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Original Article

(CP) and have been identifi ed in gingival crevicular 
fl uid (GCF).[3] IL-8 is a chemokine that have the potential 
for gathering and actuation of human granulocytes. 
This cytokine is secreted by various host cells, 
including fi broblasts, monocytes/macrophages, and 
lymphocytes, endothelial and epithelial cells.[4] Recent 
studies showed that IL-8 is produced in response to 
lipopolysaccharide from periodontopathogens and is 
associated with neutrophil related tissue destruction 
in pathogenesis of periodontal disease.[5,6]

The effects of IL-17 on chemokine secretion by 
osteoblasts were reported to have significant 
implications in the etiology of infl ammatory bone 
disease including periodontitis.[7] According to the 
related experiments; activated CD4+ T cells and 

INTRODUCTION

Since more than 50 years, researchers have focused 
on periodontal regeneration that is today a usual and 
routine procedure in supporting structures of the teeth. 
For this purpose, different types of bone grafts and 
osteoinductive or osteoconductive materials have been 
used.[1] Early period of bone regeneration comprises 
of a wound healing process including cell migration, 
matrix synthesis and tissue remodeling. These events 
are infl uenced by the action of various mediators 
guiding infl ammation and angiogenesis that are crucial 
events in cellular responses of early healing.[2]

The interleukins (ILs) are the mediator molecules that 
involved in the pathogenesis of chronic periodontitis 
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neutrophils were shown to produce this cytokine.[8] 
IL-17 phrase was also informed to be up-regulated in 
cells derived from human gingivitis and periodontitis 
tissues in vitro and in vivo.[9]

Intercellular adhesion molecule-1 (ICAM-1) is a 
transmembrane protein originated from endothelium 
and leukocytes. The soluble form of ICAM-1 (sICAM-1) 
was found in GCF of the healthy patients, as well as 
individuals with periodontal disease and has known 
potent immunomodulatory and anti-infl ammatory 
characteristics.[10,11] It has a stabilizing function in 
cell-cell interactions and also facilitates endothelial 
transmigration of leukocytes.[12] As is evident from its 
name, ICAM-1 has a role in intracellular signaling events; 
important in immune response and infl ammation.[13]

Demineralized freeze-dried bone allograft (DFDBA), 
a regenerative bone graft material, may create a 
difference in some cytokines that are primarily 
responsible from infl ammation and/or bone resorption 
compared with pretreatment level. Determination of 
these markers’ profi le throughout the early period of 
periodontal healing after application of bone grafts 
may exhibit their association with periodontal bone 
growth and development of the clinical outcomes.[14,15] 
Therefore, the aim of this study was to examine the 
effect of grafting with DFDBA on the GCF levels of 
IL-8, IL-17 and sICAM-1.

MATERIALS AND METHODS

Present clinical trial was conducted among patients 
with CP who attended to the Periodontology 
Department in Kirikkale University. The ethical 
approval was executed by the committee from Faculty 
of Dentistry, Kirikkale University and an informed 
consent form was signed prior to initiation of the 
study. Inclusion criteria were in ages between 30 
and 60, having at least 20 natural teeth, CP diagnosis 
and presence of at least one proximal endosseous 
defect. Identifi cation of CP was made according to 
the criteria of having at least six teeth with pocket 
depth deeper than 5 mm and 30% periodontal bone 
loss in three sites of each affected tooth.[16] Individuals 
who have systemic disease or pregnancy, tobacco use, 
history of periodontal treatment in previous 6 months, 
history of systemic antibiotic administration within 
the 3 months prior to the study or any other regular 
medication were excluded.

Among 72 individuals, a total of 20 met the inclusion 
criteria and agreed to participate in the study. However, 
fi ve patients exhibited bleeding on probing (BOP) 
≥25% at re-evaluation and therefore, excluded from 
the study [Figure 1]. The pretreatment recordings 
including BOP, gingival index (GI),[17] plaque 
index (PI),[18] probing depth (PD) and attachment 
level (AL) were utilized with a calibrated periodontal 

Figure 1: Flow diagram of the study
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probe by one of the authors (M.K.H.). A panoramic 
radiograph was also obtained for each individual. GCF 
samples were collected at baseline from the proximal 
defect site of the target tooth treated with bone grafting 
and before the collection, supragingival plaque was 
gently removed. Then, the tooth was isolated with 
cotton rolls for keeping away from contamination, and 
the cervical region was gently dried with air-spray. The 
strips (Periopaper, Amityville, NY, USA) were placed 
inside the sulcus during 30 s in situ and then transported 
to a chair-side located Periotron 8000 (Orafl ow Inc., 
Plainview, NY, USA) calibrated with known volumes 
of phosphate-buffered saline (PBS), for identifying 
GCF volume. Four strips from region of interest were 
immediately placed in a labeled tube containing 500 μl 
PBS and following 10 s vortexing and 20 min. Shaking, 
the tubes were centrifuged during 5 min at 5800 rpm 
for removing plaque and other cellular elements. 
After the process, the samples were placed into − 80°C 
freezer and stored for subsequent assays. The samples 
contaminated with blood were discarded. All GCF 
sample collection activities were performed prior to 
the clinical measurements. Before the surgical stage, 
patients received nonsurgical periodontal therapy 
including scaling-root planning and oral hygiene 
instructions. At 6 weeks after phase I treatment, PI, GI, 
BOP, CAL and PD were assessed once again. Patients 
presenting BOP ≥25% at reevaluation were excluded 
from the study.

One of the authors (E.O.E.) performed all periodontal 
surgical procedures. Immediately before the operation, 
local anesthesia was obtained by using lidocaine 2% 
including 1:100,000 amount of epinephrine. Buccal 
and lingual/palatal sulcular incisions were made, 
and a mucoperiosteal fl ap that extended from one 
tooth mesial to one tooth distal of the tooth of interest 
was elevated. Various periodontal instruments 
including Gracey curettes were used for defect 
debridement and subsequent root planning. After 
rinsing thoroughly with sterile saline, the defects 
were fi lled with DFDBA (LifeNet Health, Virginia 
Beach, VA, USA). Then, primary fl ap closure was 
provided with interdental sutures using 4–0 silk 
suture. Periodontal dressing (Coe-Pack, GC America, 
Alsip, IL, USA) was also placed over the surgical area. 
Postoperatively, analgesic medication was instructed 
to use twice a day for 3 days. 0.2% chlorhexidine 
digluconate (Klorhex, Drogsan, Ankara, Turkey) 
was prescribed, twice a day for 15 days, for plaque 
control. Sutures were removed 10 days following 
surgery and during this period, it was dictated to 
avoid tooth-brushing and fl ossing in the treated area. 

Control visits were arranged every 2 weeks for the 
1st months and then once a month thereafter. At each 
visit, the conditions of the soft tissues were examined, 
supragingival prophylaxis was carefully performed 
and oral hygiene instructions were reviewed. 6 and 
9 months postsurgery, the samples of GCF were 
collected once again from the same sites of baseline 
collection, and clinical periodontal parameters were 
also measured.

Statistical analysis
Normality of the data was analyzed with the 
Kolmogorov–Smirnov Goodness-of-Fit test in each 
study group. Mean values between two study 
groups were compared with Mann–Whitney U-test 
and the signifi cance of the change between pre- and 
post-treatment values in each study group was 
evaluated with Wilcoxon matched-pair signed-rank 
test. P <0.05 was assumed as the acceptable level of 
signifi cance in the present study.

RESULTS

Whole study period was completed with 15 patients. 
No complications occurred except usual postsurgical 
swelling, and no wound edge necrosis or flap 
dehiscence existed in any patients. Eight female and 
seven male patients attended to the study with a mean 
age of 41.3 (range 30–50). All periodontal clinical 
measurements were shown in Table 1.

Mean values of PD, CAL and GI signifi cantly decreased 
from baseline to 6 and 9 months visits. 9 months 
following surgery mean PD was signifi cantly lower 
than its amount at 6th month (P < 0.05). The total 
amounts of GCF, IL-8, IL-17 and sICAM-1 were 
demonstrated in Table 2.

The volume of GCF decreased from baseline to both 
follow-up measurements. However, there was no 
statistically signifi cant difference in the total amounts 
of IL-8, IL-17 and sICAM-1 levels at all times.

Table 1: The values of clinical parameters in sampling 
sites at baseline and follow-up visits (mean±SD)
Parameters Baseline 

(n=15)
6 months 

(n=15)
9 months 

(n=15)
Probing depth 7.20±1.32 3.53±0.99* 2.93±1.03*,†

Attachment level 6.40±1.84 3.27±1.79* 3.20±2.04*
Plaque index 0.60±0.50 0.40±0.50 0.40±0.60
Gingival index 1.80±0.41 0.93±0.70* 0.87±0.83*
Signifi cantly different compared to baseline, *P <0.05. Signifi cantly different 
compared to 6 months follow-up, †P <0.05. SD: Standard deviation
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DISCUSSION

The present single-blind clinical trial assessed the 
efficacy of regenerative therapy on periodontal 
clinical parameters and GCF levels of IL-8, 
IL-17 and sICAM-1 in 15 endosseous defects of 
15 patients. The defects were filled with DFDBA, 
and the evaluations were performed 6 and 9 months 
following surgical therapy. At the end of the 
assessments, the treatment protocol demonstrated a 
significant reduction in clinical variables of GI, PD 
and CAL. However, no change was detected in total 
amounts of biochemical parameters involving IL-8, 
IL-17 and sICAM-1 in relation with the surgical 
protocol.

Due to the commonly needed invasive technique 
and ethical considerations in histological evaluation, 
the most frequently preferred method to identify 
periodontal regeneration is measurement of PD and 
CAL. Although systematic review studies revealed that 
both conventional nonsurgical and surgical therapies 
are effective, regenerative treatment methods were 
found more successful in achieving improvements in 
terms of CAL gain and PD reduction.[19,20] According to 
the comparison between baseline and 6 and 9 months 
postsurgical results of the present study, mean PD 
decreased from 7.20 ± 1.32 mm to 3.53 ± 0.99 mm 
and 2.93 ± 1.03 mm, respectively (P < 0.05). CAL also 
exhibited a similar trend of reduction compared to 
beginning (from 6.40 ± 1.84 mm to 3.27 ± 1.79 mm and 
3.20 ± 2.04 mm, respectively) and these results were 
found parallel with the results of Markou et al.[21] and 
Sumer et al.[20]

Except a pilot study[22] that was published in 2007, 
no study tracking the transition of infl ammation/
bone loss indicators in GCF following the surgical 
allograft placement for infrabony defect treatment 
exist. Despite the detailed information given about 

the short-term progress of the biochemical variables 
following therapy, we did not be able to encounter 
such information regarding the change in the amount 
of GCF volume from the study given above. When 
other studies evaluating the short-term effect of 
guided tissue regeneration on GCF volume were 
reviewed, controversial results were detected. 
According to these authors, it was interpreted that 
GCF production might have been increased in the 
early healing period due to the execution of the 
surgical intervention.[23,24] This elevation showed 
consistency only at the sites having nonabsorbable 
barrier membrane and was associated with the 
persistent infl ammation around the material,[23,24] 
whereas a reduction towards the baseline values was 
detected in long-term evaluation of the bioabsorbable 
membrane.[25] In addition to other parameters, 
our group investigated the effects of regenerative 
periodontal therapy to the GCF volume and the 
surgical intervention involving DFDBA placement 
provided a signifi cant volume decrease in long-term 
evaluation in correlation with the decrease in clinical 
parameters.

Interleukin-8 is a chemokine that is known to play a 
role in the periodontitis pathogenesis. When the effect 
of periodontal therapy is considered, decreasing 
GCF content of IL-8 has been determined.[26] This 
result was referring to the effect of nonsurgical 
treatment and contrarily, no remarkable IL-8 change 
was perceived in GCF of the individuals having 
surgical regenerative therapy in our investigation. 
Although it is not evident with the present fi ndings, 
the authors commented this result as follows: The 
level of IL-8 during chronic infl ammation period 
before treatment suddenly increased following 
development of acute inflammation with the 
surgical procedure and then turned back to its 
pretreatment level in late period with resolution of 
the infl ammation.

It has been well-documented that periodontal 
infl ammation process is infl uenced by the existence 
of IL-17.[9] In our study, mean total amount of IL-17 
was 1.38 ± 0.63 ng in CP patients and diminished 
to 1.25 ± 0.77 ng 9 months following regenerative 
treatment (the difference was not statistically 
significant). The stable course of IL-17 following 
periodontal therapy showed a similar trend with the 
previous related literature.[27]

Soluble intercellular adhesion molecule-1 is the 
soluble form of a transmembrane protein that has 

Table 2: The values of IL-8, IL-17 and sICAM-1 in 
GCF at baseline and follow-up visits (mean±SD) (ng)
Parameters Baseline 

(n=15)
6 months 

(n=15)
9 months 

(n=15)
IL-8 1.14±0.69 1.41±0.64 1.33±0.76
IL-17 1.38±0.63 1.43±0.51 1.25±0.77
sICAM-1 0.62±0.52 0.73±0.44 0.76±0.23
GCF (μl) 0.43±0.24 0.24±0.13* 0.30±0.17*
Soluble intercellular adhesion molecule-1, Gingival crevicular fl uid. Signifi cantly 
different compared to baseline, *P < 0.05. IL: Interleukin, SD: Standard 
deviation, Signifi  cantly different compared to baseline, *P < 0.05. SD: Standard 
deviation, IL: Interleukin, slCAM-1: Soluble intercellular adhesion molecule-1, 
GCF: Gingival crevicular fl uid
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been thought to come up as a result of infl ammation 
or damage of the affected tissue.[10] In the present 
single-blind study, there was no change in GCF 
total amount of sICAM-1 from baseline to 6th and 
9th month posttreatment visits despite the reduction 
in clinical infl ammation indices. Although this result 
is not agreeable with the possible alteration that 
was previously manifested, outcomes of our study 
had a similar trend with those of Kuru et al.[24] With 
the supporting evidence from Gunsolley et al.,[28] 
it is also important to emphasize the requirement 
of the higher number of individuals to be taken in 
our study.

Allografts have been successfully used for the 
treatment of osseous defects in periodontally diseased 
individuals. Seeing that it was principally aimed 
to evaluate the effect of regenerative periodontal 
therapy to the levels of specific biochemical 
parameters involving IL-8,-17 and sICAM-1, the 
type of the bone graft was thought as a secondary 
contributing factor in the selection of the variables 
of the present clinical and biochemical investigation. 
Anyhow, similar trials comparing the effects of 
different regenerative materials with a control group 
treated by conventional fl ap surgery on the specifi c 
biochemical parameters can be arranged. The 
presence of bone morphogenetic proteins contained 
within DFDBA aids in mesenchymal cell migration, 
attachment, and osteogenesis. DFDBA has both 
osteoinductive and osteoconductive activity and 
the ability to create and maintain the space.[14] 
Maturation of DFDBAs may take up to 8 months 
if used for regeneration and during this time they 
are important in immune response and may affect 
some cytokines that are primarily responsible from 
infl ammation.

To abstain from disturbing the maturation of 
newly synthesized connective tissue, periodontal 
probing of the regenerative sites in early healing 
period is not recommended.[29] Thereby, clinical 
measurements were done before treatment and 
at 6 and 9 months follow-up visits in the present 
single-blind clinical trial. Furthermore, GCF 
samples were also taken at the same appointments 
in order to interpret the clinical and biochemical 
data together. Consequently, 6 and 9 months 
evaluations were beneficial to understand the 
relationship between DFDBA bone grafting and 
clinical-biochemical parameters. However, the 
influence of the treatment to the GCF volume 
and specific variables inside the crevicular fluid 

in early healing period was not analyzed and 
therefore, can be indicated as a limitation of the 
study. Small sample size can be enumerated as the 
other limitation of the study.

CONCLUSION

Within the limitations of the study, the DFDBA 
bone grafting improved the clinical outcome in 
subjects with CP and was effective on decreasing 
the volume of GCF, but no effect was determined 
on the total amount of IL-8, IL-17 and sICAM-1. 
All clinical and biochemical findings of our trial 
did not indicate a direct relationship between these 
biochemical parameters and late period periodontal 
healing after regenerative treatment including DFDBA 
bone grafting. Further longitudinal and randomized 
controlled studies are still necessary to determine 
the clinical values of the fi ndings and to understand 
the exact roles of these molecules during periodontal 
disease and healing process.
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