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ABSTRACT
Objectives: The mechanisms underlying the formation and composition of gingival crevicular fluid
(GCF) and its flow into and from periodontal pockets are not understood very well. The aim of this
study was to evaluate the length of sampling time and sequential sampling of GCF neutrophil elastase
(NE) enzyme levels by using intracrevicular and orifice methods.
Material and methods: Twenty adults (mean age of 41.8 years, ranged 31–60 years, 18 males and 2
females) with chronic periodontitis were enrolled and all completed the 3-d study. GCF was collected
by both intracrevicular and intrasulcular methods, 720 samples of GCF were collected. In first, second
and third day, the length of sampling time in seconds (s) and order were ‘5- 10-30-s’; ‘10- 30- 5-s’ and
‘30- 5- 10-s,’ respectively. GCF elastase levels were determined by hydrolysis of neutrophil specific sub-
strate N-methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide.
Results: NE activity (mU) and NE activity/volume (mU/ml) were significantly different for order of sam-
pling (p< .05), but not for the length of sampling time (p>.05).
Conclusions: Within the limits of this study, the choice of sampling technique in GCF-profile studies
seems to be a critical decision as it has the potential to affect the GCF volume and NE activity.
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Introduction

Gingival crevicular fluid (GCF) is accepted as a physiological
fluid and/or inflammatory exudate. Analysis of the constitu-
ents of GCF sample enables to investigate the processes in
periodontal health and periodontal disease depending on
the sampling site-specific nature of the samples. These char-
acteristics of GCF also provide exploration of the samples as
a diagnostic and prognostic indicator [1].

GCF sampling is usually made by two methods; either by
placing a calibrated filter paper strip [2–4] to the opening of
the gingival crevice, so-called orifice method or periodontal
pocket, so called intracrevicular method. GCF fluid was
allowed to accumulate for a relatively short period of time,
usually 30 s (s). The sampling of the GCF with an absorbent
paper strip is an objective and non-invasive procedure which
is also a highly sensitive sample collection method [2–4].
Intracrevicular GCF collection technique is generally pre-
ferred, however, insertion depths of these strips vary
depending on the sampling methods [2,5–12]. The fluid flow
is affected by mechanical irritation, therefore, the strip inser-
tion depth, repetition of insertions (sequential samplings)
and/or duration of insertions (sampling time) may alter the
amount of GCF volume and/or GCF composition-constituents

[3,4,9,11–18]. To establish a standard methodology of GCF
sampling, numerous studies were conducted and the need
of a standardized method was emphasized [2–4,6,19–23].
The choice of sampling time is concerning in collecting GCF
as variable collection durations were reported [24–27]. With
regard to reporting data of the GCF, it is acceptable to either
measure volume (e.g. with a Periotron) and then calculate
mediator concentration according to the original GCF vol-
ume, or to report total mediator content. Most authors now-
adays prefer to report total mediator content [28].

Neutrophil elastase (NE) is a serine protease stored in
azurophilic granules which degrades the periodontal tissue
components, when released from granulocytes due to bac-
terial phagocytosis or cell lysis [29–31]. The proteolytic activ-
ity of this enzyme contributes to the body’s defence against
infectious agents by promoting the destruction of patho-
genic bacteria [32]. High levels of unregulated NE have also
been associated with the inflammatory state found in a wide
range of acute and chronic diseases [33], with excess NE
causing extracellular matrix degradation, cellular receptor
cleavage and healthy tissue disruption [34,35]. NE is, there-
fore, a potential diagnostic marker for a number of disease
states and methods for the detection of this enzyme with
high sensitivity are of clinical importance [36,37]. Depending

CONTACT Nezahat Arzu Kayar narzu@hotmail.com Department of Periodontology, Akdeniz University Faculty of Dentistry, Antalya 07058, Turkey
� 2019 Acta Odontologica Scandinavica Society

ACTA ODONTOLOGICA SCANDINAVICA
2020, VOL. 78, NO. 4, 290–296
https://doi.org/10.1080/00016357.2019.1703141

http://crossmark.crossref.org/dialog/?doi=10.1080/00016357.2019.1703141&domain=pdf&date_stamp=2020-04-02
https://doi.org/10.1080/00016357.2019.1703141
http://www.tandfonline.com


on the characteristics of the enzyme, the elevated levels of
NE activity might be expected during periodontal tissue
breakdown [38] which is known to be associated with future
attachment loss [39]. Building on these findings, quantifica-
tion of GCF constituents may be considered as a tool for
understanding of the development and progression of peri-
odontal diseases and may serve as an objective measure of
periodontal disease status. The analysis of NE activity is
effective in differentiating the healthy state from gingivitis
and aids in treatment planning [11]. Furthermore, as empha-
sized in a recent meta-analysis published by Arias-Bujanda
et al. [40], NE was the second most researched and had the
second best performance values (estimated sensitivity and
specificity median ¼ 75% and 81%) of GCF biomarkers.
While harvesting GCF, collecting fluid without affecting the
biological flow of fluid is crucial in the methodological step.
Therefore, the liquid collected from the sulcus is very limited
and the GCF flow can be easily affected by mechanical irrita-
tion [4,39]. There is no consensus on preferred sampling
time, however, it is recommended to be less than 5min [11].
Further, while some authors use the first GCF sample for
laboratory analysis [11,41], some others avoid the first one as
they reflect the situation within crevice [42,43]. There are
studies in literature assessed the impact of different methods
and argued which standard method was valuable to deter-
mine the GCF profile and the biological properties of GCF
[4,44]. However, few systematic studies examined the differ-
ences in amount or composition of GCF in correlation with
sampling time or sequential sampling. Therefore, there is a
need for a study exploring the features of GCF in comparison
with variable sampling methods. The aims of this study were
to evaluate the effect of the length of sampling time (5-s 10-
s and 30-s) and the sequential sampling (first, second and
third day) on the NE activity and GCF volume by using intra-
crevicular and orifice methods.

Material and methods

Study population

The study population comprised 20 patients (18 males and 2
females). Based on the new classification system for peri-
odontal diseases [45], periodontal status was classified as fol-
lows: localized or generalized periodontitis of periodontal
Stage II or Stage III with grade B or grade C, with age of
>35 years (mean age: 41.8 years, ranged 31–60 years) with
probing depths (PDs) >5mm in at least two sites, radio-
logical detectable alveolar bone loss in all quadrants.

Exclusion criteria were presence of systemic disease; use
of antibiotics and/or anti-inflammatory drugs within the past
6 months; history of any oral hygiene prophylaxis and scaling
and root planning within the past 6 months. This study was
approved by the Research Ethics Committee of Selcuk
University Faculty of Dentistry. Written informed consent was
obtained from all subjects prior to participation. The study
was registered at ClinicalTrials.gov (NCT02676362).

Clinical periodontal evaluation

The plaque index (PI)[15], gingival index (GI)[16], sulcus
bleeding index (SBI)[9], clinical attachment level (CAL) and
PD [with Williams Periodontal Probe (Hu Friedy, Chicago, IL)]
were recorded by the same examiner (NAK).

Gingival crevicular fluid collection and processing

Two sites presenting �5mm of PD, alveolar bone loss as
assessed on panoramic radiographs and GI of 2 (with prefer-
ence of two maxillary non-molar teeth) were selected for
GCF sampling procedure for each individual. GCF was har-
vested from mesiofacial or distofacial angle of two different
maxillary anterior incisors or premolars to eliminate the risk
of contamination with saliva. Samples were collected in the
morning 2–3 h after the breakfast. Prior to GCF sampling, pla-
que scores were determined, then the sample site was iso-
lated with cotton rolls and lightly scaled to remove
supragingival plaque, and gently air dried. In the first set,
paper strips (Periopaper strips, IDE, Amityville, NY) were used
according to the orifice method described by R€udin et al.
[10]. Paper strip was inserted 1mm into the pocket and left
in place for 5s. The volume of GCF (ll) on strips was deter-
mined with Periotron 8000 (Harco, Winnipeg, Canada) previ-
ously calibrated with serum [46]. GCF was harvested at the
same interproximal site with the length of sampling times of
5, 10 and 30 s with 60 s intervals between repeat samples.
Each site was sampled three times in the first set and each
of the paper strips was placed into eppendorf tube contain-
ing 150 ll of phosphate-buffered saline (PBS) and stored at
�30

�
C until assayed. Ten min following the first set, the

same procedure was performed using intracrevicular place-
ment of paper strips. The strips were inserted into the crev-
ice until mild resistance was felt and then left in place. The
same procedures were repeated for three consecutive days
with different order in terms of sampling time. In a few
cases, bleeding occurred while performing repeated sam-
pling, we recalled patients following day for repeat sampling
procedure. On the first, second and third day, the length of
sampling time in seconds were ‘5 s, 10 s, 30 s’; ‘10 s, 30 s, 5 s’
and ‘30 s, 5 s, 10 s’, respectively (Table 1). Total actual sam-
pling time for orifice and intracrevicular methods were 340 s;
for orifice method 165 s; intracrevicular method 165 s with
10 m interval in between two methods. A total of 720 sam-
ples of GCF were collected by the same examiner (NOA).

Table 1. The length of sampling time, sequence position of each day by
using the orifice and intracrevicular methods.

The length of sample time

Days Sampling methods First Second Third

First day Orifice (Set I) 5 s 10 s 30 s
Intracrevicular (Set II) 5 s 10 s 30 s

Second day Orifice (Set I) 10 s 30 s 5 s
Intracrevicular (Set II) 10 s 30 s 5 s

Third day Orifice (Set I) 30 s 5 s 10 s
Intracrevicular (Set II) 30 s 5 s 10 s
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Neutrophil elastase activity in GCF

NE level in GCF was determined by measurement of p-nitroa-
nilide resulting from hydrolysis of neutrophil elastase-specific
peptide (N-methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide
(Sigma Chem. Co., St Louis) using ELISA plates. Hydrolysis of
this substrate was accompanied by a colour change that can
be quantified using an immunoassay plate reader which
measures functionally active NE levels. Standard solutions of
NE (range 2–1000 lU/ll) were prepared with ELISA dilu-
ent buffer.

At the time of analysis, samples were vortexed and incu-
bated at 1 h at 22

�
C. On each microtiter plate, 25 ll of elu-

tion media (physiologic saline ± 0.1% Tween 20) and 200 ll
of substrate was added into two wells in the first column as
the substrate blank. Duplicate 25 ll samples of each standard
and 200 ll of substrate was placed into standard wells. A
total of 25 ll of sample and 200 ll of substrate was added to
sample wells. A 25ml aliquot of GCF was incubated with
200ml of 1.25mM synthetic substrate specific for NE, N-
methoxysuccinyl-ala-ala-pro-val-p-nitroanilide (Sigma Chem.
Co., St Louis) in a 96-well ELISA plate for 2.5 h at 37

�
C. At

the end of the incubation, the optic density was read at
405 nm. This method measures functionally active NE, which
includes free NE and NE bound to a2-macroglobulin (A2MG).
Elastase-a1-antitrypsin (A1AT) inhibitory complex was not
recorded by this assay since it was functionally inactive [47].
Active NE levels (free elastase and elastase bound to A2MG)
were calculated from the standard curve. NE activity on the
strips was expressed in terms of mU (pmols of substrate
hydrolysed per minute) and lU/ll [48,49].

Statistical analysis

For normalization of biochemical values, natural logarithmic
transformations were undertaken. The effects of the orifice
and intracrevicular methods, the length of sampling time
and sequential sampling measurements on crevicular fluid
NE were analysed by two-way analysis of variance (ANOVA)

and the level of significance was set at p< .05 and
Bonferroni correction applied for multiple post hoc compari-
sons with adjusted p level of 0.016. Statistical analyses were
performed using SPSS version 15.0 (SPSS 15.0, SPSS,
Chicago, IL).

Results

A total of 40 teeth in 20 consecutive patients with chronic
periodontitis were included in this study. The mean and
standard deviation (SD) for PI and GI were 2.45 ± 0.6 and
2.05 ± 0.2, respectively. All sampling sites were SBIþ
(2.05 ± 0.8). The mean± SD for PD and CAL were 5.8 ± 0.9mm
and 5.7 ± 1.5mm, respectively.

Study design and sampling protocols were presented in
Table 1. A total of 720 GCF samplings were obtained from
20 periodontitis patients with two interproximal sites of non-
molar teeth during 5, 10 and 30 s with 1-min intervals and
varying sample order (first, second and third) by using orifice
and intracrevicular methods (Table 1).

Table 2 represents data for median values and interquar-
tile range of GCF volume, NE activity (mU and mU/ml) for dif-
ferent sample times (5, 10 and 30 s). The 5 s sample of the
GCF volume was significantly lower than 30 s sample
(p< .05). There were no statistically significant differences in
terms of NE activity (mU and mU/ml) between different sam-
pling time periods (p>.05).

The NE activity (mU and mU/ml) in the first samples was
higher than in second and third samples (Table 3, p< .05).
There was a statistically significant difference in GCF volume
for the first and third samples (p< .05). However, no signifi-
cant differences were found between first and second sam-
ples (p>.05), also third and second samples (p>.05).

Data for median values and interquartile range of GCF
volume and NE activity (mU and mU/ml) for each of two sets
(both orifice and intracrevicular methods) were presented in
Table 4. The values of NE activity (mU and mU/ml) with orifice

Table 2. Median values (interquartile range) of NE activity and GCF volume for the sampling time.

Sampling time

5 s
(n¼ 240) 10 s (n¼ 240)

30 s
(n¼ 240)

NE Activity/volume (lU/ll), median (IQR) 771.25 (2118.34) 556.36 (2008.10) 957.29 (2546.29)
NE activity/time (lU/s) median (IQR) 112.92 (458.48) 133.93 (427.68) 175.94 (678.68)
GCF volume (ll) median (IQR) 0.29a (0.43) 0.31 (0.48) 0.40 (0.56)

Differences between 5 and 30 s; n¼ number of samples.
ap< .016 was considered statistically significant when compared 30 s.

Table 3. Median values (interquartile range) of NE activity and GCF volume for sequential sampling.

Sequential sampling

First
(n¼ 240)

Second
(n¼ 240)

Third
(n¼ 240)

NE activity/volume (lU/ll) 1882.24a,b (2674.78) 637.76a (1973.81) 111.0230 (1087.70)
NE activity/time (lU/s) 436.30a,b (907.34) 124.30a (483.45) 25.12 (183.93)
GCF volume (ll) 0.30b (0.38) 0.33 (0.56) 0.34 (0.53)

Differences between first, second and third samplings.
ap< .016 was considered statistically significant when compared to second sampling.
bp< .016 was considered statistically significant when compared to third sampling.
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method were significantly lower than with intracrevicular
method (p< .05).

Distribution of data for the NE activity (mU and mU/ml) and
GCF volume for both sampling methods at different sam-
pling durations were presented in Table 5. The highest NE
activity (mU) was achieved with orifice technique on the third
day, in 30 s and at the first measurement. The lowest NE
activity (mU/ml) was obtained with intracrevicular technique
on the first day, in 30 s and at the third measurement. While
highest NE activity (mU/ml) was achieved at the first measure-
ment in 30 s with orifice technique on the third day, lowest
NE activity (mU/ml) was obtained at the first measurement in
30 s with intracrevicular technique on the third day. The least
amount of GCF volume was obtained on the second day in
5 s and at the third measurement with orifice technique. The
highest amount of GCF volume was revealed in 30 s with
intracrevicular technique on the first day and at the third
measurement.

Discussion

A better understanding of the GCF flow frame and its
molecular composition is essential when gingival fluid tests
serve as a precursor for objective diagnostic disease activity.
Since periodontitis is largely site-specific, it is important to
distinguish areas that will not respond to treatment and
areas at high risk for future deformation. This study analysed
the GCF flow and NE activity in untreated periodontitis. To

the best of our knowledge, this is the first study elucidating
the sequential gingival fluid collection procedures for NE lev-
els by using orifice and intracrevicular methods. The key find-
ing of the study presented here is that NE activity and GCF
volume were affected by the selected sequential sampling in
both methods. NE activity in the first samples was higher
than in the second and third samples. When considering the
sampling time, 5, 10 and 30 s samples had similar amounts
of NE in GCF.

MMP-8 and NE are the only two enzymes that have each
been studied in terms of their predictive value for periodon-
tal disease progression and their ability to predict the out-
come of treatment [40,50–53]. NE was examined in terms of
its ability to predict disease progression to provide an indica-
tor of bone loss in several studies. In one study, sensitivity/
specificity values were found to be 84%/66%, respectively
[52] whereas they were estimated as 77/61% in another
study [4]. Therefore, apart from the several limitations to the
use of biomarkers for diagnosing/predicting disease outcome
(such as appropriate marker selection, reliable analysis meth-
ods), selection of sampling methods and sampling time can
affect amounts of biomarkers.

Length of sampling time

This study comparatively analysed two different sampling
techniques to determine methodologies and potential
impacts on GCF volume and sampling time variations. The
results of this study showed that 5 s samples contained less
GCF volume than 30 s samples (p< .05). An earlier study [2]
has reported that, considering only first samples, the 5 and
10 s samples had significantly more GCF volume than 20 and
30 s samples. The reason for this contradictory outcome may
be that they have worked in patients who received peri-
odontitis treatment and were in the maintenance phase. The
inflammatory status of periodontal tissues was suggested as
an important factor affecting GCF volume [17,44,54].

Only few studies were designed to assess relationship
between sampling time and GCF enzyme activity [2,3,52]. In
the study of Jin et al. [54], two well-matched groups of sites

Table 4. Median Values (interquartile range) of NE activity and gingival crevic-
ular fluid (GCF) for intracrevicular method and orifice method.

Sampling methods

Intracrevicular
method (n¼ 360)

Orifice method
(n¼ 360)

NE activity/volume (lU/ll) 378.49a (1688.94) 1094.31 (2470.78)
NE activity/time (lU/s) 150.56a (776.88) 136.55 (384.76)
GCF volume (ll) 0.57a (0.48) 0.18 (0.23)

Differences between orifice method and intracrevicular method.
ap< .05 was considered statistically significant when compared ori-
fice method.

Table 5. Median Values (interquartile range) of GCF parameters in different time periods arranged by sampling sequence divided by orifice and intracrevicu-
lar methods.

Day Sampling methods
The length of
sampling time

Sequential sampling
(1-m intervals) n NE activity (mU/ml)

NE activity
(mU/s) GCF volume

First day Orifice 5 s First 40 395 (2428.37) 56.92 (254) 0.14 (0.15)
10 s Second 40 118.70 (1527.51) 13.95 (252) 0.27 (0.28)
30 s Third 40 175.15 (928.48) 12.83 (140) 0.25 (0.35)

Intracrevicular 5 s First 40 1086.57 (1822.90) 428.09 (978.09) 0.53 (0.38)
10 s Second 40 150.49 (814.02) 53.57(363.78) 0.69 (0.49)
30 s Third 40 7.67 (69.19) 5.57 (39.65) 0.84 (0.52)

Second day Orifice 5 s Third 40 1116.19 (2418.77) 68.08 (251.08) 0.12 (0.27)
10 s First 40 2222.09 (38.58) 256.02 (497.20) 0.14 (0.23)
30 s Second 40 967.22 (3005.38) 121.67 (390) 0.19 (1.09)

Intracrevicular 5 s Third 40 32.69 (940) 15.62 (302.79) 0.50 (0.37)
10 s First 40 2137.29 (2300.53) 713.41 (1918.55) 0.46 (0.43)
30 s Second 40 978.14 (2058.85) 318.98 (1193.23) 0.65 (0.56)

Third day Orifice 5 s Second 40 1949.57 (2260.82) 212.20 (429.67) 0.13 (0.19)
10 s Third 40 972.77 (1329.62) 154.41 (261.04) 0.14 (0.15)
30 s First 40 2577.56 (2631.08) 438.23 (750.79) 0.16 (0.20)

Intracrevicular 5 s Second 40 504.55 (1375.83) 110.29 (617.83) 0.42 (0.58)
10 s Third 40 21.94 (174.33) 10.03 (33.13) 0.58 (0.57)
30 s First 40 2376.19 (1729.03) 851.35 (1702.70) 0.48 (0.38)
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(static GCF–flow GCF at 1min and static GCF–flow GCF at
5min), effect of time on GCF flow and NE activity were inves-
tigated. Their study results showed that the sampling time
was very important to test the static GCF variable. In this
study, we collected only static GCF and found that the values
of NE activity (mU and mU/ml) were not affected by the length
of sampling time (p>.05). The result of this study showed
that the 5 s sampling time was sufficient to evaluate NE
activity. Thus, shorter sampling time may help reduce the
risk of contamination during sampling as well as increasing
patient comfort.

In our study, NE activity in GCF was not statistically differ-
ent at 5, 10 and 30 s of sampling time (p>.05). In a past
study, with sampling times of 5 and, 30 s, aspartate amino-
transferase activity, enzyme and fluid flow rate decreased
while the volume of GCF was found at longer sampling time
[2]. The reason for this contradictory result may be due to
the feature of GCF that contains many enzymes of different
molecular size and concentration; and accordingly the kinet-
ics of accumulation on paper strips varies from one another.
Our findings suggested that as the NE activity in GCF was
not affected by the sampling time, it can be concluded that
a sampling time of more than 5 s is not required to evaluate
NE activity in GCF.

Jin et al. [54] showed that static GCF volume was not con-
sistently correlated with the change of GCF flow in subjects
with gingivitis and periodontitis, but only in the healthy sub-
jects. In terms of NE activity, the subjects with periodontitis
had the highest levels in both static GCF and flow GCF, as
compared to subjects with gingivitis and periodontitis.
Building on this, it would be useful to examine the relation-
ship between the NE and disease onset, transition from gin-
givitis to periodontitis, or whether a site is undergoing active
destruction.

Sequential sampling

Effect of sequential sampling on GCF volume and GCF NE
activity was another concern of this study. We observed that
GCF volume in the first sample was lower than the third
sample (p< .05). This higher volume in the third sample may
be attributed to the additional sampling time, which could
have led to the mechanical effect of the previous two sam-
pling attempts thus increasing the volume, regardless of the
technique. The effect of sequential sampling on GCF volume
and composition has been evaluated in several past studies
with different time intervals [2–4,11,17,18,41]. Lamster et al.
[3] reported minimal variation in sequential sampling proto-
col including 0, 4, 8, 30 and 60 s. Ozkavaf et al. [4] found
that a volumetric increase with both sampling techniques
were generally in accordance with the time-limited stability
of GCF. Compatible with other studies [3,4,11,17], we pro-
pose that GCF volume is influenced by increased vascular
permeability due to the intensity of inevitable mechan-
ical irritation.

As for the analysis of repeated sampling results (1min
interval), more enzyme activity was reported in the first sam-
ples regardless of sampling time in previous studies [2]. In

our study, the values of NE activity (mU and mU/ml) in the first
samples were higher than in second and third samples.
Higher enzymatic activity of the first samples is mainly due
to the reservoir activity in the sulcus/pocket [2,3,11]. Our
results were generally consistent with most previous studies
showing a higher enzyme activity in the first GCF samples.

The quantity of GCF NE [2,11] has been shown to be
affected by sequential sampling performed with various time
intervals. For the analysis performed on the last two of three
sequential samplings, GCF flow rate and NE activity was
appeared to increase with the severity of gingival inflamma-
tion. Jin et al. [54] studied GCF parameters between the two
matched sites for subsequent collection of flow GCF samples
either 1 or 5min after static GCF sampling in all subjects.
These investigators were assigned to determine to what
extent the time variable accounts for the difference in GCF
flow and NE activity. Their study results showed that a rapid
replenishment of GCF flow was observed in all subjects with
gingivitis and periodontitis and depletion of NE activity in
GCF at 1min was found in all subjects. This was the reason
that we waited 1 m between repetitive samples. We showed
that NE activity was significantly decreased for sequential
sampling (p< .05). This may be due the fact that NE activity
was diluted by the increased GCF volume primarily depend-
ent on vascular permeability [55]. Besides a decrease in neu-
trophil proteins including NE has been reported in each
repeating sample due to the binding of neutrophils to the
periopaper and the reduction in their numbers [1].

Sampling method (orifice and intracrevicular methods)

We preferred GCF collection with paper-based methods since
they can detect higher levels of the NE activity than washing
method [56]. The effect of sampling method on GCF volume
and composition was another concern of this study. In this
study although symmetrical sampling sites had a similar clin-
ical status, intracrevicular technique provided higher
amounts of GCF as well as the higher flow rate compared to
orifice method (p< .05). This is in accordance with an early
study of Ozkavaf et al. [4] who reported greater amounts of
GCF with the intracrevicular technique than with the orifice
technique. The main reason for this result was the intensity
of the unavoidable mechanical irritation during strip place-
ment, which was placed deeply into the base of the pocket,
thus increasing vascular permeability.

In this study, we found that NE activity (mU/ml) in the
intracrevicular was lower than in the orifice method (p< .05).
Also, NE activity (mU) with intracrevicular method was higher
than with the orifice method (p< .05). The reason for these
results may be mechanical and/or chemical irritation of gin-
gival tissue results in an increased permeability of the vessels
of the dento-gingival plexus [57]. The higher flow rate of
GCF in the intracrevicular method compared to orifice
method could be another explanation to this result.

In this study, we analysed different sampling techniques
with sequential sampling and with variable sampling time
comparatively to explore the potential effects of these tech-
niques on GCF volume as well as NE activity. To the best of
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our knowledge, this the first study in literature exploring
these relationships as a whole. Our study results showed that
the 5 s sampling time was sufficient for analysis of NE activity
in GCF. Therefore, we suggest 5 s sampling time for either
GCF sampling method, thus reducing the risk of contamin-
ation of saliva as a benefit by means of less chair-side time
for sampling.

We acknowledge some limitations of the study. GCF sam-
pling procedure was only performed from the sites present-
ing �5mm PD, alveolar bone loss and GI of 2 in patients
with periodontitis. Future studies with addition of patients
with gingivitis would allow more accurate analysis for the
determination of the sampling time and the sampling
method. It would be of useful to investigate NE activity for
the transition from the gingivitis to periodontitis stage. Also,
small sample size was another limitation of this study.

Conclusion

Intracrevicular method provides higher NE activity and GCF
volume compared to orifice method and first samples con-
tain higher NE activity compared to repeat samples. As a
result, in each repeated GCF sample, NE activity decreases
rapidly, thus the first sample reflects the actual disease state
more than second and third samples. Also, shorter sampling
times such as 5 s are sufficient to analyse the NE activity in
GCF. Therefore, we recommend avoiding repeated sampling
procedures and long period of sampling time during GCF
sample collection. This may help reduce the risk of the con-
tamination of saliva.

Acknowledgements

Authors would like to thank all the participants for their time and
involvement.

Disclosure statement

The authors declare no conflicts of interests and have nothing to dis-
close in this study.

References

[1] Barros SP, Williams R, Offenbacher S, et al. Gingival crevicular
fluid as a source of biomarkers for periodontitis. Periodontol
2000. 2016;70(1):53–64.

[2] Persson GR, Page RC. Effect of sampling time and repetition on
gingival crevicular fluid and aspartate aminotransferase activity. J
Periodontal Res. 1990;25(4):236–242.

[3] Lamster I, Harper D, Goldstein S, et al. The effect of sequential
sampling on crevicular fluid volume and enzyme activity. J Clin
Periodontol. 1989;16(4):252–258.

[4] Ozkavaf A, Aras H, Huri C, et al. Analysis of factors that may affect
the enzymatic profile of gingival crevicular fluid: sampling tech-
nique, sequential sampling and mode of data presentation. J Oral
Sci. 2001;43:41–48.

[5] Lamster IB, Hartley LJ, Vogel RI. Development of a biochemical
profile for gingival crevicular fluid: methodological considerations
and evaluation of collagen-degrading and ground substance-
degrading enzyme activity during experimental gingivitis. J
Periodontol. 1985;56(11s):13–21.

[6] Lamster IB, Oshrain RL, Gordon JM. Enzyme activity in human
gingival crevicular fluid: considerations in data reporting based
on analysis of individual crevicular sites. J Clin Periodontol. 1986;
13(8):799–804.

[7] Smith Q, Geegan S. Repeated measurement of crevicular fluid
parameters at different sites. J Clin Periodontol. 1991;18(3):
171–176.

[8] Hancock E, Cray R, O’leary T. The relationship between gingival
crevicular fluid and gingival inflammation: a clinical and histo-
logic study. J Periodontol. 1979;50(1):13–19.

[9] Curtis M, Griffiths G, Price S, et al. The total protein concentration
of gingival crevicular fluid: variation with sampling time and gin-
gival inflammation. J Clin Periodontol. 1988;15(10):628–632.

[10] R€udin H, Overdiek H, Rateitschak K. Correlation between sulcus
fluid rate and clinical and histological inflammation of the mar-
ginal gingiva. Helv Odontol Acta. 1970;14(1):21.

[11] Atici K, Yamalik N, Eratalay K, et al. Analysis of gingival crevicular
fluid intracytoplasmic enzyme activity in patients with adult peri-
odontitis and rapidly progressive periodontitis. A longitudinal
study model with periodontal treatment. J Periodontol. 1998;
69(10):1155–1163.

[12] Griffiths GS. Formation, collection and significance of gingival
crevice fluid. Periodontol 2000. 2003;31(1):32–42.

[13] Goodson JM. Gingival crevice fluid flow. Periodontol 2000. 2003;
31(1):43–54.

[14] Brill N. The gingival pocket fluid. Studies of its occurrence, com-
position and effect. Acta Odontol Scand. 1962;20:9–132.

[15] Lo H, Holm-Pederson P. Absence and presence of fluid from nor-
mal and inflamed gingivae. Periodontics. 1965;3:171–177.

[16] Sueda T, Bang J, Cimasoni G. Collection of gingival fluid for quan-
titative analysis. J Dent Res. 1969;48:159.

[17] Griffiths G, Sterne J, Wilton J, et al. Associations between volume
and flow rate of gingival crevicular fluid and clinical assessments
of gingival inflammation in a population of British male adoles-
cents. J Clin Periodontol. 1992;19(7):464–470.

[18] Darany DG, Beck FM, Walters JD. The relationship of gingival fluid
leukocyte elastase activity to gingival fluid flow rate. J
Periodontol. 1992;63(9):743–747.

[19] T€oz€um TF, Hatipo�glu H, Yamalik N, et al. Critical steps in elec-
tronic volume quantification of gingival crevicular fluid: the
potential impact of evaporation, fluid retention, local conditions
and repeated measurements. J Periodontal Res. 2004;39:344–357.

[20] Lamster IB, Oshrain RL, Fiorello LA, et al. A comparison of 4
methods of data presentation for lysosomal enzyme activity in
gingival crevicular fluid. J Clin Periodontol. 1988;15(6):347–352.

[21] Lamster IB, Oshrain RL, Celenti R, et al. Correlation analysis for
clinical and gingival crevicular fluid parameters at anatomically
related gingival sites. J Clin Periodontol. 1991;18(4):272–277.

[22] Perinetti G, Di Leonardo B, Di Lenarda R, et al. Repeatability of
gingival crevicular fluid collection and quantification, as deter-
mined through its alkaline phosphatase activity: implications for
diagnostic use. J Periodontal Res. 2013;48(1):98–104.

[23] Deinzer R, Mossanen BS, Herforth A. Methodological considera-
tions in the assessment of gingival crevicular fluid volume. J Clin
Periodontol. 2000;27(7):481–488.

[24] Kraft-Neum€arker M, Lorenz K, Koch R, et al. Full-mouth profile of
active MMP-8 in periodontitis patients. J Periodontal Res. 2012;47:
121–128.

[25] Makeudom A, Kulpawaropas S, Montreekachon P, et al. Positive
correlations between h CAP 18/LL-37 and chondroitin sulphate
levels in chronic periodontitis. J Clin Periodontol. 2014;41(3):
252–261.

[26] Shimada Y, Tabeta K, Sugita N, et al. Profiling biomarkers in gin-
gival crevicular fluid using multiplex bead immunoassay. Arch
Oral Biol. 2013;58(6):724–730.

[27] Bakri I, Douglas CWI, Rawlinson A. The effects of stress on peri-
odontal treatment: a longitudinal investigation using clinical and
biological markers. J Clin Periodontol. 2013;40(10):955–961.

ACTA ODONTOLOGICA SCANDINAVICA 295



[28] Wassall RR, Preshaw PM. Clinical and technical considerations in
the analysis of gingival crevicular fluid. Periodontol 2000. 2016;
70(1):65–79.

[29] Heiniger R, Cimasoni G. Lytic effect of human leukocytic pro-
teases on gingival tissue. J Biologie Buccale. 1980;8:3–16.

[30] Watanabe H, Hattori S, Katsuda S, et al. Human neutrophil elas-
tase: degradation of basement membrane components and
immunolocalization in the tissue. J Biochem. 1990;108(5):753–759.

[31] Cergneux M, Andersen E, Cimasoni G. In vitro breakdown of gin-
gival tissue by elastase from human polymorphonuclear leuko-
cytes an electron microscopic study: an electron microscopic
study. J Periodontal Res. 1982;17(2):169–182.

[32] Meyer-Hoffert U, Wiedow O. Neutrophil serine proteases: media-
tors of innate immune responses. Curr Opin Hematol. 2011;18(1):
19–24.

[33] Kolaczkowska E, Kubes P. Neutrophil recruitment and function in
health and inflammation. Nat Rev Immunol. 2013;13(3):159–175.

[34] Abe T, Usui A, Oshima H, et al. A pilot randomized study of the
neutrophil elastase inhibitor, Sivelestat, in patients undergoing
cardiac surgery. Interact Cardiovasc Thorac Surg. 2009;9(2):
236–240.

[35] Chua F, Laurent GJ. Neutrophil elastase: mediator of extracellular
matrix destruction and accumulation. Proc Am Thorac Soc. 2006;
3(5):424–427.

[36] Henriksen PA, Sallenave JM. Human neutrophil elastase: mediator
and therapeutic target in atherosclerosis. Int J Biochem Cell Biol.
2008;40(6–7):1095–1100.

[37] Ho AS, Chen CH, Cheng CC, et al. Neutrophil elastase as a diag-
nostic marker and therapeutic target in colorectal cancers.
Oncotarget. 2014;5(2):473–480.

[38] Nakashima K, Giannopoulou C, Andersen E, et al. A longitudinal
study of various crevicular fluid components as markers of peri-
odontal disease activity. J Clin Periodontol. 1996;23(9):832–838.

[39] Armitage GC, Jeffcoat MK, Chadwick DE, et al. Longitudinal evalu-
ation of elastase as a marker for the progression of periodontitis.
J Periodontol. 1994;65(2):120–128.

[40] Arias-Bujanda N, Regueira-Iglesias A, Balsa-Castro C, et al.
Accuracy of single molecular biomarkers in gingival crevicular
fluid for the diagnosis of periodontitis: a systematic review and
meta-analysis. J Clin Periodontol. 2019;46:1166–1182.

[41] Gustafsson A, Åsman B, Bergstr€om K. Elastase and lactoferrin in
gingival crevicular fluid: possible indicators of a granulocyte-asso-
ciated specific host response. J Periodontal Res. 1994;29(4):
276–282.

[42] Kunimatsu K, Mine N, Muraoka Y, et al. Identification and possible
function of cathepsin G in gingival crevicular fluid from chronic
adult periodontitis patients and from experimental gingivitis sub-
jects. J Periodontal Res. 1995;30(1):51–57.

[43] Tew J, Marshall D, Burmeister J, et al. Relationship between gin-
gival crevicular fluid and serum antibody titers in young adults
with generalized and localized periodontitis. Infect Immun. 1985;
49(3):487–493.

[44] G€unday S, Topcu AO, Ercan E, et al. Analysis of daytime variations
in gingival crevicular fluid: a circadian periodicity? J Periodontol.
2014;85(3):e47–e56.

[45] Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a new classification and
case definition. J Periodontol. 2018;89(1):S159–s72.

[46] Cox S, Eley B. Detection of cathepsin B-and L-, elstase-, tryptase-,
trypsin-, and dipeptidyl peptidase IV-like activities in crevicular
fluid from gingivitis and periodontitis patients with peptidyl
derivatives of 7-amino-4-trifluoromethyl coumarin. J Periodontal
Res. 1989;24(6):353–361.

[47] Alpagot T, Silverman S, Lundergan W, et al. Crevicular fluid elas-
tase levels in relation to periodontitis and metabolic control of
diabetes. J Periodontal Res. 2001;36(3):169–174.

[48] Eley BM, Cox SW. Cathepsin B/L-, elastase-, tryptase-, trypsin- and
dipeptidyl peptidase IV-like activities in gingival crevicular fluid: a
comparison of levels before and after periodontal surgery in
chronic periodontitis patients. J Periodontol. 1992;63(5):412–417.

[49] Eley BM, Cox SW. A 2-year longitudinal study of elastase in
human gingival crevicular fluid and periodontal attachment loss.
J Clin Periodontol. 1996;23(7):681–692.

[50] Gul SS, Griffiths GS, Stafford GP, et al. Investigation of a novel
predictive biomarker profile for the outcome of periodontal treat-
ment. J Periodontol. 2017;88(11):1135–1144.

[51] Gul SS, Douglas CW, Griffiths GS, et al. A pilot study of active
enzyme levels in gingival crevicular fluid of patients with chronic
periodontal disease. J Clin Periodontol. 2016;43(8):629–636.

[52] Palcanis KG, Lariava IK, Wells BR, et al. Elastase as an indicator of
periodontal disease progression. J Periodontol. 1992;63(4):
237–242.

[53] Kinney JS, Morelli T, Oh M, et al. Crevicular fluid biomarkers and
periodontal disease progression. J Clin Periodontol. 2014;41(2):
113–120.

[54] Jin L, Yu C, Corbet EF. Granulocyte elastase activity in static and
flow gingival crevicular fluid. J Periodontal Res. 2003;38(3):
303–310.

[55] Mann WV. The correlation of gingivitis pocket depth and exudate
from the gingival crevice. J Periodontol. 1963;34(4):379–387.

[56] Guentsch A, Kramesberger M, Sroka A, et al. Comparison of gin-
gival crevicular fluid sampling methods in patients with severe
chronic periodontitis. J Periodontol. 2011;82(7):1051–1060.

[57] Egelberg J. The topography and permeability of vessels at the
dento-gingival junction in dogs. J Periodontal Res Suppl. 1967;1:
1–39.

296 N. A. KAYAR ET AL.


	Abstract
	Introduction
	Material and methods
	Study population
	Clinical periodontal evaluation
	Gingival crevicular fluid collection and processing
	Neutrophil elastase activity in GCF
	Statistical analysis

	Results
	Discussion
	Length of sampling time
	Sequential sampling
	Sampling method (orifice and intracrevicular methods)

	Conclusion
	Acknowledgements
	Disclosure statement
	References


