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Peri-Implant Sulcular Fluid (PISF) Nitric Oxide (NO) as an Early 
Marker of Inflammation 
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BACKGROUND.  
Nitric oxide (NO) plays an essential role in the regulation of peri-implant soft tissue inflammation, immunomodulation, antimicrobial defense, 
and anabolic and bone resorption processes. The alterations of NO play important role in the pathogenesis of periodontitis.  
OBJECTIVES 
In the present study, we aimed to evaluate the role of the peri-implant sulcular fluid (PISF) nitric oxide (NO) as a marker of early inflammation. 
METHODS  
Overall, 20 practically healthy persons (aged from 18 to 65 years) with a dental implant placed in the chewing group of teeth, good oral cavity 
hygiene (Board index <20%), and the need for rehabilitation were included in the study. The content of nitric oxide (NO) in PISF was measured 
before and 1, 2, and 3 months after implantation and compared with similar values of GSF of healthy teeth. 
RESULTS  
The Herniarin-treated mice showed approximately the same results as irradiated mice on post-irradiation days 2 and 7. Furthermore, on days 
14 and 30 absorption spectrum of erythrocyte membrane proteins significantly increased (P<0.05) in the Herniarin-treated experimental group. 
In the CSF of healthy teeth of studied patients, NO content did not significantly change during the post-implantation period, while the NO 
concentration in PISF was statistically higher than the initial level in the first and second post-implantation months (25.09±0.77 μM and 
19.47±0.84 μM, respectively), and returned to the nearly initial level 3 months after implantation (17.19±0.5 μM). 
CONCLUSIONS 
The results of the present study indicate the importance of NO metabolism to the inflammatory process around dental implants. PISF appears 
to have diagnostic potential for early prediction of inflammation after implantation. Further studies are needed to evaluate and compare PISF 
and GCF, especially concerning the inflammatory process and bone remodeling. 
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BACKGROUND 
mplant-based dental rehabilitation becomes one of the 
alternatives to the therapeutic options for totally or 
partially edentulous patients. However, the incidence of 

peri-implant disease increased with the growth of dental 
implant users.1  

Several methods are currently used to assess the survival 
and prognosis of surrounding dental implant (peri-implant) 
tissues.2 Periodontal gingival inflammation, plaque 
accumulation, probing depth, and bleeding on probing are 
traditional methods for the evaluation of peri-implant 
clinical status.3 However, they can evaluate the progressive 
inflammatory process in peri-implant tissues rather than 
detect the early inflammatory response.4 

Based on this, there is a growing interest in the 
development of new site-specific tests with higher 
specificity and sensitivity which may overcome the well-
known limitations.5 

The peri-implant sulcus is quite similar to periodontal 
crevices anatomically, functionally, and environmentally.6 
The gingival crevicular fluid (GCF) is the osmotically 
mediated physiological exudate originating from serum and 
tissue fluid that seeps through the crevicular and junctional 
epithelium. GCF plays an essential role in maintaining the 
structure of junctional epithelium and the antimicrobial 
defense of periodontium; its flow reflects the cellular 
response in the periodontium by the constituents from the 
gingival crevice and is an important determinant of the 
status of periodontal tissues.7  

The presence of a similar fluid was demonstrated in the 
peri-implant sulcus. This peri-implant sulcular fluid (PISF), 
like GSF, is composed of serum and local tissue breakdown 
products, inflammatory mediators (cytokines, 
prostaglandins), tissue degradation signal molecules (matrix 
metalloproteinases, acute phase proteins), minerals, bone 
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metabolism markers, and antibodies against dental plaque 
bacteria.8.9 Thus, the study of GCF and PISF can be useful in 
terms of detecting early markers of inflammation in both 
gum and peri-implant tissues.10,11  

Nitric oxide (NO), as a small-sized, highly reactive 
secondary messenger molecule, plays an essential role in the 
regulation of peri-implant soft tissue inflammation, 
immunomodulation, antimicrobial defense, and anabolic 
and bone resorption processes.  

After the implantation, inflammatory processes may 
increase NO production in peri-implant tissues due to the 
intensification of inducible NO-synthase (iNOS) expression 
by proinflammatory cytokines or a decrease in NO content 
as a result of its transformation into peroxynitrite under 
oxidative stress conditions.12 It was shown that the 
alterations of NO play important role in the pathogenesis of 
periodontitis.13,14 

In the present study, we aimed to evaluate the role of 
PISF nitric oxide (NO) as a marker of early inflammation. 

METHODS 
Study design 
Overall, 20 practically healthy persons (aged from 18 to 65 
years) with a dental implant placed in the chewing group of 
teeth, good oral cavity hygiene (Board index <20%),15 and 
the need for rehabilitation were included in the study after 
receiving informed consent.  

The comorbidities (allergy, cancer, hepatitis, diabetes of 
various severity, endocrine system disorders, stomach ulcer 
diseases, chronic gastritis, colitis, respiratory diseases), 
pregnancy, and use of osseointegration-modulating 
medications (including anti-inflammatory drugs) 6 months 
before the implantation were exclusion criteria. 

The content of nitric oxide (NO) in PISF was measured 
before and 1, 2, and 3 months after implantation and 
compared with similar values of GSF of healthy teeth. 

The study design was approved by the Ethics Committee 
of Tbilisi State Medical University (TSMU). 

Collection of gingival crevicular fluid (GCF) and peri-implant 
sulcus fluid (PISF) 
PISF and GCF were obtained by the method proposed by 
Rudin and co-authors (Rudin HJ, 1970) with minimal 
mechanical irritation. 

The identified areas sampled were treated with sterile 
cotton swabs to remove dental plaque and then air-dried to 
prevent plaque and saliva contamination. Strips of 
standardized paper (Periopaper, no.593525) was placed at 
the entrance of the grooves of the implant and healthy teeth 
and inserted to a standardized depth of 1 mm to avoid 
further mechanical irritation. The sampling time was 
standardized and equal to 30 seconds. Samples 
contaminated with blood were not used. 

For safe storage of PISF and GCF samples, the paper 
strips were placed in a sterile Eppendorf tube and stored at 
200C until laboratory analysis before and 1, 2, and 3 months 
after implantation. 

Determination of NO content in saliva 
The samples of GSF of PISF in an amount of 100 microliters 
placed on microplates were incubated at room temperature 
for 10 minutes after adding 0.5 ml of freshly prepared Greiss 
reagent. The absorbance intensity of each sample was 
measured at a wavelength of 540 nm.16 The nitric oxide (NO) 
concentration was measured via a standard curve prepared 
using sodium nitrite.  

Statistical analysis 
Statistical significance was tested using one-way ANOVA and 
a two-sample t-test. Relationships yielding p-values less than 
0.05 were considered significant. All values were expressed 
as the mean ± SE.  

RESULTS 
Table 1 and Figure 1 represent the dynamics of the NO 
concentration measured in GSF and PISF 1, 2, and 3 months 
after implantation. In the CSF of healthy teeth of studied 
patients, NO content did not significantly change during the 
post-implantation period, while the NO concentration in 
PISF was statistically higher than the initial level in the first 
and second post-implantation months (25.09±0.77 μM and 
19.47±0.84 μM, respectively), and returned to the nearly 
initial level 3 months after implantation (17.19±0.5 μM). 

TABLE 1. NO concentrations in gingival crevicular fluid (GCF) of healthy 
teeth and peri-implant sulcus fluid (PISF) before and 1, 2 and 3 months after 
implantation 

 
Number 

of 
samples 

Before 
implantation 

After implantation 

1 month 2 months 3 months 

GSF 20 16.17±0.23 16.30±0.6 16.26±0.4 16.1±0.3 

PISF 20 16.22±0.16 25.09±0.8 19.47±0.8 17.19±0.5 

FIGURE 1. NO concentrations in gingival crevicular fluid (GCF) of healthy 
teeth and peri-implant sulcus fluid (PISF) 1, 2 and 3 months after 
implantation 
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DISCUSSION 

Nitric oxide (NO) plays an essential role in peri-implant tissue 
inflammation and bone remodeling. As a secondary 
messenger, NO represents a mediator of the nonspecific 
immune response with beneficial and harmful effects.17-19 
During and after implantation, the alteration of NO 
production occurs in response to inflammatory reactions 
and oxidative stress of peri-implant tissues. The 
inflammatory process leads to the release of 
polymorphonuclear neutrophils or leukocytes (PMN), 
macrophages, lymphocytes, and mast cells. The lysosomes 
of these inflammatory cells contain enzymes that degrade 
the bacterial and metabolic by-products during the process 
of phagocytosis. However, these enzymes are capable of 
degrading gingival tissue components as well. According to 
the existing evidence, a small amount of NO constitutively 
produced by osteoblasts can act as a stimulator of 
osteoblast growth and differentiation.  

A high concentration of NO in PISF can have an inhibitory 
effect on osteoblastic growth and differentiation and/or 
stimulate bone resorption may be partly due to its pro-
apoptotic effects.20 NO is also affected by the loading of 
dental implants. Mechanical stimulus is one of the factors 
involved in bone remodeling.21 Therefore, the diagnostic 
potential of PISF should be interpreted with caution due to 
the limited number of analyzed samples. 

According to the results of our study, the level of NO in 
CSF of healthy teeth of studied patients did not significantly 
change during three months of the post-implantation 
period, while the content of NO in PISF one month after 
implantation increased by 55% compared to the initial level 
and gradually decreased during next two months to the 
before implantation level. The increased NO concentration 
in PISF of dental implants indicates the inflammation of the 
peri-implant tissues. The finding of an increase in PISF NO 
metabolism at inflamed sites is in line with the previously 
reported results of a comparative analysis of existing 
studies.22,23 

CONCLUSION 

The results of the present study indicate the importance of 
NO metabolism to the inflammatory process around dental 
implants. PISF appears to have diagnostic potential for early 
prediction of inflammation after implantation. Further 
studies are needed to evaluate and compare PISF and GCF, 
especially concerning the inflammatory process and bone 
remodeling. 
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