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Abstract
Objective Colony-stimulating factor (CSF)-1 and interleukin (IL)-34 are growth factors that regulate myeloid cell functions and
support osteoclastogenesis. CSF-1 and IL-34 levels in peri-implant diseases are yet unknown. This study evaluated CSF-1, IL-34,
and IL-1β levels in saliva and peri-implant crevicular fluid (PICF) from patients having mucositis or peri-implantitis, as well as
their correlation to clinical parameters of disease.
Material and methods Forty-three patients were included (mean age 61.1 ± 8.4; 62.8% female), 20 having mucositis and 23
having peri-implantitis. Patients were clinically examined and unstimulated whole saliva and PICF were collected. Levels of
CSF-1, IL-34, and IL-1β were determined by enzyme-linked immunosorbent assays.
Results CSF-1 levels were higher in PICF from peri-implantitis compared with mucositis patients (p = 0.028), whereas IL-34
levels showed no significant difference between the groups (p = 0.060). No significant difference was found in PICF IL-1β levels
between the groups. Salivary levels of CSF-1 and IL-34 did not differ significantly between mucositis and peri-implantitis. No
significant difference was observed in the salivary levels of IL-1β between groups (p = 0.061). CSF-1 and IL-1β correlated
significantly in both saliva and PICF. CSF-1 levels in saliva correlated with its levels in PICF. PICF CSF-1 levels showed
potential to discriminate between peri-implantitis and mucositis (AUC = 0.695, 95% CI 0.53–0.85; p = 0.029).
Conclusion Increased levels of CSF-1 in peri-implant crevicular fluid, but not in saliva, were found in peri-implantitis patients,
which might aid to discriminate the early and late stages of peri-implant diseases.
Clinical relevance This result suggests an increased osteoclastogenic potential in peri-implantitis patients.
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Introduction

Peri-implant diseases are highly prevalent conditions at a sub-
ject level, with 46.8% and 19.8% of the individuals with im-
plants having mucositis and peri-implantitis, respectively [1].
Peri-implant mucositis is the inflammatory reaction in the soft
tissues surrounding a functioning implant without loss of
supporting bone. Peri-implantitis is characterized by loss of
supporting bone associated with an inflammatory reaction
around an implant in function, which may lead to implant loss
[2, 3]. Peri-implant diseases result from an imbalance between
the microbiota and the host response [3]. The development of
the disease is characterized by a dense inflammatory infiltrate
in the connective tissue, in which polymorphonuclear leuko-
cytes and macrophages are among the most abundant [4],
suggesting these cells are involved in disease pathogenesis.
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Colony-stimulating factor (CSF)-1 is a pleiotropic growth
factor that regulates survival, proliferation, and differentiation
of myeloid cells. It acts in concert with receptor activator of
nuclear factor kappa-B ligand (RANKL) to regulate the differen-
tiation of mononuclear phagocytes to osteoclasts [5]. CSF-1 has
been implicated in many inflammatory diseases [6, 7], including
periodontal disease [8]. Interleukin (IL)-34 was identified as an
alternative ligand for CSF1R and also regulates myeloid cell
functions [9]. Both CSF-1 and IL-34 share functions; however,
they are not equivalent and have complimentary roles [10].
Similarly to CSF-1, IL-34 is expressed in human gingival fibro-
blasts and its expression can be enhanced by IL-1β and tumor
necrosis factor alpha (TNF-α). IL-34 can substitute CSF-1 in
RANKL-induced osteoclastogenesis [11]. Blockage of the
CSF-1 receptor (CSF1R) has been shown to result in reduced
alveolar bone loss [8]. We have previously reported CSF-1 and
IL-34 are altered in saliva from periodontitis patients [12, 13].
However, their levels in peri-implant diseases have not been
explored yet.

The analysis of biomarkers in peri-implant crevicular fluid
(PICF) may aid in early diagnosis and determination of patient
susceptibility, as well as contribute to the determination of the
prognosis of affected implants and guide the selection of treat-
ment approaches [14, 15]. It has been shown that the levels of
IL-1β in PICF may assist in the early diagnosis of peri-
implantitis, though no difference is found between the early
and later stages of peri-implant disease [16]. Collection of
crevicular fluid is time-consuming and technically demand-
ing, and saliva is to a greater extent used to assess the potential
of biomarkers to diagnose and monitor periodontal and peri-
implant diseases. However, it is needed to evaluate whether
salivary levels of biomarkers reflect those detected in PICF,
and to evaluate their relation to clinical parameters.

Therefore, since CSF-1 and IL-34 are involved in osteo-
clastogenesis, their investigation in peri-implant diseases
might give us insights into the disease pathogenesis and reveal
the potential diagnostic ability of these markers to differentiate
between peri-implant mucositis and peri-implantitis.
Consequently, this study aimed to assess the levels of CSF-
1, IL-34, and IL-1β in saliva and PICF from patients having
mucositis or peri-implantitis, as well as the correlations among
the markers and to clinical parameters. In addition, this study
evaluated the correlation between the salivary and PICF levels
of CSF-1, IL-34, and IL-1β.

Material and methods

Participants

This cross-sectional study enrolled 43 systemically healthy par-
ticipants with osseointegrated implants (mean age 61.1 ± 8.4;
62.8% female), as previously described in detail [17]. Briefly,

all participants were partially edentulous with an implant-
retained prosthesis in function for at least 6 months. The mean
(± sd) functional time in use of the implants was 61.7 ±
30.0 months. Patients were excluded if they were smokers, had
received periodontal or peri-implant therapy in the preceding
6 months, were pregnant or breastfeeding, or had used medica-
tion, such as antibiotics and anti-inflammatory drugs, in the last
6 months.

One calibrated dentist performed all the clinical examination
and determined the following parameters: visible plaque index
(VPI), bleeding on probing (BOP), probing depth (PD), and
clinical attachment level (CAL). Gingival index (GI) [20] was
measured in the sites selected for PICF collection, as the GI
allows the assessment of different grades of inflammation. The
examinations were performed with a periodontal probe (Hu-
Friedy, Chicago, IL, USA) in six sites per tooth, excluding the
third molars. The intra-examiner calibration included 5 patients
measured twice with an interval of 6 h between the examinations
and the concordance within ± 1 mm was 97% for PD measure-
ments. A full-mouth series of intraoral periapical radiographs
was taken to aid the diagnosis and selection of sites for PICF
collection. Twenty participants were diagnosed as having peri-
implant mucositis and 23 participants were diagnosed with peri-
implantitis. Mucositis was defined as the presence of clinically
inflamed sites without any significant radiographic bone loss
(bone loss around the implant not reaching the first thread), while
peri-implantitis was defined as the presence of inflamed sites and
bone loss involving at least two implant threads [18, 19]. The
disease extent was calculated as the number of implants affected
by disease.

Peri-implant crevicular fluid and saliva collection

PICF was collected from 2 to 3 inflamed sites that had gingi-
val index of 1 or 2 [20]. Sites were isolated with cotton rolls,
and the surfaces were gently dried with air. PICF was collect-
ed with paper strips (Periopaper, Oraflow, NY, USA), which
were introduced into the peri-implant crevice for up to 30 s.
Samples contaminated with blood were discarded. Volume of
PICF was measured in the Periotron (Periotron® 8000,
Oraflow, NY, USA), and the paper strips were pooled and
eluted in 200 μl of phosphate-buffered saline for 45 min.
Protease inhibitor was added to all samples (Sigma-Aldrich,
St. Louis, MO, USA). Paper strips were removed, and the
samplewas centrifuged at 3000g for 5 min and the supernatant
stored at − 70 °C until analysis.

Unstimulated whole saliva was also collected. Patients
refrained from eating and drinking and did not perform any oral
hygiene measures for at least 1 h prior to collection. Before
collection, each participant rinsed their mouth with tap water,
and after 5 min, participants expectorated into sterile tubes until
1 ml was reached. Protease inhibitor was added to all saliva
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samples. Samples were centrifuged at 3000g for 5 min, and then
the supernatant was stored at − 70 °C until analysis.

CSF-1, IL-34, and IL-1β immunoassays

Levels of CSF-1, IL-34, and IL-1βwere determined using com-
mercial enzyme-linked immunosorbent assays according to the
manufacturer’s instructions (R&D Systems, Minneapolis, MN,
USA). Readings were made using a microplate spectrophotom-
eter (SpectraMAX 340, Sunnyvale, CA, USA) with wavelength
set at 450 nm and correction set to 540 nm to subtract back-
ground. Samples below the limit of detection were set as 0.

Statistical analysis

Data analyses were performed using Statistical Package for
Social Sciences (SPSS), version 24 (IBM Corporation,
Armonk, NY, USA). Continuous variables are presented as
mean and standard deviation (SD) or median (interquartile
range), and categorical variables as frequencies. Data normal-
ity was evaluated by the Shapiro-Wilk test. Mann-Whitney
test was used to compare the continuous variables between
the two groups. Chi-square test was used to compare frequen-
cies between the groups. Spearman correlation coefficient was
calculated to assess the relation between clinical variables and
biomarker levels. Biomarker fold-changes were calculated by
dividing the means of the two study groups. Statistical signif-
icance was set at p ≤ 0.05.

To evaluate the biomarkers’ ability to discriminate peri-
implantitis patients from mucositis patients, area under the
receiver-operating characteristic curve (AUROC) and 95%
confidence intervals (CI) were calculated for the markers
showing a significant difference between the groups.

Results

Clinical parameters

There was no significant difference between the groups with
respect to age or gender. Peri-implantitis patients presented
higher full mouth mean of PD in teeth (p = 0.036), as well as
higher PD mean in implants (p = 0.003) compared with mu-
cositis patients. The number of implants did not differ signif-
icantly between groups (p = 0.075). Periodontal and peri-
implant clinical parameters are presented in Table 1. Out of
the 43 patients included in the study, 23 presented concomi-
tant periodontitis (PD ≥ 5 mm and CAL ≥ 3 mm).

CSF-1, IL-34, and IL-1β levels in saliva and PICF

CSF-1 and IL-34 were detected in 76.7% and 60.5% of the
PICF samples, respectively. In saliva, CSF-1 and IL-34 were

detected in 100% and 97.7%, respectively. IL-1βwas detected
in all saliva and PICF samples.

Mean levels of CSF-1 were 1.35- and 3.78-fold higher in
saliva and PICF from peri-implantitis patients compared with
mucositis patients, respectively. PICF levels of CSF-1 showed
a significant difference between the groups (p = 0.028;
Fig. 1b), whereas salivary levels did not differ significantly
between the groups (p = 0.770; Fig. 1a). Peri-implantitis pa-
tients showed 1.33- and 3.83-fold higher mean levels of IL-34
in saliva and PICF than mucositis patients, respectively; how-
ever, these differences did not reach statistical significance
(p = 0.401, p = 0.060; Fig. 1).

Salivary levels of IL-1β did not differ significantly be-
tween patients with peri-implantitis and those with mucositis
(p = 0.061; Fig. 1a). No significant difference was found be-
tween the groups for IL-1β levels in PICF (p = 0.944).
Regarding the concomitant presence of periodontitis, no sig-
nificant difference was seen between those with and without
periodontitis for the salivary and PICF levels of CSF-1, IL-34,
and IL-1β (data not shown).

Correlation analyses

Correlations between clinical parameters, and the levels of
CSF-1, IL-34, and IL-1β in saliva and PICF, are presented
in Fig. 2a, and correlations among the markers are presented
in Fig. 2b. No significant correlation was found between the
salivary levels of the markers and the clinical parameters. IL-
34 levels in PICF correlated significantly with BOP and with

Table 1 Demographics and peri-implant and periodontal parameters of
the two study groups

Variable Mucositis
(n = 20)

Peri-implantitis (n = 23) p value*

Age (years) 61.5 (± 10.8) 60.8 (± 5.9) 0.574

Gender (male/female) 8/12 8/15 0.724

Full mouth periodontal parameters

Number of teeth 19.0 (4.7) 17.0 (7.0) 0.085

VPI (%) 76.0 (32.0) 69.0 (36.0) 0.165

BOP (%) 34.0 (38.7) 35.0 (20.0) 0.697

PD (mm) 2.1 (0.5) 2.3 (0.3) 0.036

CAL (mm) 1.5 (0.7) 1.6 (1.4) 0.961

Full-mouth peri-implant parameters

Number of implants 4.0 (1.0) 6.0 (5.0) 0.075

VPI (%) 25.0 (39.9) 40.0 (25.0) 0.676

BOP (%) 60.0 (22.9) 55.5 (46.5) 0.695

PD (mm) 2.6 (0.5) 3.1 (0.7) 0.003

Data are presented as median (interquartile range) or frequencies. Age is
presented as mean (± standard deviation). *p value was evaluated using
Mann-Whitney or chi-square test. VPI visible plaque index, BOP bleed-
ing on probing, PD probing depth, CAL clinical attachment loss. Italic p
values indicates statistical significance

Clin Oral Invest (2020) 24:309–315 311



the disease extent in implants, whereas IL-1β levels correlated
with VPI in teeth. Levels of IL-1β in PICF also correlated
significantly with age.

Salivary levels of CSF-1 correlated significantly with its
levels in PICF. Neither IL-34 nor IL-1β levels in saliva corre-
lated significantly with their corresponding levels in PICF. In
both saliva and PICF, CSF-1 levels correlated significantly
with the levels of IL-1β.

Diagnostic ability of CSF-1

Since CSF-1 levels in PICF showed a significant difference
between the groups, its ability to differentiate the groups was
assessed. CSF-1 levels showed an AUROC of 0.695 (95% CI
0.53–0.85; p = 0.029) to discriminate patients having peri-
implantitis from those having mucositis.

Discussion

This study is, to the best of our knowledge, the first to assess the
levels of the macrophage growth factors CSF-1 and IL-34 in
matched PICF and saliva from individuals with peri-implant dis-
eases. It is important to understand the immunological differ-
ences between inflamed sites without tissue destruction and those
with tissue destruction, to comprehend what factors are more
relevant for bone loss rather than to inflammation itself. We
found increased levels of CSF-1 in PICF from peri-implantitis
patients with diagnostic potential of CSF-1 to discriminate

between peri-implantitis and mucositis patients. These findings
imply involvement of CSF-1 in the pathogenesis of peri-
implantitis, which deserves further investigation.

We report a significant increase in the CSF-1 levels in
PICF, but not in saliva, from peri-implantitis patients as com-
pared to peri-implant mucositis. Measuring CSF-1 in PICF
might offer a diagnostic ability to differentiate peri-
implantitis from mucositis as evidenced by an AUROC of
0.695 (95% CI 0.53–0.85). These two conditions presented
peri-implant mucosa inflammation and were differentiated
clinically by the presence of bone loss beyond bone remodel-
ing. This difference is important to determine since early in-
tervention and removal of etiology will reverse mucositis [19,
21]. A positive correlation between CSF-1 and IL-1β levels in
both saliva and PICF was seen, which is in accordance with
previous work from our group [12]. CSF-1 regulates the pro-
duction, maintenance, and function of cells from the mononu-
clear phagocyte lineage, as well as the function of other cells
expressing the CSF-1R [5]. CSF-1 is expressed by gingival
fibroblasts and takes part in RANKL-stimulated osteoclasto-
genesis [11]. CSF-1 levels in saliva have been shown to be
increased in individuals with periodontitis [12, 13]. However,
the levels of CSF-1 in saliva were higher in periodontitis when
compared to healthy, but not when compared to gingivitis
[13]. This result is in line with the finding of similar levels
between peri-implantitis and mucositis. Interestingly, CSF-1
levels in PICF correlated significantly with its levels in saliva,
which suggests crevicular fluid as an important source of this
growth factor in saliva.
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Fig. 1 Levels of CSF-1, IL-34, and IL-1β in saliva (a) and in peri-implant crevicular fluid (b) from individuals with peri-implant mucositis and peri-
implantitis. *p < 0.05 (Mann-Whitney test)



The levels of IL-34 in saliva did not exhibit significant
differences between peri-implantitis and mucositis; however,
it showed 3.8-fold higher PICF levels in peri-implantitis with-
out reaching statistical significance. Our results are partially in
line with previous reports on elevated levels of IL-34 in GCF
from individuals having chronic periodontitis [22, 23]. PICF
levels of IL-34 did not correlate significantly with its levels in
saliva; however, IL-34 levels in GCF have been reported to
positively correlate to its level in plasma which suggests con-
tribution of IL-34 from other sources than from crevicular
fluid into saliva [22]. Furthermore, we have previously mea-
sured elevated salivary levels of IL-34 in periodontally
healthy individuals compared with both gingivitis and peri-
odontitis patients; however, no significant difference was seen
between gingivitis and periodontitis patients [13]. In the cur-
rent study, we did not include participants with healthy im-
plants, making a direct comparison with our previous findings
in saliva difficult.

The cellular sources of IL-34 and secretion into different
biological fluids in homeostasis and inflammation deserves
investigation. IL-34 has been shown to be potentially patho-
genic in other inflammatory diseases, such as rheumatoid ar-
thritis and inflammatory bowel disease [10, 24, 25].
Measurement of IL-34 in serum has been shown to predict
radiographic progression in patients with rheumatoid arthritis
[26]. IL-34 is expressed by gingival fibroblasts, and its expres-
sion can be enhanced by pro-inflammatory stimuli, such as IL-
1β and TNF-α. Also, IL-34 can substitute CSF-1 in RANKL-
induced osteoclastogenesis, suggesting a role in
inflammation-driven bone resorption [11]. Blockage of the
CSF-1 receptor resulted in decreased bone resorption in an
experimental model of periodontitis [8]. However, both IL-
34 and CSF-1 can signal through the CSF-1 receptor. It is
well-known that CSF1R-deficient mice present a more severe

phenotype than that of mice lacking CSF-1, underlining that
IL-34 and CSF-1 have distinct biological functions [27]. The
specific roles of IL-34 and CSF-1 in peri-implant/periodontal
bone loss deserves further investigation.

We found no significant difference in PICF levels of IL-1β
between peri-implantitis and mucositis. Also, its salivary
levels did not show a significant difference between the
groups. IL-1β is one of the most studied cytokines in peri-
implant diseases; however, results regarding its relation to
peri-implant diseases have been contradictory. A systematic
review has shown increased levels in PICF in both peri-
implantitis and mucositis patients in comparison with healthy
participants; however, in agreement with our result, IL-1β
levels were not significantly altered when peri-implantitis
was compared to mucositis [16]. Regarding saliva, higher
levels of IL-1β were found in male participants with peri-
implantitis compared with participants without [28], whereas
no significant difference in salivary levels of IL-1β was re-
ported between totally edentulous participants with peri-
implantitis and those with mucositis [29]. The relationship
between salivary levels of IL-1β and peri-implant inflamma-
tion deserves further consideration.

Our results should be interpreted having in mind the limi-
tations of the study. Its cross-sectional nature does not allow
any causal claim to be made. Prospective studies with larger
cohorts would provide great insights into the utility of CSF-1
and IL-34 macrophage growth factors to diagnose and moni-
tor peri-implant diseases. Also, this study did not explore the
involvement of the macrophage growth factors in peri-implant
disease pathogenesis or address the cellular origin of IL-34
and CSF-1 in PICF and saliva, which deserves further inves-
tigation. Despite that, a strength of the study is the age
matching between groups, given that age has been shown to
impact on the immune response, and that salivary levels of
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Fig. 2 Heat maps exhibiting correlations between the biomarkers and clinical parameters (a) and among the biomarkers (b) in saliva and peri-implant
crevicular fluid. *p < 0.05, **p < 0.01 (Spearman correlation)



CSF-1 have been correlated with age [12]. Furthermore, the
evaluation of matched PICF and saliva enabled us to assess
whether saliva reflected the inflammatory status of pooled
selected sites, which is a strength of our study.

In conclusion, this study reports higher levels of CSF-1 in
peri-implant crevicular fluid, but not in saliva, in individuals
having peri-implantitis, which might provide diagnostic value
to discriminate peri-implantitis from mucositis. An altered
osteoclastogenic potential is suggested in peri-implantitis.
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