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Abstract 
Objectives: Several researchers have investigated inflammatory cytokines in 
gingival crevicular fluid (GCF) from chronic periodontitis with clinical para-
meters after periodontal treatment. The aim of the present study was to iden-
tify the inflammatory cytokines present in GCF associated with periodontal 
pocket healing after scaling and root planing (SRP). Methods: Twenty patients 
were enrolled, and clinical examinations including probing pocket depth 
(PPD) and bleeding on probing (BOP) were performed at the first visit, and 
before and after SRP. The periodontal epithelial surface area (PESA) and pe-
riodontal inflamed surface area (PISA) were also calculated. GCF samples 
were collected before and after SRP to measure the levels of 40 inflammatory 
cytokines using antibody array. Correlations between changes in cytokine le-
vels and clinical improvements were assessed by single and multiple regres-
sion analyses. Results: PPD, PESA and PISA significantly decreased after SRP, 
while there were no significant differences in the levels of cytokines before 
(PreSRP) and one week after SRP (PostSRP). Clinical improvements (ΔPPD, 
ΔPESA and ΔPISA) were calculated using the formula PreSRP-PostSRP, while 
changes in the levels of inflammatory cytokines were calculated using three 
formulas: PreSRP-PostSRP, PostSRP/PreSRP and Log(PostSRP/PreSRP). Log 
(PostSRP/PreSRP) for interleukin-1β (IL-1β) significantly correlated with 
ΔPESA (R = −0.512). PostSRP/PreSRP and Log(PostSRP/PreSRP) for inter-
cellular adhesion molecule 1 (ICAM-1) significantly correlated with ΔPISA (R 
= −0.669, −0.573). Two good fit models were generated by multiple linear re-
gression. Log(PostSRP/PreSRP) for IL-1β significantly affected ΔPESA (R2 = 
0.566). PostSRP/PreSRP for ICAM-1 significantly affected ΔPISA (R2 = 0.615). 
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Conclusion: Changes (PreSRP-PostSRP) in any cytokines in GCF after SRP 
were not associated with clinical improvements. However, the present study 
indicates that lower PostSRP/PreSRP ratios for IL-1β and ICAM-1 in GCF 
lead to a greater decrease in PESA and PISA, respectively. Periodontal pocket 
healing might be affected by a decreased ratio of inflammatory cytokines such 
as IL-1β and ICAM-1 at an early stage after SRP. 
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1. Introduction 

Cytokines are low molecular weight glycoprotein biomarkers that are involved 
in cellular interaction [1] [2]. Cytokines are secreted by hematopoietic cells, such 
as macrophages, and nonhematopoietic cells, such as epithelial cells, in response 
to infection by a microorganism. Inflammatory cytokines, which are induced 
during the inflammatory response, have been associated with the onset or pro-
gression of tissue destruction [3]. Thus, inflammatory cytokines are suggested to 
have a pleiotropic effect, targeting specific cells by controlling cellular activation. 

Periodontitis is a chronic inflammatory response, which is caused by peri-
odontopathic microorganisms in dental biofilm, and results in the progressive 
destruction of periodontal tissue [4] [5] [6]. The trigger of the inflammatory 
process in periodontitis is thought to be an increased secretion of inflammatory 
cytokines such as interleukin (IL)-1α, IL-1β, tumor necrosis factor (TNF)-α and 
IL-6 [7] [8]. Thereafter, neutrophils, macrophages, fibroblasts and epithelial cells 
release destructive enzymes such as matrix metalloproteinases (MMPs), inflam-
matory mediators such as IL-1β and osteoclast-activating factor, and receptor 
activator of nuclear factor kappa-B ligand (RANKL) in response to inflammato-
ry cytokines [9] [10]. These biochemicals play an essential role in extracellular 
matrix degradation and osteoclast differentiation, which results in collagen and 
alveolar bone destruction in periodontal tissue [11]. 

Gingival crevicular fluid (GCF) is an inflammatory exudate or plasma transu-
date, which can be non-invasively collected from the gingival sulcus surrounding 
the teeth [12] [13]. Several researchers have shown that GCF from patients with 
periodontitis contains inflammatory cytokines, such as IL-1, IL-6, TNF-α and 
IL-8, and destructive factors, such as MMPs and RANKL, the concentrations of 
which are significantly increased when compared with healthy samples [14]. 
Thus, it is suggested that GCF analysis may be useful for diagnosing the current 
periodontal condition and evaluating the effect of periodontal treatment. How-
ever, the amount of GCF collected from periodontal pockets is very small; 
therefore, GCF analysis must focus on a limited number of cytokines [15]. Re-
cently, Sakai et al. investigated the expression of 42 cytokines in GCF from both 
healthy and periodontitis patients using a cytokine array system [16]. Although 
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they identified the expression of 36 cytokines in periodontal pockets and 10 cy-
tokines in healthy sites, their research design was cross-sectional and the differ-
ence in age between the healthy and periodontitis patients was significant. Fur-
thermore, the therapeutic effect markers in periodontitis are not yet fully un-
derstood. 

The treatment of periodontitis aims for a reduction in supra- and subgingival 
biofilm, which contains periodontopathic microorganisms. This is mainly ac-
complished by mechanical removal of the bacterial deposits from the tooth sur-
face by scaling and root planing (SRP). However, decreases in probing pocket 
depth (PPD) after SRP vary for individual patients, even when periodontal 
treatment is performed in the same way by the same periodontist. In other 
words, although SRP reduces PPD in patients with chronic periodontitis, some 
periodontal pockets do not react to SRP treatment and the anaerobic environ-
ment persists. We hypothesized that analyzing the GCF profile from periodonti-
tis patients could enable assessment of the therapeutic response to periodontal 
treatment such as SRP. Periodontal wound healing after SRP consists of several 
phases. Twenty-four hours after SRP, a widespread infiltration of inflammatory 
cells and migration of keratinocytes have been observed. The entire surface area 
of the periodontal pocket is epithelialized in 2 days. In 4 - 5 days, a new epitheli-
al attachment appears at the base of the sulcus. Depending on the severity of the 
inflammation and the depth of the gingival crevice, complete epithelial healing 
occurs in one week. Then, connective tissue repair by collagen fibers occurs with 
the formation of a long junctional epithelium within 21 days [17]. We assumed 
that the biological reaction after epithelialization of the gingival sulcus following 
SRP may relate to the healing of periodontal tissues in periodontitis. In the 
present study, we performed cytokine expression profiling in GCF before and 
one week after SRP using an inflammatory cytokine array kit and investigated 
the association of the initial changes in inflammatory cytokine levels with de-
creases in PPD to identify a pattern of cytokine expression that represented 
healing of periodontal tissue. 

2. Materials and Methods 
2.1. Patient Selection and Experimental Protocol 

A total of 20 patients were selected from new patients with chronic localized pe-
riodontitis, who visited Kyushu Dental University Hospital from 2013 to 2015 
(Table 1). Periodontitis was assessed by clinical examination, with classifications 
determined according to criteria proposed by the 1999 International World 
Workshop for a Classification of Periodontal Diseases and Conditions [18]. The 
enrollment criteria were as follows: 

1) Patients who had received no periodontal treatment within 5 years 
2) Patients who had a periodontal pocket ≥ 4 mm in depth in the incisor, ca-

nine or premolar region 
3) Patients with at least 20 teeth 
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Table 1. Patient profiles at the first visit. 

Subject 
number 

Age Gender 
Tooth 

number 
Sample 

site 
PPD 

(mm) 
BOP 
(+/−) 

Bone loss 
(%) 

1 49 Male 32 DB 5 + 13 

2 57 Male 32 DL 7 + 10 

3 65 Male 25 DB 5 − 21 

4 62 Male 21 MB 7 − 63 

5 56 Male 13 DB 6 + 27 

6 49 Female 45 DL 5 + 34 

7 68 Male 25 DB 6 + 26 

8 74 Female 24 DB 4 − 35 

9 68 Female 32 DB 5 + 26 

10 60 Female 15 DB 4 − 20 

11 60 Female 24 MB 5 − 26 

12 66 Female 23 ML 6 + 38 

13 62 Male 42 DB 5 − 40 

14 53 Male 15 DL 4 − 29 

15 74 Female 12 DB 7 + 83 

16 69 Female 21 DL 6 + 26 

17 69 Female 21 DB 6 − 29 

18 65 Female 34 DL 7 + 28 

19 70 Female 25 MB 6 + 60 

20 63 Female 11 DL 5 − 21 

Periodontal probing was performed by qualified periodontists at the first visit. PPD: Probing pocket depth, 
BOP: Bleeding on probing, Bone loss (%) was derived from the following formula: 100 × B/A; A: Distance 
between the cementoenamel junction and root apex; B: Distance between the cementoenamel junction and 
the base of the bone defect. 

 
4) Patients who were systemically healthy 
For each patient, a comprehensive clinical examination of the entire dentition 

including periodontal probing, oral hygiene assessment and dental radiographs 
was performed at the first visit (Figure 1(a)). PPD and bleeding on probing 
(BOP) were measured by qualified periodontists using a periodontal probe (#2, 
YDM, Tokyo, Japan) at six sites per tooth. A sample site in the incisor, canine or 
premolar region at which the PPD was ≥4 mm was then determined for each pa-
tient. The distance between the cementoenamel junction and root apex (A) and 
the distance between the cementoenamel junction and the base of the bone de-
fect (B) were measured on dental radiographs. Bone loss (%) was derived from 
the following formula: 100 × B/A [19]. 

Thereafter, all patients received oral hygiene instruction, which was repeated sev-
eral times. Periodontal probing was performed after a high standard of oral hygiene 
was achieved (PreSRP PPD). At the next visit, GCF was collected from the sample 
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Figure 1. Research protocol. (a) Research protocol, (b) Cytokines detectable with human cytokine antibody 
array C3, POS: Positive control, NEG: Negative control. 

 
site of each patient just prior to SRP (PreSRP GCF), and then collected from the 
same site one week after SRP (PostSRP GCF). SRP was performed by several oper-
ators using an ultrasonic scaler (EMS Electro Medical Systems S.A., Nyon, Swit-
zerland) and specific Gracey curettes (Hu-Friedy Mfg. Co., LLC, Chicago, IL, 
USA). All patients received quadrant SRP at 2-3 weeks intervals. Periodontal 
probing was performed after the initial periodontal treatment had been completed 
(PostSRP PPD). The periodontal epithelial surface area (PESA) and periodontal 
inflamed surface area (PISA) were also calculated as described by Nesse et al. [20]. 

This research protocol was approved by the ethics committee of Kyushu Den-
tal University (#12-10). All patients received a detailed explanation regarding the 
study protocol, and written informed consent was obtained from those who 
agreed to participate in this study. The present study was conducted in accor-
dance with the Helsinki Declaration. 

2.2. GCF Collection 

GCF was carefully collected from the sample site of each patient. Saliva and pla-
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que were removed from the site of GCF collection isolated with cotton wool 
rolls. A paper point (#40, Morita Co., Tokyo, Japan) was gently inserted into the 
sample site and left in place for 30 seconds. The paper point was transferred into 
120 μl of ice-cold sterilized phosphate-buffered saline and stored at −80˚C until 
analysis with a cytokine antibody array. Any GCF samples with bleeding were 
excluded. The GCF was thawed at room temperature immediately before the as-
say. After vortexing for 30 seconds and centrifuging at 800×g for 1 minute, the 
paper points were removed. The supernatants were used as GCF samples. 

2.3. Cytokine Antibody Array 

Semi-quantitative, sandwich-based, membrane antibody array (Human Inflam-
mation Array C3; RayBiotech, Inc., Atlanta, GA, USA) was used to simulta-
neously detect 40 cytokines according to the manufacturer’s instructions (Figure 
1(b)). Briefly, the cytokine assay membrane wells were blocked with 2 ml block-
ing buffer at room temperature for 30 minutes, and were then incubated with 
the samples diluted to 1 ml at 4˚C overnight. After aspirating the samples, the 
membranes were washed with wash buffers I and II, and incubated with bioti-
nylated antibody cocktail at 4˚C overnight. The membranes were washed with 
wash buffers again and incubated with streptavidin-conjugated horseradish pe-
roxidase (1:1000) at 4˚C overnight. After washing out unbound reagents with 
wash buffers, the membranes were incubated in detection buffer for 2 minutes. 
Exposure started within 5 minutes after incubation, and the chemiluminescent 
signal from the bound cytokine was detected on GelDoc™ XR Plus (Bio-Rad, San 
Francisco, CA, USA). Intensities of spots of cytokines from scanned images were 
calculated using Image J (NIH, Baltimore, MD, USA). Finally, these data were 
analyzed using the RayBio® antibody array analysis tool specifically designed for 
the arrays (RayBiotech, Inc.). Data for spots with lower intensities than the 
background could not be calculated and were handled as missing data in the sta-
tistical analysis. 

2.4. Statistical Analysis 

Statistical analyses were performed using the JMP 12.2.0 software program (SAS 
Institute Inc., Cary, NC, USA). 

3. Results 

The patients that participated in the present study consisted of eight males and 
twelve females with an average age of 62.8 ± 7.0 years (Table 1). PPD at sample 
sites ranged from 4 - 7 mm. We first compared the clinical measurements 
(PreSRP PPD and PostSRP PPD) before and after SRP. Distributions of PPDs 
were shown as a box-and-whisker plot with seven percentile lines (0, 10, 25, 50, 
75, 90, 100) as the data were not fit to a normal distribution (Figure 2). Matched 
pairs analysis using the Wilcoxon signed-rank test revealed that PPD signifi-
cantly decreased after SRP (p < 0.001). Wilcoxon signed-rank test also revealed  
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Figure 2. Distribution of PPD, PESA and PISA before and after SRP. Periodontal probing was performed 
by qualified periodontists before SRP (PreSRP) and after initial periodontal treatment had been completed 
(PostSRP). Time intervals were 2 to 3 months between periodontal probing before and after SRP. Peri-
odontal epithelial surface area (PESA) and periodontal inflamed surface area (PISA) were calculated using 
probing pocket depth (PPD) and bleeding on probing (BOP) according to reference [19]. Distributions of 
PPD, PESA and PISA were shown as a box-and-whisker plot with seven percentile lines (0, 10, 25, 50, 75, 
90, 100). Wilcoxon signed-rank test revealed that PPD, PESA and PISA significantly decreased after SRP (p 
< 0.001, p < 0.001 and p = 0.032). 

 
that PESA and PISA significantly decreased after SRP (p < 0.001 and p = 0.032). 

We then compared cytokine levels in GCF samples collected before and one 
week after SRP (Figure 3). The number of samples detected for each cytokine 
varied from eight to seventeen, as no visible spot was recognized on the mem-
branes for some cytokines; therefore, this was handled as missing data. Distribu-
tions of levels of cytokines in GCF before and after SRP were shown as 
box-and-whisker plots with seven percentile lines (0, 10, 25, 50, 75, 90, 100), as 
the data were not fit to a normal distribution. The median for IL-8 levels in GCF 
was 1.4-20-fold higher when compared with the other cytokines. However, 
matched pairs analysis using the Wilcoxon signed-rank test revealed no signifi-
cant difference between the levels of any cytokines in GCF before and after SRP. 

Finally, we investigated the association of changes in cytokine levels in GCF 
one week after SRP with clinical improvements 2 to 3 months after SRP. Clinical 
improvements (∆PPD, ∆PESA and ∆PISA) for PPD, PESA and PISA were cal-
culated using the formula PreSRP-PostSRP. Changes in cytokine levels in GCF 
were then calculated using the following three formulas: PreSRP-PostSRP, 
PostSRP/PreSRP and Log (PostSRP/PreSRP). The changes in cytokine levels in  
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Figure 3. Distributions of levels of cytokines before and after SRP. GCF samples were collected before (PreSRP) and 7 days after 
SRP (PostSRP). Distributions of levels of cytokines in GCF were shown as a box-and-whisker plot with seven percentile lines (0, 
10, 25, 50, 75, 90, 100). The levels of any cytokines in GCF did not significantly change after SRP (Wilcoxon signed-rank test). 
 

GCF calculated using the formula PreSRP-PostSRP mostly ranged from −40,000 
to 40,000, while changes calculated using the formula Log(PostSRP/PreSRP) 
mostly ranged from −3 to 3 (Figure 4). Correlations between clinical improve-
ments (∆PPD, ∆PESA and ∆PISA) and changes in cytokine levels in GCF calcu-
lated using the three formulas, PreSRP-PostSRP, PostSRP/PreSRP and Log 
(PostSRP/PreSRP), were examined (Table 2). There were no significant correla-
tions except ∆PESA vs. Log(PostSRP/PreSRP) for IL-1β (correlation coefficient 
= −0.512, p = 0.043), ∆PISA vs. PostSRP/PreSRP for ICAM-1 (correlation coef-
ficient = −0.669, p = 0.009) and ∆PISA vs. Log(PostSRP/PreSRP) for ICAM-1 
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(correlation coefficient = −0.573, p=0.049). 
Two good fit models were generated by multiple linear regression. Log 

(PostSRP/PreSRP) for IL-1β significantly affected ΔPESA (R2 = 0.566, adjusted 
R2 = 0.421, p = 0.049) (Table 3). PostSRP/PreSRP for ICAM-1 significantly af-
fected ΔPISA (R2 = 0.615, adjusted R2 = 0.480, p = 0.029) (Table 4). 

4. Discussion 

In the present study, we investigated the levels of inflammatory cytokines in  
 

 
Figure 4. Distributions of changes in the levels of cytokines after SRP. Changes in the levels of cytokines in 
GCF were calculated using three formulas: PreSRP-PostSRP, PostSRP/PreSRP and Log (PostSRP/PreSRP). 
Distributions of changes in levels of cytokines were shown as a box-and-whisker plot with seven percentile 
lines (0, 10, 25, 50, 75, 90, 100). 
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Table 2. Correlation between clinical improvements (∆PPD, ∆PESA and ∆PISA) and 
changes in cytokine levels. 

  PreSRP-PostSRP PostSRP/PreSRP Log(PostSRP/PreSRP) 

∆PPD     

 ICAM-1 −0.015 −0.254 −0.253 

 IL-1β 0.072 −0.300 −0.405 

∆PESA    

 ICAM-1 0.141 −0.383 −0.359 

 IL-1β 0.206 −0.441 −0.512* 

∆PISA    

 ICAM-1 −0.063 −0.669* −0.573* 

 IL-1β −0.080 −0.465 −0.242 

Correlation coefficients are shown in this table. *p <0.05. PPD: Probing pocket depth, PESA: Periodontal 
epithelial surface area, PISA: Periodontal inflamed surface area Clinical improvements (∆PPD, ∆PESA and 
∆PISA) were calculated using the formula PreSRP-PostSRP. Changes in cytokine levels in GCF were calcu-
lated using the following three formulas: PreSRP-PostSRP, PostSRP/PreSRP and Log (PostSRP/PreSRP). 
There were no significant correlations between clinical improvements and changes in cytokine levels except 
∆PESA vs. Log (PostSRP/PreSRP) for IL-1β, ∆PISA vs. PostSRP/PreSRP for ICAM-1 and ∆PISA vs. Log 
(PostSRP/PreSRP) for ICAM-1. 

 
Table 3. ∆PESA estimation formula derived by performing a multiple linear regression 
Log (PostSRP/PreSRP). 

Term Estimate Std Error t Ratio Prob > |t| 

Intercept 14.014 2.839 4.935 0.001 

IL-1β −13.226 4.159 −3.180 0.011 

MCP-1 17.641 8.814 2.001 0.076 

TNF-β 0.543 7.516 0.072 0.944 

∆PESA and changes in cytokine level calculated using the formula Log (PostSRP/PreSRP) were used as ob-
jective and explanatory variables, respectively. R2 = 0.566, adjusted R2 = −0.421, p = 0.049. 

 
Table 4. ∆PISA estimation formula derived by performing a multiple linear regression 
PostSRP/PreSRP. 

Term Estimate Std Error t Ratio Prob > |t| 

Intercept 13.473 5.127 2.628 0.027 

ICAM-1 −0.181 0.072 −2.531 0.032 

IL-10 −2.115 1.994 −1.061 0.317 

sTNF RII 1.625 1.033 1.573 0.150 

∆PISA and changes in cytokine level calculated using the formula PostSRP/PreSRP were used as objective 
and explanatory variables, respectively. R2 = 0.615, adjusted R2 = −0.486, p = 0.029. 

 
GCF from patients with chronic periodontitis using the human inflammation 
antibody array kit, which enabled the semi-quantitative detection of 40 inflam-
matory cytokines simultaneously. We demonstrated that clinical measurements 
(PPD, PESA and PISA) significantly improved after SRP, although the levels of 
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40 inflammatory cytokines in GCF did not significantly change after SRP. The 
results of the present study, however, indicate that a lower PostSRP/PreSRP ratio 
for IL-1β and ICAM-1 in GCF led to a greater decrease in PESA and PISA, re-
spectively. This is the first comprehensive analysis of inflammatory cytokines in 
GCF during the early phase of periodontal healing after SRP associated with 
clinical improvement. 

Presently, periodontitis is well-known to be an inflammatory condition of the 
supporting tissues of teeth caused by periodontopathic microorganisms, which 
induce the host immune and inflammatory responses [21]. Therefore, it is be-
lieved that the intensity of periodontal inflammation could be assessed objec-
tively by analyzing GCF components, because many inflammatory and immune 
mediators implicated in periodontal destruction have been detected in GCF. 
Several researchers have reported that the expression of inflammatory cytokines 
such as IL-1, IL-6, IL-8 and TNF-α in GCF from chronic periodontitis patients 
was significantly elevated when compared with healthy patients [22] [23] [24] 
[25]. Furthermore, there are some reports investigating the effect of nonsurgical 
periodontal therapy involving SRP on GCF from patients with chronic peri-
odontitis [26] [27]. Hannigan et al. reported a significant decrease in soluble 
ICAM-1 in GCF from patients with chronic periodontitis after SRP [28]. Ko-
nopka et al. found a marked decrease in IL-1β in GCF at 4 weeks after SRP along 
with a significant improvement in clinical parameters [23]. At one week after 
SRP, GCF samples from five patients showed almost the same levels of IL-1β as 
the baseline, while samples from the other 25 patients showed lower levels than 
the baseline. All the samples from 30 patients eventually showed significantly 
lower levels of IL-1β than the baseline at 4 weeks. They failed to find any signifi-
cant correlations between the amounts of IL-1β, IL-8 and MMP-8 in GCF and 
clinical parameters at 1 and 4 weeks after SRP. It might be noted that there were 
two patterns of decreases of IL-1β in GCF after SRP. Our present study showed 
that the levels of IL-1β in GCF did not significantly decrease by one week after 
SRP (Figure 3). Furthermore, there was no expression of IL-1β in three out of 20 
samples. The range of IL-1β levels, which could be detected in 17 GCF samples, 
were also very broad (median: 2652, range: 38 - 46,444) (Figure 3). The detec-
tion limit of the human inflammation antibody array kit, which we used in this 
study, was 100 pg/ml, while the IL-1β enzyme-linked immunosorbent assay 
(ELISA) kit used by Konopka et al. could detect 2 pg/ml. Therefore, the differ-
ence in results between these studies may be explained by the detection limit of 
the antibody array kit used. 

Antibody array kits have several advantages when compared with single pro-
tein target ELISA kits. One of the advantages of antibody arrays is the ability to 
perform high-content screening using approximately the same volume as tradi-
tional ELISA. We detected EOTAXIN-2, I-309, monocyte chemotactic protein 
(MCP)-2, monokine induced by interferon-gamma, and macrophage inflamma-
tory protein (MIP)-1δ, which, to our knowledge, have not been previously de-
tected in GCF. EOTAXIN-2, I-309, MCP-2 and MIP-1δ are known as chemo-
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kine (C-C motif) ligands CCL24, CCL1, CCL8 and CCL15, respectively, and be-
long to the CC chemokine family. These chemokines have been reported to be 
chemotactic and to activate several immune cells [29] [30] [31] [32]. Although 
SRP did not affect the expression of these novel cytokines in GCF, they may be 
involved in the pathogenesis of periodontitis. Further analyses are needed to 
prove this hypothesis. Conversely, antibody array also has some disadvantages, 
such as the narrow range of detection on target proteins as described above. In 
addition, antibody array is less accurate in detecting the coefficient of variation 
of spot signal intensities of proteins as determined by densitometry, when com-
pared with conventional ELISA methods. Improvement of these disadvantages 
would make the antibody array a useful tool for analysis of GCF. 

In our study, we found that there was no significant correlation between the 
clinical parameters and the expression of 40 inflammatory cytokines in GCF af-
ter SRP therapy. Several researchers have investigated the relationship between 
clinical parameters and the levels of inflammatory cytokines such as IL-1β and 
IL-8 after SRP. Toker et al. found that there were no significant correlations be-
tween the level of IL-1β and clinical parameters 6 weeks after initial periodontal 
therapy [33]. Research by Gamonal et al. also showed a very weak correlation 
between clinical parameters and the levels of IL-1β and IL-8 2 months after SRP 
[34]. These data suggest that it is difficult to explain the periodontal tissue con-
dition using the levels of inflammatory cytokines alone. In the present study, we 
hypothesized that normal levels of cytokines vary for each individual patient; 
therefore, we evaluated changes in cytokine levels using PostSRP/PreSRP in 
addition to PreSRP-PostSRP. We revealed that Log(PostSRP/PreSRP) for IL-1β 
was significantly correlated with a decrease in PESA (ΔPESA) in Table 2. 
PostSRP/PreSRP and Log(PostSRP/PreSRP) for ICAM-1 were also significantly 
correlated with a decrease in PISA (ΔPISA). Moreover, multiple linear regres-
sion indicates that a lower ratio of PostSRP/PreSRP for IL-1β and ICAM-1 in 
GCF leads to a greater decrease in PESA and PISA. We could not specify the cy-
tokines that affect the decrease in PPD after SRP. This may be because only small 
changes are seen after SRP in sites with moderate PPD. 

GCF contains host-derived enzymes, such as MMPs, and growth factors, such 
as platelet-derived growth factor-BB, which are important regulators of the 
healing process. Thus, there may be a correlation between clinical parameters 
and multiple factors, including inflammatory cytokines, enzymes and growth 
factors. Furthermore, we used additional indexes, PESA and PISA, which were 
calculated using six PPD sites and BOP scores obtained per target tooth using 
the six-point probing method. Previous studies related to GCF generally ex-
amined the PPD or clinical attachment level at the single deepest pocket per 
tooth, and used this value as a clinical parameter. We inferred that GCF in a pe-
riodontal pocket of one tooth would be affected by other pockets around the 
same tooth because the gingival sulcus exists continuously around the tooth. In 
fact, our single and multiple regression analyses indicated that the change in the 
expression of inflammatory cytokines correlated with ΔPESA and ΔPISA, not 
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with ΔPPD. Although several researchers reported no correlation between the 
change in levels of inflammatory cytokines and clinical parameters such as PPD 
after SRP [34], statistical analysis with the addition of ΔPESA and ΔPISA as a 
clinical parameter may have shown a correlation. 

Numerous researchers have demonstrated the beneficial effects of SRP on 
both clinical and microbial parameters [35]. Our observation also indicated sig-
nificant improvement in clinical parameters after initial periodontal treatment. 
However, the expression of inflammatory cytokines was still elevated one week 
after SRP. Therefore, the findings of this research may suggest that nonsurgical 
treatment, such as SRP, results in improved clinical signs of inflammation, and 
that the wound healing process is affected by the decreased ratio of inflammato-
ry cytokines such as IL-1β and ICAM-1 at an early stage after SRP. Periodontal 
healing is a highly complex process under the control of inflammatory cytokines, 
MMPs and growth factors. More detailed investigation is needed to identify the 
healing process of periodontal tissue. 
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