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Abstract: The aim of this study was to measure the levels of selected cytokines; interleukin-1 (IL-1), interleukin-
8 (IL-8) and granulocyte-macrophage colony stimulating factor (GM-CSF) to evaluate their implication in
periimplant inflammation and their influence upon osseointegration, with a view to establish whether increased
cytokine concentrations in the serum and or periimplant sulcus. 156 subjects (106 partially edentulous patients
and 50 healthy controls); mean age, 25 years) were attending the Department of Maxillofacial Surgery in
Specialized Surgeries Hospital, Medical City, Baghdad, Iraq. Subjects were grouped in to group1 consisted of
85 patients with working osseointegrated implants, group 2 consisted of 21 patients with at least one failed or
diseased implants and group 3 was consisted of 50 randomly taken healthy control adult subjects (25 subjects
of each sex). Enzyme-linked immunosorbent assay (ELISA) kits were used for analysis and detection of IL-1 ,
IL-8 and GM-CSF in the patient sera and their periimplant sulcular fluid (PISF) specimens.The elevated PISF and
serum levels of selected inflammatory cytokines is a result of their activation in the inflammatory process of
the periimplantitis, however this activation may contribute to periimplant supportive tissue destruction and
bone loss.
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INTRODUCTION implanted in the body to exist in harmony with tissues

The replacement of missing teeth with endosseous capsule formation and infection [4].
implants for the rehabilitation of edentulous or partially In fact under normal conditions bone mass is
edentulous patients has become a standard of care in the maintained via coupling of osteoclast mediated bone
past two decades [1]. This significant progress is based resorption to osteoblast mediated bone formation which
on the concept of osseointegration; defined as a direct balances each other, this process is regulated by
structural and functional connection between living hormones and locally by cytokines [5], while it is known
alveolar bone and the  dental  implant  as  a  load-carrier that implant materials, thought to be inert, can produce
[1, 2]. elevated level of cytokines such as interleukin-1 (IL-1),

Osseointegration mechanism is similar to the primary interleukin-8  (IL-8)  and tumor necrosis factor alpha
bone healing in which an inflammatory process with a (TNF - ). [5,6] An abnormal immune response in the
mediator cascade promotes hematoma as well as tissue surrounding unsuccessful dental implants have
circulatory alteration after surgical trauma thereby been noticed in some studies involving different cell
regeneration develops and consequently the wound is types as macrophages, polymorphs, T and B
replaced by bone tissue [3]. The type of tissue response lymphocytes, endothelial cells, fibroblasts, keratinocytes,
elicited is determined by the degree of biocompatibility of osteoclasts and osteoblasts, which can destroy the
the implant materials, i.e. the capability of the prosthesis periimplant  and  periodontal  tissues [6]. All these cells if

without causing deleterious changes such as fibrous

;



World Appl. Sci. J., 20 (5): 649-655, 2012

650

activated can synthesize and release cytokines and lipid The inclusion criteria of patients were required to
mediators which mediate both inflammatory and osteolytic have an unremarkable medical history, no known allergies
processes [7]. and no metabolic diseases. They also had no history of

The cytokines are multifunctional proteins and any antibiotic treatment for the prior 3 months, no use of
glycoproteins that act as intercellular regulatory factors at anti-inflammatory drugs in the 6 months preceding the
both local and systemic level. They are produced by beginning of the study and no radiographic evidence of
immunocompetent cells in local inflammatory tissue periodontal bone loss after a full-mouth radiographic
infiltrates. Meanwhile, periodontal tissue components periapical examination. The periodontal health of the
such as fibroblasts and epithelial and endothelial cells patients was also evaluated using the plaque index (PI),
also participate in cytokine formation during inflammatory gingival index (GI), pocket depth (PD) and bleeding on
responses [8]. Thus, the usefulness of cytokines (such as probing (BOP). Criteria of failing implants were judged by
IL-1, IL-8 and TNF -  as markers of periimplant disease maxillofacial surgeons according to the Noth et al. 1999.;

(mucositis and periimplantitis) has been investigated [9]. [13]. Informed consent was obtained from all of the
It has been seen that the plasma cytokine levels patients.

increase after dental surgery, [8] and periodontal health Subjects were grouped in to 3 groups; group1
depends on the local balance among reactive and consisted of 85 patients (32 males and 53 females, median
suppressor immune cells, their cytokines and mediators age 25 years) with working osseointegrated implants i.e.
and in the oral cavity. successful implants,  group  2  consisted  of  21  patients

Cytokines IL-1, IL-8 have proinflammatory functions (8 males and 13 females, median age 25 years) with at least
and induce bone resorption, [8-10] while stimulation of one  failed or diseased implants and group 3 was
granulocyte-macrophage   colony  stimulating  factor consisted of 50 randomly taken healthy control adult
(GM-CSF) production by gingival keratinocytes might subjects (25 subjects of each sex). The study protocol and
cause accumulation and activation of neutrophils in the informed consent forms were approved by the Faculty of
epithelium and may be involved in the initiation and Medicine, University of Baghdad.
development  of  inflammation  in   periodontal  tissues Approximately 5 ml of blood was drawn from each
[10-11]. subject placed in to a plain tube and left at room

Over the last ten years, the role of cytokines as useful temperature   for   30    minutes    then   centrifuged  at
diagnostic indicators that might represent an important 1000  RPM  for  10-15  minute.  Serum  was  collected  in
addition to clinical parameters has been considered and to  3   aliquot tubes  for  each  sample  and  then  stored
which might indicate the presence or absence of peri- at -20C  for  serological  tests,  while  the  periimplant
implant disease, or indicate the treatment result that, in sulcular  Fluid  (PISF)  was  collected  by  using  paper
same cases may include the need for additional medical point  strips  size  (35)  or  more.  PISF  samples  were
procedures. Increased level of proinflammatory cytokines collected by-placing one strip gently in the  opening of
and chemokines significantly correlates with the level of the periimplant margin (approximately I mm in to the
inflammation [12]. This motivated us to conduct this sulcus)  for  3  minutes,  [14]  then  the  fluid  in  the  strip
study in Iraq. The aim was to measure the levels of was eluted in 50ì litter of 50 mmol HCl PH 7.5,  0.15  mm
selected cytokines (IL-6, IL-8 and GM-CSF), evaluating Nacl and Imm CaCl2, centrifuged and aliquots of the
their implication   in   periimplant   inflammation   and supernatant were stored at -20C°. Two samples from each
their influence upon osseointegration, with a view to patient were taken, one from the implant site and the other
establish whether increased cytokine concentrations in from normal symmetrical tooth. [14-15] All clinical
the serum and or periimplant sulcus (crevicular fluid) and recordings and PISF samplings were performed by the
to compare the results with the cytokine levels around same periodontist.
healthy teeth. Enzyme-linked immunosorbent assay (ELISA) kits

MATERIALS AND METHODS GM-CSF in the patient sera and their periimplant sulcular

A total of 156 subjects (106 partially edentulous France.
patients and 50 healthy controls) were enrolled in this
cross-sectional    study.    Patients    were    attending   the Statistical Analysis: SPSS 11.5.0 software for Windows
Department of Maxillofacial Surgery in Specialized (SPSS, Chicago, IL) was used for statistical analyses.
Surgeries Hospital, Medical City, Baghdad, Iraq. Frequency  distribution  for  selected  variables was done

were used for analysis and detection of IL-1 , IL-8 and

fluid specimens. All kits were provided by immunotech,
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first. Since interleukin measurements showed a
statistically significant departure from normal distribution
assumption as tested  by  semimov-kolmogorov  test,
non-parametric tests were used to assess the statistical
significance for these variables. The statistical
significance of difference in median of a quantitative
variable between 2 groups was assessed by Mann-
Whitney test, while between more than 2 groups Kruskall-
WalUs test was used. The difference in mean of a
normally distributed variable between more than 2 groups
was assessed by ANOVA. When ANOVA model shows
a statistically significant difference between groups,
further exploration of statistical significance of difference
in mean between each pair of groups was assessed by
Bonferonni t-test. For all parameters p values <0.05 were
considered to be statistically significant.

RESULTS

The results presented in this study were based on the
analysis of total number of 106 patients with 263 implant
unit & 5 subjects with osseointegrated implants and 21
patients having at least one failed implant, beside 50
control individual were involved.

Table 1: Description of study samples by age, gender.
Cases with dental implants Controls
----------------------------------- ------------------------
N %  %

Age in years
<40 57 53.8 30 60
40-49 24 22.6 14 28
50-59 20 18.9 5 10
60+ 5 4.7 1 2
Total 106 100 50 100
Gender
female 66 62.3 25 50
Male 40 37.7 25 50
Total 106 100 50 100

Table 2: Frequency distribution of cases with dental implants by site of
implanted tooth examined

Site of tooth in relation to jaw N %
Anterior part of mandible 71 27
Posterior part of mandible 74 28.1
Anterior part of maxilla 62 23.6
Posterior part of maxilla 56 21.3
Total 263 100

Distribution of patients recruited in this study was
shown in Table 1, while Table 2 showed the frequency
distribution of cases with dental implants by site of
implanted tooth examined.

Table 3: The difference in median serum IL-1, IL-8 and GM-CSF between cases with implant failure, those with osseointegrated implants and controls
Implant Failure Osseointegrated Implants Controls

Serum IL-1
Range (19-150) (10-210) (5-33)
Median 53 23 15
N 21 70 50
P (Kruskall-Wallis) <0.00l
P (Mann-Whitney) for difference between:
Controls x Osseointegrated implant <0.001
Controls x Implant failure <0.001
Osseointegrated implant x Implant failure <0.001
Serum IL-8
Range (200 - 2500)  (150- 1800) (175-495)
Median 1000 270 285
N 19 70  19  70 50
P (Kruskall-Wallis) <0.001
P (Mann-Whitney) for difference between:
Controls x Osseointegrated implant - 0.31

/NS/

Controls x Implant failure <0.001

Osseointegrated implant x Implant failure <0.00l
Serum-GM-CSF
Range (5.1-60) (5-90) (5-33)
Median 20 13 18.5
N 21 83 50
P (Kruskall-Wallis) = 0.003
P (Mann-Whitney) for difference between:
Controls x Osseointegrated implant = 0.003
Controls x Implant failure = 0.61/NS/

Osseointegrated implant x Implant failure - 0.01
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Table 4: The difference in median peri-implant sulcular fluid IL-1, IL-8 and GM-CSF between cases with implant failure, those with osseointegrated implants
and controls

Implant Failure Osseointegrated Implants Controls
Peri-implant sulcular fluid-IL-1 conc.
Range (95-600) (10-52) (12-70)
Median 370 22 20
N 6 75  50
P (Kruskall-Wallis) <0.001
P (Mann-Whitney) for difference between:
Controls x Osseointegrated implant = 0.18 /NS/

Controls x Implant failure <0.001
Osseointegrated implant x Implant failure <0.001
Peri-implanl sulcular fluid-IL-8 conc.
Range (300-9000) (100-2000) (120- 1000)
Median 4300 400 300
N 6  75 50
P (Kruskall-Wallis) <0.001
P (Mann-Whitney) for difference between:
Controls x Osseoinlegratcd implant = 0.001
Controls x Implant failure <0.001
Osseointegrated implant x Implant failure <0.001
Peri-implant sulcular fluid GM-CSF
Range  (30-120) (2.6-60)  (2.1-28.3)
Median 40.5 13.4 8.4
N 6 75 50
P (Kruskall-Wallis) <0.001
P (Mann-Whitney) for difference between:
Controls x Osseointegrated implant <0.001
Controls x Implant failure <0.001
Osseointegrated implant x Implant failure <0.001

There are three types of interleukins have been to those with working implants 400. However, the control
studied in three patients groups. The mean serum IL-1 group showed the lower median IL-8 concentration (300).
was significantly higher among implant failure group (53) Significant difference was observed between the three
compared to osseointegrated  implants  (23),  which in groups. Talking about the median P1SI -GM-CSF
turn was higher than that of control group (15); Table 3. concentration, failure groups had the higher
Therr is wide rang differences in the median of serum IL-8 concentration (40.5) compared to other group (13.4) for
seen; median IL-8 was significantly higher among implant osseointegrated group and (8.4) for control group.
failure group (1000), compared to both osseointegrated
implant group (270) and control group (285) which were DISCUSSION
nearby  from  each  other.  Meanwhile,  the  median of
GM-CSF was nearly equal in the implant failure group and Cytokines are produced by the cells of the immune
that of the control while law median was observed in system  to  stimulate and mediate acute inflammation.
working implant group which reflects no significant They are present in periodontal diseases, bone
difference between the three groups, Table 3. destruction and bone response to orthodontic treatment

Interleukins  were  detected  in  the  periimplant [16]. Previous studies reported that proinflammatory
sulcular fluid representing local interleukines examined in cytokines, especially IL-1, IL-8 have an important role in
the three groups, the median PISF-IL-1 concentration was the formation and distribution of inflammation in
significantly higher among failure groups (370), Table4. periodontal and peri-implant structures. [17-18]. Moreover
Compared to working implant group (22) which In turn it has been thought that GM-CSF stimulate osteoclasts
were closely similar to those in the control group (20), and play role in bone resoprption. Thus, we aimed to
hence no significant difference between them was measure the levels of these parameters in the serum and
observed. The median P1SF-IL-8 concentration was site of implant and then to compare the results with the
significantly higher among failure group (4300) compared cytokine levels around healthy teeth.
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Dental implant supported prosthesis is an important considered and which might indicate the presence or
component of modern dentistry and one of the important
reasons for failure of dental implants is peri-implantitis
which is responsible for soft and hard tissue break-down
[16]. Early detection of this inflammatory condition is
critical in order to prevent the irreversible effects of
inflammatory condition on soft and hard tissues that
support implants [16].

Some interleukins can be grouped in to osteoclast
and osteoblast stimulating cytokines depending on their
regulatory effect [19]. IL-1 and TN-  may independently
stimulate osteoclastogenesis [20] in addition IL-8 and
GM-CSF and other cytokines stimulates osteoclasts and
play a role in bone resorption.

In this study a trial to compare local interleukins level
with systemic level and there differences in the three
studied groups, although serum ILs were significantly
higher among implant failure group when compared to
healthy control and osseointegrated groups, but cannot
depend on that test to predict patients at risk with implant
failure, while local ILs level will be more specific to predict
patients at risk. In addition, the current study showed that
the PISF local IL-1, IL-8 and GM-CSF cytokines were
significantly higher among implant failure subjects with
wide range differences especially to IL8 level compared to
other osseointegratcd and control groups. These finding
consistent with other studies [19-20] which stated that
these cytokines can stimulate osteoclasts which when
increase in number and activity will contribute to
pathological bone loss in periodontitis, to loosening of
hip implants and probably subsequent failure [19-21].
Meanwhile, other investigators [22-23] stated that
microbial plaque components activate cells to synthesis
and release different cytokines including IL-1, IL-8....etc
which mediate both inflammatory and osteolytic
processes leading to destruction of periimplant and
periodontal tissues, while other studies [24] found that
the level of IL-8 in gingival fluid samples adjacent to
implants was higher in only 27 % of patients than samples
taken from symmetric healthy control teeth in the same
person.

The increase in cytokine concentration in the
crevicular fluid of dental implants may lead to a lack of os-
teointegration, bone loss or implant failure [25-26].

Some of the studies reported increased levels of IL-6,
IL-8, IL-10 and IL-12 in periimplant disease, revealing their
implication in the destruction of periimplant tissue and
their usefulness as markers of periimplant disease [25, 28].

Over the last ten years, the role of cytokines as
useful diagnostical indicators that might represent an
important  addition   to    clinical    parameters    has   been

absence of peri-implant disease, or indicate the treatment
result that, in same cases may include the need for
additional medical procedures.

Increased level of proinflammatory cytokines and
chemokines significantly correlates with the level of
inflammation [29-31]. Proinflammatory cytokines and
chemokines are very expressed in the peri-implant tissue
in the early stages of inflammation when an implant is
inserted.  Panagakos  et  al.  32  and  Salcetti  et al. [33],
by determining the values of IL-1  in the fluid of peri-
impant sulkus, showed that concentration of this cytokine
is increased by the progression of periimplantitis.

Most of the authors showed that tissue inflammation
is proportionally connected with the increased level of
different inflammatory mediators, which are, therefore,
considered as adequate markers of inflammation. The
results of Curtis et al. [34] show that there is a
significantly lower level of concentration of
proinflammatory cytokines in healthy tissue around
implant compared to the advanced stage of periimplantitis.

The level of IL-8 is exceptionally high relative to the
other cytokines in this study, which may be attributed to
the role of IL-8 as a strong neutrophil chemoattractants
and initiators of inflammation. Perhaps this cytokine act to
down regulate some of the other cytokines in their
concentration as a response to an insult that could not be
identified. However, titanium in dental implants generally
elicits an immune response and results in pro-
inflammatory cytokine release that can affect bone
turnover [35].

Apart from a hemopoietic regulator, GM-CSF has
now been recognized as a key activator of innate
immunity and as such, is involved in autoimmune
diseases, in which macrophages, granulocytes,
neutronphils, eosinophils and dendritic cells can
contribute to tissue damage and disease progression [36].

As revealed in the present study, GM-CSF was
significantly higher in failure implant patients than in
successful and healthy subjects. This finding may
indicate the involvement of GM-CSF in the progression of
periodontitis. The essential roles of granulocyte-
macrophage colony-stimulating factor in inflammatory
process have been confirmed in several studies. In a
previous research, GM-CSF induced production of type
1 pro-inflammatory cytokines (IL-12, IFN-_, tumor
necrosis factor-_) by human peripheral blood
mononuclear cells, T lymphocytes and antigen-presenting
cells, while type 2 cytokines (IL-10 and IL-4) are down-
regulated by GM-CSF [37]. These findings seem to be in
agreement with our results that both GM-CSF and IL-8
serum levels were increased in failure implant patients.
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Although   some   interesting   findings   were  made 6. Santos, M.C.L.G., M.I.G. Campos and S.R.P. Xine,
in this study, the limitations of the small sample size
should be taken into consideration. Samples were
obtained  from  patients representing regular dental
implant surgery patients. Although they are
representative, they still represent a small sample
population. On the other hand, in the interpretation
generally accepted statistical methods were used and they
take the uncertainty caused by the small sample size into
consideration. Still, confirmation of these findings by
other groups is needed and further research with larger
sample size and refined methods will provide valuable
information.

CONCLUSION

The elevated PISF and serum levels of the
inflammatory (osteoclast activating) cytokines (IL-1, IL-8
and GM-CSF) are a result of their activation in the
inflammatory process of the periimplant gingival tissue
(periimplantitis), however this activation may contribute
to periimplant supportive tissue destruction and bone
loss. This activation may contribute to peri-implant bone
loss and may be an amenable target for local therapies
with cytokine modulators.
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