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Abstract

Background TNF-a inhibitors (anti-TNF-a) decrease the amount of inflammatory cells, osteoclast formation,
and bone loss. The purpose of this study was to investigate the effect of non-surgical periodontal therapy (NSPT)
combined with anti-TNF-a on oxidative stress in individuals with RA and periodontitis.

Methods A total of 42 patients with RA and periodontitis who were treated with anti-TNF-a (n=21) and not treated
with anti-TNF-a (n=21) were included in the study. Plaque index (PI), bleeding on probing (BOP), gingival index

(Gl), clinical attachment loss (CAL), and probing pocket depth (PPD) measurements were measured at baseline, at 3
months, and at 6 months after NSPT, and serum and gingival crevicular fluid (GCF) samples were obtained from the
patients. RANKL/OPG, MMP-8, MDA, GSH, and OSl levels were evaluated using ELISA.

Results In both groups, baseline PI, BOP, GI, PPD, and CAL decreased significantly after NSPT (p <0.05). The GCF
RANKL/OPG ratio was statistically significantly lower in anti-TNF-a treated patients at baseline and at 6 months post-
NSPT (p <0.05), and the serum OSI was significantly higher in anti-TNF-a treated patients at baseline (p <0.05). GCF
MMP-8 increased significantly after NSPT in both groups compared with baseline (p <0.05). In those treated with anti-
TNF-a, OSl and MDA decreased significantly after NSPT (p < 0.05).

Conclusions The data from this study suggest that anti-TNF-a therapy can suppress inflammation and alveolar
bone resorption by affecting the RANKL/OPG ratio, MMP-8, and oxidative stress parameters, and thus increase the
effectiveness of NSPT.

Trial registration This study was retrospectively registered on ClinicalTrials.gov (NCT06818045), 2025-02-02.
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Background

Periodontitis is a long-standing inflammatory condition
triggered by a dysbiotic subgingival microbiota, leading
to progressive damage of the hard and soft tissues sup-
porting the teeth [1]. Chronic, low-grade inflammation
not only contributes to local periodontal destruction
but also poses systemic health risks. A growing body of
evidence suggests a link between periodontal disease
and systemic conditions such as diabetes, cardiovas-
cular diseases, and rheumatoid arthritis (RA) [2, 3]. RA
is a systemic autoimmune disorder with a complex and
multifactorial nature. Its etiology remains unclear, but if
left untreated, it can cause joint destruction, functional
impairment, and a decline in quality of life [4]. Approxi-
mately 1% of the global population is affected by RA [5].
Both periodontitis and RA share several risk factors,
including age, smoking, obesity, and genetic predisposi-
tion [6].

Interestingly, both diseases exhibit overlapping inflam-
matory pathways, particularly involving elevated levels
of pro-inflammatory and bone-resorptive cytokines such
as tumor necrosis factor-alpha (TNF-a) and interleu-
kin-1 beta (IL-1P) [7]. Additionally, upregulation of the
receptor activator of the nuclear factor kappa B ligand
(RANKL) and matrix metalloproteinases (MMPs) path-
way promotes immune cell infiltration, osteoclast differ-
entiation, and subsequent tissue degradation [6]. TNF-a
plays a central role in enhancing osteoclastogenesis while
simultaneously inhibiting osteoblastogenesis in both
conditions [8].

The pathogenesis of RA involves numerous fac-
tors, among which oxidative stress—due to excessive
production of reactive oxygen species (ROS)—plays a
critical role [9]. Similar oxidative mechanisms are also
implicated in the development and progression of peri-
odontitis [10, 11]. Given the complexity of measuring
individual oxidant species, systemic oxidative stress is
typically assessed through biomarkers such as total oxi-
dant status (TOS), total antioxidant status (TAS), malo-
ndialdehyde (MDA), and glutathione (GSH) [12].

Cumulative evidence points to a bidirectional relation-
ship between RA and periodontitis. Periodontal disease
has been associated with the onset and exacerbation of
RA, and individuals diagnosed with RA are more likely to
exhibit periodontal pathology [13]. Notably, individuals
with a history of periodontitis exceeding five years have
been reported to carry a 69% higher risk of developing
RA compared to periodontally healthy individuals [3].
Furthermore, RA patients with coexisting periodontitis
demonstrate significantly elevated disease activity scores
(DAS28) compared to those without periodontal involve-
ment [3].

Although no curative treatment exists for RA, cur-
rent therapeutic strategies offer substantial disease
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control. These include lifestyle modifications, analge-
sics, glucocorticoids, nonsteroidal anti-inflammatory
drugs (NSAIDs), and disease-modifying anti-rheumatic
drugs (DMARDs) [6]. According to the European League
Against Rheumatism (EULAR), initiation of DMARD
therapy is recommended upon diagnosis [14]. DMARDs
are classified into conventional synthetic (csDMARDs),
biological (bDMARDs), and targeted synthetic (tsD-
MARDs) categories. ¢sDMARDs include agents such
as methotrexate and leflunomide; bDMARDs comprise
TNF-a inhibitors (anti-TNF-a), B-cell-depleting thera-
pies, and IL-6 receptor blockers; tsDMARDs encompass
Janus kinase (JAK) inhibitors [14].

Given the close interplay between RA and periodon-
tal disease, recent research has investigated the effects
of anti-rheumatic therapies on periodontal outcomes.
Some studies suggest that RA treatment—particularly
with anti-TNF-a agents—not only alleviates joint inflam-
mation but also improves periodontal health [8, 15-19].
However, other findings indicate that such treatments
may have minimal or even unfavorable effects on peri-
odontal status [4, 20—-24].

Based on these insights, the present study was designed
to evaluate whether anti-TNF-a therapy could enhance
the clinical efficacy of non-surgical periodontal treat-
ment (NSPT) in individuals diagnosed with both RA and
periodontitis. Additionally, the study aimed to assess the
combined effect of NSPT and anti-TNF-a agents on oxi-
dative stress. This was accomplished by comparing the
levels of MMP-8 and RANKL/osteoprotegerin (OPG)
in gingival crevicular fluid (GCF) and serum, as well as
serum levels of MDA, GSH, and the oxidative stress
index (OSI).

Methods

Study participants

This study was approved by the Non-Invasive Clinical
Research Ethics Committee of Recep Tayyip Erdogan
University (Approval No: 2023/213). Written informed
consent was obtained from all participants. The study
population included volunteers with rheumatoid arthritis
(RA) who were under routine follow-up at the Depart-
ment of Periodontology, Faculty of Dentistry, and the
Department of Rheumatology, Faculty of Medicine,
Recep Tayyip Erdogan University, between October 2023
and January 2025. The study was conducted in accor-
dance with the Declaration of Helsinki of 1975, as revised
in 2013. The diagnosis of RA was established based on
the criteria of the American College of Rheumatology
[25].

Inclusion criteria were as follows: age between 18
and 65 years, confirmed RA diagnosis [25], diagnosis of
stage III or IV, grade C periodontitis [26], and presence
of at least 20 natural teeth. Exclusion criteria included
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systemic antibiotic use within the past three months,
pregnancy or lactation, periodontal treatment within the
last six months, presence of diabetes, and active smoking.

Ninety RA patients who presented to our clinic for
periodontal treatment were questioned about their
medication use (n =40 not receiving anti-TNF-a therapy,
n =50 receiving anti-TNF-a therapy) and duration of use,
and underwent an oral examination. Twenty-five patients
from each group who met the inclusion criteria agreed
to participate in the study. After excluding patients who
missed the 3rd and 6th-month follow-ups (n=8), the
study was completed with 21 participants in each group
(Fig. 1).

A total of 42 patients were included and allocated into
two groups: Group 1 comprised individuals with RA and
periodontitis who were not receiving anti-TNF-a therapy
(m = 21). At the same time, Group 2 consisted of those
with RA and periodontitis under anti-TNF-a treatment
for a minimum duration of one year (n = 21). Clinical
parameters including the number of swollen joints (SJs),
tender joints (TJs), erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), visual analog scale (VAS), dis-
ease activity score 28 (DAS28), medications used, and
treatment durations were recorded. DAS28 was cal-
culated using TJs, SJs, ESR, CRP, and VAS, a standard
method for assessing RA disease activity [27]. All rheu-
matologic assessments were conducted by a single rheu-
matologist (OC).

Periodontal Examination

Periodontal evaluations were carried out by a certified
periodontist (MB). The intraclass correlation coefficients
(ICC) were 0.995 for clinical attachment loss (CAL) and

Assessed for eligibility (n= 40) |
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0.987 for probing pocket depth (PPD), indicating excel-
lent intra-examiner reliability. Periodontitis diagnosis
was made in accordance with the 2017 World Workshop
classification [26]. Clinical parameters assessed included
the gingival index (GI) [28], plaque index (PI) [29], CAL,
PPD, and bleeding on probing (BOP) [30]. Stage III-IV
periodontitis was diagnosed in patients presenting with
interdental CAL > 5 mm, PPD > 6 mm, history of mul-
tiple tooth loss, and deep periodontal lesions extending
to the root apex [26].

Sample collection

GCF and serum samples were collected at the Faculty
of Dentistry, Recep Tayyip Erdogan University, between
08:00 and 10:00 a.m., following 15-20 min of rest. For
serum collection, 5 mL of venous blood was drawn into
anticoagulant-free tubes, centrifuged at 4000 rpm for
10 min, and aliquoted into Eppendorf tubes.

GCF sampling was performed one day after the peri-
odontal examination to minimize contamination from
probing-induced bleeding. Samples were obtained from
four sites with the deepest periodontal pockets using
Periopaper strips (Proflow Inc., Amityville, NY), fol-
lowing removal of supragingival plaque, air-drying, and
isolation with cotton rolls. Strips were inserted into the
gingival sulcus until slight resistance was felt and left in
place for 30 s. GCF volume was measured using a Peri-
otron device (Periotron 8010; Harco Electronics, Winni-
peg, Canada). Strips contaminated with saliva or blood
were excluded. Accepted strips were placed into Eppen-
dorf tubes containing 200 puL phosphate-buffered saline
(PBS, pH 7.4) and stored at — 80 °C until analysis.

I Assessed for eligibility (n= 50)

Excluded (n=15)
* Not meeting inclusion criteria (n=15)
(not periodontitis n=15)

—

Y
| To | ’ Allocated to intervention (n=25)

Lost to follow-up (n=3)
Analyzsis (n=22)

|

Lost to follow-up (n=1)
Analyzsis (n=21)

|

’ Analyzsis (n=21)

()

1 Excluded (n=25)

—>| * Not meeting inclusion criteria (n=25)

(Less than one year of medication use n=15,
(not periodontitis n=10)

’ Allocated to intervention (n=25)

Lost to follow-up (n=3)
Analyzsis (n=22)

!

Lost to follow-up (n=1)
Analyzsis (n=21)

}

’ Analyzsis (n=21)

Fig. 1 Flowchart of the study. TO; baseline, T1; 3 months after non-surgical periodontal treatment (NSPT), T2; 6 months after NSPT, RA; rheumatoid ar-
thritis, Group 1; individuals with RA and periodontitis who were not receiving anti-TNF-a therapy, Group 2; individuals with RA and periodontitis under

anti-TNF-a treatment for a minimum duration of one year
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NSPT was applied after baseline measurements. Clini-
cal parameters and biological samples were re-evaluated
at baseline (T0), 3 months (T1), and 6 months (T2)
post-therapy.

Biochemical analyses

All biochemical assays were conducted at the Recep
Tayyip Erdogan University Medical Biochemistry Labo-
ratory by two experienced analysts (MA, MA). Levels
of RANKL, OPG, and MMP-8 in serum and GCF were
determined using ELISA kits from Elabscience (Catalog
Nos: E-EL-H1450, E-EL-H5813, E-EL-H1341) according
to the manufacturer’s protocols. RANKL concentrations
were reported in pg/mL, while OPG and MMP-8 were
expressed in ng/mlL.

Lipid peroxidation was assessed by measuring thiobar-
bituric acid-reactive substances (TBARS) following the
method of Ohkawa et al. [31]. Serum MDA levels were
determined via standard curve comparison and expressed
in nmol/mL. GSH was quantified using Ellman’s reagent
[32]. Briefly, 116.6 puL of 3 M Na,HPO, and 41.7 pL of
DTNB (4 mg DTNB in 10 mL of 1% sodium citrate) were
mixed with 41.7 pL of serum, and absorbance was read
at 412 nm. GSH concentrations were calculated using a
standard curve ranging from 0.2 to 1 mM and reported
in mM [33].

TAS and TOS were measured using commercial kits
(Mega Medical Industry and Trade Ltd., Turkey) on the
DxC700 Beckman Coulter autoanalyzer. Results were
expressed as umol Trolox equivalent/L for TAS and pmol
hydrogen peroxide (H,O,) equivalent/L for TOS. The
oxidative stress index (OSI) was calculated as the ratio of
TOS to TAS, using the formula: OSI = TOS (pmol H,O,
eq./L) / TAS (umol Trolox eq./L) [34].

Statistical analysis

The sample size for this study was calculated using
MMP-8 as the primary outcome variable, with two
groups [35]. A priori power analysis using the G*Power
(ver.3.1.9.7) software determined a required sample size
of 46 participants (23 per group), based on an effect size
of 0.8, power of 80%, and alpha error of 5%. Due to drop-
out at the 3- and 6-month follow-ups, the final sample
consisted of 42 patients (21 per group). Statistical anal-
yses were performed using IBM SPSS Statistics, ver.29
(SPSS Inc., Chicago, USA). Data with normal distribution
were presented as mean + standard deviation, and non-
normally distributed data were shown as median (min—
max). Group comparisons were conducted using either
the independent samples t-test or Mann—Whitney U
test, depending on data distribution. Repeated measures
were analyzed using repeated ANOVA with Bonferroni
correction or Friedman’s test. Categorical variables were
compared using Chi-square tests. Correlations between
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continuous variables were examined using Spearman’s
rank correlation coefficient. Statistical significance was
set at p < 0.05.

Results

The demographic characteristics and RA-related clini-
cal parameters of the study population are summarized
in Table 1. Among the 42 participants, 16 were male,
and 26 were female. No significant differences were
observed between the two groups in terms of sex, age,
RF, VAS, DAS28-ESR, CRP, or ESR (p>0.05). However,
a significant difference was noted in DAS28-CRP scores
(p<0.05).

The inter- and intragroup comparisons of peri-
odontal clinical parameters are presented in Table 2.
Between-group analysis revealed that at six months fol-
lowing NSPT, PI was significantly higher in the anti-
TNF-a treatment group (p=0.006). At three months
post-NSPT, BOP was also significantly elevated in the
same group compared to patients not receiving anti-
TNEF-a therapy (p=0.020). Other periodontal variables
showed no statistically significant intergroup differ-
ences (p>0.05). Within-group comparisons showed sig-
nificant reductions in PI, BOP, GI and CAL at both three
and six months post-NSPT relative to baseline in both
groups (p<0.001). PPD values decreased significantly in
the group not receiving anti-TNF-a therapy at 3 and 6
months post-NSPT compared to baseline (p <0.05).

Analysis of GCF parameters demonstrated a signifi-
cantly lower RANKL/OPG ratio in the anti-TNF-a group
at baseline and six months post-NSPT compared to the
control group (p=0.012 and p=0.017, respectively),
while no significant differences were observed for GCF
RANKL, OPG, or MMP-8 levels (p>0.05) (Table 3). In
intragroup analysis, GCF MMP-8 levels were signifi-
cantly increased at both three and six months post-NSPT
in both groups (p <0.05).

Regarding serum biomarkers, OSI was significantly
higher in the anti-TNF-a group at baseline compared to
the control group (p=0.003). No significant intergroup
differences were detected for serum levels of RANKL,
OPG, RANKL/OPG, MMP-8, MDA, GSH, TAS, or TOS
(p>0.05) (Table 3). In the control group, serum MDA
levels significantly declined at both follow-up points,
while GSH levels decreased at three months but sig-
nificantly increased by the sixth month (p<0.05). OPG
levels increased significantly at month 3 compared to
baseline, but decreased significantly at six months com-
pared to three months (p<0.05). A significant increase
was observed in RANKL/OPG and TAS levels at 6
months compared to 3 months (p<0.05). In the anti-
TNE-a group, serum levels of MDA and OSI significantly
decreased at three and six months post-NSPT compared
to baseline (p<0.05). GSH decreased significantly at
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Table 1 Comparison of demographic data and RA-related parameters by group
Parameters Group 1 (n=21) Group 2 (n=21) P
Gender (male/female) (n) 8/13 8/13 1.00
Age (years; mean+SD) 5111 57+7 0.059
RF (positive/negative) (n) 10/11 10/11 1.00
VAS (mean £SD) 51£272 3714290 0.060
DAS28CRP (mean = SD) 2.76+0.83 23+092 0.049*
DAS28ESR (mean+SD) 298+1.05 2.77+1.54 0.303
CRP (median (min-max)) 10(0.5-39) 4.40 (0.6-26) 0.252
ESR (median (min-max)) 13 (2-86) 12 (2-41) 0.820
TJs (n/%) 0 Joint 3/14.3 7/333

1 Joint 9/429 8/38.1

2 Joint 4/19 3/143

3 Joint 4/19 2/9.5

4 Joint 0/0 1/4.8

5 Joint 1/4.8 0/0
SJs (n/%) 0 Joint 7/333 12/57.1

1 Joint 7/33.3 3/143

2 Joint 6/28.6 5/23.8

3 Joint 1/4.8 1/4.8

Numbers in bold indicate a statistically significant difference

RF rheumatoid factor, VAS visual analog scale, DAS28 disease activity score28, CRP C reactive protein, ESR erythrocyte sedimentation rate, TJs number of tender parts,
SJs number of swollen joints, min minimum, max maximum, SD standard deviation, n number, RA rheumatoid arthritis, Group 7 individuals with RA and periodontitis
who were not receiving anti-TNF-a therapy, Group 2 individuals with RA and periodontitis under anti-TNF-a treatment for a minimum duration of one year, *;
statistically significant at p<0.05

Table 2 Comparison results of periodontal clinical parameters

parameters Group 1 Group 1 (within-group ~ Group 2 Group 2 (within-group  p value
p value)? p value) betwee*n
groups
Pl (med TO 1.17 (0.98-1.75) 0.004 (T,T,) 1.25(1-4.3) 0.001 (T,T,) 0273
(min-max)) T1 1.05(0.33-1.22) 1.00 (T,-T,) 1.08 (0.16-1.5) 0.741 (T,-T,) 0361
12 0.98 (0.2-1 45) <0.001 (Ty-T,) 1.1 (0.5-1.5) 0.033 (T,-T,) 0.006
Gl (med T0 1.26 (0.87-1.68) 0.001 (Ty-T,) 1.34(0.87-3.1) 0.010 (T,-T,) 0.378
(min-max)) T 1.1 (0.55-1 ,42) 1.00 (T,-Ty) 116 (0.27-1.62) 1.00 (T,-T,) 0423
T2 1.02(0.33-1.35) <0.001 (Ty-T) 1.12(0.33-1.48) <0.001 (Ty-T,) 0.078
BOP (%; med T0 31.5(13.33-82) <0.001 (T,-T,) 36.84 (17.8-85) 0.003 (T,-T,) 0358
(min-max)) T 15(3.7-47) 1.00 (T,T,) 22.22 (7.4-60) 1.00 (T,-T,) 0.020
T2 15 (4.54-41.2) <0.001 (T,-T,) 21.5 (3.84-46) <0.001 (T,-T,) 0.217
PPD (mm; T0 261+033 <0.001 (T,-T,) 254+052 0.080 (T, T,) 0.593
mean *SD) T 232+0.34 1.00 (T,-T») 237+0.36 1.00 (T,-T,) 0.637
T 236+0.37 0.018 (T,T,) 2374032 0.191 (T4 T,) 0912
CAL (mm; T0 284031 0.005 (T,-T,) 28+049 0.029 (T,-T,) 0.997
mean +SD) T 2554035 1.00 (T,T,) 26+041 1.00 (T, T,) 0676
T2 254+04 0.007 (Ty-T,) 257+035 0.019 (T,-T,) 0.797

Numbers in bold indicate a statistically significant difference

Pl plaque index, G/ gingival index, BOP bleeding on probing, PPD probing pocket depth, CAL clinical attachment loss. TO; baseline. T1; 3 months after non-surgical
periodontal treatment (NSPT). T2; 6 months after NSPT. med; median. min; minimum. max; maximum. SD; standard deviation. RA; rheumatoid arthritis. Group 1;
individuals with RA and periodontitis who were not receiving anti-TNF-a therapy. Group 2; individuals with RA and periodontitis under anti-TNF-a treatment for a
minimum duration of one year. *: Independent Sample t Test or Mann Whitney-U Test. #: Generalized Linear Repeated Measures or Friedman test

month 3 compared to baseline (p <0.05), while there was
no significant difference at month 6 compared to baseline

was significantly greater in the non-anti-TNF-a group
(p<0.05) (Table 4). In contrast, the anti-TNF-a group

(p>0.05). TOS levels significantly decreased by the sixth
month in this group (p <0.05).

Comparison of changes in periodontal parameters from
baseline to six months revealed that the reduction in PI

exhibited a significantly greater reduction in serum TOS

and OSI levels over the same period (p <0.05) (Table 4).
Correlation analyses between periodontal and bio-

chemical parameters showed that, in the control group,
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Table 3 Comparison results of biochemical parameters according to groups
Parameters Group 1 Group 1 (within- Group 2 Group 2 (within- p value
group p value)? group p value) betwee*n
groups
RANKL (serum) TO  4363(858-12666) >005 (T, T) 38.06(13.32-98.59) >005 (T, T)) 0308
(pg/mL; median M 56.17 (863-165.01) >005 (T,T) 36.74(17.78-131.98 >0.05 (T,-T,) 0489
(min-max)) T2 534(826-22053) 0.840 (T,T,) 4266 (10.5-107.98) >0.05 (TyT,) 0.127
OPG (serum) T0 1234048 0.047 (T,T,) 1384051 >005 (T, T)) 0329
(ng/mL; mean+SD T 143+044 0.012 (T,-T,) 144+056 0.062 (T,-T,) 0917
™ 1134048 0.861 (T, T,) 1214049 0.192 (T, T,) 0601
RANKL/OPG (serum) TO 4746 (621-17452) >005 (T, T) 30.06 (7.48-442.14) 0368 (T, T,) 0.061
(median (min-max)) M 3945 (4.9-127.11) 0.010 (T,-T,) 31.89 (9.39-268.54) 0.092 (T,T,) 0.505
™ 52.87 (6.31-174.46) 0.092 (T, T,) 36.75 (7.16-210.5) >0.05 (T, T,) 0.195
MMP-8 (serum) T0O 4754191 >0.05 (Ty T, 56+1.51 0.133 (T, T,) 0.114
(ng/mL; mean=SD) T 475+192 >0.05 (T,-T,) 4994147 0.739 (T,T,) 0.649
T2 464+227 >005 (T, T,) 5414144 >0.05 (T, T,) 0.197
MDA (serum) T0 346+047 <0.001(T,T,) 3324053 <0.001 (T,-T,) 0365
(nmol/mL; mean+SD T 262+037 0.037 (T,-T,) 271+0.29 0.005 (T,-T,) 0.367
™ 24+036 <0.001 (T,T,) 2434046 <0.001 (T,-T,) 0816
GSH (serum) TO  045+008 <0.001 (T,-T,) 047+0.11 <0.001 (T,-T,) 0663
(mM; mean+5D) T 0.35+0.06 <0.001 (T,-T,) 0.36+008 <0.001 (T,-T,) 0.592
T 0464008 >005 (TO-Tz) 047+0.08 >0.05 (T, Ty) 0.909
RANKL (GCF) T0 14014199 >005 (T, 13.96+2.35 >005 (T, T,) 0933
(pg/mL; (mean+SD) T1 14134237 >0.05 (T, T2 14.07 +£3.1 0.605 (T,-T,) 0.945
T 13.64+1.97 >005 (T, T, 131+17 0470 (T, T,) 0.349
OPG (GCF) (ng/mL) T0O  0.10(005-036) >005 (T, T, 0.12(0.06-0.29) 0.368 (T, T,) 0.850
(median (min-max)) T 0.12(0.05-0.29) >0.05 (T, T, 0.12(0.06-0.50) >0.05 (T,-Ty) 0.202
™ 0.10 (0.06-0.33) 0.840 (TyT,) 0.14(0.05-0.28) 0.269 (T,T,) 0.139
RANKL/OPG (GCF) T0 1332 (48.5-310.6) >005 (T, T) 112.1 (43.79-258.17) 0.840 (T, T,) 0.012
(median(min-max)) T 128.6 (43.24-294.6) >0.05 (T;-T,) 97.75 (35.42-256.5) 0.840 (T,-T,) 0.141
™ 151.89(31.67-215.83) >005 (T, T) 93.54(49.32-236.8) 0.092 (T, T,) 0.017
MMP-8 (GCF) T0O  057+005 0.004 (T,T,) 0.56+0.05 0.002 (T,T,) 0477
(ng/mL; (mean+5D) T 0624002 >0.05 (T,-T) 0614003 >0.05 (T,-T,) 0370
™ 0.61+0.03 0.013 (T, T,) 0.61+0.03 0.001 (TT,) 1.000
TAS (serum) T0 1(0.98-1.01) 0651 (T, T,) 1(0.94-1.02) >005 (T, T)) 0.285
(median (min-max)) T 1(0.97-1.01) 0.021 (T,-T,) 1(0.92-1.01) >005 (T,-T,) 0477
P 1(0.98-1.03) 0428 (T, T,) 1(0.96-1.01) 0.840 (T, T,) 0.117
TOS (serum) T0 33.29 (10.85-234.55) 0.840 (T, T, 3098 (0.69-535.27) 0.840 (T, T,) 0372
(median (min-max)) T 24.29 (10.44-169.68) 0651 (T,T,) 36.92 (10.81-676.19) 0.368 (T,T,) 0.274
i 2866 (9.2-286.76) >005 (T, T,) 2845 (6.6-152.7) 0.026 (T,T,) 0715
OSl (serum) T0 329 (1.09-23.93) >0.05 (T4 T, 12.43 (1.74-996.96) 0.016 (T,T,) 0.003
(median (min-max)) T1 247 (1.04-17.13) 0.368 (T,-T,) 3.65 (1.08-68.3) >0.05 (T,-T,) 0.320
T 3.28(1.32-910.89) >005 (T, T,) 431 (1.09-660) 0.001 (T,T,) 0.697

Numbers in bold indicate a statistically significant difference

GCF gingival crevicular fluid, RANKL nuclear factor kappa-B ligand. OPG osteoprotegrin. MMP-8; matrix metalloproteinase-8; MDA; malondialdehyde. GSH;
glutathione. TOS; total oxidant status. TAS; total antioxidant status. OSI; oxidative stress index. TO; baseline. T1; 3 months after non-surgical periodontal treatment
(NSPT). T2; 6 months after NSPT. min: minimum. max; maximum. SD; standard deviation. RA; rheumatoid arthritis. Group 1; individuals with RA and periodontitis
who were not receiving anti-TNF-a therapy. Group 2; individuals with RA and periodontitis under anti-TNF-a treatment for a minimum duration of one year. *:
Independent Sample t Test or Mann Whitney-U Test. #: Generalized Linear Repeated Measures or Friedman test

PI was positively associated with serum MDA (p<0.001);
GI correlated positively with both serum MDA (p <0.001)
and GSH (p<0.05); BOP showed positive correlations
with GCF OPG (p<0.05), serum MDA (p<0.001), and
GSH (p<0.05); PPD was negatively correlated with
GCF MMP-8 (p<0.05) but positively with serum GSH

(p<0.05); and CAL negatively correlated with GCF
MMP-8 (p<0.05) (Table 5).

In the anti-TNF-a group, PI exhibited a strong posi-
tive correlation with serum MDA (p<0.001) and a nega-
tive correlation with TAS (p<0.001). BOP was positively
correlated with both GCF RANKL/OPG (p<0.05) and
serum MDA (p<0.001), while negatively associated with
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Table 4 TO-T2 comparison results of periodontal and biochemical parameters
Parameters Group 1 Group 2 p
TO-T2 difference
Pl (median (min-max)) 041 (-0.2-1.52) 0.16 (-0.25-3.8) 0.044
Gl (median (min-max)) 0.32 (-0.15-0.9) 0.2 (-0.48-2.48) 0.642
BOP (%) (median (min-max)) 12.88 (-2.8-72.75) 17 (-14.75-53.75) 0.744
PPD (mm) (mean+SD) 0.25+0.31 0.16+045 0.244
CAL (mm) (mean +SD) 0.26+0.32 0.23+041 0.395
RANKL (Serum) (pg/mL) (median (min-max)) -7.54 (-96.71-73.26) 1.35 (-45.66-62.12) 0.163
OPG (Serum) (ng/mL; mean £SD) 0.1+£045 0.17+£0.35 0.281
RANKL/OPG (GCF) (med (min-max)) -11.91 (-61.76-74.89) -242 (-86.32-231.64) 0.058
MMP-8 (Serum) (ng/mL; mean +SD) 0.11+£203 0.19+1.69 0.439
MDA (Serum) (nmol/mL; mean+SD) 1.06+047 0.89+0.6 0.156
GSH (Serum) (mM; mean £ SD) -0.01+£0.08 0+0.12 0.379
RANKL (GCF) (pg/mL; mean +SD) 037+3.04 0.85+234 0.285
OPG (GCF) (ng/mL; (median (min-max)) 0.01(-0.22-0.11) -0.03 (-0.16-0.1) 0.089
RANKL/OPG (Serum) (median (min-max)) -6.56 (-127.05-153.6) 26.8 (-47.66-187.52) 0.099
MMP-8 (GCF) (ng/mL; mean +SD) -0.04+0.05 -0.05+0.06 0.271
TAS (Serum) (median (min-max)) 0 (-0.04-0.02) -0.01 (-0.05-0.04) 0.776
TOS (Serum) (median (min-max)) -1.68 (-217.41-112.8) 19.12 (-57.77-382.57) 0.019
0OSI (Serum) (median (min-max)) -042 (-909.64-11.76) 3.02 (-591-995.5) 0.004

Numbers in bold indicate a statistically significant difference

Pl plaque index, Gl gingival index, BOP bleeding on probing, PPD probing pocket depth, CAL clinical attachment loss, GCF gingival crevicular fluid, RANKL nuclear
factor kappa-B ligand, OPG osteoprotegrin, MMP-8 matrix metalloproteinase-8. MDA malondialdehyde, GSH glutathione, TOS total oxidant status, TAS total
antioxidant status, OS/ oxidative stress index, TO; baseline, T2; 6 months after nonsurgical periodontal treatment, min: minimum, max; maximum, SD; standard
deviation, RA; rheumatoid arthritis, Group 1; individuals with RA and periodontitis who were not receiving anti-TNF-a therapy, Group 2; individuals with RA and
periodontitis under anti-TNF-a treatment for a minimum duration of one year. *: Independent Sample t Test or Mann Whitney-U Test

GCF OPG (p<0.05). PPD showed positive correlations
with serum MMP-8 (p<0.05) and MDA (p<0.05), and
CAL was positively correlated with both serum MMP-8
(p<0.05) and MDA (p<0.001) (Table 6).

Discussion
As far as the current literature indicates, no prior study
has comprehensively evaluated how anti-TNF-a therapy
influences both clinical and biochemical outcomes fol-
lowing NSPT in patients diagnosed with both RA and
periodontitis. The results showed that although baseline
values of PI, GI, and BOP were higher in the anti-TNF-«
group, all periodontal parameters—including PPD and
CAL—showed improvement after NSPT in both groups.
Moreover, patients receiving anti-TNF-a therapy dem-
onstrated lower GCF RANKL/OPG ratios and higher
OSI levels at baseline, with both parameters significantly
decreasing post-treatment. Positive correlations between
oxidative stress markers (particularly MDA) and peri-
odontal indices (PI, GI, PPD, CAL) in the anti-TNF-a
group raising the possibility that these agents contribute
to improved periodontal recovery by affecting inflam-
matory pathways, bone turnover, and oxidative stress
regulation.

To evaluate localized periodontal responses, we uti-
lized GCF sampling, a minimally invasive and site-tar-
geted approach, in parallel with systemic serum analysis

[36]. The study groups were matched for age and sex to
eliminate demographic confounding factors.

Interestingly, PI and BOP were significantly higher in
the anti-TNF-a group despite the treatment, while other
clinical parameters showed no significant intergroup dif-
ferences in the present study. This contrasts with the find-
ings of Mayer et al., who reported lower GI, BOP, PPD,
and CAL values in anti-TNF-a-treated patients. Other
studies have reported mixed outcomes, with some show-
ing no significant changes in GI [22], CAL [21-23, 37],
or PPD [17, 21-23, 37] post-treatment with anti-TNF-«
agents. In contrast, others noted either increases [36],
decreases [15, 17] or no significant difference [21, 23] in
BOP. Unlike our findings, there were also studies that
found an increase in GI [23, 37], a decrease in PI [22, 37]
or no significant difference in PI [17, 21, 23] after the use
of anti-TNF-a drugs. Such variability may be attributed
to differences in oral hygiene behaviors, sample charac-
teristics, and the independent mechanisms governing
inflammation and bone loss.

In the present study, we used high-specificity ELISA
kits suitable for low-volume samples such as GCF [17, 38,
39]. While no significant differences were found in GCF
RANKL or OPG levels, the RANKL/OPG ratio was sig-
nificantly lower in the anti-TNF-a group at both baseline
and six months post-NSPT, in this study. Over time, the
rate also decreased in the anti-TNF-a group, although
not statistically significant. Although no previous studies
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Measurements of TOS and TAS provide broader
insight into redox balance [50]. In our study, OSI was
significantly higher at baseline in the anti-TNF-a group,
and both OSI and TOS levels decreased significantly after
NSPT in this group, whereas TAS levels remained sta-
ble. In contrast, the untreated group showed an increase
in TAS from three to six months, but no significant
change in OSI or TOS. These findings suggest that anti-
TNEF-a therapy may enhance oxidative stress reduction
in response to periodontal treatment; this conclusion is
supported by the findings of the study by Cacciapaglia et
al. [49].

Correlation analyses reinforced these observations. In
the anti-TNF-a group, serum MDA positively correlated
with PI, BOP, PPD, and CAL, while MMP-8 was linked
to PPD and CAL. PI was negatively correlated with TAS,
and BOP was inversely correlated with GCF OPG and
positively associated with the RANKL/OPG ratio. This
pattern reflects the complex interplay between oxidative
and inflammatory factors in periodontal tissue dynamics.

Overall, the data did not clearly indicate that anti-
TNEF-a therapy could increase the effectiveness of NSPT.
However, the study has some limitations. These include
the small sample size and the loss of participants dur-
ing the follow-up process. This study should therefore
be considered preliminary, and larger, longitudinal clini-
cal trials are needed to further elucidate the therapeu-
tic interactions between RA treatment and periodontal
health.

Conclusion

To date, no previous study has simultaneously evalu-
ated the clinical and biochemical impact of anti-TNF-a
therapy on NSPT outcomes in individuals with RA
and periodontitis, using both GCF and serum levels of
RANKL/OPG, MMP-8, MDA, GSH, TOS, TAS, and OSL
Our findings suggest that NSPT is effective in reducing
inflammation and tissue destruction in both treatment
groups. However, the addition of anti-TNF-a therapy had
no significant effect on further enhancing these effects
by modulating bone resorption, inflammatory responses,
and oxidative stress. To better understand these interac-
tions and optimize therapeutic strategies, future studies
with larger sample sizes and extended follow-up periods
are essential. We believe the current study provides a
foundation for such investigations.
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RANKL Receptor Activator of the Nuclear factor Kappa B Ligand
ROS Reactive Oxygen Species

TOS Total Oxidant Status

TAS Total Antioxidant Status

Page 11 of 13

MDA Malondialdehyde

GSH Glutathione

DAS Disease Activity Scores

NSAIDs Nonsteroidal Anti-inflammatory Drugs
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PBS Phosphate-buffered Saline
TBARS Thiobarbituric Acid Reactive Substances
H,0O, Hydrogen Peroxide

Acknowledgements

This study was supported by the Scientific Research Fund of Recep Tayyip
Erdogan University (Project No: TSA-2024-1623). This study has been
supported by the Recep Tayyip Erdogan University Development Foundation
(Grant number: 02026002027153).

Authors’ contributions

Planning of the study: HY, MB, OC and OK; Methodology: HY, MB, OC, OK, MA
and SAB; Analysis: MA and MA; Evaluation of the results: HY, MB, MA and MA;
Research and verification: HY and MB; Visualization: HY, MB; Writing: HY, MB
and OK; Review and editing: HY, MB, OC, OK, MA and SAB; All authors read and
approved the final manuscript.

Funding

This study was supported by the Scientific Research Fund of Recep Tayyip
Erdogan University (Project No: TSA-2024-1623). This study has been
supported by the Recep Tayyip Erdogan University Development Foundation
(Grant number: 02026002027153).

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Non-Invasive Clinical Research Ethics
Committee of Recep Tayyip Erdogan University (Approval No: 2023/213). The
study was conducted in accordance with the Declaration of Helsinki of 1975,
as revised in 2013. The purpose and content of the research were explained to
all individuals included in the study and voluntary consent forms were signed.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 8 October 2025 / Accepted: 29 April 2026
Published online: 13 May 2026

References
1. Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in periodontal dis-
ease. Periodontol 2000. 2020,83(1):14-25. https://doi.org/10.1111/prd.12296.


https://doi.org/10.1111/prd.12296

Yemenoglu et al. BMC Oral Health

(2026) 26:1259

Genco RJ, Sanz M. Clinical and public health implications of periodontal and
systemic diseases: An overview. Periodontol 2000. 2020;83(1):7-13. https://do
i.0rg/10.1111/prd.12344.

QiaoY,Wang Z, LiY, Han Y, Zhou Y, Cao X. Rheumatoid arthritis risk in peri-
odontitis patients: A systematic review and meta-analysis. Joint Bone Spine.
2020;87(6):556-64. https://doi.org/10.1016/jbspin.2020.04.024.
Rodriguez-Lozano B, Gonzélez-Febles J, Garnier-Rodriguez JL, Dadlani S,
Bustabad-Reyes S, Sanz M, Sdnchez-Alonso F, Sénchez-Piedra C, Gonzélez-
Davila E, Diaz-Gonzalez F. Association between severity of periodontitis and
clinical activity in rheumatoid arthritis patients: a case-control study. Arthritis
Res Ther. 2019;21(1):27. https://doi.org/10.1186/513075-019-1808-z.
Pandarathodiyil AK, Kasirajan HS, Vemuri S, Sujai GVNS, RamaGCFs BS.
Potential of salivary biomarkers for diagnosing and prognosing rheumatoid
arthritis: A systematic review and meta-analysis: Salivary biomarkers in Rheu-
matoid Arthritis patients - A systematic review with Meta-analysis. J Stomatol
Oral Maxillofac Surg. 2025;126(2):102074. https://doi.org/10.1016/j jormas.202
4.102074.

Petit C, Culshaw S, Weiger R, Huck O, Sahrmann P. Impact of treatment of
rheumatoid arthritis on periodontal disease: A review. Mol Oral Microbiol.
2024,39(4):199-224. https://doi.org/10.1111/0mi.12454.

Ozcaka O, Alpdz E, Nalbantsoy A, Karabulut G, Kabasakal Y. Clinical periodon-
tal status and inflammatory cytokines in primary Sjogren syndrome and
rheumatoid arthritis. J Periodontol. 2018;89(8):959-65. https://doi.org/10.100
2/JPER.17-0730.

Mayer Y, Balbir-Gurman A, Machtei EE. Anti-tumor necrosis factor-alpha
therapy and periodontal parameters in patients with rheumatoid arthritis. J
Periodontol. 2009;80(9):1414-20. https://doi.org/10.1902/jop.2009.090015.
Lee JA, Mikuls TR, Sayles HR, Thiele GM, Duryee MJ, Payne JB. Associations
between periodontitis and serum anti-malondialdehyde-acetaldehyde
antibody concentrations in rheumatoid arthritis: A case-control study. J
Periodontol. 2024;95(10):929-41. https://doi.org/10.1002/JPER.23-0604.
Brock GR, Butterworth CJ, Matthews JB, Chapple IL. Local and systemic

total antioxidant capacity in periodontitis and health. J Clin Periodontol.
2004;31(7):515-21. https://doi.org/10.1111/}.1600-051X.2004.00509.x.

Dissick A, Redman RS, Jones M, Rangan BV, Reimold A, Griffiths GR, Mikuls TR,
Amdur RL, Richards JS, Kerr GS. Association of periodontitis with rheumatoid
arthritis: a pilot study. J Periodontol. 2010;81(2):223-30. https://doi.org/10.190
2/jop.2009.090309.

Din¢ G, Fentoglu O, Dogru A, ilhan I, Kirzioglu FY, Orhan H. The evaluation

of salivary oxidative stress in patients with familial Mediterranean fever and
chronic periodontitis. J Periodontol. 2018;9(9):1112-20. https://doi.org/10.100
2/JPER.17-0638.

Zhang J, Xu C, Gao L, Zhang D, Li C, Liu J. Influence of anti-rheumatic agents
on the periodontal condition of patients with rheumatoid arthritis and
periodontitis: A systematic review and meta-analysis. J Periodontal Res.
2021;56(6):1099-115. https://doi.org/10.1111/jre.12925.

Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha
D, Caporali R, Edwards CJ, Hyrich KL, Pope JE, de Souza S, Stamm TA, Takeuchi
T, Verschueren P, Winthrop KL, Balsa A, Bathon JM, Buch MH, Burmester GR,
Buttgereit F, Cardiel MH, Chatzidionysiou K, Codreanu C, Cutolo M, den
Broeder AA, El Aoufy K, Finckh A, Fonseca JE, Gottenberg JE, Haavardsholm
EA, lagnocco A, Lauper K, Li Z, McInnes IB, Mysler EF, Nash P, Poor G, Ristic GG,
Rivellese F, Rubbert-Roth A, Schulze-Koops H, Stoilov N, Strangfeld A, van der
Helm-van Mil A, van Duuren E, Vliet Vlieland TPM, Westhovens R, van der Hei-
jde D. EULAR recommendations for the management of rheumatoid arthritis
with synthetic and biological disease-modifying antirheumatic drugs: 2022
update. Ann Rheum Dis. 2023;82(1):3-18. https://doi.org/10.1136/ard-2022-2
23356.

Schiefelbein R, Jentsch HFR. Periodontal conditions during arthritis therapy
with TNF- a blockers. J Clin Diagn Res. 2018;12(10):27-31. https://doi.org/10.7
860/JCDR/2018/36791.12158.

Kobayashi T, Okada M, Ito S, Kobayashi D, Ishida K, Kojima A, Narita |,
Murasawa A, Yoshie H. Assessment of interleukin-6 receptor inhibition
therapy on periodontal condition in patients with rheumatoid arthritis and
chronic periodontitis. J Periodontol. 2014;85(1):57-67. https://doi.org/10.1902
/j0p.2013.120696.

Pers JO, Saraux A, Pierre R, Youinou P. Anti- TNF- alpha immunotherapy is
associated with increased gingival inflammation without clinical attachment
loss in subjects with rheumatoid arthritis. J Periodontol. 2008;79(9):1645-51.
https://doi.org/10.1902/jop.2008.070616.

Ortiz P, Bissada NF, Palomo L, Han YW, Al-Zahrani MS, Panneerselvam A, Askari
A. Periodontal therapy reduces the severity of active rheumatoid arthritis in

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

Page 12 of 13

patients treated with or without tumor necrosis factor inhibitors. J Periodon-
tol. 2009;80(4):535-40. https://doi.org/10.1902/jop.2009.080447.

MayerY, Elimelech R, Balbir-Gurman A, Braun-Moscovici Y, Machtei EE. Peri-
odontal condition of patients with autoimmune diseases and the effect of
anti-tumor necrosis factor-a therapy. J Periodontol. 2013;84(2):136-42. https./
/doi.org/10.1902/jop.2012.120009.

Ayravdinen L, Leirisalo-Repo M, Kuuliala A, Ahola K, Koivuniemi R, Meur-

man JH, Heikkinen AM. Periodontitis in early and chronic rheumatoid
arthritis: a prospective follow-up study in Finnish population. BMJ Open.
2017;31(1):2011916. https://doi.org/10.1136/bmjopen-2016-011916.

Fabri GM, Pereira RM, Savioli C, Saad CG, de Moraes JC, Siqueira JT, Bonfa E.
Periodontitis response to anti-TNF therapy in ankylosing spondylitis. J Clin
Rheumatol. 2015;21(7):341-5. https://doi.org/10.1097/RHU.000000000000030
0.

Savioli C, Ribeiro AC, Fabri GM, Calich AL, Carvalho J, Silva CA, Viana VS,

Bonfd E, Siqueira JT. Persistent periodontal disease hampers anti-tumor
necrosis factor treatment response in rheumatoid arthritis. J Clin Rheumatol.
2012;18(4):180-4. https://doi.org/10.1097/RHU.0b013e31825828be.

Ustiin K, Erciyas K, Kisacik B, Sezer U, Pehlivan Y, Oztuzcu S, Giindogar H, Onat
AM. Host modulation in rheumatoid arthritis patients with TNF blockers sig-
nificantly decreases biochemical parameters in periodontitis. Inflammation.
2013,;36(5):1171-7. https://doi.org/10.1007/510753-013-9652-9.

de Smit MJ, Westra J, Posthumus MD, Springer G, van Winkelhoff AJ, Vissink
A, Brouwer E, Bijl M. Effect of Anti-Rheumatic Treatment on the Periodontal
Condition of Rheumatoid Arthritis Patients. Int J Environ Res Public Health.
2021;18(5):2529. https://doi.org/10.3390/ijerph18052529.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, Birn-
baum NS, Burmester GR, Bykerk VP, Cohen MD, Combe B, Costenbader KH,
Dougados M, Emery P, Ferraccioli G, Hazes JM, Hobbs K, Huizinga TW, Kava-
naugh A, Kay J, Kvien TK, Laing T, Mease P, Ménard HA, Moreland LW, Naden
RL, Pincus T, Smolen JS, Stanislawska-Biernat E, Symmons D, Tak PP, Upchurch
KS, Vencovsky J, Wolfe F, Hawker G. 2010 rheumatoid arthritis classification
criteria: an American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Ann Rheum Dis. 2010;69(9):1580-8.
https://doi.org/10.1136/ard.2010.138461.

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of periodontitis:
Framework and proposal of a new classification and case definition. J Peri-
odontol. 2018;89(1):159-72. https://doi.org/10.1002/JPER.18-0006.

Salaffi F, Di Carlo M, Farah S, Marotto D, Atzeni F, Sarzi-Puttini P. Rheumatoid
Arthritis disease activity assessment in routine care: performance of the
most widely used composite disease activity indices and patient-reported
outcome measures. Acta Biomed. 2021;2(4):2021238. https://doi.org/10.2375
0/abm.v92i4.10831.

L6e H. The Gingival Index, the Plaque Index and the Retention Index Systems.
J Periodontol. 1967;38(6):610-6. https://doi.org/10.1902/jop.1967.38.6.610.
Silness J, Loe H. Periodontal Disease In Pregnancy. li. Correlation Between Oral
Hygiene And Periodontal Condtion. Acta Odontol Scand. 1964;22:121-35.
https://doi.org/10.3109/00016356408993968.

Ainamo J, Bay |. Problems and proposals for recording gingivitis and plaque.
Int Dent J. 1975;25(4):229-35.

Ohkawa H, Ohishi N, Yagi K. Reaction of linoleic acid hydroperoxide with
thiobarbituric acid. J Lipid Res. 1978;19(8):1053-7.

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959;82(1):70-7.
https://doi.org/10.1016/0003-9861(59)90090-6.

Erel O. A new automated colorimetric method for measuring total oxidant
status. Clin Biochem. 2005;8(12):1103-11. https://doi.org/10.1016/j.clinbioche
m.2005.08.008.

Kosecik M, Erel O, Sevinc E, Selek S. Increased oxidative stress in children
exposed to passive smoking. Int J Cardiol. 2005;8(1):61-4. https://doi.org/10.1
016/jijcard.2004.05.069.

Cosgarea R, Tristiu R, Dumitru RB, Arweiler NB, Rednic S, Sirbu Cl, Lascu L,
Sculean A, Eick S. Effects of non-surgical periodontal therapy on periodontal
laboratory and clinical data as well as on disease activity in patients with
rheumatoid arthritis. Clin Oral Investig. 2019;23(1):141-51. https://doi.org/10.
1007/500784-018-2420-3.

Séderlin MK, Persson GR, Renvert S, Sanmartin Berglund J. Cytokines in gin-
gival crevicular fluid in elderly rheumatoid arthritis patients in a population-
based cross-sectional study: RANTES was associated with periodontitis. J
Periodontal Res. 2021;56(5):.907-16. https://doi.org/10.1111/jre.12887.

Tar |, Végh E, Martos R, Soos B, Marton |, Szekanecz Z. Six-month follow-up

of periodontal condition in rheumatoid arthritis and ankylosing spondylitis


https://doi.org/10.1111/prd.12344
https://doi.org/10.1111/prd.12344
https://doi.org/10.1016/j.jbspin.2020.04.024
https://doi.org/10.1186/s13075-019-1808-z
https://doi.org/10.1016/j.jormas.2024.102074
https://doi.org/10.1016/j.jormas.2024.102074
https://doi.org/10.1111/omi.12454
https://doi.org/10.1002/JPER.17-0730
https://doi.org/10.1002/JPER.17-0730
https://doi.org/10.1902/jop.2009.090015
https://doi.org/10.1002/JPER.23-0604
https://doi.org/10.1111/j.1600-051X.2004.00509.x
https://doi.org/10.1902/jop.2009.090309
https://doi.org/10.1902/jop.2009.090309
https://doi.org/10.1002/JPER.17-0638
https://doi.org/10.1002/JPER.17-0638
https://doi.org/10.1111/jre.12925
https://doi.org/10.1136/ard-2022-223356
https://doi.org/10.1136/ard-2022-223356
https://doi.org/10.7860/JCDR/2018/36791.12158
https://doi.org/10.7860/JCDR/2018/36791.12158
https://doi.org/10.1902/jop.2013.120696
https://doi.org/10.1902/jop.2013.120696
https://doi.org/10.1902/jop.2008.070616
https://doi.org/10.1902/jop.2009.080447
https://doi.org/10.1902/jop.2012.120009
https://doi.org/10.1902/jop.2012.120009
https://doi.org/10.1136/bmjopen-2016-011916
https://doi.org/10.1097/RHU.0000000000000300
https://doi.org/10.1097/RHU.0000000000000300
https://doi.org/10.1097/RHU.0b013e31825828be
https://doi.org/10.1007/s10753-013-9652-9
https://doi.org/10.3390/ijerph18052529
https://doi.org/10.1136/ard.2010.138461
https://doi.org/10.1002/JPER.18-0006
https://doi.org/10.23750/abm.v92i4.10831
https://doi.org/10.23750/abm.v92i4.10831
https://doi.org/10.1902/jop.1967.38.6.610
https://doi.org/10.3109/00016356408993968
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1016/j.ijcard.2004.05.069
https://doi.org/10.1016/j.ijcard.2004.05.069
https://doi.org/10.1007/s00784-018-2420-3
https://doi.org/10.1007/s00784-018-2420-3
https://doi.org/10.1111/jre.12887

Yemenoglu et al. BMC Oral Health

38.

39.

40.

41.

42.

43.

44,

45.

(2026) 26:1259

arthritis patients undergoing anti-tumour necrosis factor-a Therapy. J Clin
Med. 2024;13:448. https://doi.org/10.3390/jcm13020448.

Leng SX, McElhaney JE, Walston JD, Xie D, Fedarko NS, Kuchel GA. ELISA and
multiplex technologies for cytokine measurement in inflammation and aging
research. J Gerontol Biol Sci Med Sci. 2008;63(8):879-84. https://doi.org/10.10
93/gerona/63.8.879.

Lequin RM. Enzyme immunoassay (EIA)/enzyme-linked immunosorbent
assay (ELISA). Clin Chem. 2005;51(12):2415-8. https://doi.org/10.1373/clinche
m.2005.051532.

Cochran DL. Inflammation and bone loss in periodontal disease. J Periodon-
tol. 2008;79(8):1569-76. https://doi.org/10.1902/jop.2008.080233.

Bostanci N, llgenli T, Emingil G, Afacan B, Han B, Toz H, Atilla G, Hughes FJ, Beli-
basakis GN. Gingival crevicular fluid levels of RANKL and OPG in periodontal
diseases: implications of their relative ratio. J Clin Periodontol. 2007;4(5):370-
6. https://doi.org/10.1111/}.1600-051X.2007.01061 x.

CavallaF, Letra A, Silva RM, Garlet GP. Determinants of Periodontal/Periapical
Lesion Stability and Progression. J Dent Res. 2021;100(1):29-36. https://doi.or
9/10.1177/0022034520952341.

Teles FRF, Chandrasekaran G, Martin L, Patel M, Kallan MJ, Furquim C, Hamza
T, Cucchiara AJ, Kantarci A, Urquhart O, Sugai J, Giannobile WV. Salivary and
serum inflammatory biomarkers during periodontitis progression and after
treatment. J Clin Periodontol. 2024;51(12):1619-31. https://doi.org/10.1111/jc
pe.14048.

Kinney JS, Morelli T, Oh M, Braun TM, Ramseier CA, Sugai JV, Giannobile

WV. Crevicular fluid biomarkers and periodontal disease progression. J Clin
Periodontol. 2014;41(2):113-20. https://doi.org/10.1111/jcpe.12194.

Becerik S, Oztlirk VO, Atmaca H, Atilla G, Emingil G. Gingival crevicular fluid
and plasma acute-phase cytokine levels in different periodontal diseases. J
Periodontol. 2012;83(10):1304-13. https://doi.org/10.1902/jop.2012.110616.

46.

47.

48.

49.

50.

Page 13 of 13

Arvikar SL, Hasturk H, Strle K, Stephens D, Bolster MB, Collier DS, Kantarci A,
Steere AC. Periodontal inflammation and distinct inflammatory profiles in
saliva and gingival crevicular fluid compared with serum and joints in rheu-
matoid arthritis patients. J Periodontol. 2021,92(10):1379-91. https://doi.org/
10.1002/JPER.20-0051.

Javed F, Ahmed HB, Mikami T, Almas K, Romanos GE, Al-Hezaimi K. Cytokine
profile in the gingival crevicular fluid of rheumatoid arthritis patients with
chronic periodontitis. J Investig Clin Dent. 2014;5(1):1-8. https://doi.org/10.11
11/jicd.12066.

Sterova E, Bakosova M, Laukova L, Celec P Vikovd B. Biological Anti-TNF-a
Therapy and Markers of Oxidative and Carbonyl Stress in Patients with Rheu-
matoid Arthritis. Oxid Med Cell Longev. 2021,22(2021):5575479. https://doi.or
9/10.1155/2021/5575479.

Cacciapaglia F, Anelli MG, Rizzo D, Morelli E, Scioscia C, Mazzotta D, lannone
F, Lapadula G. Influence of TNF-a inhibition on oxidative stress of rheumatoid
arthritis patients. Reumatismo. 2015;30(3):97-102. https://doi.org/10.4081/re
umatismo.2015.829.

Marrocco |, Altieri F, Peluso I. Measurement and Clinical Significance

of Biomarkers of Oxidative Stress in Humans. Oxid Med Cell Longev.
2017;2017:6501046. https://doi.org/10.1155/2017/6501046.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3390/jcm13020448
https://doi.org/10.1093/gerona/63.8.879
https://doi.org/10.1093/gerona/63.8.879
https://doi.org/10.1373/clinchem.2005.051532
https://doi.org/10.1373/clinchem.2005.051532
https://doi.org/10.1902/jop.2008.080233
https://doi.org/10.1111/j.1600-051X.2007.01061.x
https://doi.org/10.1177/0022034520952341
https://doi.org/10.1177/0022034520952341
https://doi.org/10.1111/jcpe.14048
https://doi.org/10.1111/jcpe.14048
https://doi.org/10.1111/jcpe.12194
https://doi.org/10.1902/jop.2012.110616
https://doi.org/10.1002/JPER.20-0051
https://doi.org/10.1002/JPER.20-0051
https://doi.org/10.1111/jicd.12066
https://doi.org/10.1111/jicd.12066
https://doi.org/10.1155/2021/5575479
https://doi.org/10.1155/2021/5575479
https://doi.org/10.4081/reumatismo.2015.829
https://doi.org/10.4081/reumatismo.2015.829
https://doi.org/10.1155/2017/6501046

	﻿The effect of anti-tumor necrosis factor-alpha and nonsurgical periodontal therapy in individuals with rheumatoid arthritis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Periodontal Examination
	﻿Sample collection
	﻿Biochemical analyses
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


