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Interleukin-1f, tumor necrosis factor-o
levels and neutrophil elastase activity
in peri-implant crevicular fluid
Correlation with clinical parameters and effect of

smoking
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Abstract: The aim of this study was to determine interleukin-1B (IL-18), tumor necrosis factor-
o (TNF-) levels and neutrophil elastase (NE) activity in peri-implant crevicular fluid (PICF) of
smoker and nonsmoker patients, and to investigate their relationships with clinical
parameters. A total of 42 endosseous root-form dental implants of 14 patients were clinically
examined by modified Plaque index (PI), modified Gingival index (Gl) and probing depth
(PD). Smoking habits of the patients were recorded. PICF of implants were collected by
Periopaper strips and IL-1B, TNF-o. levels were determined by enzyme-linked immunosorbent
assay (ELISA). NE was analyzed with a neutrophil specific chromogenic substrate, N-
methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide. The cytokine and enzyme levels in PICF were
expressed as total amount/activity and as concentrations. NE activity in PICF significantly
correlated with Gl and PD, and IL-1B levels with Gl and PICF volume (P < 0.05). The
correlations were stronger when the PICF levels were expressed as total IL-18 amount and as
total NE activity. The implants with inflamed gingiva (Gl > 1) had higher levels of IL-13 and
NE activity than implants with noninflamed or slightly inflamed gingiva (Gl = 1) (P < 0.05).
Total NE activity in implants with deep pockets (PD > 3 mm) was greater than the implants
with shallow pockets (PD = 3 mm) (P < 0.05). The implants of smoker patients had significantly
lower PICF NE activity and IL-1B levels, and significantly higher TNF-o levels than the implants
of nonsmokers (P < 0.05). The findings of the present study indicate that NE activity and IL-1p
levels in PICF may be used to measure implant health status of patients who do not smoke.

It has been well established that following
osseointegration and loading, failing im-
plants develop peri-implant inflammation
similar to periodontitis; progressive peri-
implant bone loss is defined as peri-im-
plantitis (Meffert et al. 1992). Clinical signs
such as soft tissue inflammation, bleeding
on probing, suppuration, pain, increased
probing depth, and radiographic evidence
of bone loss (Lekholm et al. 1986a), as well
as microbiologic alterations in the flora
(Lekholm et al. 1986b; Mombelli et al.
1987), mimic those signs associated with
periodontal disease. In an immunohisto-
chemical study, it has been demonstrated

that peri-implant inflamed mucosa biop-
sies comprises mainly lymphocytes,
macrophages and only very few plasma
cells similar to inflamed gingival tissue
(Seymour et al. 1989).

Recent evidence indicates that inflam-
matory cytokines, released by the host’s
monocytes and macrophages in response to
bacterial products such as lipopolysaccaride
and endotoxin, are responsible for the break-
down of the periodontium in periodontitis
(Jandinski et al. 1991; Stashenko et al.
1991a). Some studies (Stashenko et al.
1991b; Figueredo et al. 1999) have pre-
viously shown that interleukin-1f (IL-1f) is



present at elevated levels in the gingival cre-
vicular fluid and in tissue from periodontal
pockets. Tumor necrosis factor-o. [TNF-o), a
cytokine with functions similar to those of
IL-1B, has been detected in very low levels
from sites with periodontitis. These cyto-
kines stimulate bone resorption, prosta-
glandin synthesis and protease production
by many cell types including fibroblasts and
osteoblasts (Beutler & Cerami 1986; De-
whirst et al. 1985; Billingham 1987; Lorenzo
et al. 1987; Tatakis et al. 1988).

During gingivitis and periodontitis, high
levels of proteolytic enzymes can be found
both in the gingival tissues and in the sul-
cus. Connective tissue degradation in peri-
odontal disease is believed to result from
the action of proteases. Among the pro-
teases, elastase and collagenase have re-
ceived a great deal of attention during the
last decade. Neutrophil elastase (NE) is a
neutral serine protease stored in the azuro-
philic granules of granulocytes. This en-
zyme degrades, besides elastin, several
functionally and structurally important
molecules of the periodontium including
collagen, proteoglycans and basement
membrane components (Cergneux et al.
1982; Watanabe et al. 1990). It has been
shown that gingival crevicular fluid elas-
tase activity correlated with clinical par-
ameters of periodontal disease severity
(Eley & Cox 1992a) and probing attach-
ment and bone loss (Eley & Cox 1992b) in
untreated periodontitis patients.

Although extensive research has been
done in the area of periodontal inflamma-
tory mediators, few have studied the role
of the host immune response of peri-im-
plantitis. Peri-implant crevicular fluid
(PICF) NE levels have been found signifi-
cantly high around failing implants when
compared to healthy implants (Boutros et
al. 1992). In mouths with failing implant
sites, significantly elevated PICF levels of
IL-1B have been determined as compared
to mouths with healthy control implants
(Panagakos et al. 1996; Salcetti et al. 1997).
The authors suggested that NE may be a
risk marker for peri-implantitis and that IL-
1B may be used to monitor disease pro-
gression.

It has been well demonstrated that ciga-
rette smoking has a significant impact on
the risk for developing periodontal disease.
Both the incidence and the severity of peri-
odontitis is greater in smokers than in non-
smokers (Beck 1994; Bergstrom & Preber
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1994; Grossi et al. 1995). Furthermore,
smokers do not respond to periodontal
treatment as well as nonsmokers, re-
flecting the general impairment of the
tissue repair process (Ah et al. 1994; Preber
et al. 1995). In the literature, studies evalu-
ating smoking as a risk factor for peri-im-
plant disease are lacking. However, Bain &
Moy (1993) have reported that the percen-
tage of implant failures was greater in
smokers than in nonsmokers. It has also
been demonstrated that smoking is a risk
factor for implant loss with a relative risk
of 2.5 compared to nonsmokers (Wilson &
Nunn 1999).

Recent advances in the understanding of
biologic events involved in the patho-
genesis of periodontitis indicate that bone-
resorbing cytokines IL-1 and TNF-o, as
well as NE, may also be operative in the
pathogenesis of peri-implantitis. With this
background, the present study aimed to de-
termine IL-1, TNF-o. levels and NE activ-
ity in PICE and to explore their relation
with clinical parameters. This study also
evaluated the levels of these cytokines and
enzyme activity regarding smoking habits
of patients.

Material and methods

Subject selection

Fourteen partially edentulous patients
(eight men, six women) who had been
treated with endosseous dental implants
and were receiving maintenance care par-
ticipated in this study. Patient ages ranged
from 35 to 6oyears, with a mean of
49.7years. Patients were included if they
had at least one root-form implant restored
and in function for at least 1year. Subjects
were excluded from the study if they were
not medically healthy and/or were taking
medication that could influence peri-im-
plantitis. These included patients requiring
antibiotic prophylaxis and those who had
used 0.12% chlorhexidine rinse, systemic
antibiotics, cortisone, or nonsteroidal anti-
inflammatory drugs within the past
6weeks prior to clinical examination and
crevicular fluid sampling. Patients who
had undergone any periodontal or peri-im-
plant therapy within the last 6months
were also excluded from the study. The
smoking habits of the patients were evalu-
ated and regular daily cigarette smokers
with current consumption more than 10

cigarettes per day were recorded as
smokers. Informed consent was obtained
in writing from each subject.

Clinical measurements

Prior to crevicular fluid collection, supra-
gingival plaque was scored using modified
Plaque index (PI) (Mombelli et al. 1987) and
removed from each implant. Gingival in-
flammation was scored following crevic-
ular fluid collection using modified Gingi-
val index (GI) (Apse et al. 1989). Probing
depth (PD) measures were obtained from
sampled sites (mesial and distal midpoints)
of implants using a conventional peri-
odontal probe (Hu-Friedy, Chicago, IL,
USA). The probe was directed parallel to
the long axis of the implant. Radiographic
bone loss was evaluated on periapical
radiographs. All clinical data were col-
lected by one examiner.

Crevicular fluid sampling

The individual implant site was gently air-
dried and the area was carefully isolated
with cotton rolls. A saliva ejector was used
to avoid salivary contamination of the
samples. Two paper strips (Periopaper, Am-
ityville, NY, USA) were consecutively in-
serted into the crevice at the mesial and
distal midpoints until mild resistance was
felt. The strips were left in situ for 30s and
then transferred, for volume determi-
nation, to the chair-side located Periotron
8000 (Oraflow Inc., Plainview., NY, USA)
which was calibrated using known vol-
umes of phosphate-buffered saline (PBS).
Two strips were immediately placed in a
labeled tube containing 7ooul PBS and
transported to the laboratory. Following
15 min agitation at room temperature, the
strips were removed and the eluates centri-
fuged for smin at 3000¢ to remove plaque
and cellular elements. The samples were
stored at —80°C for subsequent assays.

Enzyme assay

NE was determined in ELISA plates by
measurement of p-nitroanilide resulting
from hydrolysis of the neutrophil elastase-
specific peptide, N-methoxysuccinyl-Ala-
Ala-Pro-Val-p-nitroanilide. Hydrolysis of
this substrate is accompanied by a color
change that can be quantified using an
immunoassay plate reader. This method
measures functionally active NE levels.
Standard solutions of NE (range 2~
100opU/ul) were prepared with ELISA
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diluent buffer. On each microtiter plate,
25ul of PBS and 200ul of substrate were
added to two wells in the first column as
the substrate blank. Duplicate 25pul
samples of each standard and 200ul of sub-
strate were placed in standard wells. A
total of 25ul of sample and 200l of sub-
strate were added to sample wells. Plates
were incubated for 2.5h at 37°C. Color
change was determined by an enzyme
immunoassay plate reader with a 405-nm
filter. Crevicular fluid NE levels were cal-
culated from the standard curve and de-
fined as pU/pl for concentration and as pU/
site for total enzyme activity.

Cytokine assay

Levels of IL-1f and TNF-0. in samples were
determined by using an appropriate com-
mercial ELISA kit (Immunotech, Marseill-
es, France); toopl of eluted sample was as-
sayed according to the kit’s instructions.
The results were read using a microplate
reader at 4osnm wavelength. Concen-
trations of the cytokines in each 1oopl
sample were determined by generation of
a standard curve for comparison. Concen-
trations of cytokines were corrected for
PICF volume and were defined as pg/ul.
Total amounts of cytokines were expressed
as pg/site.

Statistical analysis
Statistical comparisons between enzyme
activity, cytokine levels and clinical par-
ameters were made on an implant basis
using pooled patient data. Because implant
site data are affected both by local factors
and overall patient influences (Sterne et al.
1990), weighted implant site parameters
were calculated for statistical comparisons.
For this purpose, average implant values
were first obtained as the mean of mesial
and distal measurements. Mean patient
parameters were obtained from these
values and then weighted site data calcu-
lated by adding the mean patient value to
site values and dividing the sum by 2.
The implants were divided into two
groups according to smoking habits of the
patients, implants of nonsmokers group
(INSM) (n=24) and implants of smokers
group (ISM) (n=18). The INSM group was
also divided into subgroups according to
gingival inflammation (GI score >T1
(GI> 1)and Gl score > 1 (GI> 1)) and pocket
depth measurements (shallow pockets
PD=3mm and deep pockets PD>3mm).

472 | Clin. Oral Impl. Res. 13, 2002 | 470476

Table 1. Correlations between IL-1p, TNF-a, NE levels in PICF and dinical parameters (Spearman rank

correlation coefficients, whole implants)

n PD PI Gl PICFvol

Total

IL-1B 42 0.104 —0.272 —0.097 0.094

TNF-a. 42 0.078 0.406** 0.485%* 0.333*

NE 42 0.090 —-0.229 -0.177 —-0.219
Concentration

IL-1B 42 —0.030 —0.387* —0.337* —0.354*

TNF-a 42 —0.044 0.281 0.222 —0.104

NE 42 - 0.070 - 0.355* - 0.306* —0.417**

*P < 0.05. **P < 0.01.

Table 2. Correlations between IL-1p, TNF-a, NE levels in PICF and clinical parameters (Spearman rank

correlation coefficients, INSM group)

n PD Pl Gl PICFvol

Total

IL-1B 24 0.396 0.267 0.602** 0.710%*

TNF-a 24 —0.198 0.205 0.191 0.044

NE 24 0.464* 0.306 0.607** 0.151
Concentration

IL-1B 24 0.221 0.330 0.473* 0.245

TNF-a 24 - 0.302 0.097 - 0.051 —0.345

NE 24 0.445* 0.236 0.604** — 0.056

*P < 0.05. **P < 0.01.

Table 3. Comparisons between Gl= 1 and GI> 1 groups regarding clinical parameters and PICF con-

stituents
Gl=1(n=13) Gl >1(n=11) P
Mean (SD) Mean (SD)
Clinical parameters
PD (mm) 3.06 (0.53) 3.56 (0.46) 0.017*
PI 0.49 (0.87) 0.83 (0.18) 0.071
Gl 0.77 (0.39) 1.91 (0.20) 0.000*
PICF (ul) 0.47 (0.17) 0.66 (0.15) 0.006*

Cytokine and enzyme levels
Total

IL-1B (pgfsite)

TNF-o. (pg/site)

33.80 (17.77)
13.90 (12.18)

NE (nU/site) 820.10 (417.22)

Concentration
IL-1B2(pg/il) 74.36 (34.50)
TNF-o (pg/ul) 40.16 (51.89)
NE (uU/pl) 2232.74 (1299.13)

70.24 (23.35) 0.001*
18.80 (6.80) 0.077
2476.40 (1448.21) 0.008*
105.10 (22.16) 0.022*
31.41 (11.47) 0.622
4480.34 (2490.99) 0.026*

Statistically significant, Mann-Whitney U-test.

The significance of the difference between
groups or subgroups was investigated by
Mann-Witney U-test. The relationships

among PICF cytokine levels and NE activ-
ity and clinical parameters were analyzed
by using Spearman’s rank correlation test.



Results

A total of 42 osseointegrated root-form im-
plants were evaluated and sampled in the
study. Implants had been in place for a
mean of 86.s7months (range 12—
108 months) and had been observed to be
primarily osseointegrated before loading.
None of the implants had excessive radio-
graphic bone loss (mean 17.26%, range o—
30%), mobility or fistulae. Implants were
in function and accepted as being clinically
satisfactory. Of the 14 patients participated
in the study, 10 were nonsmokers (24 im-
plants) and four were smokers (18 im-
plants). IL1-B and NE were detected in
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PICF of all the implants sampled, whereas
TNF-o. was recovered from 37 of 42 im-
plant samples.

During the statistical analysis of whole
implant data including implants of smoker
patients, we observed random negative and
positive correlations between clinical par-
ameters and PICF cytokine levels and NE
activity (Table 1). These unexpected results
led us to treat data separately for the im-
plants of nonsmoker patients. Significant
positive correlations between clinical par-
ameters and PICF IL-1 levels and NE ac-
tivity were then found (Table2). NE
showed significant positive correlations
with clinical parameters PD and GI

Table 4. Comparisons between PD=3mm and PD>3mm groups regarding clinical parameters and

PICF constituents

PD =3 mm (n = 15) PD >3 mm (n=9) P
Mean (SD) Mean (SD)
Clinical parameters
PD (mm) 2.80 (0.32) 4.11 (0.55) 0.000*
PI 0.72 (0.77) 0.53 (0.43) 0.370
Gl 1.14 (0.57) 1.55 (0.64) 0.091
PICF (ul) 0.53 (0.19) 0.62 (0.16) 0.144
Cytokine and enzyme levels
Total
IL-1B (pgfsite) 43.08 (22.99) 62.88 (30.72) 0.114
TNF-o. (pg/site) 17.92 (10.85) 13.18 (8.73) 0.387
NE (uU/site) 1125.05 (974.28) 2336.22 (1494.44) 0.040*
Concentration
IL-1B (pg/ul) 81.18 (34.55) 100.56 (27.37) 0.180
TNF-o: (pg/pl) 42.78 (46.64) 25.09 (15.26) 0.421
NE (uU/ul) 2594.60 (1708.29) 4376.69 (2590.45) 0.089

Statistically significant, Mann-Whitney U-test.

Table 5. Comparisons between INSM and ISM groups regarding clinical parameters and PICF constitu-

ents

INSM

Mean SD (n = 24)

ISM P
Mean SD (n = 18)

Clinical parameters

PD (mm) 3.29 (0.55)
Pl 0.65 (0.66)
Gl 1.29 (0.61)
PICFvol 0.56 (0.18)

Cytokine and enzyme levels
Total

IL-1B (pgfsite) 50.50 (27.31)
TNF-o. (pgsite) 16.14 (10.18)

NE (uU’site) 1579.24 (1308.96)

Concentration
IL-1B (pg/ul) 88.45 (32.85)
TNF-o. (pg/pl) 36.15 (38.49)
NE (nU/pl) 3262.88 (2210.68)

3.97 (0.69) 0.001*
1.69 (0.93) 0.001*
1.72 (0.44) 0.001*
0.74 (0.27) 0.037*
36.55 (18.26) 0.053
23.18 (11.22) 0.045*
580.77 (511.63) 0.003*
65.49 (44.23) 0.016*
43.30 (27.33) 0.121
1000.71 (701.63) 0.000*

Statistically significant, Mann-Whitney U-test.

(P<o0.05). IL-1B exhibited positive signifi-
cant correlations with GI and PICF volume
(P<o0.05). However, correlations were
stronger when the data were expressed as
total amounts or as total activity rather
than concentration.

The mean data for clinical parameters,
PICF cytokine levels and NE activity of the
GI= 1 group vs. GI>1 group are presented
in Table 3. As noted, PD and PICF volume
were significantly greater in GI>1 group
than GI=1 group (P<o0.05). The GI=1
group presented significantly lower IL-1f
levels and NE activity than the GI> 1 group
(P <o0.05). The results were similar for PICF
levels of IL-1 and NE activity when the
data were expressed as total amounts or
concentrations. Table4 presents the mean
data for clinical parameters, PICF cytokine
levels and NE activity of the PD=3mm
group vs. PD > 3 mm group. The differences
between groups were not significant for
clinical parameters (P>o0.05). Among the
PICF constituents, only the mean total NE
activity was significantly higher in the
PD > 3 mm group (P <0.05).

The mean data for clinical parameters,
PICF cytokine levels and NE activity and
the results of comparisons between the
INSM group and ISM group are given in
Tables. All the clinical parameters in the
INSM group were significantly lower than
in the ISM group (P <o0.05). When the mean
total amounts of cytokines and total NE ac-
tivity levels were compared, significantly
decreased NE levels and significantly in-
creased TNF-o levels were observed in the
ISM group (P<o0.05). Decreased total
amount of IL-1f was close to significance
(P=0.053), and was significant when the
data were expressed as concentration
(P>0.05).

Discussion

The results of the present study showed
that implants with inflamed gingiva have
greater IL-1f levels and NE activity com-
pared to implants with slightly or nonin-
flamed gingiva. Moreover, we found that
IL-1B levels and NE activity in PICF sig-
nificantly correlated with peri-implant gin-
gival inflammation. Cross-sectional as-
sociations have been reported between el-
evated activities of proteolytic enzymes in
PICF and inflammatory signs of peri-im-
plant tissues (Apse et al. 1989). Our find-

473 | Clin. Oral Impl. Res. 13, 2002 | 470-476



Ataoglu et al . IL-18, TNF-o. and neutrophil elastase in crevicular fluid

ings are in general agreement with pre-
vious studies reporting correlations be-
tween  gingival  inflammation  and
increasing amounts of IL-1f and NE in
GCF or PICF (Eley et al. 1991; Cox & Eley
1992; Hou et al. 1995; Rawlinson et al.
2000). Additionally, our results support
studies that have showed IL-1 can signifi-
cantly enhance elastase release by acti-
vated neutrophils (Owen et al. 1997; Bran-
dolini et al. 1996).

In the present study, PICF cytokine levels
and enzyme activity were expressed both as
total amount and as concentration. Positive
correlations between IL-1p or NE and the
clinical parameters are more marked with
total amount of cytokines or total enzyme
activity. Eley et al. (1991) have claimed that
the correlations between clinical par-
ameters and PICF elastase levels were better
for total enzyme activity than concen-
tration. In a previous study, where myelo-
peroxidase and elastase levels of GCF were
presented both as total activity or as concen-
tration, it has been reported that data pres-
entation by use of total activity was more
sensitive in the reflection of the existing
clinical periodontal status (Yamalik et al.
2000). Our results agree with findings of
these studies (Eley et al. 1991; Yamalik et al.
2000). PICF levels of IL-1 and NE appear
more closely associated with clinical im-
plant health status when these PICF con-
stituents are reported in total amounts per
site rather than as concentrations.

In the present study, it was interesting to
note that implants with deep pockets
(PD > 3mm) did not have more gingival in-
flammation or more plaque than the im-
plants with shallow pockets (PD = 3mm).
Among PICF constituents studied, only NE
is able to discriminate shallow and deep
peri-implant pockets. Probing pocket depth
and probing attachment levels are reliable
criteria for periodontal health status (Good-
son 1986; Lang & Brigger 1991). However,
there is some controversy in the literature
regarding the significance of measuring
probing depths around dental implants. It
has been reported that probing depths are
consistently greater around stable implants
when compared to natural teeth (Akagawa
et al. 1989; Apse et al. 1989). The altered
probing depths of implants may be directly
related to bone loss, whereas changes
around teeth with attached dentogingival
fibers may rather be related to attachment
loss and changes in inflammation (Schou et
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al. 1993). In failing implants, progressive
deepening of pockets is always found, but
absolute pocket depth is not always indica-
tive of implant failure (Rams & Link 1983;
Rams et al. 1984). Probing pocket depths ap-
pear to have same specifity, but low sensi-
tivity, for determining disease around im-
plants when compared to teeth. The diag-
nostic applicability of probing pocket depth
around implants remains to be determined.

The findings of the present study revealed
that implants of smoker patients had sig-
nificantly decreased NE activity and IL-1f3
levels and significantly increased TNF-o
levels in PICE Furthermore, we determined
deeper pockets, higher PI and GI scores and
greater PICF volume in smokers. Decreased
NE levels (Alavi et al. 1995) and increased
TNF-o levels in GCF (Bostrom et al. 1998,
1999) have been previously demonstrated in
smoker periodontitis patients. Pauletto et
al. (2000) have claimed that the low oral
elastase levels of smokers should be inter-
preted as an indication of an abnormal
leukocyte function and as increased risk for
periodontitis. The limited number of
smoker patients is the drawback in this
study. Nevertheless, it is likely that in im-
plant patients who smoke, neutrophils,
rather than migrating to the peri-implant
sulcus, are accumulated in peri-implant
tissue where they release their constituents,
leading to increased degradation of connec-
tive tissue components. However, this hy-
pothesis needs to be confirmed in further
studies with greater numbers of smoker im-
plant patients.

TNF-o. is a proinflammatory cytokine
that possesses similar activities to IL-1p. In
an earlier study, Panagakos et al. (1996) was
not able to detect TNF-o. in the crevicular
fluid of implants. To our knowledge, this
is the first study demonstrating the pres-
ence of TNF-o in PICF of implants. In com-
parison, TNF-« levels in PICF were some-
what lower than IL-1f levels and were not
correlated with clinical parameters. Based
on the findings of the present study, it re-
mains to be established whether TNF-o.
level in PICF has a value as a measure of
peri-implant health status.

The importance of regular maintenance
recall visits is generally accepted in the
field of oral implantology (Wilson 19971;
Bragger et al. 1994). There is a need for
simple and reliable clinical tests to detect
peri-implant pathology at an early and re-
versible stage. The main aim of the present

study was to explore whether proinflam-
matory mediators IL-1f and TNF-o or a
serine protease NE in PICF provide early
diagnostic or prognostic information as to
the status of the implant. This cross-sec-
tional study was conducted on a implant
patient population exhibiting clinical signs
of peri-implant mucositis and peri-im-
plantitis. But all the implants sampled
were in function and accepted as clinically
satisfying. Among the PICF constituents
studied, NE and IL-1B appear to reflect
clinical health status of implants of pa-
tients who do not smoke. In future studies,
it will be necessary to relate PICF NE ac-
tivity and IL-1P levels to progressive peri-
implantitis in a full longitudinal study.
However, IL-1p levels and NE activity in
PICF of smoker patients should be inter-
preted cautiously.

Résumé

Le but de cette etude a été de determiner les teneurs en
interleukines-1 (IL1p) et en facteurs alpha de la néecrose
tumorale (TNF-alpha) ainsi que 'activité de élastase neu-
trophile (NE| dans le fluide créviculaire paroimplantaire
(PICF) chez des fumeurs et des non-fumeurs, et d’exami-
ner leaurs relations avec des parameters cliniques. Qua-
rante-deux implants dentaires en forme de ragine chez
quartorze patienrts ont été examines pour I'indice de pla-
que modifié (PII), 'indice gingival modifié (GI) et la pro-
fondeur au sondage (PD). Les habitudes tabagiques des
patients ont été enregistrées. Le PICF des implants a été
prélevé a l'aide de bandelettes de papier Perio et les ni-
veaux de IL-1B et de TNF-alpha ont eté déterminés par
ELISA. NE a été analysé avec un substrat chromosonmi-
que spécifique du neutrophile, le N-méthoxysuccinyl-
Ala-Ala-Pro-Val-p-nitroanilide. Les niveaux de cytokine
et d’enzymes dans le PICF ont été exprimés en quantitité
totale et en concentration. L'activité NE dans le PICF
était en corrélation significative avec GI et PD, et les te-
neurs IL-1f avec GI et le volume de PICF (p>0.05). L'acti-
vité totale NE dans les implants avec poches profondes
(>3 mm) était plus importante qu’au niveau des implants
avec poches peu profondes (>3 mm) (p>0.05). Les im-
plants chez les furneurs avaient significativement des te-
neurs en TNF-alpha supérieures par rapport aux implants
des non-fumeurs (p>0.05). Les découvertes de I’étude pré-
sente indiquent que l'activité NE et les teneurs en IL-18
dans PICF peuvent éetre utilisées pour mesurer 1'état de
santé de I'implant chez les non-fumeurs.

Zusammenfassung

Das Ziel dieser Studie war die Bestimmung der Interleu-
kin-1beta (IL-1beta) und Tumornekrosefaktor-alpha (TNF-
alpha) Niveaus und der Aktivitit der neutrophilen Elastase
(NE) in der peri-implantiren Sulkusfliissigkeit (PICF) von
Rauchern und Nicht-Rauchern. Die Bezichung zwischen
den obengenannten Faktoren und den klinischen Parame-
tern sollte untersucht werden. Insgesamt wurden 42 enos-



sale wurzelférmige Implantate von 14 Patienten klinisch
mittels modifiziertem Plaqueindex (PI), modifiziertem
Gingivalindex (GI) und Sondierungstiefen (PD) untersucht.
Die Rauchgewohneiten der Patienten wurden aufgezeich-
net. PICF der Implantate wurde mittels Periopapierstreifen
gesammelt. Die IL-1beta und TNF-alpha Niveaus wurden
mittels enzymgebundenem Immunabsorbtionstest (ELI-
SA) bestimmt. NE wurde mit einem neutrophilspezi-
fischen Substrat, N-methoxysuccinyl-Ala-Ala-Pro-Val-p-
nitroanilid, analysiert. Die Niveaus der Zytokine und der
Enzyme im PICF wurden als totale Menge/Aktivitit und
als Konzentrationen ausgedriickt. Die NE Aktivitit im
PICF korrelierte mit dem GIund der PD, und die IL-1beta
Niveaus korrelierten mit dem GI und dem PICF Volumen
(p<o0.05). Die Korrelationen waren besser, wenn die PICF
Niveaus als totale Menge IL-1beta und als totale NE Akti-
vitit ausgedriickt wurden. Die Implantate mit entziindeter
Gingiva (GI>1) zeigten hohere Niveaus an IL-tbeta und
NE Aktivitit als Implantate mit nichtentziindeter oder
leicht entziindeter Gingiva (GI=) (p<o0.05). Die totale NE
Aktivitit war bei implantaten mit tiefen Taschen
(PD= 3mm) grosser als bei Implantaten mit seichten Ta-
schen (PD = 3mm)| (p<o0.05). Die Implantate der Raucher
zeigten eine signifikant tiefere PICF NE Aktivitit und tie-
fere IL-1beta Niveaus und signifikant héhere TNF-alpha
Niveaus als die Implantate der Nicht-Raucher (p<o.05).
Die Ergebnisse der vorliegenden Studie zeigen, dass NE
Aktivitit und IL-rbeta Niveaus im PICF verwendet wer-
den kénnten, um den Gesundheitsstatus der Implantate
bei Nicht-Rauchern zu bestimmen.

Resumen

La intencion de este estudio fue determinar los niveles de
interleuquina-1p (IL-1B), de factor-o. de necrosis tumoral

References

Ah, M.K.B,, Johnson, G.K., Kaldahl, W.B,, Paatil, KD. &
Kalkwarf, K.L. (1994) The effect of smoking on the re-
sponse to periodontal therapy. Journal of Clinical Peri-
odontology 21: 91-97.

Akagawa, Y., Takata, T, Matsumoto, T. & Nikai, H.
(1989) Correlation between clinical and histological
evaluations of the peri-implant gingiva around the
single-crystal sapphire endosseous implant. Journal of
Oral Rehabilitation 16: 581-587.

Alavi, AL, Palmer, RM., Odell, EEW., Coward, P.Y. &
Wilson, R.E (1995) Elastase in gingival crevicular fluid
from smokers and non-smokers with chronic inflam-
matory periodontal disease. Oral Diseases 3: 110-114.

Apse, P, Ellen, R.P, Overall, CM. & Zarb, G.A. (1989)
Microbiota and crevicular fluid collagenase activity in
the osseointegrated dental implant sulcus: a compari-
son of sites in edentulous and partially edentulous pa-
tients. Journal of Periodontal Research 24: 96-105.

Bain, C.A. & Moy, PK. (1993) The association between
the failure of dental implants and cigarette smoking.
International Journal of Oral and Maxillofacial Im-
plants 8: 609-615.

Beck, J.D. (1994) Methods of assessing risk for peri-
odontitis and developing multifactorial models. Journal
of Periodontology 65: 468—478.

Bergstrom, J. & Preber, H. (1994) Tobacco use as a risk
factor. Journal of Periodontology 65: 545—550.

Ataoglu et al . IL-1B, TNF-a and neutrophil elastase in crevicular fluid

(TNF-0) y la actividad de la elastasa neutrofila (NE) en el
fluido periimplantario (PICF) de pacientes fumadores y no
fumadores, e investigar sus relaciones con los parametros
clinicos. Se examinaron clinicamente un total de 42 im-
plantes dentales endodseos con forma de raiz de 14 pa-
cientes, por medio de indice de placa (PI), indice de placa
modificado (GI) profundidad de sondaje (PD). Se recogie-
ron los hébitos de tabaquismo de los pacientes. Se toma-
ron los PICF de los implantes con tiras de Periopaper y
se determinaron los niveles de IL-1f y de TNF-o. por me-
dio de prueba de inmunoabsorcion ligado a enzimas (ELI-
SA). Se analiz6 la NE con un sustrato cromogénico neu-
trofilico especifico, N-methoxysuccinyl-Ala-Ala-Pro-Val-
p-nitroanilida. Los niveles de citoquina y de enzima en el
PICF se expresaron como cantidad/actividad total y como
concentraciones. La actividad de NE en el PICF se corre-
laciono significativamente con el Gl y el PD, y los niveles
de IL-1B con el volumen del GI y de PICF (p<o.05). Las
correlaciones fueron mayores cuando los niveles de PICF
se expresaron como el total de la cantidad de IL-1B y
como el total de la actividad NE. Los implantes con la
encia inflamada (GI>1) tuvieron niveles mayores de IL-1
y actividad NE que los implantes con encia ligeramente
inflamada o sin inflamacion (GI=1) (p<o0.05). La actividad
total de NE en implantes con bolsas profundas
(PD>3mm) fue mayor que en implantes con bolsas poco
profundas (PD=3mm) (p<o0.05). Los implantes de los pa-
cientes fumadores tuvieron una significativamente me-
nor actividad NE en PICF y niveles IL-1p, y niveles signi-
ficativamente mas altos de TNF-o. que los implantes de
los no fumadores (p<<0.05). Los hallazgos del presente es-
tudio indican que la actividad NE y los niveles IL-1B en
PICF pueden usarse para medir el estado de salud del im-
plante de pacientes que no fuman.

Beutler, B. & Cerami, A. (1986) Cachectin and tumor
necrosis factor as two sides of the same biological coin.
Nature 320: 584—588.

Billingham, M.E.J. (1987) Cytokines as inflammatory me-
diators. British Medical Bulletin 43: 350-370.

Bostrom, L., Linder, L.E. & Bergstrom, J. (1998) Clinical
expression of TNF-o in smoking associated periodontal
disease. Journal of Clinical Periodontology 25: 767—
773

Bostrom, L., Linder, L.E. & Bergstrom, J. (1999) Smoking
and crevicular fluid levels of IL-6 and TNF-o in peri-
odontal disease. Journal of Clinical Periodontology 26:
352-357.

Boutros, S.M., Michalowicz, B.S., Smith, Q.T. & Aeppli,
D.M. (1992) Crevicular fluid enzymes from endosseous
dental implants and natural teeth. International
Journal of Oral and Maxillofacial Implants 11: 322—
330.

Brigger, U. (1994) Maintenance, monitoring, therapy of
implant failures. In: Lang, N.P., & Karring, T, eds. Pro-
ceedings of the 1st European Workshop on Periodonto-
logy, 354-364. London: Quintessence.

Brandolini, L., Bertini, R., Bizzarri, C., Sergi, R., Casellj,
G., Zhou, D., Locati, M. & Sozzani, S. (1996) IL-1B
primes IL-8-activated human neutrophils for elastase
release, phospholipase D activity, and calcium flux.
Journal of Leukocyte Biology §9: 427-434.

ZEE

K RIE, REBRERCHAREREDOCA 77
Y AMEAEE (PICK) 280 TA ¥ —uad
18 (IL-18) LHEBERERF— o (TNF—
o) OBRELIFPRT 2 —F (NE) FHhEH
FL., FOBEEKN T A -2 LOHEMELYE~D
ZEEFBEMICAT T,

BHE1AL08H4 2058 L— b7 4 —
LA TT NETT—7 AT v A (PD
Bik, BRA 0 F v 7 AKE (GD) RE7VEr—F
CUEES (PD) WL - CTHREMIZFEEL-, 28
ORE@EEARE L, 477 bo PICF ik,
RY FRempt— « A Yy 7L 9EBRL, IL-1
BREUV TNF—-— e« DBRE®BREGLENE X
(ELISA) (LU HELR, NE IHTRERD
o F A oak A B N-methoxysuccinyl-Ala-Ala
-Pro-Val-p-nitroanilide K & o> THHF L 7=,
PCIF DY A FAAVEBEOCREIX, BENS
VEXRUBmE L LTCKRBRE LA, PICF o NE &M
WOTRUGPD &, k= Il 18 MEEIx GL & PICF
OREAZEICABL TN (p<0. 05), PICF
FOREXINFRBARTNEOREEL LTE
FLEES, HEERB R, RIERA L HE
STWBA T b GL> 1) 2 REDB 2V,
HHVEDOTHLTHOIER (GI< 1) HHEIA
FI5rhEN b IL 18 RE L NEDOFEHEDR, &
Maote, By v hBEW (PD>3mm) 477
v Ao NE RiEH#HIZ. BV EY v M(PD< 3 mm)
DATTwhE0 &M (p<0. 05),
WEBEOA T ML, FRERBEICILAS,
PICFONEE®S & T 13 BERAEICE.TNF
— a OWEELETICE o (p<O0. 05), A
MEOFHRIZ, PICK 7> NE Gtk & L 18 BE
1, RIELLRVWBAEFICBUTSA TSI ORE
EORMECAZTHN 5B LERBLTVS,

Cergneux, M., Andersen, E. & Cimasoni, G. (1982) In
vitro breakdown of gingival tissue by elastase from hu-
man polymorphonuclear leukocytes. An electron
microscopic study. Journal of Periodontal Research 17:
169-182.

Cox, S.W. & Eley, BM. (1992) Cathepsin B/L-, elastase-,
tryptase-, trypsin- and dipeptidyl peptidase IV-like ac-
tivities in gingival crevicular fluid. A comparison of
levels before and after basic periodontal treatment of
chronic periodontitis patients. Journal of Clinical Peri-
odontology 19: 333-339.

Dewhirst, EE., Stashenko, P,, Mole, J.E. & Tsurumachi,
T. (1985) Purification and partial sequence of human
osteoclast activating factor: Identity with interleukin
1P. Journal of Immunology 13§: 2562-2568.

Eley, BM. & Cox, S.W. (1992a) Cathepsin B/L-, elastase-,
tryptase-, trypsin- and dipeptidyl peptidase IV-like ac-
tivities in gingival crevicular fluid: correlation with
clinical parameters in untreated chronic periodontitis
patient. Journal of Periodontal Research 27: 62-69.

Eley, BM. & Cox, S.W. (1992b) Correlation of gingival
crevicular fluid proteases with clinical and radiological
measurements of periodontal attachment loss. Journal
of Dentistry 20: 90-99.

475 | Clin. Oral Impl. Res. 13, 2002 | 470-476



Ataoglu et al . IL-18, TNF-o. and neutrophil elastase in crevicular fluid

Eley, B.M., Cox, S.W. & Watson, R.M. (1991) Protease ac-
tivities in peri-implant sulcus fluid from patients with
permucosal osseointegrated dental implants. Corre-
lation with clinical parameters. Clinical Oral Implants
Research 2: 62-70.

Figueredo, C.M.S., Ribeiro, M.S.M., Fischer, R.G. & Gus-
tafsson, A. (1999) Increased interleukin-1f concen-
tration in gingival crevicular fluid as a characteristic of
periodontitis. Journal of Periodontology 70: 1457-1463.

Goodson, J.M. (1986) Clinical measurements of peri-
odontitis. Journal of Clinical Periodontology 13: 446~
455.

Grossi, S.G., Genco, R.J., Machtei, E.E., Ho, A.W., Koch,
G., Dunford, R., Zambon, J.J. & Hausmann, E. (1995)
Assessment of risk for periodontal disease. II. Risk indi-
cators for alveolar bone loss. Journal of Periodontology
66: 23-29.

Hou, L.T,, Liu, C.M. & Rossomando, E.F. (1995) Crevic-
ular interleukin-1f in moderate and severe peri-
odontitis patients and the effect of phase I periodontal
treatment. Journal of Clinical Periodontology 22: 162~
167.

Jandinski, ].J., Stashenko, P., Feder, L.S., Leung, C.C., Per-
os, WJ., Rynar, J.E. & Deasy, M.J. (1991) Localization
of interleukin-1o. in human periodontal tissue. Journal
of Periodontology 62: 36-43.

Lang, N.P. & Brigger, U. (1991) Periodontal diagnosis in
the 1990s. Journal of Clinical Periodontology 18: 370~
379.

Lekholm, U., Adell, R., Lindhe, J., Branemark, PI., Eriks-
son, B, Rockler, B, Lindvall, AM. & Yoneyama, T.
(1986a) Marginal tissue reactions at osseointegrated ti-
tanium fixtures (Il A cross-sectional retrospective
study. International Journal of Oral and Maxillofacial
Surgery 15: 53-61.

Lekholm, U., Ericsson, L, Adell, R. & Slots, J. (1986b) The
condition of the soft tissues at tooth and fixture abut-
ments supporting fixed bridges. A microbiological and
histological study. Journal of Clinical Periodontology
13: 558-562.

Lorenzo, J.A., Sousa, S.L., Alender, C., Raisz, L.G. & Di-
narello, C.A. (1987) Comparison of bone resorbing ac-
tivity in the supernatants from phytohemagglutinin-
stimulated human peripheral blood mononuclear cells

476 | Clin. Oral Impl. Res. 13, 2002 | 470-476

with that of cytokines through the use of an antiserum
to IL-1. Endocrinology 121: 1164-1170.

Meffert, R.M., Langer, B. & Fritz, M.E. (1992) Dental im-
plants: a review. Journal of Periodontology 63: 859~
870.

Mombelli, A., van Osten, M.A.C., Schiirch, E. & Lang,
N.P. (1987) The microbiota associated with successful
and failing osseointegrated titanium implants. Oral
Microbiology and Immunology 2: 145-152.

Owen, C.A, Campbell, M.A. Boukedes, S.S. &
Campbell, EJ. (1997) Cytokines regulate membrane-
bound leukocyte elastase on neutrophils: a novel
mechanism for effector activity. American Journal of
Physiology 272: L385-L393.

Panagakos, ES., Aboyoussef, H., Dondero, R. & Jandinski,
J.J. (1996) Detection and measurement of inflammatory
cytokines in implant crevicular fluid: a pilot study. In-
ternational Journal of Oral and Maxillofacial Implants
II: 794-799.

Pauletto, N.C., Liede, K., Nieminen, A., Larjava, H. &
Uitto, V.-J. (2000) Effect of cigarette smoking on oral
elastase activity in adult periodontitis patients. Journal
of Periodontology 71: 58-62.

Preber, H., Linder, L. & Bergstrom, J. (1995) Periodontal
healing and periopathogenic microflora in smokers and
non-smokers. Journal of Clinical Periodontology 22:
946-952.

Rams, T.E. & Link, C.C. Jr (1983) Microbiology of failing
dental implants in human: Electron microscopic obser-
vations. Journal of Oral Implantology 11: 93-100.

Rams, T.E., Roberts, TW., Tatum, H. Jr & Keyes, PH.
(1984) The subgingival microflora associated with hu-
man dental implants. Journal of Prosthetic Dentistry
ST 529-534.

Rawlinson, A. Dalati M.HN. Rahman, S., Walsh,
TF. & Fairclough, A.L. (2000) Interleukin-1 and IL-1
receptor antagonist in gingival crevicular fluid. Journal
of Clinical Periodontology 27: 738-743.

Salcetti, J.M., Moriarty, ].D., Cooper, L.E, Smith, EW.,,
Collins, J.G., Socransky, S.S. & Offenbacher, S. (1997)
The clinical, microbial, and host response character-
istics of the failing implant. International Journal of
Oral and Maxillofacial Implants 12: 32—42.

Schou, S., Holmstrup, P, Stoltze, K., Hjorting-Hansen,

E. & Kornman, K.S. (1993) Ligature-induced marginal
inflammation around osseointegrated implants and
ankylosed teeth. Clinical Oral Implants Research 4:
12-22.

Seymour, G.J., Gemmell, E., Lenz, L.J., Henry, P., Bower,
R. & Kamazaki, K. (1989) Immunohistologic analysis
of the inflammatory infiltrates associated with osseo-
integrated implants. International Journal of Oral and
Maxillofacial Implants 4: 191-198.

Stashenko, P,, Fujiyoshi, P.,, Obernesser, M.S., Prostak, L.,
Haffajee, A.D. & Socransky, S.S. (1991b) Levels of in-
terleukin-to in tissue from sites of active periodontal
disease. Journal of Clinical Periodontology 18: 548
554.

Stashenko, P, Jandinski, ].J., Fujiyoshi, P, Rynar, J. & Soc-
ransky, S.S. (1991a) Tissue levels of bone resorptive
cytokines in periodontal disease. Journal of Periodonto-
logy 62: 504-509.

Sterne, J.LA.C., Curtis, M.A,, Gillett, LR., Griffiths, G.S.,
Maiden, MLEJ., Wilton, ].M.A. & Johnson, N.W. (1990)
Statistical models for data from periodontal research.
Journal of Clinical Periodontology 17: 129-137.

Tatakis, D.N., Schneeberger, G. & Dziak, R. (1988) Re-
combinant interleukin-1 stimulates prostaglandin E,
production by osteoblastic cells: Synergy with para-
thyroid hormone. Calcified Tissue International 42:
358-362.

Watanabe, H., Hattori, S., Katsuda, S., Nakanishi, I. &
Nagai, Y. (1990) Human neutrophil elastase: degrada-
tion of basement membrane components and immun-
olocalization in the tissue. Journal of Biochemistry
108: 753-759.

Wilson, T.G. Jr (1991) Supportive periodontal treatment:
Maintenance. Current Opinions in Dentistry 1: 111—
117.

Wilson, T.G. Jr & Nunn, M. (1999) The relationship be-
tween the interleukin-1 periodontal genotype and im-
plant loss. Initial data. Journal of Periodontology 7o0:
724-729.

Yamalik, N., Cadlayan, E, Kiling, K., Kiling, A. & Ttimer,
C. (2000) The importance of data presentation regard-
ing gingival crevicular fluid myeloperoxidase and elas-
tase-like activity in periodontal disease and health sta-
tus. Journal of Periodontology 71: 460-467.



