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Abstract
Background. The expression of the Wingless-related integration site (WNT) signaling pathway molecules 
has been reported to be aberrant in periodontitis.

Objectives. This case–control study aimed to determine the salivary concentrations of sclerostin (SOST), 
Dickkopf-related protein 1 (DKK1) and WNT family member 5a (WNT5a) and their ability to distinguish 
systemically healthy patients with periodontitis – across different progression rates – from periodontally 
healthy controls.

Material and methods. A total of 90 individuals participated in this study (30 healthy controls, 30 Grade B 
periodontitis patients, and 30 Grade C periodontitis patients). Salivary samples were collected using the un-
stimulated saliva collection method. Subsequently, clinical periodontal parameters were recorded. The en-
zyme-linked immunosorbent assay (ELISA) was utilized to determine the salivary levels of SOST, DKK1 and 
WNT5a.

Results. The salivary levels of SOST and DKK1 were significantly higher in Grade B periodontitis patients 
(14.85 ±3.28 ng/mL and 3.65 ±1.11 ng/mL, respectively) and Grade C periodontitis patients (7.45 ±3.84 ng/mL 
and 1.68 ±0.46 ng/mL, respectively) than in healthy controls (4.37 ±0.97 ng/mL and 0.88 ±0.15 ng/mL, re-
spectively). Notably, their levels were significantly higher in periodontitis Grade B than in Grade C (p < 0.0001). 
The WNT5a salivary levels were also considerably higher in Grade B periodontitis patients (6.58 ±3.28 ng/mL) 
and Grade C periodontitis patients (13.41 ±1.73 ng/mL) than in healthy controls (2.03 ±0.31 ng/ml). Unlike 
SOST and DKK1, WNT5a showed significantly higher levels in periodontitis Grade C as compared to Grade B 
(p < 0.0001). Additionally, the receiver operating characteristic (ROC) analysis demonstrated that SOST, DKK1 
and WNT5a showed significant diagnostic accuracy in distinguishing periodontitis from periodontal health 
with the area under the curve (AUC) values of 0.96, 0.97 and 0.99, respectively, and also in distinguishing 
periodontitis Grade B from periodontitis Grade C with AUC of 0.94, 0.97 and 0.92, respectively.

Conclusions. The salivary levels of SOST, DKK1 and WNT5a demonstrated high diagnostic value in dis-
tinguishing generalized periodontitis from periodontal health. The WNT5a levels increased with disease 
progression, effectively differentiating Grades B and C. Similarly, SOST and DKK1 also distinguished these 
grades, with higher levels in Grade B than in Grade C.
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Introduction

Periodontitis ranks among the most prevalent chronic 
diseases globally and significantly affects oral health.1 
It is a biofilm-mediated inflammatory condition character-
ized by intricate interactions between immune-inflamma-
tory pathways and alterations in the symbiotic ecosystem, 
ultimately resulting in inflammation-induced bone loss.2 
The regulation of bone metabolism is a complex process 
influenced by various signaling pathways, driven by nu-
merous local and systemic variables, such as chemokines, 
cytokines, hormones, as well as biochemical stimuli.3

The  Wingless-related integration site (WNT) path-
way is a signal transduction cascade and one of the most 
evolutionarily conserved cell signaling systems, playing 
a central role in numerous fundamental biological pro-
cesses, including cell proliferation, polarity and fate de-
termination, functioning in both embryonic development 
and the maintenance and regeneration of mature cells.4–6 
The dysregulation of WNT signaling has been reported 
to be a significant contributor to various diseases, includ-
ing bone and metabolic abnormalities.7,8 The activation 
of the WNT pathway is initiated by interactions between 
WNT ligands and their receptors at the cell membrane, 
which trigger the expression of WNT target genes.9 A min-
imum of 19 WNT protein ligands bind with Frizzled (Fz) 
receptors, initiating signaling cascades that can be broadly 
classified into 2 main branches – β-catenin-dependent 
(canonical) and β-catenin-independent (non-canonical) 
WNT signaling pathways.10

Sclerostin (SOST) and Dickkopf-related protein 1 
(DKK1) act as antagonists for the β-catenin-dependent 
pathway by binding to low-density lipoprotein receptor-
related proteins 5 and 6 (LRP5/6) on osteoblast surfaces. 
This interaction effectively blocks the WNT signaling 
pathway, ultimately leading to the inhibition of osteoblast 
proliferation and differentiation.11,12 In mice with induced 
periodontitis, the deletion of the SOST gene led to reduced 
alveolar bone resorption, decreased expression of recep-
tor activator for nuclear factor-kappa B ligand (RANKL) 
and increased expression of  osteoprotegerin (OPG).13 
Similarly, the constitutive deletion of DKK1 in osteocytes 
within a ligature-induced periodontitis model completely 

prevented alveolar bone loss.14 Moreover, studies con-
ducted in vivo have demonstrated that patients with peri-
odontitis exhibit elevated levels of SOST and DKK1 in both 
gingival tissues and gingival crevicular fluid (GCF).15–19

WNT family member 5a (WNT5a), a  component 
of the β-catenin-independent pathway, plays an important 
role in both the development of periodontal tissues and 
the pathogenesis of periodontitis.20 WNT5a has the capac-
ity to either activate or inhibit the β-catenin-dependent 
pathway.21 WNT5a activates proinflammatory signaling 
pathways and amplifies the secretion of proinflammatory 
cytokines, contributing to the exacerbation of periodontal 
tissue destruction.22,23 Additionally, it has been demon-
strated that WNT5a facilitates RANKL-induced osteo-
clastogenesis, ultimately leading to enhanced osteoclast 
differentiation and increased bone resorption, thereby 
inhibiting bone formation.24

Established during the  2017 World Workshop 
on  the  Classification of  Periodontal and Peri-Implant 
Diseases and Conditions, the new periodontitis classi-
fication utilizes a multi-dimensional approach for stag-
ing and grading.25 Grading offers additional insights into 
the biological characteristics of the disease, incorporat-
ing a  longitudinal assessment of periodontitis progres-
sion rates and an evaluation of the risk for future disease 
advancement.26 The limitations of conventional diagnostic 
methods have prompted the exploration of biomarker inte-
gration into the new classification system. This approach 
is expected to facilitate the identification of patients dur-
ing active phases of periodontitis and to improve the ac-
curacy of monitoring disease progression and treatment 
response.26

Saliva collection is straightforward, rapid and non-in-
vasive, and it requires less manpower and fewer materi-
als as compared to other diagnostic bodily fluids. Addi-
tionally, whole saliva provides a pooled sample from all 
periodontal sites, enabling a comprehensive assessment 
of an individual’s disease status or risk rather than focus-
ing on specific sites or teeth.27 Given these advantages, 
saliva-based diagnostics holds considerable promise for 
the detection of periodontal diseases and the prediction 
of treatment outcomes, potentially advancing future diag-
nostic approaches in periodontology.28

Highlights

	• Salivary SOST, DKK1 and WNT5a biomarkers are significantly elevated in periodontitis patients in comparison 
with healthy controls.

	• The WNT5a levels increase with disease progression, effectively distinguishing Grade C (rapid progression) from 
Grade B periodontitis.

	• The SOST and DKK1 levels are higher in Grade B than Grade C, indicating distinct biomarker expression patterns.
	• All three biomarkers show excellent diagnostic accuracy (AUC > 0.90) for detecting periodontitis and differentiating 

disease grades.
	• These salivary biomarkers provide a non-invasive approach for periodontitis diagnosis, grading and disease monitoring.
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Despite prior evidence highlighting the roles of SOST, 
DKK1 and WNT5a in periodontal tissue deterioration, 
there is a notable lack of studies investigating the salivary 
levels of WNT5a and DKK1 in patients with periodonti-
tis, as well as a scarcity of research measuring the SOST 
levels in saliva. Therefore, this study aimed to evaluate 
the salivary concentrations of SOST, DKK1 and WNT5a 
with the objective of determining their efficacy in differ-
entiating between Grades B and C periodontitis.

Material and methods

Study design and settings

This case–control study involved the analysis of patients 
who visited the dental clinics at the Department of Peri-
odontics, College of Dentistry, University of Baghdad, 
Iraq, between January and May 2024. Ninety systemi-
cally healthy participants were included. All participants 
who met the established eligibility criteria were verbally 
informed about the study and asked to sign an informed 
consent form. Salivary samples were collected from all 
participants. Then, the patients received a  full-mouth 
periodontal examination to determine their periodontal 
status. The study was approved by the ethics committee 
of the College of Dentistry, University of Baghdad, in ac-
cordance with the Declaration of Helsinki and its subse-
quent amendments concerning human research (reference 
No. 855, project No. 855623, December 12, 2023). The re-
search was evaluated and validated in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines.

Eligibility

During the preliminary screening phase, each participant 
underwent an assessment to determine their eligibility for 
inclusion in the study based on the following criteria: adults 
aged >18 years; systemically healthy; with ≥20 permanent 
teeth (excluding third molars); and without any systemic 
medical condition that could affect the periodontal sta-
tus, particularly any disorders associated with bone health 
(rheumatoid arthritis, bleeding disorders, diabetes mellitus, 
recent bone fractures, ankylosing spondylitis, osteoporosis, 
and immunosuppressive therapy). The exclusion criteria 
were as follows: antibiotic use within the past 3 months; ex-
tensive periodontal therapy within the past 3 months or cur-
rently undergoing active periodontal treatment; the presence 
of dental implants; the presence of orthodontic appliances; 
pregnant or  lactating women; post-menopausal women; 
patients with any oral lesions unrelated to periodontitis, 
including but not limited to aphthous ulcers, lichen planus, 
and others. Moreover, individuals presenting a waist-to-
height ratio (WHtR) ≥0.5,29 as well as those with a body 
mass index (BMI) ≥30 kg/m2, were excluded from the study.

Study groups

Based on the periodontal status, the eligible individuals 
were categorized into healthy controls and periodontitis 
patients. The periodontitis group was further subdivided 
into Grade B and Grade C. The categorization was car-
ried out based on the latest classification of periodontal 
diseases and conditions, while also integrating the guide-
lines from the British Society of Periodontology (BSP) 
regarding the practical implementation of this classifi-
cation system in clinical settings.26,30 Participants with 
no clinical attachment loss (CAL), bleeding on probing 
(BoP) <10% and probing pocket depth (PPD) ≤3 mm were 
grouped as healthy controls. For the periodontitis groups, 
participants were identified based on the presence of in-
terdental CAL at two or more non-adjacent teeth, or buc-
cal/oral CAL in conjunction with PPD > 3 mm at two 
or more teeth. All periodontitis cases were classified 
as generalized (involving ≥30% of teeth) and unstable, 
defined by PPD ≥ 5 mm or PPD ≥ 4 mm with BoP. Pa-
tients were further categorized as Grade B or Grade C ac-
cording to the ratio of radiographic bone loss at the most 
affected site to the patient’s age. A ratio of 0.5–1.0 was 
classified as Grade B, indicating moderate disease pro-
gression, whereas a ratio >1.0 was classified as Grade C, 
indicating rapid progression. Our study adopted the re-
vised approach, which uses a 0.5–1.0 ratio to determine 
grades while excluding risk factors such as diabetes and 
smoking. This method aligns with recent literature ad-
vocating a simplified classification based solely on clini-
cal measurements for grade assessment.30 Regarding 
the smoking status, individuals who smoked ≥10 ciga-
rettes per day for the past 5 years were classified as smok-
ers, whereas those who had never smoked or had ceased 
smoking at least 2 years prior to the study were classified 
as non-smokers.31

Clinical examination

A single calibrated examiner performed all clinical as-
sessments. The following periodontal parameters were 
evaluated: plaque index (PI)32; BoP33; PPD; and CAL 
at 6 sites per tooth (except PI, which was recorded at 4 sites 
per tooth), excluding third molars, using UNC-15 peri-
odontal probes (Hu-Friedy, Chicago, USA). The plaque in-
dex and BoP were recorded dichotomously (present/absent) 
at 4 or 6 sites per tooth, respectively. The percentage of 
sites with plaque or bleeding was then calculated for each 
patient, and these percentages are presented as mean 
± standard deviation (M ±SD). Radiographic imaging was 
performed to confirm the diagnosis, focusing on the most 
affected tooth, defined as the tooth exhibiting the greatest 
interdental CAL. In addition, BMI was calculated as weight 
in kilograms divided by height in meters squared (kg/m2), 
and WHtR was calculated as waist circumference in cen-
timeters divided by height in centimeters.
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Calibration was performed with an expert periodontist 
for diagnosis and the recording of clinical parameters prior 
to study commencement. A minimum interval of 2 h was 
maintained between consecutive measurements. These 
calibration sessions were repeated at different time points 
until an acceptable level of agreement was achieved. This 
included κ values >0.75 for PI and BoP, and intraclass cor-
relation coefficients (ICCs) >0.90 for PPD and CAL.

Sample size

Using the first 15 samples from each group, a pilot study 
was conducted, and the salivary levels of the selected bio-
markers were determined using the enzyme-linked im-
munosorbent assay (ELISA). Subsequently, the  sample 
size was calculated according to  the  formula provided 
by Sharma et al. for case–control studies (Equation 1)34:

                       (1)

where:
n – sample size per group;
r – allocation ratio (n2/n1);
SD – standard deviation;
Zα/2 – critical value for the significance level;
Zβ – critical value for power; and
d – minimal clinically significant difference to detect.

Accordingly, a sample size of 30 was estimated for each 
group (30 for the healthy control group, 30 for the Grade B 
periodontitis group, and 30 for the Grade C periodontitis 
group), yielding a 2:1 ratio of cases to controls.

Salivary sample collection and analysis

Saliva samples were collected from the  participants 
between 9:00 a.m. and 1:00 p.m., prior to any oral ex-
amination. Whole unstimulated saliva was obtained us-
ing the passive drooling method. The participants were 
instructed to  abstain from eating, drinking, smoking, 
and oral hygiene practices for at least 1 h before collec-
tion. Approximately 10 min before sampling, they rinsed 
their mouths with water for 30 s, and then expectorated 
into sterile tubes while seated upright. A total of 3 mL 
of  unstimulated saliva was collected and transferred 
into polypropylene tubes. The samples were centrifuged 
at 3,000 rpm for 5 min and subsequently stored at −20°C 
until analysis by ELISA.

The samples were allowed to thaw at room temperature. 
The protein levels in saliva were then quantified using com-
mercially available ELISA kits (Cloud-Clone Corp., Katy, 
USA), according to the manufacturer’s instructions. A stan-
dard curve was generated by plotting the optical density 
(OD) values for SOST, DKK1 and WNT5a, and regression 
equations were applied to convert these values into con-
centrations expressed in nanograms per milliliter (ng/mL).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics 
for Windows, v. 27.0 (IBM Corp., Armonk, USA), while 
graphical representations were generated using GraphPad 
Prism 10 (GraphPad Software, San Diego, USA). The nor-
mality of data distribution was assessed using the Shap-
iro–Wilk test. For non-normally distributed data, non-
parametric statistical methods were applied.

Differences in age, WHtR, BMI, cigarettes per day, PI, 
and BoP were analyzed using the one-way analysis of vari-
ance (ANOVA) followed by the Games–Howell post hoc 
tests, as these variables were normally distributed. In con-
trast, the Kruskal–Wallis test followed by Bonferroni-
adjusted post hoc comparisons was used for the salivary 
biomarker levels, PPD, CAL, and the number of sites with 
PPD ≥ 4 mm, as well as the number of teeth with PPD 
≥ 4 mm, due to their non-normal distribution. The χ2 test 
was used to assess associations between categorical vari-
ables, including gender, the smoking status and the edu-
cational level, across the 3 study groups. Moreover, for 
comparisons between smokers and non-smokers within 
each group, the Mann–Whitney U test was used.

Spearman’s correlation coefficient was applied to eval-
uate relationships between the salivary biomarker lev-
els and other relevant variables. The receiver operating 
characteristic (ROC) analysis was performed to assess 
the diagnostic performance of SOST, DKK1 and WNT5a 
in distinguishing healthy and periodontitis groups, with 
the area under the curve (AUC) values used to determine 
sensitivity and specificity. Multiple linear regression anal-
ysis was conducted to examine the influence of various 
factors on the salivary biomarker levels across all groups. 
The level of statistical significance was set at 5% (p < 0.05).

Results

In the current study, 320 subjects were screened for eli-
gibility. A total of 90 participants were recruited, after ex-
cluding individuals for several reasons, as detailed in Fig. 1. 
Subsequently, the participants were divided into 3 groups 
(30 healthy controls, 30 Grade B periodontitis patients, 
and 30 Grade C periodontitis patients).

Demographic variables

The demographic characteristics of the study groups are 
shown in Table 1. There were no differences in the mean 
age, gender, WHtR, and BMI among the study groups 
(p > 0.05). However, statistically significant differences 
among groups were observed in  the  mean number 
of teeth and the educational level of the study participants 
(p < 0.001). Additionally, no significant differences were 
observed in the distribution of smokers across the groups 
(p > 0.05).
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Clinical periodontal parameters

Concerning the assessed clinical periodontal param-
eters (PI, BoP, PPD, CAL, and the number of sites with 

PPD ≥ 4 mm), all of them were significantly higher in both 
Grade B and Grade C periodontitis groups as compared 
to the control group (p < 0.0001). Additionally, the Grade C 
group exhibited significantly higher PI and CAL when 
compared to Grade B, as illustrated in Table 2.

Salivary levels of SOST, DKK1 and WNT5a

The salivary levels of all biomarkers across the groups are 
presented in Table 3. The concentrations of SOST, DKK1 
and WNT5a were significantly higher in both periodontitis 
groups as compared to the healthy control group. Inter-
group comparisons revealed significantly higher salivary 
levels of both SOST and DKK1 in the Grade B periodontitis 
group when compared to Grade C (p < 0.0001), whereas 
the salivary levels of WNT5a were significantly higher 
in Grade C than in Grade B (p < 0.0001), as illustrated 
in Fig. 2. Further analysis revealed that the salivary bio-
marker levels exhibited no significant differences between 
smokers and non-smokers across all groups (p > 0.05), 
as shown in Table 4 and Fig. 3.

Table 1. Demographic characteristics of the study groups

Characteristics
Groups

p-value
healthy controls Grade B periodontitis Grade C periodontitis

Age [years] 39.03 ±9.92 44.03 ±10.56 43.60 ±11.29 0.135a

Gender
M 20 (66.67) 23 (76.67) 21 (70.00)

0.770b

F 10 (33.33) 7 (23.33) 9 (30.00)

WHtR 0.46 ±0.02 0.47 ±0.01 0.46 ±0.02 0.142a

BMI [kg/m2] 24.24 ±3.32 25.66 ±2.77 25.88 ±2.37 0.058a

Smoking status
smokers 10 (33.33) 13 (43.33) 12 (40.00)

0.797b

non-smokers 20 (66.67) 17 (56.67) 18 (60.00)

Cigarettes/day 28.00 ±10.06 32.31 ±13.01 33.75 ±12.27 0.520a

Number of teeth 27.2 ±1.5 23.4 ±3.0 23.9 ±2.7 <0.001*c

Educational level

no education 0 (0.00) 6 (20.00) 6 (20.00)

<0.001*b
primary education 2 (6.67) 9 (30.00) 11 (36.67)

secondary education 4 (13.33) 11 (36.67) 10 (33.33)

higher education 24 (80.00) 4 (13.33) 3 (10.00)

Data presented as mean ± standard deviation (M ±SD) or as number (percentage) (n (%)). 
M – male; F – female; * statistically significant (a ANOVA; b χ2 test; c Kruskal–Wallis test).

Fig. 1. Flowchart of the study

WHtR – waist-to-height ratio; BMI – body mass index.

Table 2. Clinical parameters among the study groups

Parameters
Groups

p-value
healthy controls Grade B periodontitis Grade C periodontitis

PI [%] 20.23 ±9.96 47.13 ±16.44a 64.12 ±14.62ab <0.001*†

BoP [%] 4.98 ±2.00 48.88 ±18.94a 57.72 ±17.75a <0.001*†

PPD [mm] 1.90 ±0.76 4.40 ±0.47a 4.79 ±0.74a <0.001*‡

CAL [mm] 0.00 ±0.00 3.07 ±0.89a 4.36 ±0.35ab <0.001*‡

Number of sites
with PPD ≥ 4 mm

0.0 ±0.0 9.77 ±8.96a 22.67 ±21.59a <0.001*‡

Data presented as M ±SD. 
PI – plaque index; BoP – bleeding on probing; PPD – probing pocket depth; CAL – clinical attachment loss; * statistically significant († ANOVA with 
the Games–Howell post hoc test; ‡ Kruskal–Wallis test with the Bonferroni post hoc test; a significantly different from the control group; b significantly 
different from the Grade B periodontitis group).
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Fig. 2. Violin plots for the salivary concentrations of biomarkers among 
the study groups

A – SOST; B – DKK1; C – WNT5a.  
Solid lines represent median (Me) and dashed lines represent interquartile 
range (IQR).  
** p < 0.01; *** p < 0.001; **** p < 0.0001 (Kruskal–Wallis test and 
the Bonferroni post hoc test).

Fig. 3. Violin plots for the salivary concentrations of biomarkers in smokers 
and non-smokers across all groups

A – SOST; B – DKK1; C – WNT5a.  
Solid lines represent Me and dashed lines represent IQR.  
ns – non-significant (p > 0.05) (multiple Mann–Whitney U test).
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Correlation between the salivary 
biomarker levels and other variables

Table 5 presents the coefficients of correlation between 
the salivary biomarkers (SOST, DKK1 and WNT5a) and 
clinical and demographic variables, as well as their inter-
relationships. All 3 biomarkers showed statistically signifi-
cant correlations with PI, BoP, PPD, CAL, and the number 
of sites with PPD ≥ 4 mm.

SOST was positively correlated with age and WHtR 
(p < 0.05), while DKK1 showed positive correlations with 
both WHtR and BMI (p < 0.05). In contrast, the number 
of teeth was negatively correlated with all salivary bio-
markers (p < 0.0001).

Furthermore, the 3  tested biomarkers demonstrated 
significant positive correlations between each other 
(p < 0.001).

ROC analysis for diagnostic accuracy

The  diagnostic potential of  salivary biomarkers 
to distinguish periodontal health from periodontitis 
and its grades was evaluated using the  ROC analy-
sis, as presented in Table 6 and Fig. 4. All biomark-
ers (SOST, DKK1 and WNT5a) demonstrated excel-
lent discriminatory ability between periodontal health 
and periodontitis, with the AUC values of 0.96, 0.97 
and 0.99, respectively.

Table 3. Comparison of the salivary levels of biomarkers [ng/mL] among the study groups

Biomarkers
Groups

healthy controls Grade B periodontitis Grade C periodontitis periodontitis groups

SOST 4.47 (4.37 ±0.97) 14.91 (14.85 ±3.28) 6.75 (7.45 ±3.84) 9.30 (11.15 ±5.14)

DKK1 0.85 (0.88 ±0.15) 3.40 (3.65 ±1.11) 1.64 (1.68 ±0.46) 2.40 (2.66 ±1.30)

WNT5a 2.00 (2.03 ±0.31) 5.53 (6.58 ±3.28) 13.25 (13.41 ±1.73) 11.40 (10.11 ±0.31)

Data presented as median (Me) (M ±SD). 
SOST – sclerostin; DKK1 – Dickkopf-related protein 1; WNT5a – Wingless-related integration site (WNT) family member 5a.

Table 4. Comparison of the salivary levels of biomarkers [ng/mL] in smokers and non-smokers among the study groups

Biomarkers
Healthy controls Grade B periodontitis Grade C periodontitis

smokers 
(n = 10)

non-smokers 
(n = 20)

smokers 
(n = 13)

non-smokers 
(n = 17)

smokers 
(n = 12)

non-smokers 
(n = 18)

SOST
4.52 

(4.09 ±0.96)
4.47 

(4.50 ±0.97)
13.74 

(14.86 ±4.56)
15.21 

(14.85 ±1.97)
7.50 

(8.84 ±5.88)
6.60 

(6.50 ±0.89)

DKK1
0.85 

(0.88 ±0.14)
0.85 

(0.88 ±0.16)
2.91 

(3.51 ±1.21)
3.44 

(3.75 ±1.06)
1.61 

(1.66 ±0.70)
1.67 

(1.70 ±0.21)

WNT5a
2.01 

(2.03 ±0.26)
1.93 

(2.07 ±0.34)
6.00 

(7.61 ±4.22)
5.45 

(6.20 ±2.29)
13.22 

(13.17 ±0.97)
13.75 

(13.56 ±2.11)

Data presented as Me (M ±SD).

Table 5. Correlations between salivary biomarkers and other variables

Variables
Salivary biomarkers

SOST DKK1 WNT5a

Age r = 0.229* r = 0.158 r = 0.199

WHtR r = 0.213* r = 0.219* r = 0.051

BMI r = 0.669 r = 0.217* r = 0.174

Cigarettes/day r = 0.080 r = 0.029 r = 0.096

Number of teeth r = −0.485**** r = −0.497**** r = −0.405****

PI r = 0.452*** r = 0.431*** r = 0.477***

BoP r = 0.536*** r = 0.543*** r = 0.681***

PPD r = 0.506**** r = 0.574**** r = 0.744****

CAL r = 0.450*** r = 0.467*** r = 0.781***

Number of sites with PPD ≥ 4 mm r = 0.505**** r = 0.547**** r = 0.758****

SOST – r = 0.836*** r = 0.488***

DKK1 – – r = 0.477***

r – Spearman’s correlation coefficient; * p < 0.05; *** p < 0.001; **** p < 0.0001.
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DKK1 demonstrated the highest sensitivity and specific-
ity (100% each) for distinguishing the healthy group from 
Grade B periodontitis, with a cut-off value of 1.470. This 
was followed by WNT5a (96.69% sensitivity and 100.00% 
specificity; cut-off: 2.975) and SOST (100.00% sensitivity 
and 96.69% specificity; cut-off: 6.100).

For distinguishing healthy controls from Grade C peri-
odontitis, WNT5a demonstrated the highest sensitivity 
and specificity (100% each). This was followed by DKK1 
(93.33% sensitivity and 100.00% specificity) and SOST 
(90.00% sensitivity and 93.33% specificity).

Further analysis showed that all biomarkers (SOST, 
DKK1 and WNT5a) demonstrated excellent ability to dis-
criminate between periodontitis grade B and grade C, with 
the AUC values of 0.94, 0.97 and 0.92, respectively.

Multiple linear regression

Multiple linear regression analysis revealed that 
SOST was significantly negatively associated with CAL 
(B = −2.29; p < 0.001) and the number of teeth (B = −0.385; 
p = 0.048). Similarly, DKK1 showed significant negative as-
sociations with PI (B = −0.021; p = 0.005), CAL (B = −0.495; 
p < 0.001), and the number of teeth (B = −0.107; p = 0.024). 
Both SOST and DKK1 were positively associated with peri-
odontitis (B = 14.433; p < 0.001 and B = 3.573; p < 0.001, 
respectively). Furthermore, WNT5a demonstrated sig-
nificant positive associations with PI, CAL, the number 
of teeth, and periodontitis, as presented in Table 7.

Discussion

The current study demonstrated that the salivary levels 
of the selected biomarkers involved in the WNT signaling 
pathway (SOST, DKK1 and WNT5a) were significantly ele-
vated in systemically healthy individuals with periodontitis 

Table 6. Receiver operating characteristic (ROC) analysis for salivary biomarkers across all groups.

ROC analysis Biomarkers AUC Sensitivity
[%]

Specificity
[%] Cut-off point 95% CI p-value

Healthy controls vs. 
periodontitis

SOST 0.96 93.33 96.67 5.805 0.92–1.00 <0.0001*

DKK1 0.97 96.67 100.00 1.315 0.94–1.00 <0.0001*

WNT5a 0.99 98.33 10.000 2.975 0.99–1.00 <0.0001*

Healthy controls vs. 
Grade B periodontitis

SOST 1.00 100.00 96.67 6.100 1.00–1.00 <0.0001*

DKK1 1.00 100.00 100.00 1.470 1.00–1.00 <0.0001*

WNT5a 0.99 96.67 100.00 2.975 0.99–1.00 <0.0001*

Healthy controls vs. 
Grade C periodontitis

SOST 0.92 90.00 93.33 5.605 0.84–1.00 <0.0001*

DKK1 0.95 93.33 100.00 1.315 0.89–1.00 <0.0001*

WNT5a 1.00 100.00 100.00 6.545 1.00–1.00 <0.0001*

Grade B periodontitis vs. 
Grade C periodontitis

SOST 0.94 96.67 93.33 8.230 0.87–1.00 <0.0001*

DKK1 0.97 96.67 96.67 2.395 0.93–1.00 <0.0001*

WNT5a 0.92 83.33 93.33 10.870 0.84–0.99 <0.0001*

CI – confidence interval; * statistically significant.

Fig. 4. Receiver operating characteristic (ROC) curves for salivary biomarkers

A – SOST; B – DKK1; C – WNT5a. AUC – area under the curve.
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as compared to those with a healthy periodontium. These 
biomarkers not only indicated the presence of periodon-
titis, but also exhibited high sensitivity in distinguishing 
between different rates of disease progression (periodon-
titis Grade B and Grade C). This highlights their potential 
utility in the non-invasive diagnosis and grading of peri-
odontitis, thereby contributing to more precise and tar-
geted treatment strategies.

The  inherent limitations of  traditional diagnostic 
methods have prompted investigation into the integra-
tion of biomarkers into the new periodontitis classification 
system, particularly for disease grading, thereby enhanc-
ing the data obtained from standard clinical measures.26 
The selection of saliva as a diagnostic medium in this study 
is based on its unique properties and considerable potential 
for disease detection and monitoring.35 As an easily ob-
tainable biofluid that can be collected without specialized 
clinical facilities or advanced technical expertise, it repre-
sents a valuable medium for both research and diagnostic 
applications. Numerous salivary biomarkers have demon-
strated a remarkable ability to differentiate periodontitis 
from periodontal health.36–40 However, to date, no single 
biomarker has been identified that can reliably diagnose 
periodontal disease.41 Therefore, the present study aimed 
to identify promising salivary biomarkers that could serve 
as a basis for monitoring periodontal disease progression 
and provide a foundation for future research.

Over recent decades, the WNT signaling pathway has 
attracted considerable scientific interest due to its piv-
otal role in regulating various cellular processes, includ-
ing bone metabolism.42 Evidence indicates that the WNT 
signaling pathway –  particularly the  WNT/β-catenin 
pathway – is  involved not only in regulating osteoblast 

differentiation and bone formation, but also in controlling 
genes essential for osteoclast maturation and bone resorp-
tion. Among the key regulators (agonists and antagonists) 
of the WNT pathway associated with periodontitis are 
SOST, DKK1 and WNT5a.43

It  is well established that periodontitis is  associated 
with elevated levels of local and systemic proinflamma-
tory cytokines.44,45 In this context, the expression of SOST 
and DKK1 has been reported to be upregulated by tumor 
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β) 
and transforming growth factor-beta 1 (TGF-β1) in several 
diseases, including periodontitis,46–49 suggesting their po-
tential role in its pathogenesis. Baek et al. demonstrated 
that TNF-α stimulates the production of SOST in MLO-Y4 
osteocytes.50 It was shown that nuclear factor kappa-light-
chain enhancer of activated B cells (NF-κB) directly binds 
to the NF-κB binding sites on the mouse SOST promoter, 
thereby enhancing SOST production through NF-κB acti-
vation.50 Additionally, a study using an experimental peri-
odontitis model in osteocyte-specific DKK1-deletion mice 
demonstrated increased volume and density of the alveolar 
process.14 Notably, substantial variations were observed 
in the infiltration of inflammatory cells and proinflamma-
tory cytokines within periodontal tissues, indicating that 
the ablation of DKK1 in osteocytes reduced the inflam-
matory response.14 Moreover, SOST and DKK1, primar-
ily expressed by osteocytes, have been shown to increase 
RANKL expression while simultaneously decreasing 
the OPG levels.51,52 Since the RANKL/OPG ratio is criti-
cal in the pathogenesis of periodontitis,53 it is worth noting 
that SOST and DKK1 may promote osteoclast formation 
in a RANKL-dependent manner, which further under-
scores their role in disease progression.

Table 7. Multiple linear regression models for the salivary biomarker levels

Multiple linear 
regression models

SOST DKK1 WNT5a

B SE p-value B SE p-value B SE p-value

Model I R2 = 0.600 R2 = 0.638 R2 = 0.707

Age 0.062 0.040 0.124 0.001 0.010 0.879 0.002 0.033 0.944

WHtR 9.465 21.860 0.666 5.950 5.322 0.267 −10.781 18.109 0.553

BMI −0.001 0.140 0.997 −0.001 0.034 0.986 −0.002 0.116 0.852

Number of teeth −0.385 0.191 0.048* −0.107 0.047 0.024* 0.506 0.158 0.002*

PI −0.033 0.030 0.273 −0.021 0.007 0.005* 0.005 0.025 0.027

BoP −0.025 0.030 0.419 −0.001 0.007 0.942 −0.029 0.025 0.259

PPD 0.346 0.489 0.418 0.091 0.119 0.445 −0.110 0.405 0.786

CAL −2.290 0.460 <0.001* −0.495 0.112 <0.001* 1.571 0.381 <0.001*

Periodontitis 14.433 2.420 <0.001* 3.573 0.588 <0.001* 3.998 2.000 0.049*

Model II R2 = 0.567 R2 = 0.629 R2 = 0.700

Number of teeth −0.479 0.169 0.006* −0.110 0.041 0.009* 0.555 0.140 <0.001*

PI – – – −0.021 0.006 0.001* 0.043 0.021 0.047*

CAL −2.454 0.388 <0.001* −0.483 0.100 <0.001* 1.530 0.341 <0.001*

Periodontitis 14.205 1.537 <0.001* 3.931 0.381 <0.001* 2.817 1.295 0.032*

B – unstandardized regression coefficient; SE – standard error; R2 – coefficient of determination; * statistically significant.
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In the present study, the salivary levels of SOST and 
DKK1 were significantly increased in the periodontitis 
groups (Grade B and C) as compared to the healthy group. 
Additionally, both biomarkers showed significant posi-
tive correlations with PI, BoP and CAL (p < 0.001), as well 
as with PPD and the number of sites with PPD ≥ 4 mm 
(p < 0.0001). To the best of our knowledge, no previous 
studies have evaluated the salivary levels of SOST or DKK1 
in periodontitis patients with different rates of disease pro-
gression in comparison with individuals with a healthy 
periodontium. However, SOST has been detected in saliva. 
A previous study assessed the salivary SOST levels before 
and after non-surgical periodontal treatment.54 Although 
no significant changes were observed post-treatment, 
the baseline SOST levels were reported to be 1.6-fold lower 
in the chronic periodontitis group.54

Our findings are in agreement with a previous study re-
porting increased mRNA expression levels of SOST and 
DKK1 in the periodontal tissues of systemically healthy indi-
viduals with chronic periodontitis as compared to periodon-
tally healthy participants.18 Furthermore, the same study 
observed elevated serum SOST levels in the periodontitis 
group, whereas the DKK1 levels did not differ significantly 
between the periodontitis and non-periodontitis groups.18 
Despite differences in study design and analytical methods, 
these findings may suggest that saliva more accurately re-
flects changes in the DKK1 levels than serum in systemi-
cally healthy individuals with periodontitis. This may be 
explained by the fact that saliva contains the components 
of GCF, in which DKK1 has been detected in periodontitis 
patients.19,55 However, further studies are required to eluci-
date the exact mechanisms underlying the elevation of DKK1 
in saliva. Numerous studies have assessed the SOST levels 
in GCF. A study conducted by Balli et al. demonstrated 
that the SOST levels were markedly elevated in patients 
with chronic periodontitis as compared to healthy indi-
viduals.17 Additionally, the SOST levels showed a marked 
decrease following non-surgical periodontal treatment.17 
Likewise, Chatzopoulos et al. reported that the SOST levels 
were significantly higher in both the generalized moder-
ate and severe chronic periodontitis groups as compared 
to the healthy group.16 Moreover, a recent study showed that 
the GCF levels of SOST were elevated in patients with peri-
odontitis Stage III Grade B and Stage III Grade C as com-
pared to gingivally healthy individuals.56 However, no signif-
icant differences were observed between the 2 grades. This 
lack of distinction was attributed to similarity in the bone 
resorption mechanisms involving the WNT pathway, as well 
as to the fact that GCF samples were collected from the sites 
with the highest CAL in both groups.56

Unexpectedly, we observed significantly higher salivary 
SOST and DKK1 levels in  Grade  B periodontitis than 
in Grade C (p < 0.0001). This discrepancy may be attributed 
to differences in disease severity between the study groups. 
This is supported by the multiple linear regression models 
for SOST and DKK1, which indicated that higher CAL 

was associated with lower levels of both biomarkers when 
controlling for other variables (Table 7). These contrasting 
findings may be explained by the regulatory mechanisms 
operating at more advanced stages of periodontitis, poten-
tially leading to reduced expression of these biomarkers, 
or by individual variability in biological responses to peri-
odontal destruction.57,58 In light of these considerations, 
further research is warranted to elucidate the specific 
mechanisms underlying the dynamics of these biomarkers.

WNT5a has been shown to modulate the production 
of  inflammatory cytokines and exacerbate the deterio-
ration of  the periodontium. The  inhibition of WNT5a 
using small interfering RNA (siRNA) or a neutralizing 
antibody markedly reduced the expression of IL-1β, mono-
cyte chemotactic protein-1 (MCP-1) and matrix metal-
loproteinase-2 (MMP-2) in macrophages infected with 
Porphyromonas gingivalis (Pg).23 Another study demon-
strated that WNT5a expression in human gingival epi-
thelial cells (HGECs) was significantly increased following 
12 h of stimulation with Pg-derived lipopolysaccharide 
(LPS) at concentrations of 0.1 and 1.0 µg/mL,22 suggest-
ing a proinflammatory role for WNT5a in gingival tis-
sues during periodontitis. Additionally, WNT5a expressed 
by osteoblasts binds to a co-receptor complex involving 
receptor tyrosine kinase-like orphan receptor 2 (Ror2) 
and a Frizzled receptor (Ror2/Fz complex) on osteoclast 
precursors. This activates non-canonical WNT signaling, 
leading to the upregulation of RANKL expression. Conse-
quently, the sensitivity of osteoclast precursors to RANKL 
increases, thereby promoting osteoclast differentiation.24

One study evaluated the WNT5a levels in serum, and 
found no significant differences between periodontitis and 
non-periodontitis patients.59 Chatzopoulos et al. reported 
that in GCF, the WNT5a levels were comparable among 
healthy and generalized moderate and severe chronic 
periodontitis groups.16 However, they also observed that 
the total WNT5a protein levels were substantially higher 
at diseased sites than at healthy sites among periodontitis 
patients.16

In the present study, the salivary WNT5a levels were sig-
nificantly elevated in the periodontitis groups as compared 
to the healthy group (p < 0.0001). Notably, the WNT5a 
levels were significantly higher in Grade C periodontitis 
than in Grade B (p < 0.0001). This finding may be ex-
plained by the greater number of sites with PPD ≥ 4 mm 
in the Grade C group as compared to the Grade B group. 
Although this difference was not statistically significant, 
it may still be considered clinically relevant. Moreover, 
WNT5a showed significant positive correlations with 
PI, BOP and CAL (p < 0.001), as well as with PPD and 
the number of sites with PPD ≥ 4 mm (p < 0.0001), suggest-
ing that the WNT5a levels increase with disease progres-
sion. Although no previous studies have evaluated WNT5a 
in saliva, these findings are consistent with those of Chat-
zopoulos et al., who associated increased GCF WNT5a 
levels with more severe periodontal destruction.16
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In the present investigation, smoking had no significant 
effect on the salivary levels of SOST, DKK1 and WNT5a 
across all study groups (p > 0.05). This finding may be at-
tributed to the relatively small number of smokers included 
in the sample. At present, there is limited evidence regard-
ing the impact of smoking on the salivary levels of these 
biomarkers. However, one study reported that the SOST 
and DKK1 levels were markedly elevated in the periodontal 
tissues of smokers, regardless of the diabetes mellitus sta-
tus.60 In contrast, another study found no significant dif-
ferences in the GCF levels of SOST and WNT5a between 
smokers and non-smokers.61 Despite these inconsistent 
findings, the results of the present study suggest that, ir-
respective of the smoking status, the evaluated salivary 
biomarkers demonstrate significant potential to differenti-
ate periodontitis from periodontal health across different 
rates of disease progression.

The primary strength of  this study lies in providing 
novel insights into the  salivary levels of  SOST, DKK1 
and WNT5a in patients with generalized periodontitis. 
Moreover, the study groups were matched for age, gender, 
WHtR, and BMI. Notably, differences in the expression 
of WNT genes in human marrow stromal cells between 
young and aged individuals have been reported in the lit-
erature.62 In addition, genetic variations in the WNT/β-
catenin pathway have been associated with metabolic 
conditions, including obesity.63 By controlling for these 
variables, we minimized their potential confounding ef-
fects on the WNT levels, as supported by the multiple 
linear regression models (Table 7).

However, this study has several limitations. Due to its 
cross-sectional design, the  long-term effects of altered 
SOST, DKK1 and WNT5a levels on periodontal tissues 
cannot be determined. Further biochemical studies are 
needed to  clarify the  precise role of  these biomarkers 
in  periodontitis. Additionally, including patients with 
Grade A periodontitis as a comparative group could pro-
vide further insight into the biomarker levels at lower rates 
of disease progression. Finally, the generalizability of these 
findings may be limited to the specific study conditions. 
Therefore, further research across diverse populations and 
settings, including the incorporation of systemic risk fac-
tors such as diabetes, is necessary to validate and extend 
these findings.

Conclusions

Our results indicate that the salivary levels of SOST, 
DKK1 and WNT5a have significant diagnostic potential 
for distinguishing periodontal health from periodontitis. 
WNT5a demonstrated a strong ability to differentiate be-
tween Grades B and C, showing a progressive increase with 
disease severity. In contrast, SOST and DKK1 also exhib-
ited significant diagnostic value, but followed a different 
pattern, with levels increasing at moderate progression 

rates (Grade B) and decreasing at higher progression rates 
(Grade C). These findings highlight the potential util-
ity of these biomarkers in the diagnosis and monitoring 
of periodontitis.

Ethics approval and consent to participate

The  study was approved by  the  ethics committee 
of the College of Dentistry, University of Baghdad, Iraq, 
in accordance with the Declaration of Helsinki and its 
subsequent amendments concerning human research 
(reference No.  855, project No.  855623, December 12, 
2023). Written informed consent was obtained from all 
the participants.

Data availability

The datasets supporting the findings of the current study 
are available from the corresponding author on reasonable 
request.

Consent for publication

Not applicable.

Use of AI and AI-assisted technologies

Not applicable.

ORCID iDs
Mina Azat Abdulkareem  https://orcid.org/0009-0006-3473-8179
Raghad Fadhil Abbas  https://orcid.org/0000-0002-3750-4611

References
1.	 Dentino A, Lee S, Mailhot J, Hefti AF. Principles of periodontology.  

Periodontol 2000. 2013;61(1):16–53. doi:10.1111/j.1600-0757.2011.00397.x
2.	 Hajishengallis G, Korostoff JM. Revisiting the  Page & Schroeder 

model: The good, the bad and the unknowns in the periodontal 
host response 40 years later. Periodontol 2000. 2017;75(1):116–151. 
doi:10.1111/prd.12181

3.	 Crockett JC, Mellis DJ, Scott DI, Helfrich MH. New knowledge on criti-
cal osteoclast formation and activation pathways from study of rare 
genetic diseases of osteoclasts: Focus on the RANK/RANKL axis. 
Osteoporos Int. 2011;22(1):1–20. doi:10.1007/s00198-010-1272-8

4.	 Eisenmann DM. Wnt signaling. WormBook. 2005:1–17. doi:10.1895/
wormbook.1.7.1

5.	 Peifer M, Polakis P. Wnt signaling in oncogenesis and embryogenesis  
– a look outside the nucleus. Science. 2000;287(5458):1606–1609. 
doi:10.1126/science.287.5458.1606

6.	 Wodarz A, Nusse R. Mechanisms of Wnt signaling in development. 
Annu Rev Cell Dev Biol. 1998;14:59–88. doi:10.1146/annurev.cellbio. 
14.1.59

7.	 Miao CG, Yang YY, He X, et al. Wnt signaling pathway in rheuma-
toid arthritis, with special emphasis on the different roles in syno-
vial inflammation and bone remodeling. Cell Signal. 2013;25(10): 
2069–2078. doi:10.1016/j.cellsig.2013.04.002

8.	 Ackers I, Malgor R. Interrelationship of canonical and non-canonical Wnt 
signalling pathways in chronic metabolic diseases. Diab Vasc Dis Res.  
2018;15(1):3–13. doi:10.1177/1479164117738442

9.	 Krishnan V, Bryant HU, Macdougald OA. Regulation of bone mass 
by Wnt signaling. J Clin Invest. 2006;116(5):1202–1209. doi:10.1172/
jci28551

10.	 Kikuchi A, Yamamoto H, Sato A. Selective activation mechanisms 
of  Wnt signaling pathways. Trends Cell Biol. 2009;19(3):119–129. 
doi:10.1016/j.tcb.2009.01.003



M.A. Abdulkareem, R.F. Abbas. Salivary biomarkers for periodontitis grading346

11.	 Rossini M, Gatti D, Adami S. Involvement of WNT/β-catenin signaling 
in the treatment of osteoporosis. Calcif Tissue Int. 2013;93(2):121–132. 
doi:10.1007/s00223-013-9749-z

12.	 Lerner UH, Ohlsson C. The WNT system: Background and its role 
in bone. J Intern Med. 2015;277(6):630–649. doi:10.1111/joim.12368

13.	 Yang X, Han X, Shu R, et al. Effect of sclerostin removal in vivo on 
experimental periodontitis in mice. J Oral Sci. 2016;58(2):271–276. 
doi:10.2334/josnusd.15-0690

14.	 Goes P, Dutra C, Lösser L, Hofbauer LC, Rauner M, Thiele S. Loss of Dkk-1 
in osteocytes mitigates alveolar bone loss in mice with periodontitis.  
Front Immunol. 2019;10:2924. doi:10.3389/fimmu.2019.02924

15.	 Sankardas PA, Lavu V, Lakakula BV, Rao SR. Differential expression 
of periostin, sclerostin, receptor activator of nuclear factor-κB, and 
receptor activator of nuclear factor-κB ligand genes in severe chron-
ic periodontitis. J Investig Clin Dent. 2019;10(1):e12369. doi:10.1111/
jicd.12369

16.	 Chatzopoulos GS, Mansky KC, Lunos S, Costalonga M, Wolff LF. 
Sclerostin and WNT-5a gingival protein levels in chronic periodon-
titis and health. J Periodontal Res. 2019;54(5):555–565. doi:10.1111/
jre.12659

17.	 Balli U, Aydogdu A, Dede FO, Turer CC, Guven B. Gingival crevicu-
lar fluid levels of sclerostin, osteoprotegerin, and receptor activa-
tor of nuclear factor-κB ligand in periodontitis. J Periodontol. 2015; 
86(12):1396–1404. doi:10.1902/jop.2015.150270

18.	 Napimoga MH, Nametala C, Da Silva FL, et al. Involvement of the Wnt-
β-catenin signalling antagonists, sclerostin and Dickkopf-related pro-
tein 1, in chronic periodontitis. J Clin Periodontol. 2014;41(6):550–557. 
doi:10.1111/jcpe.12245

19.	 Romero-Sánchez C, Giraldo S, Heredia-P AM, et al. Association of 
serum and crevicular fluid Dickkopf-1 levels with disease activ-
ity and periodontitis in patients with early rheumatoid arthritis.  
Curr Rheumatol Rev. 2022;18(2):124–135. doi:10.2174/157339711766
6211116105118

20.	 Wei X, Liu Q, Guo S, Wu Y. Role of Wnt5a in periodontal tissue devel-
opment, maintenance, and periodontitis: Implications for periodon-
tal regeneration (Review). Mol Med Rep. 2021;23(3):167. doi:10.3892/
mmr.2020.11806

21.	 Mikels AJ, Nusse R. Purified Wnt5a protein activates or inhibits beta-
catenin-TCF signaling depending on receptor context. PLoS Biol. 
2006;4(4):e115. doi:10.1371/journal.pbio.0040115

22.	 Maekawa T, Kulwattanaporn P, Hosur K, et al. Differential expres-
sion and roles of secreted Frizzled-related protein 5 and the Wing-
less homolog Wnt5a in periodontitis. J Dent Res. 2017;96(5):571–577. 
doi:10.1177/0022034516687248

23.	 Zhang Q, Liu J, Ma L, Bai N, Xu H. Wnt5a is involved in LOX-1 and TLR4 
induced host inflammatory response in peri-implantitis. J Periodontal  
Res. 2020;55(2):199–208. doi:10.1111/jre.12702

24.	 Maeda K, Kobayashi Y, Udagawa N, et  al. Wnt5a-Ror2 signal-
ing between osteoblast-lineage cells and osteoclast precur-
sors enhances osteoclastogenesis. Nat Med. 2012;18(3):405–412. 
doi:10.1038/nm.2653

25.	 Papapanou PN, Sanz M, Buduneli N, et al. Periodontitis: Consensus 
report of workgroup 2 of the 2017 World Workshop on the Classi-
fication of Periodontal and Peri-Implant Diseases and Conditions. 
J Periodontol. 2018;89 (Suppl 1):S173–S182. doi:10.1002/JPER.17-0721

26.	 Tonetti MS, Greenwell H, Kornman KS. Staging and grading of peri-
odontitis: Framework and proposal of a new classification and case 
definition. J Periodontol. 2018;89 (Suppl 1):S159–S172. doi:10.1002/
JPER.18-0006

27.	 Miller CS, Foley JD, Bailey AL, et al. Current developments in salivary 
diagnostics. Biomark Med. 2010;4(1):171–189. doi:10.2217/bmm.09.68

28.	 Ji S, Choi Y. Point-of-care diagnosis of periodontitis using saliva: 
Technically feasible but still a challenge. Front Cell Infect Microbiol. 
2015;5:65. doi:10.3389/fcimb.2015.00065

29.	 Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-
height ratio as a screening tool for the prediction of cardiovascular 
disease and diabetes: 0·5 could be a suitable global boundary value. 
Nutr Res Rev. 2010;23(2):247–269. doi:10.1017/S0954422410000144

30.	 Dietrich T, Ower P, Tank M, et al.; British Society of Periodontology. 
Periodontal diagnosis in the context of the 2017 classification system 
of periodontal diseases and conditions – implementation in clinical 
practice. Br Dent J. 2019;226(1):16–22. doi:10.1038/sj.bdj.2019.3

31.	 Altıngöz SM, Kurgan Ş, Önder C, et al. Salivary and serum oxidative 
stress biomarkers and advanced glycation end products in peri-
odontitis patients with or without diabetes: A cross-sectional study.  
J Periodontol. 2021;92(9):1274–1285. doi:10.1002/JPER.20-0406

32.	 O’Leary TJ, Drake RB, Naylor JE. The  plaque control record.  
J Periodontol. 1972;43(1):38. doi:10.1902/jop.1972.43.1.38

33.	 Ainamo J, Bay I. Problems and proposals for recording gingivitis and 
plaque. Int Dent J. 1975;25(4):229–235. PMID:1058834.

34.	 Sharma SK, Mudgal SK, Thakur K, Gaur R. How to calculate sample 
size for observational and experimental nursing research studies. 
Natl J Physiol Pharm Pharmacol. 2020;10(1):1–8. https://www.njppp.
com/fulltext/28-1567942207.pdf. Accessed February 4, 2024.

35.	 Zhang Y, Sun J, Lin CC, Abemayor E, Wang MB, Wong DTW. The emerg-
ing landscape of salivary diagnostics. Periodontol 2000. 2016;70(1): 
38–52. doi:10.1111/prd.12099

36.	 Arias-Bujanda N, Regueira-Iglesias A, Balsa-Castro C, Nibali L, Donos 
N, Tomás I. Accuracy of single molecular biomarkers in saliva for 
the diagnosis of periodontitis: A systematic review and meta-anal-
ysis. J Clin Periodontol. 2020;47(1):2–18. doi:10.1111/jcpe.13202

37.	 Mohammed A, Fadhil R, Mahmood MS, Al-Waeli HA. Diagnostic 
biomarkers for periodontitis (observational case–control study).  
J Bagh Coll Dent. 2024;36(2):11–19. doi:10.26477/jbcd.v36i2.3673

38.	 Harbood OM, Abbas RF. Salivary fractalkine differentiating peri-
odontitis from periodontally healthy subjects. Int J Dent. 2024;2024: 
3007148. doi:10.1155/2024/3007148

39.	 Sorsa T, Alassiri S, Grigoriadis A, et al. Active MMP-8 (aMMP-8) as 
a grading and staging biomarker in the periodontitis classification. 
Diagnostics (Basel). 2020;10(2):61. doi:10.3390/diagnostics10020061

40.	 Durgapal S, Shetty M. Effect of non-surgical periodontal therapy 
on the salivary levels of IL-18 and IL-35 in patients with periodontitis.  
Dent Med Probl. 2025;62(1):41–48. doi:10.17219/dmp/169387

41.	 Zhang Y, Kang N, Xue F, et  al. Evaluation of  salivary biomarkers 
for the diagnosis of periodontitis. BMC Oral Health. 2021;21(1):266. 
doi:10.1186/s12903-021-01600-5

42.	 Vlashi R, Zhang X, Wu M, Chen G. Wnt signaling: Essential roles 
in osteoblast differentiation, bone metabolism and therapeutic 
implications for bone and skeletal disorders. Genes Dis. 2022;10(4): 
1291–1317. doi:10.1016/j.gendis.2022.07.011

43.	 Chatzopoulos GS, Koidou VP, Wolff LF. Expression of Wnt signal-
ing agonists and antagonists in periodontitis and healthy subjects, 
before and after non-surgical periodontal treatment: A systematic 
review. J Periodontal Res. 2022;57(4):698–710. doi:10.1111/jre.13029

44.	 Page RC, Kornman KS. The pathogenesis of human periodontitis: 
An introduction. Periodontol 2000. 1997;14:9–11. doi:10.1111/j.1600- 
0757.1997.tb00189.x

45.	 Raheem ZJ, Abdulbaqi HR. Diagnostic potential of salivary inter
leukin-1β and IL-10 for distinguishing periodontal health from peri-
odontitis and stable from unstable periodontitis: A case–control 
study. Int J Dent. 2024;2024:8006278. doi:10.1155/2024/8006278

46.	 Manokawinchoke J, Limjeerajarus N, Limjeerajarus C, Sastravaha P, 
Everts  V, Pavasant P. Mechanical force-induced TGFB1 increases 
expression of SOST/POSTN by hPDL cells. J Dent Res. 2015;94(7):983–989. 
doi:10.1177/0022034515581372

47.	 Kim JH, Kim AR, Choi YH, et al. Tumor necrosis factor-α antagonist 
diminishes osteocytic RANKL and sclerostin expression in diabetes 
rats with periodontitis. PLoS One. 2017;12(12):e0189702. doi:10.1371/
journal.pone.0189702

48.	 Diarra D, Stolina M, Polzer K, et al. Dickkopf-1 is a master regulator of 
joint remodeling. Nat Med. 2007;13(2):156–163. doi:10.1038/nm1538

49.	 Hardy R, Juarez M, Naylor A, et al. Synovial DKK1 expression is regu-
lated by local glucocorticoid metabolism in inflammatory arthritis. 
Arthritis Res Ther. 2012;14(5):R226. doi:10.1186/ar4065

50.	 Baek K, Hwang HR, Park HJ, et al. TNF-α upregulates sclerostin expres-
sion in obese mice fed a high-fat diet. J Cell Physiol. 2014;229(5): 
640–650. doi:10.1002/jcp.24487

51.	 Wijenayaka AR, Kogawa M, Lim HP, Bonewald LF, Findlay DM, Atkins GJ.  
Sclerostin stimulates osteocyte support of  osteoclast activity  
by  a  RANKL-dependent pathway. PLoS One. 2011;6(10):e25900. 
doi:10.1371/journal.pone.0025900

52.	 Fujita K, Janz S. Attenuation of WNT signaling by DKK-1 and -2 reg-
ulates BMP2-induced osteoblast differentiation and expression 
of OPG, RANKL and M-CSF. Mol Cancer. 2007;6:71. doi:10.1186/1476-
4598-6-71



Dent Med Probl. 2026;63(2):335–347 347

53.	 Al-Ghurabi BH, Mohssen SM. Salivary level of RANKL and OPG in chron-
ic periodontitis. J Bagh Coll Dent. 2015;27(1):189–194. https://www. 
jbcd.uobaghdad.edu.iq/index.php/jbcd/article/view/657/pdf_319. 
Accessed June 25, 2024.

54.	 Beiler TF, De Mello Neto JM, Alves JC, Hamlet S, Ipe D, Da Silva 
Figueredo CM. Impact of non-surgical periodontal treatment on sal-
ivary expression of cytokines related to bone metabolism. Odontol-
ogy. 2020;108(4):646–652. doi:10.1007/s10266-020-00502-2

55.	 Ozden FO, Demir E, Lutfioglu M, Acarel EE, Bilgici B, Atmaca  A. 
Effects of periodontal and bisphosphonate treatment on the gin-
gival crevicular levels of sclerostin and Dickkopf-1 in postmenopaus-
al osteoporosis with and without periodontitis. J Periodontal Res.  
2022;57(4):849–858. doi:10.1111/jre.13023

56.	 Ashifa N, Viswanathan K, Srinivasan S, Kumar S, Sundaram R, 
Pavithran VK. Assessment of sclerostin levels in the gingival cre-
vicular fluid of patients with periodontitis: A clinico-biochemical 
cross-sectional study. J Adv Periodontol Implant Dent. 2023;15(1):3–9.  
doi:10.34172/japid.2023.009

57.	 Chen Y, Hu Y. Wnt signaling activation in gingival epithelial cells and 
macrophages of experimental periodontitis. Dent J (Basel). 2023; 
11(5):129. doi:10.3390/dj11050129

58.	 Mahmood AA, Abbas RF, Hussein HM. Novel association between sin-
gle-nucleotide polymorphisms of IKKβ at rs17875746 and rs12676482 
and periodontitis. Dent Med Probl. 2023;60(4):627–634. doi:10.17219/
dmp/170879

59.	 Schulz J, Knappe C, Graetz C, et al. Secreted Frizzled-related protein 
5 serum levels in human periodontitis – a nested case–control study. 
J Clin Periodontol. 2019;46(5):522–528. doi:10.1111/jcpe.13087

60.	 Miranda TS, Napimoga MH, Feres M, et al. Antagonists of Wnt/β-
catenin signalling in the periodontitis associated with type 2 diabe-
tes and smoking. J Clin Periodontol. 2018;45(3):293–302. doi:10.1111/
jcpe.12854

61.	 Chatzopoulos GS, Costalonga M, Mansky KC, Wolff LF. WNT-5a and 
SOST levels in gingival crevicular fluid depend on the inflammato-
ry and osteoclastogenic activities of periodontal tissues. Medicina 
(Kaunas). 2021;57(8):788. doi:10.3390/medicina57080788

62.	 Shen L, Zhou S, Glowacki J. Effects of age and gender on WNT gene 
expression in human bone marrow stromal cells. J Cell Biochem. 
2009;106(2):337–343. doi:10.1002/jcb.22010

63.	 Chen N, Wang J. Wnt/β-catenin signaling and obesity. Front Physiol. 
2018;9:792. doi:10.3389/fphys.2018.00792


