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Abstract Objectives To assess nonsurgical periodontal therapy’s (NSPT’s) effect on bone
turnover markers (BTMs) in periodontitis patients and compare the efficacy of saliva
and serum samples in evaluating periodontal health.
Materials and Methods Sixty-five females aged 18 to 45 years were divided into
control (n¼20) and test (n¼45) groups. Periodontitis patients underwent NSPT. Full
mouth clinical periodontal parameters and salivary/serum BTMs (C-terminal telopep-
tides of type I collagen [CTX], bone-specific alkaline phosphatase [BALP], osteoprote-
gerin [OPG]) were recorded at baseline, 3 weeks, and 3 months post-NSPT.
Statistical Analysis The studymeasured test group readings at three points: baseline,
3 weeks, and 3 months after NSPT. Normality was assessed using the Shapiro–Wilk
test, showing a nonnormal distribution (p< 0.05). To test for significance among
groups, the Kruskal–Wallis test was applied. The Friedman test, along with pairwise
comparisons, was used to compare test group readings across time points. A 5%
significance level wasmaintained. Pearson correlationmeasured relationships between
the control and test groups and within the test group at different intervals. Multiple
linear regression was conducted across time points, with plaque index (PI), gingival
index (GI), probing pocket depth (PPD), and clinical attachment level (CAL) set as
dependent variables, and salivary and serum BALP, CTX, and OPG as independent
variables. All analyses were performed using IBM SPSS version 20 and R version 3.5.2.
Results Following NSPT, significant changes were observed in all measured
salivary/serum BTMs except serum BALP (p>0.05). No significant differences noted
between BTM measurements taken at 3 weeks and 3 months post-NSPT (p>0.05).
Correlations between BTMs and periodontal measurements were weak to moderate
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Introduction

Periodontal disease is a dynamic process including phases of
stability, remission, or progression.1,2 One of the most com-
mon causes of tooth loss among adults is an immune-inflam-
matory multifactorial disease of supporting tissues of the
teeth. Its sequel is bleeding on probing, resorption of alveolar
bone, and deepened periodontal pockets.3–5 As it advances,
collagenfibersandcemental surfaceattachmentare lost, along
with pocket epithelium migrating apically.6 Because of its
widespread prevalence of 51%7 and impact on other systemic
conditions such as diabetes and insulin resistance, cardiovas-
cular disease, gastrointestinal and colorectal cancer, Alz-
heimer’s disease, respiratory tract infections, adverse
pregnancy outcomes, etc., it has become a disease of concern.8

A constant remodeling process occurs in bones called the
coupling mechanism, which balances osteoclast-mediated
resorption and osteoblast-induced deposition of bone. These
two processes determine the bone turnover rate. An increased
bone turnover rate is associatedwith increased bone loss. As a
result, changes in serum and salivary levels of bone turnover
biological markers such as osteoprotegerin (OPG), C-terminal
telopeptide region of type I collagen (CTX), receptor activator
for nuclear factor k-B ligand (RANKL), bone-specific alkaline
phosphatase (BALP), osteocalcin (OC), and osteonectin (ON)
areseen.5 Investigationof salivaryOPG,RANKL,OC, andONhas
been performed in periodontitis patients with contradictory
results.9 In several studies, there were increased OPG levels in
thesalivaof someperiodontitispatients,10,11whereas, inother
studies, itwasnot elevated12,13and in a studyby Frodge et al,14

it was undetectable. The reasons for such contradictions in the
results are related to either the biomarkers’ half-life and
clearance or different assay methods and sample storage
conditions.9 Bone turnover markers (BTMs) can be classified
as bone resorptive and formative, reflecting osteoclastic and
osteoblastic activities, respectively. They have been used as
noninvasive and inexpensive tools for studying bone metabo-
lism. However, monitoring treatment response remains their
primary usage.

Significant associations between BTMs (serum OC, uri-
nary deoxypyridinoline, and serum BALP) and periodontitis
were observed in a study on elderly Japanese people.15 The
use of urine and serum biomarkers to evaluate different
aspects of periodontitis has also been demonstrated in some
studies.16 Few studies have demonstrated a reduction in
biomarkers after nonsurgical periodontal therapy (NSPT),

resulting in better periodontal health.17 Saliva is often
considered a preferred specimen as it is noninvasive, rapid,
generally readily abundant, and easily collected.17 However,
very few studies have monitored salivary biomarker profiles
following NSPT longitudinally to confirm their accuracy in
determining periodontal status.

Identifying these biomarkers is crucial for determining
how effective NSPT is in patients with periodontitis. In this
light, we hypothesized that NSPT would affect BTM concen-
tration in patients with periodontitis. The objectives of the
present study were (1) to compare the impact of NSPT on
salivary and serum BTMs in patients with periodontitis and
(2) to identify if saliva or serum sample is better for assessing
periodontal status. To our knowledge, this is the first longi-
tudinal study comparing salivary and serum BTMs’ effective-
ness in assessing periodontal treatment outcome.

Materials and Methods

Study Population
This longitudinal interventional prospective study enrolled 65
female patients after screening 500 females of the 18 to 45 age
groups. This study continues with a prior study by Zia et al.18

The study was approved by the Human Subject Ethics Board
Institutional Ethics Committee, JNMCH (330/FM/IEC), was
conducted in accordance with the Helsinki Declaration of
1975, agreed to the STROBE guidelines for observational stud-
ies, and was registered with the Clinical Trial Registry-India
(CTRI/2019/09/021214). Patients coming to the outpatient
Department of Periodontics and Community Dentistry, Dr.
Ziauddin Ahmed Dental College, Aligarh, Uttar Pradesh, India,
between November 2019 and January 2021were recruited for
the study. The patients were divided into two groups: the
control group (n¼20) included subjects who were periodon-
tally and systemically healthy, and the test group (n¼45)
included subjects with periodontitis (►Fig. 1). The test group
subjects were followed up to 3 months after treatment.

Periodontitis was diagnosed using the criteria defined by
the European Federation of Periodontology and the Ameri-
can Academy of Periodontology.19 Patients included in the
study belonged to both stage I/II/III/IV and grade A periodon-
titis only. The patients excluded from the study were those
who received periodontal therapy in the last 6 months, had a
history of smoking, were pregnant and lactating females, and
had an intake of alcohol, antibiotics, anti-inflammatory
drugs, and any systemic disease that could interfere with

after NSPT. A multiple linear regression model explained 46.7% of the total variability
for PI, 50.1% for PPD, 54.1% for CAL, and 29.3% for GI signifying association with BTMs
among groups.
Conclusion NSPT results in significant changes in salivary/serum BTMs. Following
NSPT, BTMs show associations with periodontal parameters, highlighting modulation
of host responses. BTMs in salivary/serum samples effectively reflected periodontal
health and disease status and improvements after therapy.
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clinical response to periodontal treatment. All subjects par-
ticipating in the study signed an informed consent document
after explaining the study protocol to them. At baseline, a
questionnaire was given to each patient concerning age,
marital status, religion, education, income, body weight
and height, oral hygiene practices, and frequency of dental
check-ups. A trained clinician also recorded the gingival
color, contour, consistency, surface texture, and position.

Clinical Procedures
After taking the patient’s medical and dental history, the
following clinical outcome measures were recorded at base-
line using a manual periodontal probe (UNC-15) at six sites
for each tooth: plaque index (PI), gingival index (GI), probing
pocket depth (PPD) and clinical attachment level (CAL). NSPT
was provided to all participants in the test group by a trained
clinician. This procedure was completed in four visits within
15 days following the baseline visit. Both manual and ultra-
sonic scaling instruments were utilized for scaling and root
planing. Oral hygiene instructions included proper brushing
techniques and inter-dental cleaning aids. Patients were
reviewed 3 weeks and 3 months after the last NSPT visit.
All clinical periodontal parameters were again recorded at
recall visits. A single calibrated examiner performed all the
recordings. The intra-examiner reproducibility was 70% for
PPD and CAL.

Sample Collection
Unstimulated whole saliva from each patient was collected in
the morning. It was done before periodontal probing to

forestall saliva contamination with the blood or gingival
crevicular fluid (GCF). Patients were asked to rinse their
mouths for 30 seconds, and then expectorate into a sterile
vial of 5mL. The vialwas then sealed, labeled, placed in an ice-
filled Styrofoam box, and sent to the Department of Biotech-
nology for storage until further analysis (at�80°C). A standard
venipuncturemethodwasused todrawvenousblood (5mL) in
serum-separating collection tubes and centrifuged for
10minutes. Then, serum samples were separated, placed in
plain tubes, labeled, and stored in a deep freezer (�80°C) in
plastic containers for later analysis. The saliva and serumwere
recollected at 3 weeks and 3 months following NSPT.

Measurement of CTX, BALP, and OPG
Bone biomarkers, namely CTX, BALP, and OPG, were mea-
sured using the commercially available enzyme-linked im-
munosorbent assay kits for humans (Sinogeneclon, China) in
the stored salivary and serum samples. Manufacturers’
instructions were used to estimate the bone marker levels.

Statistical Analysis
Test group readings were measured at three time points:
baseline, 3 weeks, and 3 months following NSPT. The nor-
mality of control and test groups was checked through the
Shapiro–Wilk test, and the data did not follow a normal
distribution (p-value<0.05). For the test of significance
among the groups, the Kruskal–Wallis test was used. Since
the data were not following a normal distribution, compari-
son of test group readings between the three time pointswas
performed using the Friedman test and pairwise

Fig. 1 Study flowchart.
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comparisons. The level of significance was set at 5%. The
Pearson correlation was used to measure correlations be-
tween the control and test group and also within the test
group at different time points. Multiple linear regressionwas
applied to the control and test groups at different time points
combined. PI, GI, PPD, and CAL were individually set as the
dependent variables for each model, and salivary and serum
BALP, CTX, and OPG were set as the independent variables.
IBM SPSS version 20 and R version 3.5.2 software packages
were used for all analyses and computations.

Results

Out of 100 patients recruited, 45 periodontitis and 20
healthy subjects completed the study. Twenty patients re-
fused to submit informed consent. Ten patients refused
salivary collection. Five patients did not report for baseline
examination. Hence, the data of 65 patients were analyzed.
The demographic characteristics of the study population are
shown in ►Table 1. The mean age of periodontitis patients
was 39.29�7.78 years, with the percentage of those using
horizontal brushing technique being 68.9% and interdental
floss 100%. The mean and standard deviation of clinical
periodontal parameters and BTMs of the control and test
groups are shown in ►Table 2. Pairwise comparisons within
the test group using Friedman analysis are outlined
in ►Table 3.

Table 1 Socio-demographic characteristics of patients with
periodontitis

Variables Descriptive statistics

Age (years) 39.29� 7.78

BMI (kg/m2) 26.17� 3.63

Education

Illiterate
Primary
High school
Intermediate
Bachelors
Post graduate

01 (2.2%)
03 (6.7%)
08 (17.8%)
10 (22.2%)
18 (40.0%)
05 (11.1%)

Income

0–50,000
50,000–1.5 lac
1.5–2.5 lac
2.5–5 lac
5–10 lac
> 15 lac

28 (62.2%)
10 (22.2%)
04 (8.9%)
02 (4.4%)
01 (2.2%)
00 (0.0%)

Brushing

Yes
No

45 (100.0%)
00 (0.0%)

Brush technique

Scrub
Horizontal
Vertical
None
Vibratory
Scrub and horizontal
Horizontal and vertical

02 (4.4%)
31 (68.9%)
02 (4.4%)
00 (0.0%)
00 (0.0%)
08 (17.8%)
02 (4.4%)

(Continued)

Table 1 (Continued) Socio-demographic characteristics of
patients with periodontitis

Variables Descriptive statistics

Brushing frequency

Once daily
Twice daily
Use finger

34 (75.6%)
11 (24.4%)
00 (0.0%)

Brush replacement

Monthly
3 monthly
6 monthly
Yearly

03 (6.7%)
33 (73.3%)
08 (17.8%)
01 (2.2%)

Oral rinse

After meals with water
After meals with mouthwash

45 (100.0%)
00 (0.0%)

Mouthwash

Never
Monthly
3 Monthly
6 Monthly
Yearly

45 (100.0%)
00 (0.0%)
00 (0.0%)
00 (0.0%)
00 (0.0%)

Interdental floss

Never
Once daily
Twice daily

10 (22.0%)
30 (68.0%)
05 (10.0%)

Dental checkup

Never
Monthly
3 monthly
6 monthly
Yearly
Only when in pain

39 (86.7%)
00 (0.0%)
00 (0.0%)
00 (0.0%)
00 (0.0%)
06 (13.3%)

Gingival color

Pale pink
Pink
Bright red
Bluish red

09 (20.0%)
08 (17.8%)
09 (20.0%)
19 (42.2%)

Gingival contour

Scalloped
Loss

15 (33.3%)
30 (66.7%)

Gingival consistency

Firm and leathery
Spongy and edematous

13 (28.9%)
32 (71.1%)

Gingival surface texture

Stippling
Loss

12 (26.7%)
33 (73.3%)

Gingival position

At CEJ
Above CEJ
Apical CEJ

33 (73.3%)
07 (15.6%)
05 (11.1%)

Gingival bleeding

On probing
Absent

25 (55.6%)
20 (44.4%)

Gingival ulceration

Present
Absent

00 (0.0%)
45 (100.0%)

Abbreviations: BMI, body mass index; CEJ, cemento-enamel junction.
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Effect of NSPT on Clinical Periodontal Parameters
All clinical periodontal measures at baseline in the test group
showed significant statistical differences compared with the
control (p<0.001,►Table 2). FollowingNSPT in the testgroup,
significant improvement was observed in clinical periodontal
measures at 3 weeks and 3 months compared with baseline
(p<0.001, for all;►Table 3). However, no significant differen-
tial change was seen in PI, PPD, and CAL at 3 weeks compared
with 3months post-NSPT (p>0.001,►Table 3). Nevertheless,
GI was significantly improved at 3 months compared with
3 weeks post-NSPT (p<0.05).

Effect of NSPT on BTMs
At baseline, there was a significant difference in salivary
BALP, CTX, and OPG and serum CTX and OPG between the

control and test groups (p<0.001, for all;►Table 3). Howev-
er, serum BALP did not significantly change between the
control and test group at baseline (p>0.05). On comparing
within the test group at three time points, all the measured
salivary and serum BTMs showed significant change except
the serum BALP, which did not depict significant change
(p>0.05). However, all the estimated BTMs showed signifi-
cant differences at 3 weeks after NSPT compared with
baseline, except serum BALP (p>0.05). The salivary and
serum BALP did not showa significant difference at 3months
after NSPT when compared with baseline. All the measured
BTMs showed no significant change (p>0.05 for all) when
compared at 3 weeks and 3 months after NSPT.

►Table 4 shows the correlation of salivary and serum
BTMs with clinical periodontal measures in the test group at

Table 3 Pairwise comparison of clinical periodontal parameters and BTMs in healthy and periodontitis patients

Variable Healthy vs.
baseline

Periodontitis

Baseline vs.
3 weeks post-NSPT

Baseline vs.
3 months post-NSPT

3 weeks vs.
3 months post-NSPT

Clinical
periodontal
parameters

PI <0.001 <0.001 <0.001 1.000a

GI <0.001 <0.001 <0.05 <0.05

PPD <0.001 <0.001 <0.001 1.000a

CAL <0.001 <0.001 <0.001 1.000a

Salivary bone
markers

BALP <0.001 <0.001 0.127a 0.129a

CTX <0.001 <0.001 <0.001 1.000a

OPG <0.001 <0.05 <0.05 1.000a

Serum bone
markers

BALP 0.085a 1.000a 1.000a 1.000a

CTX <0.001 <0.001 <0.001 1.000a

OPG <0.001 <0.05 <0.05 1.000a

Abbreviations: BALP, bone alkaline phosphatase; BTMs, bone turnover markers; CAL, clinical attachment level; CTX, C-terminal telopeptides of type I
collagen; GI, gingival index; NSPT, nonsurgical periodontal therapy; OPG, osteoprotegerin; PI, plaque index; PPD, probing pocket depth.
aShowing nonsignificant findings.

Table 2 Mean and SD of clinical periodontal parameters and BTMs in healthy and periodontitis patients

Variable Healthy Periodontitis p-Value

Baseline At 3 weeks
post-NSPT

At 3 months
post-NSPT

Clinical
periodontal
parameters

PI 0.11� 0.23 1.29� 0.34 0.56� 0.23 0.61� 0.32 <0.001

GI 0.03� 0.05 1.39� 0.44 0.53� 0.19 0.99� 0.63 <0.001

PPD 1.15� 0.13 2.76� 0.59 1.67� 0.43 1.61� 0.36 <0.001

CAL 0.66� 0.31 2.68� 0.67 0.98� 0.31 1.08� 0.49 <0.001

Salivary bone
markers

BALP 26.78� 15.21 8.61� 14.71 11.16�5.59 7.93� 3.41 <0.001

CTX 0.01� 0.01 0.44� 0.88 0.01� 0.01 0.01� 0.01 <0.001

OPG 0.69� 0.16 0.06� 0.04 0.04� 0.06 0.04� 0.06 <0.001

Serum bone
markers

BALP 32.79� 27.93 44.22�57.77 11.12�7.01 17.13�18.81 0.023a

CTX 0.01� 0.01 241.76�1128.52 0.28� 1.33 0.07� 0.19 <0.001

OPG 0.68� 0.15 0.04� 0.03 0.38� 0.33 0.34� 0.31 <0.001

Abbreviations: BALP, bone alkaline phosphatase; BTMs, bone turnover markers; CAL, clinical attachment level; CTX, C-terminal telopeptides of type I
collagen; GI, gingival index; NSPT, nonsurgical periodontal therapy; OPG, osteoprotegerin; PI, plaque index; PPD, probing pocket depth.
aShowing nonsignificant findings.

European Dental Research and Biomaterials Journal Vol. 5 No. 1–2/2024 © 2025. European Dental Research and Biomaterials Journal. All rights reserved.

Periodontal Therapy Effects on Bone Markers Javed et al.12



follow-up visits. Salivary and serum BTMs showed a weak
positive correlation with clinical periodontal parameters at
baseline. Three weeks post-NSPT, salivary BALP showed a
moderate negative with PI (r¼�0.335), salivary CTX showed
a very weak negative correlationwith PI (r¼�0.029) and CAL
(r¼�0.063), and salivary OPG showed a weak positive corre-
lation with PI (r¼0.117) and PPD (r¼0.116). Serum CTX
showed a moderate negative correlation with GI (r¼�0.228)

and PPD (r¼�0.226). Three months following NSPT, salivary
OPGdepicted aweak negative correlationwith PI (r¼�0.129),
GI (r¼�0.099), PPD (r¼�0.155), and CAL (r¼�0.118).

►Table 5 shows the multiple linear regression method
considering the clinical periodontal parameter as the depen-
dent variable and BTMs as the independent variable. The
assumption of independence checked by running ANOVA
(analysis of variance) was insignificant (p-value>0.05) for

Table 4 Correlation of BTMs in periodontitis patients with clinical periodontal parameters

At baseline PI GI PPD CAL

Salivary bone markers BALP 0.142 0.162 �0.213 �0.203

CTX �0.210 0.024 0.107 0.110

OPG 0.299 0.177 �0.011 �0.064

Serum bone markers BALP 0.014 �0.073 �0.131 �0.149

CTX 0.164 0.056 0.116 0.090

OPG �0.091 �0.116 �0.087 0.075

Three weeks post-NSPT PI GI PPD CAL

Salivary bone markers BALP �0.335 0.251 0.013 0.074

CTX �0.029 0.113 0.009 �0.063

OPG 0.117 �0.140 0.116 0.036

Serum bone markers BALP �0.148 0.080 �0.112 �0.115

CTX 0.138 �0.228 �0.226 �0.146

OPG �0.023 �0.034 �0.085 �0.218

Three months post-NSPT PI GI PPD CAL

Salivary bone markers BALP 0.240 0.252 0.155 0.035

CTX 0.222 0.101 0.236 0.133

OPG �0.129 �0.099 �0.155 �0.118

Serum bone markers BALP 0.243 0.069 0.105 0.115

CTX 0.036 �0.028 �0.012 0.080

OPG �0.070 0.112 0.024 0.196

Abbreviations: BALP, bone alkaline phosphatase; BTMs, bone turnover markers; CAL, clinical attachment level; CTX, C-terminal telopeptides of type I
collagen; GI, gingival index; NSPT, nonsurgical periodontal therapy; OPG, osteoprotegerin; PI, plaque index; PPD, probing pocket depth.

Table 5 Multiple regression analysis where PI, GI, PPD, and CAL are set as the dependent variable, and BTMs and group variables
were set as the independent variables

PI is set as the dependent variable

Variables Regression
coefficients

Standard
error

95% confidence interval p-Value ANOVA
p-value

Adjusted R2

Lower bound Upper bound

Constant 1.597a 0.153 1.294 1.900 �0.01 �0.001 0.467

Salivary bone
markers

BALP �0.003 0.003 �0.009 0.002 0.218

CTX 0.024 0.062 �0.099 0.147 0.698

OPG �1.301a 0.199 �1.694 �0.909 �0.01

Serum bone
markers

BALP 0.002 0.001 0.000 0.003 0.058

CTX 0.001a 0.000 0.000 0.000 �0.05

OPG �0.341a 0.109 �0.556 �0.126 �0.01

Group �0.222a 0.044 �0.309 �0.135 �0.01

(Continued)
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any models. Also, the adjusted R2 values were shallow. This
indicated thatmultiple linear regression could not be applied
to each group separately. ANOVA test resulted in a significant
value of p �0.001 for the groups. A prediction equation was
obtained. The adjusted R2 value was attained as 0.467 for PI,
0.501 for PPD, and 0.541 for CAL. This indicated that the
model explained 46.7% of the total variability for PI, 50.1% for
PPD, and 54.1% for CAL. The constructed model is an inter-
mediatefittingmodel for predicting the combined groups’ PI,

PPD, and CAL. However, the adjusted R2 valuewas attained as
0.293 for GI. This indicated that the model explains 29.3% of
the total variability for GI. The constructed model is unsuit-
able for predicting GI for the combined groups.

Discussion

The primary aim of this studywas to assess the effect of NSPT
on BTM levels in patients with periodontitis. We also

Table 5 (Continued) Multiple regression analysis where PI, GI, PPD, and CAL are set as the dependent variable, and BTMs and group
variables were set as the independent variables

GI is set as the dependent variable

Variables Regression
coefficients

Standard
error

95% confidence interval p-Value ANOVA
p-value

Adjusted R2

Lower bound Upper bound

Constant 1.111a 0.224 0.668 1.553 �0.01 �0.001 0.293

Salivary bone
markers

BALP 0.001 0.004 �0.008 0.008 0.915

CTX 0.177 0.091 �0.003 0.356 0.054

OPG �1.145a 0.290 �1.718 �0.572 �0.01

Serum bone
markers

BALP 0.002 0.001 0.000 0.005 0.063

CTX 0.000 0.001 0.001 0.000 0.144

OPG �0.339a 0.159 �0.653 �0.026 �0.05

Group �0.034 0.064 �0.161 0.092 0.593

PPD is set as the dependent variable

Variables Regression
coefficients

Standard
error

95% confidence interval p-Value ANOVA
p-value

Adjusted R2

Lower bound Upper bound

Constant 3.425a 0.219 2.992 3.858 �0.01 �0.001 0.501

Salivary bone
markers

BALP �0.011a 0.004 �.019 �0.003 0.008

CTX 0.176 0.089 .000 0.351 0.050

OPG �1.783a 0.283 �2.343 �1.223 �0.01

Serum bone
markers

BALP 0.001 0.001 �.001 0.004 0.246

CTX 0.001 0.001 0.0001 0.001 0.058

OPG �0.410a 0.155 �0.717 �0.104 0.009

Group �0.406a 0.063 �0.530 �.282 �0.01

CAL is set as the dependent variable

Variables Regression
coefficients

Standard
error

95% confidence interval p-Value ANOVA
p-value

Adjusted R2

Lower bound Upper bound

Constant 3.515a 0.271 2.980 4.050 �0.01 �0.001 0.541

Salivary bone
markers

BALP �0.011a 0.005 �0.021 �0.002 �0.05

CTX 0.274a 0.110 0.057 0.491 �0.05

OPG �2.347a 0.351 �3.040 �1.655 �0.01

Serum bone
markers

BALP 0.003a 0.001 0.001 0.006 �0.05

CTX 0.001a 0.001 0.001 0.002 �0.05

OPG �0.470a 0.192 �0.849 �0.091 �0.05

Group �0.583a 0.078 �0.737 �0.430 �0.01

Abbreviations: BALP, bone alkaline phosphatase; BTMs, bone turnover markers; CAL, clinical attachment level; CTX, C-terminal telopeptides of type I
collagen; GI, gingival index; OPG, osteoprotegerin; PI, plaque index; PPD, probing pocket depth.
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investigated if saliva or serum fluid samples better predicted
the underlying periodontal status. We found significant
improvement in all measured clinical periodontal param-
eters at 3 weeks following NSPT, but no change at 3 months
except for GI. This long-term trend suggests that NSPT
provides initial periodontal health and inflammation control
benefits. Maintenance and continuous oral hygiene efforts
are necessary to sustain these improvements over time.
Patients should adhere to a rigorous oral hygiene regimen
and attend regular follow-up appointments to ensure the
long-term success of NSPT. A systematic review conducted
by Shanbhag et al20 showed the importance of NSPT in
improving oral health-related quality of life. In line with
our study findings, Kardesler et al21 reported a significant
reduction in clinical periodontal parameters (PI, GI, and PPD)
1 and 3 months after NSPT.

In the current study, the salivary BALP levels in periodon-
titis patients decreased significantly compared with healthy
controls. Following NSPT, its level increased significantly at
3 weeks compared with baseline. Alarmingly, 3 months after
NSPT, no change in BALP levels was observed. BALP reflects
anabolic activity in bone and degrades pyrophosphate, a
naturalmineralization inhibitor.22 Therefore, increased BALP
levels following NSPT reflect a shift from bone destruction to
bone formation. A weak correlation of salivary BALP with
periodontal clinical parameters was observed at 3 weeks and
3 months following NSPT. Interestingly, we reported a non-
significant decrease in serum BALP 3 weeks post-NSPT
compared with baseline. This finding may not be unusual
as several local and systemic factors, as well as lifestyle and
dietary habits, may contribute to the constant bone remod-
eling process. In line with our finding, studies have reported
increased levels of salivary BALP than serum, owing to
increased local fibroblast production in the oral cavity.23–25

In accordance with our findings, salivary CTX levels
increased in patients with periodontitis compared with
healthy controls.26 CTX is a referencebone resorptionmarker
and is a specific product of cathepsin K-mediated bone
resorption and a fragment of type 1 collagen.27 Its release
is at a rate equivalent to the bone resorption activity.28 Both
salivary and serum CTX levels decreased significantly at
3 weeks following NSPT. This reduction suggests that NSPT
effectively mitigated periodontitis-associated bone resorp-
tion. However, 3 months after NSPT, there was a nonsignifi-
cant decrease in CTX levels compared with 3 weeks after
NSPT. Hence, there is an indication of increased bone
remodeling immediately after periodontal treatment. How-
ever, the impact of NSPT on BTMs is then limited. The
sensitivity of the tests in detecting a change in CTX levels
may possibly be one reason. Our study depicted a weak
positive correlation of salivary and serum CTX levels with
periodontal parameters, which is in line with the findings by
Schulze-Späte et al.2 Contrastingly, a study by Reckelkamm
et al29 showed no solid association.

Several studies evaluated OPG as a potential biomarker in
the saliva and serum of periodontitis patients.30–34 OPG
belongs to the tumor necrosis factor receptor superfamily
and structurally resembles RANK. This allows it to prevent

the interaction of RANK to its ligand, thereby suppressing all
molecular events that enable osteoclast differentiation and
bone resorption.35Our study depicts a significant decrease in
salivary and serum OPG levels compared with healthy con-
trols. Consistent with our findings, studies by Ramseier
et al,36 Costa et al,37 Tobón-Arroyave et al,13 and Aldahlawi38

indicate that the OPG level is decreased in periodontitis
compared with healthy subjects; contrarily, few studies
have demonstrated the higher concentration of salivary
OPG levels in periodontitis compared with healthy con-
trols.10,11,17,39,40 Following NSPT at 3 weeks, a further de-
crease in salivary OPG levels was observed, but the serum
OPG levels increased significantly. However, at 3 months
after NSPT, salivary and serumOPG levels showed no change.
This difference in salivary and serum OPG levels suggests
serum OPG being a more sensitive marker predicting alve-
olar bone loss. Contrary to our results, Sexton et al17

reported diminished OPG levels at 16 and 28 weeks after
therapy. We reported weak negative salivary and serum
OPG correlation with clinical periodontal parameters. This
is in contrast with the study17 which demonstrated statisti-
cally significant correlations with respect to change in all
clinical measures.

Saliva as a study specimen has several advantages over
serum. Its collection is easy and noninvasive and can be used
to detect locally putative biomarkers of periodontal disease.
Yet, the method of salivary collection and varied salivary
flow may influence the analysis of its biomarkers.41 Con-
versely, serumbiomarkers too reflect the periodontal disease
status, based on the evidence that periodontal inflammation
induces chronic inflammatory status. Our study demonstrat-
ed the correlation of salivary and serum bone biomarkers
with the clinical periodontal measures, verifying that local
disease sites influence systemic circulation. However, the
question is whether saliva or serum bone biomarkers better
reflect the periodontal disease and treatment outcome. The
available studies have demonstrated significant heterogene-
ity when analyzingmarkers responding to periodontal treat-
ment.42We, too, foundvariation after periodontal treatment,
showing improvements after 3 weeks and then detecting no
change at 3 months. When interpreting biomarker values, it
is vital to consider the specific biomarker being studied and
the individual patient’s clinical and demographic factors. It is
also essential to consider the limitations of the specific
biomarker, such as the accuracy and reliability of the assay,
as well as the potential for confounding factors that may
impact the interpretation of the results. Discrepancies may
be attributed to potential blood contamination or BTM
presence from GCF in salivary samples24 and different sam-
pling kits for saliva and serum. The discrepancies between
salivary and serum biomarker levels emphasize the impor-
tance of selecting the appropriate fluid sample for BTM
assessment. Clinicians must recognize that the choice of
sample can yield different results, and this awareness can
guide more accurate clinical decision-making. Nevertheless,
previous studies and ours conclude that salivary and serum
biomarkers equally determine bone health in periodontal
disease.
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Despite certain limitations associated with the study, the
findings are still novel. This is the first longitudinal study
determining the impact of periodontal health on salivary and
serum BTMs. Meticulous inclusion and exclusion criteria,
control of confounding effects of age, and full mouth peri-
odontal assessment are the study’s strengths. First, only
young adult females were included in the study is a signifi-
cant limitation. Second, more bone markers should have
been assessed to predict associations, as periodontal disease
is a multifactorial disease involving a complex array of
biomarkers. Third, a small sample size does not allow for
the generalizability of the results. Fourth, multiple samples
should be considered for the diurnal variation of biomarkers.
Fifth, a more extended follow-up period would determine
whether NSPT results in long-term maintenance of success-
ful outcomes without risk of disease relapse.

In conclusion, our study demonstrated a considerable
association of salivary and serum BALP, CTX, and OPG with
periodontal parameters in patients with periodontitis and
improvements following NSPT at 3 weeks and no change at
3 months. Furthermore, we also found that BTMs in salivary
and serumsamples effectively reflected theperiodontalhealth
and disease status and improvements after therapy, thereby
offering an understanding of the dynamics of bone remodel-
ing. Future studies should pave the way for assessing bone
remodeling and determining the health and disease limits of
BTMs with longer follow-ups and larger sample sizes, conse-
quentlyenablinghealth careproviders tomakemore informed
decisions and deliver more effective treatment.

Clinical Relevance

This study emphasizes the significance of regular periodon-
tal evaluation and the use of nonsurgical periodontal therapy
tomanage periodontitis and prevent further bone loss. It also
highlights the value of using either saliva or serum samples
as a diagnostic tool to monitor bone health in periodontitis
patients.
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