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Comparative volumetric and clinical evaluation of
peri-implant sulcular fluid and gingival crevicular

fluid
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Department of Periodontology, Krishnadevaraya College of Dental Sciences and Hospital, Bangalore, India

Purpose: Peri-implant sulcular fluid (PISF) has a production mechanism similar to gingival crevicular fluid (GCF). However,
limited research has been performed comparing their behavior in response to inflammation. Hence, the aim of the present
study was to comparatively evaluate PISF and GCF volume with varying degrees of clinical inflammatory parameters.
Methods: Screening of patients was conducted. Based on the perimucosal inflammatory status, 39 loaded implant sites were
selected from 24 patients, with equal numbers of sites in healthy, peri-implant mucositis, and peri-implantitis subgroups. GCF
collection was done from age- and sex-matched dentate patients, selected with gingival inflammatory status corresponding to
the implant sites. Assessment of the inflammatory status for dental/implant sites was performed using probing depth (PD),
plaque index/modified plaque index (PI/mPI), gingival index/simplified gingival index (GI/sGI), and modified sulcular bleed-
ing index (BI). Sample collection was done using standardized absorbent paper strips with volumetric evaluation performed
via an electronic volume quantification device.

Results: Positive correlation of the PISF and GCF volume was seen with increasing PD and clinical inflammatory parameters.
A higher correlation of GCF with PD (0.843) was found when compared to PISF (0.771). PISF expressed a higher covariation with
increasing grades of sGI (0.885), BI (0.841), and mPI (0.734), while GCF established a moderately positive correlation with GI
(0.694), BI (0.696), and PI(0.729).

Conclusions: Within the limitations of this study, except for minor fluctuations, GCF and PISF volumes demonstrated a simi-
lar nature and volumetric pattern through increasing grades of inflammation, with PISF showing better correlation with the
clinical parameters.
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INTRODUCTION

Inflammation is the cellular and vascular response of tissues
to an injurious stimulus [1], which can be due to a physical,
chemical, or microbial insult. The periodontal inflammation
is a localized protective response elicited by the periodontal
tissues to proximate microbes and/or tissue injury and serves
to destroy, dilute, or wall off both the injurious agent and the

injured tissue [1]. There have been many attempts to catego-
rize the inflammatory status of periodontal tissues [2-4]. Clini-
cal indices such as the gingival index (GI) [2] and modified
sulcular bleeding index (BI) [4] are based on the characteris-
tics of gingival tissues during various stages of inflammation.
In addition, the plaque index (PI) [3] gives an estimate of the
prime factor, which is primarily responsible for the resultant
inflammation. Similar indices have been developed for the
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measurement and quantification of the peri-implant inflam-
matory response [4-6]. These indices, along with probing depth
(PD) measurement [7] and radiographic examination, form
the traditional means of detecting peri-implant pathologies.
Although easily applicable, these indices lack the capability to
objectively assess the onset and progression of periodontal
and peri-implant destructive changes [8]. In the context of
implants, it is crucial to detect the presence of inflammation
in its early stages, as early implant morbidity and failure pose
a great financial burden to both the patient and the clinician.

The gingival crevicular fluid (GCF) is a tissue fluid that seeps
through the crevicular and junctional epithelium [1]. In 1899,
Black [9] first reported the presence of a fluid in the periodon-
tal sulcus. However, the exact nature of the fluid, its origin,
and its composition has been controversial. Brill [10] and
Egelberg [11,12] suggested that GCF production was due to an
increase in the permeability of the vessels underlying the
junctional and sulcular epithelium, which might occur due to
inflammation, trauma, or mechanical stimulation. Later, Al-
fano [13] suggested that even the presence of highly osmotic
substances in the gingival sulcus (bacterial products, plaque)
might lead to production of an initial transudate fluid. This
hypothesis was supported by Pashley [14], who predicted that
when the rate of capillary filtrate exceeds that of lymphatic
uptake, fluid will accumulate as edema and/or leave the area
as GCF. Factors that alter this process include the filtration
coefficients of the capillary endothelium and the osmotic
pressure within the different compartments.

Various attempts have been made to quantitate and inter-
pret the relationship of GCF with increasing grades of in-
flammation [15,16]. Raised levels of GCF have been reported
as the first sign of developing gingival inflammation [17].
Stewart et al. [18] suggested that crevicular fluid measurement
should be viewed as an objective indicator of the degree of
periodontal tissue inflammation. In 1989, Apse et al. [19] dem-
onstrated the presence of a similar fluid in the peri-implant
sulcus, which was termed the peri-implant sulcular fluid (PISF).
It was noted that crevicular fluid was present in the osseoin-
tegrated implant sulcus, but its flow did not differ from that
observed from tooth sites in either partially edentulous or
edentulous patients. It was thus concluded that the charac-
teristics of implant sulci appeared to be similar to periodon-
tal sulci with respect to crevicular fluid flow and microflora.

Although the mechanism and rate of PISF production was
reported to be similar to GCF, some volumetric differences
might occur due to the presence of structural and vascular
dissimilarities in the peri-implant and gingival mucosa [20].
Furthermore, it is essential to validate the association of the
PISF volume with the peri-implant clinical parameters, as
compared to a standardized fluid, GCF, the behavior of which
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has been extensively studied. As there has been limited re-
search on the comparative volumetric assessment of these
two fluids with regard to the inflammatory clinical indices,
the aim of our study was to quantify GCF and PISF levels and
comparatively assess their relationship with the various clini-
cal indices used to estimate the gingival and peri-implant in-
flammation.

MATERIALS AND METHODS

Patient selection

The project was carried out in the Department of Periodon-
tology, Krishnadevaraya College of Dental Sciences, Banga-
lore, India. The study protocol was approved by the institu-
tional ethics committee (approval KCDS/302/PG/2011-12).
Written informed consent was obtained from all of the sub-
jects included in the study. While conducting the study, the
ethical principles outlined in the Declaration of Helsinki for
research involving human subjects, as revised in 2000, were
followed. For the purpose of PISF estimation, 59 implant sites
from 34 patients were screened, from which 39 loaded dental
implant (Tapered select implant system, Nobel Biocare, Géte-
borg, Sweden) sites from 24 patients were selected. The pa-
tient ages ranged from 35 to 60 years, with a mean of 47 years.
All of the patients had undergone two-stage implant place-
ment procedure, with more than 6 months of prosthetic re-
habilitation. Patients having an unremarkable medical histo-
ry, no known allergies or metabolic diseases, no smoking
habit, and no history of any antibiotic treatment within three
months, were included in this study. GCF collection and esti-
mation was done from age- and sex-matched subjects, from
corresponding maxillary and mandibular sites with inflam-
matory status equable to the implant sites. The patients were
required to be systemically healthy, with no antibiotic expo-
sure or oral prophylaxis treatment three months prior to
project commencement. The procedure for patient selection
and conduction of the study is presented in Fig. 1.

Clinical examination

To avoid the risk of volumetric fluctuation due to mechani-
cal irritation, the clinical examination was performed a week
before PISF and GCF sampling. For the assessment of the
dental clinical status, the PD (6 sites per tooth), PI [3], GI [2],
and modified sulcular BI [4] were employed. The clinical sta-
tus of peri-implant tissues was evaluated by assessing the PD
(6 sites per implant) and corresponding indices for implants,
including a modified plaque index (mPI) [4], simplified gingi-
val index (sGI) [6], and a modified bleeding index (mBI) [4].
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Figure 1. Schematic diagram for the pattern followed during the course of the study. PD: probing depth, PISF: peri-implant sulcular fluid,
GCEF: gingival crevicular fluid, GI: gingival index, n: number of sampling sites.

Examiner calibration

Calibration exercises for clinical parameters and fluid vol-
ume estimation were performed in five patients before the
actual study. Clinical recordings were done twice by a single
examiner (Smiti Bhardwaj, SB), within the duration of a week.
The order of patients was masked and changed in between
the examinations. The examiner received training prior to
the study regarding the use of each index employed for peri-
odontal and peri-implant examination. PD was measured us-
ing a pressure-sensitive probe (Florida Probe, Gainesville, FL,
USA), and the estimation was judged to be reproducible if
the agreement within +1 mm between repeated measure-
ments was at least 9o%. The intraexaminer agreement be-
tween the two measurements was found to be 91%. A differ-
ent examiner (M.L.V.P.), who was blinded to the clinical re-
cords of the patients, carried out the fluid sampling.

Determination of groups

According to the clinical examination, the sites were divid-
ed into healthy, gingivitis/peri-implant mucositis, and peri-
odontitis/peri-implantitis groups. Intragroup volumetric as-
sessments were also performed separately for maxillary and
mandibular sites. The grouping criteria used is displayed in
Fig. 2.

Gingival crevicular fluid Peri-implant sulcular fluid

* Healthy * Healthy

*PD<3mm,Gl<1
« Gingivitis

*«PD<3mm,Gl>1
« Periodontitis

« PD>3 mm, GI>1 with
radiographic bone loss

«PD<4mm,GI<1

* Peri-implant mucositis
«PD<4mm,GI>1

* Peri-implantitis
« PD >4 mm, GI>1with
radiographic bone loss

Figure 2. Criteria for formulation of subgroups. PD: probing depth,
GI: gingival index.

Sample collection

Both implant and dentate patients were scheduled for sam-
ple collection during the morning hours that is, from 9 AM
to 11 AM, to prevent any diurnal variations affecting the cre-
vicular fluid volume. To ensure accessibility, isolation, and
standardization, sampling was performed only in correspond-
ing dental/implant mesio-buccal sites. For the purpose of
standardization, the GCF/PISF samples were collected from
individuals matched by age group and demonstrating simi-
lar inflammatory gingival and peri-implant mucosal condi-
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tions. Because the diameter of the sulcus and the area of the
sulcular epithelium are known to influence the crevicular
fluid volume [21], sample collection was confined to the im-
plants and teeth present in the anterior sextant.

The patients were instructed to refrain from food and vig-
orous oral hygiene measures go minutes prior to sample col-
lection. To avoid salivary contamination, the selected sites
were rinsed with water, isolated by cotton rolls, and dried
with a gentle air spray. A saliva ejector was being concurrent-
ly used during the sampling protocol. The fluid sample was
collected from both the test groups by standardized absorbent
paper strips (PerioPaper, Periocol, Oraflow Inc., Amityville, N'Y,
USA), the volumetric evaluation for which was accomplished
by an electronic fluid volume quantification device (Periotron
8000, Ora Flow Inc., Amityville, NY, USA). Supragingival
plaque was removed with a dry gauze, and a standardized
paper strip was inserted 1-2 mm into the sulcus. The strip
was held in place for 30 seconds and transferred to a precali-
brated electronic fluid quantification device.

PISF/GCF volume determination

The electronic fluid quantification device was calibrated
before beginning the sample collection procedure using
standardized paper strips and loaded with a test fluid (dis-
tilled water) from a standardized graduated syringe (Hamil-
ton o—5.0 uL micro syringe, Hamilton Co., Reno, NV, USA); a
calibration curve was then generated. To eliminate the risk of
evaporation, the paper strips were transferred to the device
within o—5 seconds [22]. The test paper strip was placed at a
standard distance between the electrodes of the device [23]. A
digital readout was obtained in the form of Periotron Units
and was converted to microliters using specialized software
(MLCONVERT.EXE ver. 2.52, OraFlow Inc., New York, NY,
USA). The electrodes of the device were dried after each
measurement using dry cotton. The device was recalibrated
periodically.

Statistical analysis

The sample size and power estimation was performed us-
ing results from a pilot study, by a statistical software (PASS
ver. XI, NCSS, Kaysville, UT, USA). With a minimum differ-
ence of 0.12 pL in the volumes of peri-implantitis and healthy
peri-implant sulcular fluid and standard deviations of 0.08
and 0.13, respectively, the effect size was around 1.1428. With
an a-error of 5% and a power of 80%, the required sample
size was estimated to be 13 in each sub-group. A normality
assumption for the data was tested using the Shapiro-Wilk
test. Mean comparisons within the group were computed
using analysis of variance, after which multiple comparisons
within the groups were conducted using the Sidak test. The
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intergroup comparisons were carried out using Tukey test.
For nonparametric data, the Kruskal-Wallis and Mann Whit-
ney U tests were used. Pearson correlation coefficient was
calculated to analyze the relationship between PISF and GCF
values, with regard to the different clinical parameters. For all
parameters, Pvalues <o.05 were considered to be statistically
significant.

RESULTS

The present study included a total of 39 loaded implant and
dentate sites. The implants were treated with a fixed implant
supported prosthesis, and the measurements were recorded
in the loaded state.

Analysis of clinical parameters in GCF and PISF groups

In the comparisons among subgroups of GCF (healthy, gin-
givitis, periodontitis) and PISF (healthy, mucositis, peri-im-
plantitis), several differences and similarities were detected
(Tables 1 and 2). The assessment of gingival inflammation by
the GI and sGI revealed significant differences between the
healthy and gingivitis/peri-implant mucositis groups and be-
tween the healthy and periodontitis/peri-implantitis subgroups
(P<o.05). However, for both the dentate and implant sites,
the degree of gingival inflammation between gingivitis and
periodontitis and between peri-implant mucositis and peri-
implantitis was nonsignificant (P>o.05). The PI for the GCF
group presented a significant increase within intragroup
comparisons, with P<o0.05 (healthy < gingivitis < periodontitis).
At the implant sites, although the plaque levels were highest
in the peri-implantitis subgroup, when compared, the peri-
implant mucositis and peri-implantitis subgroups failed to
show any significant difference (P>o.05). The BI showed
similar significant patterns among the intragroup compari-
sons (healthy <mucositis <peri-implantitis), except in the
gingivitis versus periodontitis comparison, where no statisti-
cally significant difference was found (P>o0.05). The PD for
both groups, GCF and PISF, and all subgroup comparisons
showed a constant and significant increase (P<o0.05; healthy
<gingivitis < periodontitis; healthy < mucositis <peri-implan-
titis).

Analysis of PISF and GCF volumes based on inflammation
The PISF volumes were significantly higher at sites with
peri-implant mucositis (0.27+0.04 L) and peri-implantitis
(0.34+0.04 PL) compared to clinically healthy sites (0.13+0.03
uL) (P<o0.0001). The data for the same has been presented in
Tables 1 and 2. Analyses demonstrated the trend of an increase
in PISF volume with greater severity of peri-implant inflam-
mation (healthy <peri-implant mucositis < peri-implantitis).
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Multiple comparison

Variable Healthy (n=13) Peri-implant mucositis (n=13) ~ Peri-implantitis (n=13)
PISF volume (uL) 0.13+0.03 0.27+0.05 0.34+0.04
Simplified gingival index 0.54+0.05 2.08+0.27 2.38+0.50
Modified plaque index 1.20+0.05 1.85+0.68 2.00+0.57
Bleeding index 0.15+0.37 1.62+0.50 2.08+0.27
Probing depth (mm) 1.85+0.37 2.62+0.56 5.00+1.15

Healthy vs. mucositis®
Healthy vs. peri-implantitis®
Mucositis vs. peri-implantitis®
Healthy vs. mucositis?
Healthy vs. peri-implantitis®
Mucositis vs. peri-implantitis
Healthy vs. mucositis®
Healthy vs. peri-implantitis®
Mucositis vs. peri-implantitis
Healthy vs. mucositis?
Healthy vs. peri-implantitis®
Mucositis vs. peri-implantitis®
Healthy vs. mucositis?
Healthy vs. peri-implantitis®
Gingivitis vs. peri-implantitis®

Values are presented as mean +standard deviation.

PISF: peri-implant sulcular fluid.
P.value <0.05.

Table 2. Intergroup comparison of clinical parameters and GCF vol-

Table 3. Data of subgroups based on location of dental implants

ume. (maxillary/mandibular).
Variable I(-Inei|1tg}/ (il:gl;/g;s Per(i[:JS?r;t)itis Multiple comparison Subgroup Mean+SD (L) Pvalue
Peri-implant sulcular fluid
GCF 0.07+002 017004 0.30+0.10 Healthyvs. gingivitis® Healthy
volume Healthy vs. periodontitis?! Maillary 0.12+0.02 0500
(ut) Gingivitis vs. periodontitis? Mandibular 0.14+0.03
Gingival 054+0.05 2.38+050 254+051 Healthy vs. gingivitis® Peri-implant Mucositis
index Healthy vs. periodontitis?! Maxillary 0.28+0.05 0.110
Gingivitis vs. periodontitis Mandibular 0.22+0.05
Plague  069+048 162+0.87 2.46+0.66 Healthyvs. gingivitis? Peri-implantitis
index Healthy vs. periodontitis? Maxillary 0.33+0.05 0610
Gingivitis vs. periodontitis® Mandibular 0.35+0.03
Bleeding 0.00+0.0 1.92+076 231+048 Healthy vs. gingivitis® Gingival crevicular fluid
index Healthy vs. periodontitis? Healthy
Gingivitis vs. periodontitis Maxillary 0.08+0.03 0.760
Probing  1.23+043 246+051 554+0.66 Healthy vs. gingivitis® Mandibular 0.07+0.02
(drﬁpmt;] eral.th.y-vs. perio.dontiti.s.a’ ) Gingivi_tis
Gingivitis vs. periodontitis Maxillary 0.20+0.03 0.005°
Values are presented as mean +standard deviation. Mandibular 0.140.02
GCF: gingival crevicular fluid. Periodontitis
“Pvalue <0.05. Maxillary 0.35+0.11 0.070
Mandibular 0.24+0.05

The peri-implantitis group also showed a significant raise in
the PISF volume over the peri-implant mucositis group. This
finding was comparable to the GCF subgroups, wherein the
healthy (0.07+0.02), gingivitis (0.17+0.04), and periodontitis
(0.30+0.10) groups had significant differences in their vol-

umes (P<0.05).

SD: standard deviation.
APyvalue <0.05.

Analysis of PISF and GCF volumes based on location: max-

illary/mandibular

When the GCF and PISF subgroups were compared with
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respect to the location of the teeth and implants, that is, max-
illary or mandibular (Table 3), distinct features came to the
fore. Although the GCF subgroups showed a higher volume
in the maxillary sites, only the gingivitis subgroup demonstrat-
ed a statistically significant difference (maxillary, 0.20 uL; man-
dibular, 0.14 uL; P<o.005). Conversely, the PISF group failed to
show any relationship with the site of sample collection. The
healthy and peri-implantitis subgroups displayed an insig-
nificant edge in mandibular volume over maxillary volumes.
On the other hand, the peri-implant mucositis subgroup
showed an increase in maxillary PISF levels.

Analysis of PISF and GCF volumes based on clinical pa-
rameters
For the purpose of comparative assessment between GCF

Table 4. Correlation between clinical parameters and correspond-
ing GCF and PISF volume.

Variable PISF (n=39) GCF (n=39)
Probing depth 077 0.843
Gingival index 0.885 0.694
Bleeding index 0.841 0.696
Plaque index 0.734 0.729
PISF: peri-implant sulcular fluid, GCF: gingival crevicular fluid.
07
_ 06 " |
= 05f
£
S [ e ,0eMe
c il ¢ (P & PISF
a * u W GCF
% 02 n —— Linear (PISF)
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and PISF volumes, their Pearson coefficient correlation was
determined against the clinical parameters (Table 4).

Probing depth

When the overall GCF and PISF volumes were compared
with increasing probing depths, both fluids showed a strong-
ly positive correlation (Fig. 3A). However, GCF demonstrated
a better correlation with increasing probing depths (0.843)
when compared to PISF (0.771).

GI/sGI

PISF expressed a higher covariation with increasing grades
of sGI (0.885), while a moderately positive correlation of 0.694
was established for GCF with GI (Fig. 3B).

BI

The comparison between the correlation of GCF and PISF
with the BI demonstrated a higher PISF modulation (0.841)
with increasing BI grades than that of GCF (0.696) (Fig. 3C).

PI/mPI
Both PISF (0.734) and GCF (0.729) registered a positive cor-
relation with the mPI/PI (Fig. 3D).

06 °
05
jury
=
(<o}
E ® PISF
=
= ® GCF
—— Linear (PISF)
—— Linear (GCF)
’ “ o
06 °
05
jury
=
[<})
1S ® PISF
=
2 ® GCF
—— Linear (PISF)
—— Linear (GCF)
-2 4

Pl/mPI Q

Figure 3. Diagrammatic representation of correlation between clinical parameters and corresponding PISF and GCF volumes (pL). (A) PISF-
GCF vs. PD. (B) PISF-GCF vs. GI/sGI. (C) PISF-GCF vs. BL. (D) PISF-GCF vs. PI/mPL. PISF: peri-implant sulcular fluid, GCF: gingival crevicular
fluid, PD: probing depth, GI: gingival index, sGI: simplified gingival index, BI: bleeding index, PI: plaque index, mPI: modified plaque index.
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DISCUSSION

The clinical assessment of peri-implant tissues is necessary
to detect early signs of disease and appropriately plan thera-
peutic interventions. Peri-implant mucositis describes an in-
flammatory lesion that resides in the mucosa, while peri-im-
plantitis also affects the supporting bone [24]. As stated by
Lindhe et al. [24] in 2008, peri-implant mucositis can be iden-
tified clinically by redness and swelling of the soft tissue, but
bleeding on probing still forms the primary feature depicting
the onset and progression of inflammation. In peri-implan-
titis, however, the mucosal lesion is often associated with
suppuration and deepened pockets, and is always accompa-
nied by the loss of supporting marginal bone. It has been
noted previously that the conditions of peri-implant mucosi-
tis and peri-implantitis are comparable to gingivitis and peri-
odontitis, respectively [20]. Considering this fact, comparable
groupings were created for the crevicular fluid comparison,
where direct comparisons between healthy, gingivitis versus
peri-implant mucositis, and periodontitis versus peri-im-
plantitis were performed. However, inflamed peri-implant
tissues show a faster rate of conversion to destructive peri-
implantitis than gingival tissues [25]. Hence, for an early, un-
biased, and objective assessment of the peri-implant tissues
in health and disease, the stages of peri-implant disease should
be appropriately defined according to justifiably measure-
able, sensitive clinical parameters and indices.

Froum and Rosen [26] stated that a >4 mm probing depth
should be present on at least two aspects of the concerned
implant along with bone loss to classify it as peri-implantitis.
This definition was used in the present study to distinguish
conditions of peri-implant mucositis from peri-implantitis.
The probing depth around implants may vary according to
the condition of the overlying mucosa, amount of keratin-
ized tissue, the probing pressure, and the restoration design
[27]. To alleviate variations caused by these parameters, the
baseline probing depths at the time of prosthesis insertion
(not included) were taken into consideration and recordings
were made using a pressure-sensitive probe. The access to
the base of the implant sulcus during probing depth mea-
surement might be obviated by the restoration design, which
entails the consideration of its removal. However, during the
examinations, no difficulty in access to the sulcular base was
observed. Hence, all of the measurements were performed
during loaded conditions only.

Bacterial plaque is considered the key inducer of several
periodontal diseases. In 1967, Loe [3] detailed a highly utilitar-
ian and objective system for plaque assessment, which was
used in the present study for the appraisal of individual tooth
sites. For the assessment of bleeding on probing, Mombelli
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et al. [4]'s Bl was used instead of a dichotomous score. This is
because we intended to analyze the characteristics of bleed-
ing rather than its mere presence or absence. The GI was used
for the characterization of the periodontal inflammation [2].

Indices specifically modulated and customized for implants
were used for implant site assessment. Mombelli et al. [4]
modified the original PI introduced by Loe and Silness [2] to
assess biofilm formation in the marginal area around im-
plants (mPI). This index eased the applicability and assess-
ment at the implant sites, and therefore, its usage appeared
meaningful for monitoring and quantifying plaque accumu-
lation. In 2006, Strbac et al. [28], demonstrated a positive cor-
relation between increasing grades of periodontal inflam-
mation and mPI and mBI The present study demonstrated
that the plaque levels, although higher in th eperi-implantitis
group, were not significantly different from those of the peri-
implant mucositis group, suggesting that an increase in the
severity of inflammation around implants may not necessar-
ily require an increase in plaque accumulation.

The modified sulcular BI was adopted from Mombelli et al.
[4] in 1987 for the purpose of this study, as it has been modi-
fied for application to implant assessment as well [29]. Chron-
ic gingivitis and peri-implant mucositis lesions showing
bleeding suggest conspicuous epithelial changes and vascu-
lar transfiguration [25]. A study by Luterbacher et al. [30] in
2000 demonstrated a higher diagnostic accuracy for bleed-
ing on probing around implants when compared with that
around teeth. This was confirmed in the current study, where-
in periodontitis sites failed to show a significant rise in the BI
over gingivitis, while all of the three implant subgroups dis-
played a significant rise in BI. This indicates that peri-im-
plant mucosa gives a bleeding response more readily than
periodontal sites.

The tissue texture and color of the peri-implant mucosa
may be influenced by the appearance of the recipient tissues
before implant placement, their keratinization status (with
nonkeratinized tissues appearing redder than keratinized
tissues), and the material characteristics of the implant sur-
face [31,32]. These features carry the potential to jeopardize
the interpretations of the GI and have resulted in a poor cor-
relation between GI scores and changes in peri-implant crest-
al bone levels [32]. However, it is essential to correlate the
changes in PISF levels according to the changes in mucosal
inflammation around implants. Hence, a sGI [6] modified
from the original GI [2] for easy applicability around implants
was used for the peri-implant mucosal inflammation assess-
ment. The current study showed a similar manifestation of
inflammation in peri-implant mucosa and gingiva, with the
GI and sGI revealing no statistically significant differences.

GCF measurement has been considered an objective indi-
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cator of the degree of periodontal tissue inflammation [18]. It
has also been suggested that both GCF and PISF could be
useful markers of early inflammation in both gingival and
peri-implant tissues [33]. The production mechanism of PISF
has been shown to be similar to GCF [19]; this study, however,
concentrates on whether there are variations between the
two fluids depending upon the clinical inflammatory variants.
Pearsons’ correlation coefficient was estimated and com-
pared within the GCF and PISF groups and inflammatory
subgroups to directly compare the effects of clinical parame-
ters on PISF and GCF volumes. The volumes of PISF and
GCF were not concurrently compared to each other; rather,
the relative changes in their volumes with varying clinical
parameters were each compared. This is due to the fact that
the dimensions of the sulci might influence the volume re-
cordings for both dentate and implant sites [34]-

In studies determining the volumetric features of PISF [34-
37] and GCF [38,39), an increased volume was seen with an
increasing grade and extent of inflammation. Similar results
were reported in the present study. An overall GCF and PISF
volumetric comparison with increasing probing depths re-
vealed a positive correlation for both fluids. The correlation
of GCF with increasing probing depth was 0.843, which was
higher when compared to PISF (0.771).

Chaytor et al. [32] concluded that the GI insufficiently por-
trays deeper inflammatory changes and corresponding bone
levels. However, as production of the crevicular fluid is a mu-
cosal phenomenon, the recording of gingival and peri-im-
plant mucosal inflammation was considered essential for
depicting soft-tissue inflammatory changes. The results indi-
cate that the soft tissue inflammation demonstrates a strong-
ly positive influence over the fluid volumes produced. In ad-
dition, the covariation of the PISF volume appeared higher
than that of the GCF volume when compared against increas-
ing grades of GI/sGL In a pilot study, Niimi and Ueda [40]
demonstrated increased PISF volume at implant sites with
increasing grades of GI and PI. This is in agreement with the
present study, where correlations between the PISF/GCF vol-
ume and all of the clinical indices (PI, BI, and GI) were also
strongly positive and significant. A better correlation was ob-
served with PISF and the clinical parameters rather than GCF.
Hence, if the GCF volume is considered to be a reliable ob-
jective indicator for increasing grades of periodontal inflam-
mation, then the PISF volume could be considered an indi-
cator more adept for analyzing the development of peri-im-
plant mucosal inflammation.

When fluid volumes were compared according to their lo-
cation, GCF sites depicted a trend towards increased volume
in maxillary sites. This is in accordance with the study con-
ducted by Griffiths et al. [15], where it was shown that both
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the flow rate and resting volumes of GCF were higher in the
maxillary sites when compared to those of the mandibular
sites. The PISF sites failed to show any correlation with the
location of the implants. Gunday et al. [34] suggested a reverse
pattern in relation to PISF volume, with mandibular sites,
rather than maxillary sites, demonstrating an increased vol-
ume. However, this was not confirmed in the present study.

Crevicular fluid volumes are highly variable within subjects;
hence, methods to devise a definitive volume range could
not be successfully applied to categorize inflammation. How-
ever, for a particular patient, by keeping the time, site, and
method of GCF/PISF collection constant, a follow-up routine
can be maintained. Major positive fluctuations in PISF vol-
umes for an implant site, when compared with previous mea-
surements, might thus reveal a developing subclinical inflam-
mation. The use of indices specifically reformulated for im-
plant assessment ensures ease and precision in clinical appli-
cability and should be encouraged. This study demonstrated
that the relationships of GCF and PISF volumes to clinical
parameters do not significantly differ from each other. Hence,
this finding could be applied while collecting full mouth cre-
vicular fluid samples, where samples from both dental and
implant sites could be collected, without suppositions of
abrupt volumetric changes affecting dental and implant sites
differently. Thus, it could be concluded that within the limi-
tations of this study, except for minor fluctuations, GCF and
PISF volumes show a similar nature and pattern through in-
creasing grades of inflammation, with PISF showing mar-
ginally better correlation with the clinical indices. Future
studiesshould be conducted to confirm these results, em-
ploying a larger sample size; in addition, further research
should be carried out with a larger sample size to determine
the factors that modulate PISF volume production.
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