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Abstract (J Korean Assoc Oral Maxillofac Surg 2014,;40:220-224)

Objectives: This study aimed to assess and compare the levels of interleukin-1beta (IL-18) and interleukin-6 (IL-6) in the crevicular fluid around
healthy implants, implants with peri-implantitis, and healthy teeth.

Materials and Methods: This study evaluated 16 dental implants in § patients (4 males and 4 females). These patients had at least one healthy im-
plant and one implant with peri-implantitis next to healthy teeth. The crevicular fluid was collected using absorbent cones and transferred to the labora-
tory. Specimens were evaluated by ELISA for interleukin levels. Data were analyzed using repeated measures ANOVA and Bonferroni tests (P<0.05).
Results: Levels of IL-14 in the crevicular fluid around implants with peri-implantitis were significantly higher than around healthy implants (P=0.002);
the latter was significantly higher than around healthy teeth (P=0.015). A significant difference was found in the level of IL-6 in the crevicular fluid
around implants with peri-implantitis and healthy implants (P=0.049) and also between implants with peri-implantitis and healthy teeth (P<0.001).
Conclusion: Within the limitations of this study, significant differences exist in the levels of IL-15 and IL-6 in the crevicular fluid of implants with

peri-implantitis, healthy implants, and healthy teeth. More studies with larger sample sizes in different populations are necessary.
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l. Introduction

At present, use of dental implants for treatment of eden-
tulism has become a widely popular treatment modality in
dentistry'. Accumulation of microbial plaque on the implant
surface and inadequacy of neutrophils lead to inflammation
of the peri-implant tissues. Clinically, this condition is known
as mucositis or peri-implantitis. Roos-Jansaker et al.” and
Ata-Ali et al.” found the frequency of peri-implant mucositis
to be 48% during 9-14 years postimplantation.
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Peri-implant mucositis is a reversible inflammation of the
peri-implant tissues. Early and late mucositis occur as a result
of changes in the microbial flora around implants leading to
an increase in Gram-negative microorganisms. The growth
of Gram-negative bacteria causes an immune response at the
site; inflammatory products enter the peri-implant gingival
crevicular fluid* and the spread of inflammation from the
marginal gingiva to the peri-implant supporting tissues leads
to bone loss and loss of gingival attachment. This process is
known as peri-implantitis’.

The current criteria for assessment of periodontal tissues
surrounding teeth and implants are based on clinical and
radiographic changes. Researchers are searching for highly
sensitive diagnostic biomarkers to detect peri-implant dis-
ease before tissue destruction. Saliva, serum, and crevicular
fluid have been evaluated as suitable environments for bio-
chemical and immunological analysis of periodontal tissues’.
Inflammatory products in periodontal disease are present in

crevicular fluid. Analysis of these inflammatory mediators in
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the peri-implant crevicular fluid has been used to assess the
health of peri-implant tissues’; and specific cytokines have
been recognized as potential markers for the diagnosis of
peri-implant disease®’. Analysis of the crevicular fluid around
teeth and implants is a non-invasive method to study the host
response of the periodontium and inflamed tissues and can be
an early indicator for detection of active periodontal disease.
Interleukin-1beta (IL-18) and interleukin-6 (IL-6) are two
pre-inflammatory cytokines that play a major role in peri-

odontal destruction'""

. Biologic effects of IL-18 depend on
its tissue concentration. In periodontal tissue, IL-18 causes
bone destruction and induces the production of tissue destruc-
tive proteinases'’,

The majority of studies have analyzed crevicular fluid in
periodontal patients in terms of the presence of cytokines,
and limited studies have focused on the analysis of crevicular
fluid around implants with peri-implantitis. The number of
studies comparing the level of cytokines in the crevicular flu-
id around healthy teeth, healthy implants, and implants with
peri-implantitis in the same patient is scarce. Thus, we sought
to compare the levels of IL-18 and IL-6 in gingival crevicu-
lar fluid around healthy teeth, healthy implants, and implants

with peri-implantitis in the same patient.

Il. Materials and Methods

Sixteen dental implants (Nobel Biocare, Géteborg, Swe-
den) in 8 patients (4 males and 4 females) were selected.
These patients had at least one healthy implant and one im-
plant with peri-implantitis next to healthy teeth. The crevicu-
lar fluid was collected using absorbent cones (Gapadent Co.,
Ltd., Tian Jin, China) and transferred to the laboratory. This
cross-sectional study was approved by the Ethics Committee
of Tehran University of Medical Sciences (Tehran, Iran). The
inclusion criteria were as follows: 1) presence of at least one
healthy tooth and two implants at different sites of the oral
cavity one year or more after loading, and 2) at least one im-
plant had to be healthy and another with peri-implantitis and
at least 5 teeth in each quadrant.

A tooth was considered periodontally healthy if it had no
bleeding on probing, no probing depth >3 mm, and gingiva
was pink in color and had stippling.

An implant was considered healthy if it had no bleeding on
probing, no probing depth >3 mm, gingiva was pink and had
stippling, and there was no sign of exposure of implant threads
in the parallel radiograph. The most coronal part of the rough

surface was used as a reference of bone loss. Peri-implantitis
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was defined as bleeding on probing, presence of a pocket
(probing depth >5 mm), and exposure of at least 2 implant
threads in a parallel radiograph (implant success index >IV)".

All clinical examinations were performed by an expert
periodontist with 95% reproducibility using a Williams peri-
odontal probe (Hu-Friedy, Chicago, IL, USA).

The exclusion criteria were smoking, pregnancy, history of
systemic disease (cardiovascular disease, hypertension, renal
disease, diabetes mellitus, liver disease, and others) affecting
the periodontal and peri-implant tissues, history of antibiotic
therapy in the past month, history of anti-inflammatory drug

use in the past month, and patient noncompliance.
1. Gingival crevicular fluid collection steps

The crevicular fluid was collected from the deepest point of
the sulcus around teeth and implants®.

1) Isolation of tooth or implant with cotton rolls

2) Air-drying the area using air spray

3) Removal of supragingival plaque by a curette (Hu-Friedy).

4) Placing the absorbent paper cones (Gapadent Co., Ltd.)
in the sulcus according to studies by Griffiths et al."” and
Page'*. The paper cones were placed in the sulcus for 30 sec-
onds and inserted downward until reaching a resistance. Cones
contaminated with blood or saliva were replaced. After sample
collection, paper points were placed in Eppendorf tubes (Arian
Gene Gostar, Tehran, Iran) containing 50y phosphate buffered
saline. Immediately after sampling, the specimens were fro-
zen at —20°C and transferred to the immunology laboratory
under cold conditions.

All specimens were centrifuged for uniform dissemination
of components absorbed by the absorbent cone. An ELISA
test (Biocompare, South San Francisco, CA, USA) was per-
formed and laboratory assessment was done.

2. Laboratory steps

The antigen dissolved in buffer was transferred to the wells
using a sampler. The surface of plastic tubes was coated
with anti—IL-18 and anti—IL-6 antibodies (in two separate
kits; Arian Gene Gostar). Small amounts of antigens were
absorbed into this plastic tube. The remaining free antigens
were washed off. Large amounts of a neutral protein (bovine
serum albumin) were added to the plate to block nonspecific
adhesion of other proteins in the next steps of the experi-
ment. Nonadherent proteins to the respective antibodies were
washed off. A coloring agent was then added. The added
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coloring agent was a color-less material that is converted to
a colored product by the action of the respective enzyme.
As a result, the respective complex became detectable. The
amount of IL-18 and IL-6 was measured by quantifying the
amount of colored product in the plate by light density scan-
ning of the plate and displayed using a software program
(R&D Systems, Minneapolis, MN, USA).

3. Statistical analysis

Repeated measures ANOVA was used for the comparison
of IL-183 and IL-6 levels at three sites in the patients. The
Bonferroni test was applied for pairwise comparison of areas.
Data were analyzed using SPSS version 20.0 (IBM Co., Ar-
monk, NY, USA). A P-value less than 0.05 was considered

statistically significant.

lll. Results

1. Interleukin—6

Significant differences were found between the healthy
implant and implant with peri-implantitis (P=0.049) and also
between the healthy tooth and implant with peri-implantitis
(P<0.001). The mean levels of IL-6 in the crevicular fluid at
three sites are shown in Table 1. However, the difference be-
tween the healthy tooth and healthy implant was not statisti-
cally significant (P=0.074).

2. Interleukin—1beta

The mean levels of IL-1f in the crevicular fluid among the

three groups are shown in Table 2.

According to the repeated measures ANOVA, significant
differences existed between the three areas. The level of
IL-18 was significantly different around the healthy implant
and implant with peri-implantitis (P=0.002), around the
healthy tooth and implant with peri-implantitis (P<0.001),
and also around the healthy implant and healthy tooth
(P=0.015).

IV. Discussion

The current criteria for the assessment of periodontal and
peri-implant tissues are based on changes in radiographic
findings and clinical conditions. Only after extensive demin-
eralization can bone loss be detectable radiographically. Fur-
thermore, radiographs do not completely display destructed
areas and pathological changes. Therefore, it is not logical to
rely solely on radiographic findings of periodontal and peri-
implant tissues to make a diagnosis or commence treatment”.

Considering the high resemblance of the anatomy of
periodontal and peri-implant tissues and also the fact that
crevicular fluid is derived from periodontal tissues (around
both teeth and implants), the biochemical and immunologic
value of its constituents may be a suitable indicator of tissue
changes. Among the new techniques, analysis of gingival
crevicular fluid to assess the host response is of great value’.

This adjunct immunologic method provides comprehensive
information regarding the current status and prognosis and
treatment course of loaded implants as well as the analysis of
patient responses to periodontal disease. By using such infor-
mation, clinicians can more efficiently determine the treat-

. 79
ment plan or take preventive measures’ .

Table 1. Comparison of the level of interleukin-6 (IL-6) among the three groups

Groups Minimum Maximum Mean=standard deviation
IL-6 around implants with peri-implantitis 243 17.79 8.87+5.84
IL-6 around healthy implants 0.35 13.05 6.43£5.03
IL-6 around healthy teeth 0.39 11.05 4.36+4.34

Siamak Yaghobee et al: Assessment of interleukin-1beta and interleukin-6 in the crevicular fluid around healthy implants, implants with peri-implantitis, and healthy teeth: a cross-sectional

study. J Korean Assoc Oral Maxillofac Surg 2014

Table 2. Comparison of the level of interleukin-1beta (IL-18) amongthe three groups

Groups Minimum Maximum Meanz+standard deviation
IL-1B around implants with peri-implantitis 8.02 29.22 20.76+6.86
IL-1p8 around healthy implants 1.38 31.07 13.55+8.59
IL-1p around healthy teeth 1.12 8.91 5.78+3.00

Siamak Yaghobee et al: Assessment of interleukin-1beta and interleukin-6 in the crevicular fluid around healthy implants, implants with peri-implantitis, and healthy teeth: a cross-sectional

study. J Korean Assoc Oral Maxillofac Surg 2014
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This study compared the levels of IL-18 and IL-6 in the
crevicular fluid around implants with peri-implantitis and
around healthy teeth, and revealed that the level of IL-18 in
the crevicular fluid around implants with peri-implantitis was
significantly higher than around healthy implants. Also, the
level of IL-18 in the latter was greater than around healthy
teeth. Moreover, the difference between the level of IL-18
in the crevicular fluid around implants with peri-implantitis
and healthy teeth was statistically significant. Significant dif-
ferences were also found in the level of IL-6 in the crevicular
fluid around implants with peri-implantitis and healthy im-
plants, and also between implants with peri-implantitis and
healthy teeth. However, the level of IL-6 was not significant-
ly different in the crevicular fluid around healthy implants
and healthy teeth.

Our findings confirmed those of many previous studies re-

"5 Tn the current

garding the proinflammatory role of IL-13
study, we assessed a healthy tooth, a healthy implant, and an
implant with peri-implantitis all in the same patient as one
important inclusion criterion. Also, in our study, sampling
was performed at a specific time; which was the same for all
patients (considering the fact that the circadian rhythm can
affect gingival crevicular fluid volume). Therefore, our re-
sults may be more reliable than those of previous studies.

Nowzari et al.'” in 2008 compared the level of interleukins
around healthy teeth and healthy implants and showed that
the level of cytokines in the implant group was significantly
higher than around teeth. Thus, despite the fact that the gin-
gival tissue around teeth and implants was healthy in both
groups, a significant difference existed in the level of cyto-
kines around teeth and implants'®.

However, some studies did not find a significant difference
in the level of IL-18 in the crevicular fluid around healthy

17,18

teeth and implants . Several studies have reported signi-

ficantly higher levels of IL-18 in the crevicular fluid around

11,17,19-21 .
. As mentioned

implants than around healthy teeth
earlier, in our study the difference in IL-18 levels between
healthy implants and implants with peri-implantitis was sig-
nificant.

Giincii et al.”> in 2012 evaluated the effect of inflamma-
tion on the level of cytokines in the crevicular fluid around
implants. They divided specimens into two groups: with and
without inflammation. After analysis, they reported signifi-
cantly higher levels of IL-18, IL-10, and osteoprotegerin in
the crevicular fluid around implants with inflammation com-
pared to noninflamed implants.

Yaghobee et al.” in 2013 evaluated the level of IL-18 in

IL=18 and IL—6 and peri—implantitis

the crevicular fluid around dental implants and investigated
its association with periodontal parameters compared with
healthy teeth. A total of 41 dental implants and 41 healthy teeth
were studied as case and control groups, respectively. They
showed a significant difference in the level of IL-18 between
the two groups (P=0.001).

Liskmann et al.”* in 2006 assessed the level of IL-6 in the
crevicular fluid and concluded that the level of IL-6 was
significantly higher around implants with peri-implantitis
compared to healthy implants. Thus, they introduced IL-6 as
an effective marker for detection of peri-implant diseases and
emphasized its efficacy in assessing the ability of the immune
system to achieve an inflammatory balance.

Konttinen et al.” in 2006 studied the level of IL-6 in the
crevicular fluid and stated that a significant difference existed
in the level of IL-6 in the crevicular fluid around implants
with peri-implantitis and healthy implants. Therefore, peri-
implant conditions may be treated with cytokine modulators.

In contrast to the above-mentioned studies, Mengel et al.*
in 1996 compared two groups of periodontitis and normal
implant patients and reported no significant difference in the
levels of IL-6 and IL-18 between the two groups.

Such conflicting results may be attributed to differences in
the methodology of the studies. For example, the cited stud-
ies had significant differences with one another in terms of
sample size, time lapsed following the loading of implants,
type of restorations, definition of peri-implantitis, time of
sampling (in terms of the stage of the inflammatory process),
and sampling techniques.

Taking into account the findings of this cross-sectional
study, long-term studies using a comparative approach for the
assessment of biologic markers in the crevicular fluid around
implants (especially immunologic markers) at regular time
intervals are required to achieve more definite results regard-
ing the application of these immunologic markers for detec-

tion of active sites of periodontal disease around implants.

V. Conclusion

Within the limitations of this small cross-sectional study,
significant differences in the levels of IL-18 and IL-6 in the
crevicular fluid of implants with peri-implantitis, healthy
implants, and healthy teeth were noted. These markers may
be used as adjuncts for assessing the state of peri-implant tis-
sues. More studies with larger sample sizes in different popu-
lations are necessary.
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