue level
is a definite sign of peri-implant pathology. In a lon-
gitudinal study, Brägger and coworkers84 found that
the connective tissue level in combination with the
radiographic parameters obtained 2 years after
implant loading were good predictors of the peri-
implant tissue condition. Repeated peri-implant PD
measurements may be performed with higher repro-
ducibility by means of an automated controlled-force
periodontal probe.85 Furthermore, animal experi-
ments have shown that, as is the case around teeth,86

peri-implant probing disrupts the epithelial attach-
ment but does not cause permanent damage to the
transmucosal soft tissue seal. In one study, complete
attachment of the junctional epithelium was re-estab-
lished after 5 days following probing using a conven-
tional periodontal probe.87

Width of Peri-implant Keratinized Mucosa
Clinical and experimental studies88,89 have failed to
support the concept of an “adequate width” of kera-
tinized tissue adjacent to natural teeth for the main-
tenance of periodontal health. Implant research has
also focused on the necessity of the presence of ker-
atinized mucosa around oral implants. No differ-
ences in peri-implant soft tissue recession or bone
loss have been found between sites with or without
keratinized mucosa following plaque-induced
breakdown at implants placed in dogs.90 On the
other hand, ligated titanium or hydroxyapatite-
coated implants in monkeys with minimal or no
keratinized mucosa demonstrated significantly more
recession and connective tissue loss than those sur-
rounded by keratinized tissue.91,92 This suggests
that the absence of keratinized mucosa around
implants seems to increase the susceptibility of
plaque-induced peri-implant tissue destruction.
These findings have been confirmed in other stud-
ies,83,93 suggesting that the presence of keratinized
mucosa around implants is strongly correlated with
optimal soft and hard tissue health. However, longi-
tudinal clinical studies have failed to reveal major
differences in the progression of lesions around
implants placed in sites with or without keratinized
mucosa, or that the lack of an attached portion of
masticatory mucosa may jeopardize the mainte-
nance of soft tissue health.74,94–97 Furthermore, in

the presence of good oral hygiene, the nature of the
mucosa may have little influence on the long-term
survival of implants. However, suboptimal oral
hygiene may lead to greater tissue damage around
implants within alveolar mucosa than around
implants within keratinized tissue. Proper oral
hygiene procedures may also be facilitated in the
presence of an adequate band of keratinized
mucosa. Prospective longitudinal controlled clinical
trials will have to be performed to further elucidate
the potential role of a sealing effect of keratinized
mucosa on long-term peri-implant health.

Peri-implant Sulcus Fluid Analysis 
Several biochemical mediators in the gingival
crevicular fluid (GCF) around natural teeth have
been identified as potential host markers for peri-
odontal disease activity and progression.98 To date,
only a few studies have reported on the association
between signs of peri-implant inflammation and
increased levels of inflammatory mediators in the
peri-implant sulcus fluid (PISF). A pilot study99

investigated whether the crevicular fluid volume
around osseointegrated implants shows a relation-
ship to peri-implant soft tissue condition. The
results indicated a close relationship between PISF
volume and plaque accumulation as well as degree
of peri-implant soft tissue inflammation. Numerous
investigations of potential diagnostic markers of sta-
ble and diseased peri-implant conditions have
focused on the sulcus fluid analysis of several medi-
ators, including protease activity60,100,101; collage-
nase, gelatinase, and elastase activity102–107; aspar-
tate aminotransferase108; glycosaminoglycans109,110;
and proinflammatory mediators such as interleukin-
1beta (IL-1�) and prostaglandin E2 (PGE2).80,111

Kao and coworkers111 reported that PISF-IL-1�
levels around diseased implants were approximately
3 times higher than those around stable implants,
thus providing evidence for the involvement of this
catabolic cytokine in peri-implant bone destruction. 

In a 3-year longitudinal investigation, Behneke
and associates82 were able to show a positive corre-
lation between PISF volume and the amount of
bone resorption. In a subsequent report of the 5-
year data,2 the percentage of sites exhibiting ele-
vated PISF rates increased significantly in the sec-
ond half of the observation period. Using a
cross-sectional study design, Salcetti and
coworkers80 investigated the production of IL-1�,
PGE2, interleukin-6, platelet-derived growth factor,
and transforming growth factor beta in the PISF of
patients with 1 or more failing titanium implants.
Several of these patients had at least 1 other stable
implant that did not present with clinical signs of
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inflammation or radiographic evidence of peri-
implant bone loss. Significant elevations in PISF
levels of IL-1�, PGE2, and platelet-derived growth
factor in subjects with failing implant sites were
detected when compared with patients with healthy
control implants. The significant elevations of IL-
1� and PGE2 at both failing implant sites and at
stable implant sites in the same subject indicate that
an increased local host response is detectable at the
patient level as well as at local sites of peri-implant
inflammation. 

The finding that enzymes from polymorphonu-
clear granulocytes (PMN) are detected in high con-
centrations at sites with peri-implantitis may indi-
cate enhanced PMN cell activity.105,107 Hultin and
colleagues105 analyzed the composition of PISF at
implants in patients with “stable marginal tissue
conditions” and peri-implantitis. Implant sites with
peri-implantitis had higher concentrations of lacto-
ferrin and elastase activity than control sites. Simi-
larly, Plagnat and associates107 collected and ana-
lyzed PISF from sites with and without clinical and
radiographic signs of peri-implantitis. The authors
reported that PISF levels of elastase, alpha2-
macroglobulin, and alkaline phosphatase were sig-
nificantly higher at diseased sites than at healthy
sites, and that the levels of these markers correlated
with clinical symptoms. On the other hand, similar
low levels of the above-mentioned markers were
found both at baseline and at the 3-year examina-
tion in the sulcus fluid around successful implants
placed in esthetic anterior sites, indicating stable
biochemical peri-implant conditions.104 Collec-
tively, these data document an important implica-
tion of catabolic inflammatory mediators in peri-
implant tissue breakdown and indicate a potential
value of biochemical markers for monitoring the
host response during the supportive phase of
implant therapy.

Suppuration
High numbers of PMN cells have been detected
around implants that are associated with severe
signs of mucosal inflammation.48 Several
histopathologic and immunohistochemical analyses
of tissues surrounding implants with signs of peri-
implantitis, ie, clinical signs of inflammation and
advanced bone loss, have revealed the presence of
large inflammatory cell infiltrates.35,112–115 Sanz and
associates115 analyzed soft tissue biopsies from
patients with peri-implantitis and reported that a
considerable portion of the connective tissue (ie,
65%) was occupied by an inflammatory infiltrate.
Esposito and coworkers112 analyzed the characteris-
tics of soft tissues surrounding failing implants

immunohistochemically. They reported that the
marginal portion of the specimens was character-
ized by an “intense inflammatory and immunologic
response.” Piattelli and colleagues114 described
histopathologic characteristics of 230 retrieved
implants. The authors reported that around
implants removed because of peri-implantitis, “an
inflammatory infiltrate composed of macrophages,
lymphocytes, and plasma cells was observed in the
connective tissue.” Gualini and Berglundh113

reported that peri-implantitis lesions contained sig-
nificantly greater proportions of B-lymphocytes and
PMN cells than mucositis lesions. Collectively, the
observation that large numbers of inflammatory
cells, including PMN cells, occupy the connective
tissue infiltrate may explain the presence of suppu-
ration at sites with advanced peri-implant disease. 

EVALUATION OF THE BONE-IMPLANT
INTERFACE

Implant Mobility and Discomfort 
Primary stability at the time of implant placement
has been recognized as an important prerequisite for
the achievement of osseointegration.74,94,116 The
establishment and maintenance of direct contact at
the bone-implant interface are requirements for
long-term implant success. Implant mobility is an
indication of lack of osseointegration. Even if peri-
implant disease has progressed relatively far,
implants may still appear immobile because of some
residual direct bone-to-implant contact. The
recording of implant mobility may be a very spe-
cific—but not at all sensitive—clinical parameter in
detecting loss of osseointegration. This parameter
more likely detects the final stage of osseo-disinte-
gration and, therefore, represents a late implant loss.
Furthermore, pain or discomfort may be associated
with increased implant mobility and could be one of
the first signs indicating a failing implant.117,118 Per-
sistent discomfort may be evident long before any
radiographic change is detectable.119

Longitudinal assessment of individual implant
mobility may be performed for screw-retained
suprastructures. For obvious reasons, this cannot be
applied to all cemented and tooth/implant-sup-
ported restorations. An electronic device (Periotest;
Siemens, Bensheim, Germany), originally designed
to measure the damping characteristics of the perio-
dontium around natural teeth,120,121 has been rec-
ommended to monitor initial degrees of implant
mobility or horizontal displacement. However, dif-
ferences in Periotest values (PTVs) have been
reported for implants in the mandible and in the
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maxilla,73 with implants in the maxilla showing sig-
nificantly higher PTVs. In patients treated with
Brånemark System implants (Nobel Biocare, Göte-
borg, Sweden), this procedure was found to be
related to the type of jaw treated, implant and abut-
ment length, condition of the peri-implant tissues,
and bone density.122 Despite some positive claims
for this method,2,82,123,124 the prognostic accuracy of
PTVs for the diagnosis of peri-implantitis and early
signs of implant failure has been criticized because
of the lack of resolution, poor sensitivity, and sus-
ceptibility to operator variables.125

Resonance Frequency Analysis
A new, noninvasive device based on the principles of
resonance frequency analysis (RFA) has been devel-
oped to measure primary implant stability and to
monitor implant stability over time.126 This method
evaluates the stiffness of the bone-implant interface
by means of a signal transducer connected to a fre-
quency response analyzer (Osstell; Integration
Diagnostics, Göteborg, Sweden). The resonance
frequency of the transducer-implant unit is calcu-
lated from the peak amplitude of the signal and is
graphically illustrated on the Osstell display as the
peak of a frequency-amplitude plot. In addition, an
implant stability quotient (ISQ) is displayed as a
number between 1 and 100. This ISQ value has
been introduced to quantify the frequency measure-
ments of oral implants with a range between 3,500
and 8,500 Hz. Several investigations127–132 have
shown that the ISQ value of a stable osseointe-
grated implant increases with time, suggesting an
increase in the bone-implant contact area. On the
other hand, crestal bone loss around implants has
been correlated with loss of implant stability.124,129

This may allow detection of an increase in implant
mobility before clinical signs are recorded.133 How-
ever, conclusive data on the bone-implant interface
and RFA values are still lacking.134

RADIOGRAPHIC EVALUATION

Long-term preservation of crestal bone height
around osseointegrated implants is often used as a
primary success criterion for different implant sys-
tems. Originally, a mean crestal bone loss ≥ 1.5 mm
during the first year after loading and ≥ 0.2
mm/year thereafter had been proposed as one of the
major success criteria.94,135 This success criterion,
however, has recently been questioned, because lon-
gitudinal studies have provided evidence that crestal
bone loss around osseointegrated implants in well-
maintained patients may be minimal.2,18,136

Conventional radiography represents a widely
accepted technique for the long-term evaluation of
marginal bone changes at interproximal sites of
osseointegrated implants. In general, the long-cone
paralleling technique, supported by positioning
devices, is used. It should be noted that conven-
tional radiography yields a high proportion of false
negative findings, ie, it has low sensitivity in the
detection of early pathologic and/or bone remodel-
ing changes.137 Therefore, radiographic methods
are confirmatory rather than exploratory and should
only be considered in conjunction with assessment
of the clinical parameters.138 Nevertheless, the dis-
tance from a landmark on the implant (eg, implant
shoulder for 1-stage transmucosal implant systems
or apical termination of the cylindric portion of the
implant for 2-stage submerged implant systems) to
the alveolar bone crest represents a reliable parame-
ter for long-term monitoring in clinical practice.

It should be pointed out that radiographic evi-
dence of bone-to-implant contact does not imply
osseointegration on a histologic level.139 More
importantly, if clinical parameters indicate peri-
implant disease (eg, increased PD, BOP+, suppura-
tion), additional radiographs should be obtained to
evaluate the extent of peri-implant crestal bone loss.
For longitudinal clinical research purposes, radi-
ographs should be obtained at baseline and at 1-, 3-,
and 5-year intervals. Thereafter, they should be
obtained every 5 years if marginal peri-implant
bone stability has been demonstrated.140

Computer-assisted image analysis has been
shown to improve the diagnostic accuracy (ie,
increased sensitivity) of detecting minimal perio-
dontal tissue changes.137,141 Consequently, the use
of digital image analysis has expanded into implant
dentistry to monitor peri-implant bone healing and
gain or loss of alveolar bone density.142

CONCLUSION

Evidence from the presented literature indicates
that the use of a number of clinical, biochemical,
and radiographic parameters is meaningful in the
evaluation of peri-implant tissue status. Research
efforts are currently under way to relate biologic
parameters to morphologic changes in peri-implant
structures. However, reliable prognostic indicators
for peri-implant hard and soft tissue changes are
still lacking. This is not surprising, because the
same phenomenon (ie, development of diagnostic
tests for the assessment of active periodontal tissue
destruction) has challenged periodontal research in
recent decades.

116-127 Salvi  11/23/04  4:12 PM  Page 122



The International Journal of Oral & Maxillofacial Implants 123

ACKNOWLEDGMENT 

This study was supported by the Clinical Research Foundation
(CRF) for the Promotion of Oral Health, University of Berne,
Switzerland.

REFERENCES

1. Behneke A, Behneke N, d’Hoedt B. The longitudinal clini-
cal effectiveness of ITI solid-screw implants in partially
edentulous patients: A 5-year follow-up report. Int J Oral
Maxillofac Implants 2000;15:633–645.

2. Behneke A, Behneke N, d’Hoedt B. A 5-year longitudinal
study of the clinical effectiveness of ITI solid-screw implants
in the treatment of mandibular edentulism. Int J Oral Max-
illofac Implants 2002;17:799–810.

3. Brägger U, Aeschlimann S, Bürgin W, Hämmerle CHF,
Lang NP. Biological and technical complications and failures
with fixed partial dentures (FPD) on implants and teeth after
four to five years of function. Clin Oral Implants Res
2001;12:26–34.

4. Lambrecht JT, Filippi A, Kunzel AR, Schiel HJ. Long-term
evaluation of submerged and nonsubmerged ITI solid-screw
titanium implants: A 10-year life table analysis of 468
implants. Int J Oral Maxillofac Implants 2003;18:826–834.

5. Brocard D, Barthet P, Baysse E, et al. A multicenter report
on 1,022 consecutively placed ITI implants: A 7-year longi-
tudinal study. Int J Oral Maxillofac Implants 2000;15:
691–700. 

6. Buser D, Mericske-Stern R, Dula K, Lang NP. Clinical
experience with one-stage, non-submerged dental implants.
Adv Dent Res 1999;13:153–161.

7. Ferrigno N, Laureti M, Fanali S, Grippaudo G. A long-term
follow-up study of non-submerged ITI implants in the treat-
ment of totally edentulous jaws. Part I: Ten-year life table
analysis of a prospective multicenter study with 1286
implants. Clin Oral Implants Res 2002;13:260–273.

8. Hardt CRE, Gröndahl K, Lekholm U, Wennström JL. Out-
come of implant therapy in relation to experienced loss of
periodontal bone support. A retrospective 5-year study. Clin
Oral Implants Res 2002;13:488–494.

9. Karoussis IK, Brägger U, Salvi GE, Bürgin W, Lang NP.
Effect of implant design on survival and success rates of tita-
nium oral implants: A 10-year prospective cohort study of
the ITI Dental Implant System. Clin Oral Implants Res
2004;15:8–17.

10. Karoussis IK, Müller S, Salvi GE, Heitz-Mayfield LJA,
Brägger U, Lang NP. Association between periodontal and
periimplant conditions: A 10-year prospective cohort study
of the ITI Dental Implant System. Clin Oral Implants Res
2004;15:1–7.

11. Karoussis IK, Salvi GE, Heitz-Mayfield LJA, Brägger U,
Hämmerle CHF, Lang NP. 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;14:329–339.

12. Levine RA, Clem D, Beagle J, et al. Multicenter retrospec-
tive analysis of the solid-screw ITI implant for posterior sin-
gle-tooth replacements. Int J Oral Maxillofac Implants
2002;17:550–556.

13. Mericske-Stern R, Aerni D, Geering AH, Buser D. Long-
term evaluation of non-submerged hollow-cylinder
implants. Clinical and radiographic results. Clin Oral
Implants Res 2001;12:252–259.

14. Mericske-Stern R, Grütter L, Rösch R, Mericske E. Clinical
evaluation and prosthetic complications of single tooth
replacements by non-submerged implants. Clin Oral
Implants Res 2001;12:309–318.

15. Moberg LE, Kondell PA, Kullmann L, Heimdahl A, Gyn-
ther GW. Evaluation of single-tooth restorations on ITI
dental implants. A prospective study of 29 patients. Clin
Oral Implants Res 1999;10:45–53.

16. Moberg LE, Kondell PA, Sagulin GB, Bolin A, Heimdahl A,
Gynther GW. Brånemark System and ITI Dental Implant
System for treatment of mandibular edentulism. A compara-
tive randomized study: 3-year follow-up. Clin Oral Implants
Res 2001;12:450–461.

17. Naert IE, Koutsikakis G, Duyck J, Quirynen M, Jacobs R,
van Steenberghe D. Biologic outcome of implant-supported
restorations in the treatment of partial edentulism. Part I: A
longitudinal clinical evaluation. Clin Oral Implants Res
2002;13:381–389.

18. Naert IE, Koutsikakis G, Quirynen M, Duyck J, van Steen-
berghe D, Jacobs R. Biologic outcome of implant-supported
restorations in the treatment of partial edentulism. Part II: A
longitudinal radiographic study. Clin Oral Implants Res
2002;13:390–395.

19. Romeo E, Chiapasco M, Ghisolfi M, Vogel G. Long-term
clinical effectiveness of oral implants in the treatment of par-
tial edentulism. Seven-year life table analysis of a prospective
study with the ITI Dental Implant System used for single-
tooth restorations. Clin Oral Implants Res 2002;13:133–143.

20. Weber H-P, Crohin CC, Fiorellini JP. A 5-year prospective
clinical and radiographic study of non-submerged dental
implants. Clin Oral Implants Res 2000;11:144–153. 

21. Abrahamsson I, Zitzmann NU, Berglundh T, Linder E,
Wennerberg A, Lindhe J. The mucosal attachment to tita-
nium implants with different surface characteristics. An
experimental study in dogs. J Clin Periodontol 2002;29:
448–455.

22. Berglundh T, Abrahamsson I, Lang NP, Lindhe J. De novo
alveolar bone formation adjacent to endosseous implants. A
model study in the dog. Clin Oral Implants Res 2003;14:
251–262.

23. Botticelli D, Berglundh T, Buser D, Lindhe J. Appositional
bone formation in marginal defects at implants. An experi-
mental study in the dog. Clin Oral Implants Res 2003;14:
1–9.

24. Botticelli D, Berglundh T, Buser D, Lindhe J. The jumping
distance revisited. An experimental study in the dog. Clin
Oral Implants Res 2003;14:35–42.

25. Moon I-S, Berglundh T, Abrahamsson I, Linder E, Lindhe
J. The barrier between the keratinized mucosa and the den-
tal implant. An experimental study in the dog. J Clin Perio-
dontol 1999;26:658–663.

26. Wennerberg A, Sennerby L, Kultje C, Lekholm U. Some
soft tissue characteristics at implant abutments with different
topography. A study in humans. J Clin Periodontol 2003;30:
88–94.

27. Zitzmann NU, Berglundh T, Marinello CP, Lindhe J.
Expression of endothelial adhesion molecules in the alveolar
ridge mucosa, gingiva and periimplant mucosa. J Clin Peri-
odontol 2002;29:490–495.

28. Abrahamsson I, Berglundh T, Wennström J, Lindhe J. The
periimplant hard and soft tissues at different implant sys-
tems. A comparative study in the dog. Clin Oral Implants
Res 1996;7:212–219.

GROUP 4

116-127 Salvi  11/23/04  4:12 PM  Page 123



29. Bernard JP, Belser UC, Martinet JP, Borgis SA. Osseointe-
gration of Brånemark fixtures using a single-step operating
technique. A preliminary prospective one-year study in the
edentulous mandible. Clin Oral Implants Res 1995;6:
122–129.

30. Ericsson I, Randow K, Glantz P-O, Lindhe J, Nilner K.
Clinical and radiographical features of submerged and non-
submerged titanium implants. Clin Oral Implants Res 1994;
5:185–189.

31. Heydenrijk K, Raghoebar GM, Meijer HJA, van der Reijden
WA, van Winkelhoff A-J, Stegenga B. Two-part implants
inserted in a one-stage or two-stage procedure. A prospec-
tive comparative study. J Clin Periodontol 2002;29:900–909.

32. Heydenrijk K, Raghoebar GM, Meijer HJA, van der Reijden
WA, van Winkelhoff A-J, Stegenga B. Two-stage IMZ
implants and ITI implants inserted in a single-stage proce-
dure. A prospective comparative study. Clin Oral Implants
Res 2002;13:371–380. 

33. Albrektsson T, Isidor F. Consensus report of session IV. In:
Lang NP, Karring T (eds). Proceedings of the 1st European
Workshop on Periodontology. London: Quintessence, 1994:
365–369.

34. Lang NP, Brägger U, Walther D, Beamer B, Kornman KS.
Ligature-induced periimplant infection in cynomolgus mon-
keys. I. Clinical and radiographic findings. Clin Oral
Implants Res 1993;4:2–11.

35. Lindhe J, Berglundh T, Ericsson I, Liljenberg B, Marinello
C. Experimental breakdown of periimplant and periodontal
tissues. A study in the beagle dog. Clin Oral Implants Res
1992;3:9–16.

36. Schou S, Holmstrup P, Reibel J, Juhl M, Hjørting-Hansen
E, Kornman KS. Ligature-induced marginal inflammation
around osseointegrated implants and ankylosed teeth: Stere-
ologic and histologic observations in cynomolgus monkeys
(Macaca fascicularis). J Periodontol 1993;64:529–537.

37. Schou S, Holmstrup P, Stoltze K, Hjørting-Hansen E,
Kornman KS. Ligature-induced marginal inflammation
around osseointegrated implants and ankylosed teeth. Clini-
cal and radiographic observations in cynomolgus monkeys
(Macaca fascicularis). Clin Oral Implants Res 1993;4:12–22.

38. Gristina AG. Biomaterial-centered infection: Microbial
adhesion versus tissue integration. Science 1987;237:
1588–1595.

39. Berglundh T, Lindhe J, Ericsson I, Marinello CP, Liljenberg
B. Soft tissue reactions to de novo plaque formation on
implants and teeth. An experimental study in the dog. Clin
Oral Implants Res 1992;3:1–8.

40. Mombelli A, Van Oosten MAC, Schürch E, Lang NP. The
microbiota associated with successful or failing osseointe-
grated titanium implants. Oral Microbiol Immunol 1987;
2:145–151.

41. Pontoriero R, Tonelli MP, Carnevale G, Mombelli A,
Nyman SR, Lang NP. Experimentally induced periimplant
mucositis. A clinical study in humans. Clin Oral Implants
Res 1994;5:254–259.

42. Zitzmann NU, Abrahamsson I, Berglundh T, Lindhe J. Soft
tissue reactions to plaque formation at implant abutments
with different surface topography. An experimental study in
dogs. J Clin Periodontol 2002;29:456–461.

43. Mombelli A, Mericske-Stern R. Microbiological features of
stable osseointegrated implants used as abutments for over-
dentures. Clin Oral Implants Res 1990;1:1–7.

44. Lee KH, Maiden MFJ, Tanner ACR, Weber HP. Microbiota
of successful osseointegrated dental implants. J Periodontol
1999;70:131–138.

45. Mombelli A, Marxer M, Gaberthüel T, Grunder U, Lang
NP. The microbiota of osseointegrated implants in patients
with a history of periodontal disease. J Clin Periodontol
1995;22:124–130.

46. Silness J, Löe H. Periodontal disease in pregnancy. II. Cor-
relation between oral hygiene and periodontal condition.
Acta Odontol Scand 1964;22:121–135.

47. Lindquist LW, Rocker B, Carlsson GE. Bone resorption
around fixtures in edentulous patients treated with mandibu-
lar fixed tissue-integrated prostheses. J Prosthet Dent
1988;59:59–63.

48. Rams TE, Roberts TW, Tatum H Jr, Keyes PH. The sub-
gingival microbial flora associated with human dental
implants. J Prosthet Dent 1984;51:529–534.

49. Löe H. The Gingival Index, the Plaque Index and the Reten-
tion Index Systems. J Periodontol 1967;38(suppl):610–616.

50. Apse P, Zarb GA, Schmitt A, Lewis DW. The longitudinal
effectiveness of osseointegrated dental implants. The
Toronto study: Periimplant mucosal response. Int J Perio-
dontics Restorative Dent 1991;11:95–111.

51. Listgarten MA, Lang NP, Schroeder HE, Schroeder A.
Periodontal tissues and their counterparts around
endosseous implants. Clin Oral Implants Res 1991;2:1–19.

52. Chaytor DV. The longitudinal effectiveness of osseointe-
grated dental implants. The Toronto study: Bone level
changes. Int J Periodontics Restorative Dent 1991;11:
113–125. 

53. Lang NP, Nyman S, Senn C, Joss A. Bleeding on probing as
it relates to probing pressure and gingival health. J Clin
Periodontol 1991;18:257–261.

54. Karayiannis A, Lang NP, Joss A, Nyman S. Bleeding on
probing as it relates to probing pressures and gingival health
in patients with a reduced but healthy periodontium. A clini-
cal study. J Clin Periodontol 1991;19:471–475.

55. Joss A, Adler R, Lang NP. Bleeding on probing. A parameter
for monitoring periodontal conditions in clinical practice. J
Clin Periodontol 1994;21:402–408.

56. Lang NP, Adler R, Joss A, Nyman S. Absence of bleeding on
probing. An indicator of periodontal stability. J Clin Peri-
odontol 1990;17:714–721.

57. Lekholm U, Eriksson A, Adell R, Slots J. The conditions of
the soft tissues at tooth and fixture abutments supporting
fixed bridges. A microbiological and histological study. J
Clin Periodontol 1986;13:558–562.

58. Ericsson I, Lindhe J. Probing depth at implants and teeth.
An experimental study in the dog. J Clin Periodontol 1993;
20:623–627.

59. Lang NP, Wetzel AC, Stich H, Caffesse RG. Histologic
probe penetration in healthy and inflamed periimplant tis-
sues. Clin Oral Implants Res 1994;5:191–201.

60. Jepsen S, Rühling A, Jepsen K, Ohlenbusch B, Albers H-K.
Progressive periimplantitis. Incidence and prediction of
periimplant attachment loss. Clin Oral Implants Res 1996;
7:133–142.

61. Luterbacher S, Mayfield L, Brägger U, Lang NP. Diagnostic
characteristics of clinical and microbiological tests for moni-
toring periodontal and periimplant mucosal tissue condi-
tions during supportive periodontal therapy (SPT). Clin
Oral Implants Res 2000;11:521–529.

62. Armitage GC, Svanberg GK, Löe H. Microscopic evaluation
of clinical measurements of connective tissue attachment
levels. J Clin Periodontol 1977;4:173–190.

63. Magnusson I, Listgarten MA. Histological evaluation of
probing depth following periodontal treatment. J Clin
Periodontol 1980;7:26–31.

124 Volume 19, Supplement, 2004

SALVI/LANG

116-127 Salvi  11/23/04  4:12 PM  Page 124



64. Berglundh T, Lindhe J, Ericsson I, Marinello CP, Liljenberg
B, Thomsen P. The soft tissue barrier at implants and teeth.
Clin Oral Implants Res 1991;2:81–90.

65. Schou S, Holmstrup P, Stoltze K, Hjørting-Hansen E, Fiehn
NE, Skovgaard LT. Probing around implants and teeth with
healthy or inflamed peri-implant mucosa/gingiva. A histo-
logic comparison in cynomolgus monkeys (Macaca
fascicularis). Clin Oral Implants Res 2002;13:113–126.

66. Listgarten MA, Lai CH. Ultrastructure of the intact inter-
face between an endosseous epoxy resin dental implant and
the host tissues. J Biol Buccale 1975;3:13–28.

67. Van der Velden U. Probing force and the relationship of the
probe tip to the periodontal tissues. J Clin Periodontol
1979;6:106–114.

68. Mombelli A, Graf H. Depth-force pattern in periodontal
probing. J Clin Periodontol 1986;13:126–130.

69. Mombelli A, Mühle T, Frigg R. Depth-force patterns of
periodontal probing. Attachment gain in relation to probing
force. J Clin Periodontol 1992;19:295–300. 

70. Mombelli A, Mühle T, Brägger U. Probing force depen-
dence of attachment level measurement in the assessment of
effects of surgical periodontal treatment with or without
NSAID. Acta Med Dent Helv 1996;1:34–39.

71. Mombelli A, Mühle T, Brägger U, Lang NP, Bürgin WB.
Comparison of periodontal and periimplant probing by
depth-force pattern analysis. Clin Oral Implants Res 1997;8:
448–455. 

72. Quirynen M, van Steenberghe D, Jacobs R, Schotte A, Dar-
ius P. The reliability of pocket probing around screw-type
implants. Clin Oral Implants Res 1991;2:186–192.

73. Buser D, Weber HP, Lang NP. Tissue integration of non-
submerged implants. 1-year results of a prospective study
with 100 ITI hollow-cylinder and hollow-screw implants.
Clin Oral Implants Res 1990;6:55–61.

74. Adell R, Lekholm U, Rockler B, Brånemark P-I. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981;10:387–416.

75. Cox JF, Zarb GA. The longitudinal clinical efficacy of
osseointegrated implants: A 3-year report. Int J Oral Max-
illofac Implants 1987;2:91–100. 

76. Ericsson I, Lekholm U, Brånemark P-I, Lindhe J, Glantz P-
O, Nyman S. A clinical evaluation of fixed-bridge restora-
tions supported by the combination of teeth and osseointe-
grated titanium implants. J Clin Periodontol 1986;13:
307–312. 

77. Lekholm U, Adell R, Lindhe J, et al. Marginal tissue reac-
tions at osseointegrated titanium fixtures. (II) A cross-sec-
tional retrospective study. Int J Oral Maxillofac Surg 1986;
15:53–61.

78. Nishimura K, Itoh T, Takaki K, Hosokawa R, Naito T,
Yokota M. Periodontal parameters of osseointegrated dental
implants. A 4-year controlled follow-up study. Clin Oral
Implants Res 1997;8:272–278.

79. Bauman GR, Mills M, Rapley JW, Hallmon WH. Clinical
parameters of evaluation during implant maintenance. Int J
Oral Maxillofac Implants 1992;7:220–227.

80. Salcetti JM, Moriarty JD, Cooper LF, et al. The clinical,
microbial and host response characteristics of the failing
implant. Int J Oral Maxillofac Implants 1997;12:32–42.

81. Spiekermann H, Jansen VK, Richter EJ. A 10-year follow-
up study of IMZ and TPS implants in edentulous mandibles
using bar-retained overdentures. Int J Oral Maxillofac
Implants 1995;10:373–378.

82. Behneke A, Behneke N, d’Hoedt B, Wagner W. Hard and
soft tissue reactions to ITI screw implants: 3-year longitudi-
nal results of a prospective study. Int J Oral Maxillofac
Implants 1997;12:749–757.

83. Brägger U, Bürgin WB, Hämmerle CHF, Lang NP. Associa-
tions between clinical parameters assessed around implants
and teeth. Clin Oral Implants Res 1997;8:412–421.

84. Brägger U, Hugel-Pisoni C, Bürgin WB, Buser D, Lang
NP. Correlations between radiographic, clinical and mobility
parameters after loading of oral implants with fixed partial
dentures. Clin Oral Implants Res 1996;7:230–239.

85. Christensen MM, Joss A, Lang NP. Reproducibility of auto-
mated periodontal probing around teeth and osseointegrated
oral implants. Clin Oral Implants Res 1997;8:455–464. 

86. Taylor AC, Campbell MM. Reattachment of gingival epithe-
lium to the tooth. J Periodontol 1972;43:281–293.

87. Etter TH, Håkanson IH, Lang NP, Trejo PM, Caffesse RG.
Healing after standardized clinical probing of the periim-
plant soft tissue seal. Clin Oral Implants Res 2002;13:
571–580.

88. Lang NP, Löe H. The relationship between the width of
keratinized gingiva and gingival health. J Periodontol 1972;
43:623–627. 

89. Miyasato M, Crigger M, Egelberg J. Gingival condition in
areas of minimal and appreciable width of keratinized gin-
giva. J Clin Periodontol 1977;4:200–209.

90. Strub JR, Gaberthüel TW, Grunder U. The role of attached
gingiva in the health of periimplant tissue in dogs. 1. Clini-
cal findings. Int J Periodontics Restorative Dent 1991;11:
317–333.

91. Warrer K, Buser D, Lang NP, Karring T. Plaque-induced
periimplantitis in the presence or absence of keratinized
mucosa. An experimental study in monkeys. Clin Oral
Implants Res 1995;6:131–138. 

92. Hanisch O, Cortella CA, Boskovic MM, James RA, Slots J,
Wikesjö UM. Experimental peri-implant tissue breakdown
around hydroxyapatite-coated implants. J Periodontol 1997;
68:59–66.

93. Block MS, Gardiner D, Kent JN, Misiek DJ, Finger IM,
Guerra L. Hydroxyapatite-coated cylinder implants in the
posterior mandible: 10-year observations. Int J Oral Max-
illofac Implants 1996;11:626–633. 

94. Albrektsson T, Zarb GA, Worthington DP, Eriksson R. The
long-term efficacy of currently used dental implants. A
review and proposed criteria of success. Int J Oral Maxillofac
Implants 1986;1:11–25.

95. Bengazi F, Wennström JL, Lekholm U. Recession of the soft
tissue margin at oral implants. Clin Oral Implants Res 1996;
7:303–310.

96. Wennström JL, Bengazi F, Lekholm U. The influence of the
masticatory mucosa on the peri-implant soft tissue condi-
tion. Clin Oral Implants Res 1994;5:1–8.

97. Zitzmann NU, Schärer P, Marinello CP. Long-term results
of implants treated with guided bone regeneration: A 5-year
prospective study. Int J Oral Maxillofac Implants 2001;16:
355–366.

98. Offenbacher S, Collins JG, Heasman PA. Diagnostic poten-
tial of host response mediators. Adv Dent Res 1993;7:
175–181.

99. Niimi A, Ueda M. Crevicular fluid in the osseointegrated
implant sulcus: A pilot study. Int J Oral Maxillofac Implants
1995;10:434–436.

The International Journal of Oral & Maxillofacial Implants 125

GROUP 4

116-127 Salvi  11/23/04  4:12 PM  Page 125



100. Boutros SM, Michalowicz BS, Smith QT, Aeppli DM.
Crevicular fluid enzymes from endosseous dental implants
and natural teeth. Int J Oral Maxillofac Implants
1996;11:322–330.

101. Eley BM, Cox SW, Watson RM. Protease activities in
periimplant sulcus fluid from patients with permucosal
osseointegrated dental implants. Correlation with clinical
parameters. Clin Oral Implants Res 1991;2:62–70.

102. Apse P, Ellen RP, Overall CM, Zarb GA. 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.

103. Ataoglu H, Alptekin NO, Haliloglu S, et al. Interleukin 1-
beta, tumor necrosis factor-alpha levels and neutrophil
elastase activity in peri-implant crevicular fluid. Clin Oral
Implants Res 2002;13:470–476.

104. Giannopoulou C, Bernard JP, Buser D, Carrel A, Belser
UC. Effect of intracrevicular restoration margins on peri-
implant health: Clinical, biochemical and microbiological
findings around esthetic implants up to 9 years. Int J Oral
Maxillofac Implants 2003;18:173–181.

105. Hultin M, Gustafsson A, Hallström H, Johansson L-Å,
Ekfeldt A, Klinge B. Microbiological findings and host
response in patients with periimplantitis. Clin Oral
Implants Res 2002;13:349–358.

106. Ingman T, Kononen M, Siirila HS, Suomalainen K, Sorsa
T. Collagenase, gelatinase and elastase activities in sulcular
fluid of osseointegrated implants and natural teeth. J Clin
Periodontol 1994;21:301–307.

107. Plagnat D, Giannopoulou C, Carrel A, Bernard JP,
Mombelli A, Belser UC. Elastase, alpha2-macroglobulin
and alkaline phosphatase in crevicular fluid from implants
with and without periimplantitis. Clin Oral Implants Res
2002;13:227–233.

108. Rühling A, Jepsen S, Kocher T, Plagmann H-C. Longitu-
dinal evaluation of aspartate aminotransferase (AST) in the
crevicular fluid of implants with bone loss and signs of
progressive disease. Int J Oral Maxillofac Implants
1999;14:428–435.

109. Beck CB, Embery G, Langley MS, Waddington RJ. Levels
of glycosaminoglycans in periimplant sulcus fluid as a
means of monitoring bone response to endosseous dental
implants. Clin Oral Implants Res 1991;2:179–185.

110. Smedberg JI, Beck CB, Embery G. Glycosaminoglycans in
periimplant sulcus fluid from implants supporting fixed or
removable prostheses. Clin Oral Implants Res
1993;4:137–143.

111. Kao RT, Curtis DA, Richards DW, Preble J. Increased
interleukin-1beta in the crevicular fluid of diseased
implants. Int J Oral Maxillofac Implants 1995;10:696–701.

112. Esposito M, Thomsen P, Mölne J, Gretzer C, Ericson LE,
Lekholm U. Immunohistochemistry of soft tissues sur-
rounding late failures of Brånemark implants. Clin Oral
Implants Res 1997;8:352–366.

113. Gualini F, Berglundh T. Immunohistochemical character-
istics of inflammatory lesions at implants. J Clin Periodon-
tol 2003;30:14–18.

114. Piattelli A, Scarano A, Piattelli M. Histologic observations
on 230 retrieved dental implants: 8 years’ experience
(1989–1996). J Periodontol 1998;69:178–184.

115. Sanz M, Alandez J, Lazaro P, Calvo JL, Quirynen M, van
Steenberghe D. Histo-pathologic characteristics of periim-
plant soft tissues in Brånemark implants with 2 distinct
clinical and radiological patterns. A histometric and ultra-
structural study. Clin Oral Implants Res 1991;2:128–134.

116. Brånemark P-I, Hansson BO, Adell R, et al. Osseointe-
grated implants in the treatment of the edentulous jaw.
Experience from a 10-year period. Scand J Plast Reconstr
Surg 1977;16(suppl):1–132.

117. Lekholm U, van Steenberghe D, Herrmann I, et al.
Osseointegrated implants in the treatment of partially
edentulous jaws: A prospective 5-year multicenter study.
Int J Oral Maxillofac Implants 1994;9:627–635.

118. Gröndahl K, Lekholm U. The predictive value of radi-
ographic diagnosis of implant instability. Int J Oral Max-
illofac Implants 1997;12:59–64.

119. Worthington P, Bolender CL, Taylor TD. The Swedish
system of osseointegrated implants: Problems and compli-
cations encountered during a 4-year trial period. Int J Oral
Maxillofac Implants 1987;2:77–84.

120. Olivé J, Aparicio C. The Periotest method as a measure of
osseointegrated oral implant stability. Int J Oral Maxillofac
Implants 1990;5:390–400.

121. Naert I, Rosenberg D, van Steenberghe D, Tricio JA, Nys
M. The influence of splinting procedures on the periodon-
tal and peri-implant tissue damping characteristics. A lon-
gitudinal study with the Periotest device. J Clin Periodon-
tol 1995;22:703–708.

122. Teerlinck J, Quirynen M, Darius P, van Steenberghe D.
Periotest: An objective clinical diagnosis of bone apposi-
tion toward implants. Int J Oral Maxillofac Implants
1991;6:55–61.

123. Aparicio C. The use of the Periotest value as the initial
success criteria of an implant: 8-year report. Int J Peri-
odontics Restorative Dent 1997;6:151–161.

124. van Steenberghe D, Tricio J, Naert I, Nys M. Damping
characteristics of bone-to-implant interfaces. A clinical
study with the Periotest device. Clin Oral Implants Res
1995;6:31–39. 

125. Meredith N. Assessment of implant stability as a prognos-
tic determinant. Int J Prosthodont 1998;11:491–501.

126. Meredith N, Alleyne D, Cawley P. Quantitative determi-
nation of the stability of the implant-tissue interface using
resonance frequency analysis. Clin Oral Implants Res
1996;7:261–266.

127. Friberg B, Sennerby L, Meredith N, Lekholm U. A com-
parison between cutting torque and resonance frequency
measurements of maxillary implants. A 20-month clinical
study. Int J Oral Maxillofac Surg 1999;28:297–303.

128. Heo SJ, Sennerby L, Odersjö M, Gränström G, Tjellström
A, Meredith N. Stability measurements of craniofacial
implants by means of resonance frequency analysis. A clin-
ical pilot study. J Laryngol Otol 1998;112:537–542.

129. Meredith N, Book K, Friberg B, Jemt T, Sennerby L. Res-
onance frequency measurements of implant stability in
vivo. A cross-sectional and longitudinal study of resonance
frequency measurements on implants in the edentulous
and partially dentate maxilla. Clin Oral Implants Res
1997;8:226–233.

130. Meredith N, Shagaldi F, Alleyne D, Sennerby L, Cawley P.
The application of resonance frequency measurements to
study the stability of titanium implants during healing in
the rabbit tibia. Clin Oral Implants Res 1997;8:234–243.

131. Rasmusson L, Meredith N, Sennerby L. Measurements of
stability changes of titanium implants with exposed threads
subjected to barrier membrane induced bone augmenta-
tion. An experimental study in the rabbit tibia. Clin Oral
Implants Res 1997;8:316–322.

126 Volume 19, Supplement, 2004

SALVI/LANG

116-127 Salvi  11/23/04  4:12 PM  Page 126



The International Journal of Oral & Maxillofacial Implants 127

GROUP 4

132. Rasmusson L, Kahnberg KE, Tan A. Effects of implant
design and surface on bone regeneration and implant sta-
bility: An experimental study in the dog mandible. Clin
Implant Dent Relat Res 2001;3:2–8.

133. Friberg B, Sennerby L, Linden B, Gröndahl K, Lekholm
U. Stability measurements of one-stage Brånemark
implants during healing in mandibles. A clinical resonance
frequency analysis study. Int J Oral Maxillofac Surg
1999;28:266–272.

134. Barewal RM, Oates T, Meredith N, Cochran DL. Reso-
nance frequency measurement of implant stability in vivo
on implants with a sandblasted and acid-etched surface. Int
J Oral Maxillofac Implants 2003;18:641–651.

135. Smith DE, Zarb GA. Criteria for success of osseointe-
grated endosseous implants. J Prosthet Dent 1989;62:
567–572.

136. Feloutzis A, Lang NP, Tonetti MS, et al. IL-1 gene poly-
morphism and smoking as risk factors for periimplant bone
loss in a well-maintained population. Clin Oral Implants
Res 2003;14:10–17.

137. Brägger U, Pasquali L, Rylander H, Carnes D, Kornman
KS. Computer-assisted densitometric image analysis in
periodontal radiography. J Clin Periodontol 1988;15:
27–37.

138. Lang NP, Hill RW. Radiographs in periodontics. J Clin
Periodontol 1977;4:16–28.

139. Sewerin IP, Gotfredsen K, Stoltze K. Accuracy of radio-
graphic diagnosis of periimplant radiolucencies—An in
vitro experiment. Clin Oral Implants Res 1997;8:299–304.

140. Wennström JL, Palmer RM. Consensus report of session
C. In: Lang NP, Karring T, Lindhe J (eds.). Proceedings of
the 3rd European Workshop on Periodontology. Berlin:
Quintessenz, 1999:255–259.

141. Brägger U, Pasquali L, Weber HP, Kornman KS. Com-
puter-assisted densitometric image anlysis (CADIA) for the
assessment of alveolar bone density changes. J Clin Perio-
dontol 1989;16:46–52.

142. Fourmousis I, Brägger U. Radiologic interpretation of
peri-implant structures. In: Lang NP, Karring T, Lindhe J
(eds). Proceedings of the 3rd European Workshop on
Periodontology. Berlin: Quintessenz, 1999:228–241.

116-127 Salvi  11/23/04  4:12 PM  Page 127


	COPYRIGHT © 2004 BY QUINTESSENCE PUBLISHING CO, INC: 
	   PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY: 
	 
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER: COPYRIGHT © 2004 BY QUINTESSENCE PUBLISHING CO, INC. 
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




