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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Fusobacterium nucleatum (F. nuclatum) has
been recognized as a bridging pathogen within subgingival
biofilms, in the same arrow, Peptidyl Arginine Deiminase 4
(PAD4), a host protein responsible for histone citrullination,
confers to the neutrophil extracellular traps formation and
subsequent tissue damage. Therefore, the current study aimed
to explore the association of PAD4 activity and F. nucleatum
prevalence in patients; with periodontal disease and evaluate
their diagnostic potential role in disease progression.

Methods: Ninety participants aged from (25-55) years were
categorized equally into 3 groups: (Group I) healthy controls,
(Group 1I) patients with gingivitis, and (Group III) patients with
severe periodontitis /stage III. Clinical periodontal parameters
plaque index (PLI); gingival index (GI), bleeding on probing
(BOP); probing pocket depth (PPD); clinical attachment loss
(CAL) was recorded. Unstimulated saliva analyzed for PAD4
level using ELISA, and subgingival plaque was examined for F.
nucleatum prevalence using qPCR. Data were analyzed using
Kruskal-Wallis, Spearman’s correlation, and ROC curves.

Results: Patients with severe periodontitis demonstrated
markedly elevated salivary PAD4 levels compared with
patients with gingivitis and controls (P <0.001). There was no
interconnection between PAD4 and clinical parameters. On
another hand, F. nucleatum counts were significantly higher in
diseased groups than controls (P <0.001), demonstrating highly
significant correlations with clinical periodontal parameters
especially in severe periodontitis patients. ROC curve analysis
revealed excellent diagnostic accuracy for PAD4 (AUC=0.98)
and F. nucleatum (AUC=1.00) in discriminating between health
and disease, confirming their value as reliable biomarkers for
periodontal disease.

Conclusion: PAD4 overexpression together with the increased
prevalence of F. nucleatum possibly crucial in the development
and progression of periodontal diseases. They can act as reliable
biomarkers for periodontal inflammation. Screening salivary
PAD4 levels and F. nucleatum counts may facilitate early
recognization of patients susceptible for periodontal disease,
providing a basis for timely intervention and more precise
disease monitoring.

Key words. Periodontitis, gingivitis, salivary biomarkers,
peptidyl arginine deiminase 4, F. nucleatum, periodontal
disease.

Introduction.

Periodontal diseases regarded as the most widespread chronic
condition in adults, contributing substantially to worldwide
burden of oral problems. Nearly half of the adult people are
affected, and periodontitis remains a leading cause of tooth
loss [1,2]. At its core, periodontitis reflects a destructive
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inflammatory response against microbial biofilms that colonize
tooth surfaces, ultimately causing breakdown of periodontal
support tissues [3,4]. The development of periodontitis is not
the consequence of bacteria alone but rather the outcome of a
dynamic interaction between “dysbiotic” microbial communities
and the host’s immune defenses [5]. Within these communities,
F. nucleatum has drawn particular attention. This gram-negative
anaerobe functions as a “bridging” species, linking early
colonizers to late colonizers in the biofilm [6]. By doing so, it
not only promotes structural maturation of the plaque but also
amplifies the inflammatory burden in surrounding periodontal
tissues [7,8]. A growing body of research has connected F.
nucleatum with both the severity of periodontal destruction
and extra-oral complications [9]. Parallel to the microbial
challenge, the host immune system—especially neutrophils—
plays a decisive role in disease progression. Neutrophils release
web-like cofiguration known as “neutrophil extracellular traps
(NETs)” which can immobilize and kill microbes. However,
massive or dysregulated NET formation has been involved
in collateral tissue injury within the periodontium [10]. A
central driver of this process is the enzyme Peptidyl Arginine
Deiminase 4 (PAD4), which citrullinates histones and facilitates
chromatin decondensation during NETosis [11]. Elevated
PAD4 activity has been associated with chronic inflammatory
conditions and is increasingly suspected to contribute to
periodontal tissue damage [12]. Linking F. nucleatum with
PADA4-driven immune responses offers a novel perspective on
the pathogenesis of periodontitis. High PAD4 expression in the
periodontal environment may signal an exaggerated neutrophil
reaction triggered by microbial dysbiosis, positioning it as
a potential biomarker of disease activity [13]. Despite this
theoretical framework, there is still limited evidence exploring
the combined assessment of salivary PAD4 and F. nucleatum
in patients with periodontal diseases. Thus, the study aimed
to inspect this relationship that may provide new diagnostic
insights for monitoring periodontal health and disease.

Subjects, Materials and Methods.

Study design: This an “observational case-control study”
conducted in Baghdad between December 2024 and May 2025.
Participants included in this study were individuals seeking care
from the periodontal department. This study conforms with
the Helsinki's Declaration. Participants were given a detailed
information regarding the study's goals; gave their informed
consent by filling out a consent form approved by the dental
college ethic's committee under reference number of REC186
and study number MUOSU-202126.

To find out the appropriate number of participants for the study,
salivary PAD4 was employed as a primary outcome measure.
By Using G power (authored by Franz-Faull, University of Kiel,
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Germany) with a power of 0.90 for the research and (a two-
sided alpha error of probability of 0.05), an effect size of F is 0.4
“large effect size” ]14,15[, under these condition the required
sample size is 84 subjects; we expand the sample size to 90
subjects.

Therefore, the total sample size in this study will be 90 subjects
their age range from 25-55 years divided into three distinct
groups as follows: group I, the control group, comprising 30
volunteers with clinically healthy periodontium: had no (CAL),
and (PPD) <3 mm, with bleeding on probing (BOP) less than
10%. Group I, consisting of 30 patients with gingivitis have an
intact periodontium (no CAL), PPD <3 mm, BOP>10% [16[ and
group III severe periodontitis/stage I1I had detectable interdental
(CAL) at> 2 non-adjacent teeth, of > 5Smm on the buccal (facial)
or lingual/palatal surfaces associated with pocketing > 6 mm
at > two teeth ]17[. In addition, all periodontitis cases were
generalized and unstable, with no risk factors, e.g., diabetes
mellitus (DM) and/or smoking ]18,19[. All participants should
demonstrate excellent general health, lack of any past systemic
conditions, and have 20 teeth present.

Contrarily, the exclusion criteria: were the existence of any
inflammatory oral illness (other than periodontitis) that may
affect the levels of biomarker being studied, individuals suffering
from systemic illnesses, a history of alcohol use or smoking,
pregnant and nursing women, and who had administered any
medications within the previous three months, or have an
extensive periodontal therapy and using vitamins, antioxidants,
or contraceptives were also excluded. The clinical parameters
used to assess periodontal health of participants were: PLI, GI,
BOP%, PPD, and CAL, measurements were documented using
William periodontal probe.

Four surfaces for PLI, GI and BOP were examined ]20,21 [and
six sites for PPD and CAL values (mesio-lingual, mid-lingual,
disto-lingual, disto-buccal, mid-buccal and mesio-buccal) were
examined for each tooth, the third molars were excluded.

Saliva Sampling: Prior to saliva collection, participants were
directed to abstain from consuming anything except the water,
for minimum one hour. To avoid contamination, samples were
obtained before any oral clinical procedures. A volume of 5 ml
of, whole saliva (unstimulated) was gathered between (9:00 a.m.
to 12:00 p.m.) using the passive drooling technique. During the
procedure, subjects were advised not to swallow and to allow
saliva to accumulate and drip over the lower lip into a sterile
plastic container. The collected samples were then centrifuged
for 10 minutes at 3000 rpm to separate the clear supernatant.
To inhibit bacterial growth and reduce biomarker degradation
caused by protein denaturation, the specimens were stored at
—20 °C until ELISA Testing was conducted. Before analysis, all
samples were thawed to room temperature ]22,23].

Dental Plaque Sampling: Subgingival plaque specimens
were acquired from the “deepest” periodontal pockets within
the patient groups, while in the control group, samples were
collected from the gingival sulcus. To minimize contamination
from saliva or supragingival plaque, each sampling site was
scaled first supragingivally with a sterile curette, isolated with
cotton rolls, and cleaned gently using sterile cotton pellets
]24,25[. A fine, sterile Gracey curette was then placed into
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the pocket along the tooth surface without applying pressure.
Upon encountering apical tissue resistance, a single vertical
stroke was executed to collect the plaque sample. The material
was immediately placed into an eppendorf tube containing 0.5
ml of TE buffer (10 mM Tris-HCI and 1 mM EDTA with pH
~7.6), and the instrument tip was vigorously agitated within the
solution. Then, plaque samples were stored at —40°C till DNA
extraction ]24,26].

ELISA Detection of (PAD4): The ELISA technique for
estimation of PAD4 was a sandwich enzyme immunoassay; the
kit applicable for in vitro quantitative measurement of PAD4
(My BioSource/USA; Catalog No. (MBS3802).

DNA Extraction: The DNA extracted from samples of
dental plaque according to the manufacturer protocol of ABIO
pure Extraction. A spectrophotometer used to check the DNA
quantity in each sample and afterwards stored at -20°C until
qPCR.

Quantitative PCR (qPCR) Screening: To detect and quantify
F. nucleatum bacteria with high accuracy, species-specific
primers directed against the 16S rRNA gene were selected
according to recent studies [26,27]. The primer sequences were
then evaluated using the NCBI Primer-BLAST tool to confirm
their accuracy and to ensure they did not amplify non-target oral
microorganisms (Table 1).

The standard curve method uses a series of dilution of known
“template copy number” in the qPCR assay. Linear regression
of log concentration (copy pl') versus CT gives the standard
curve, and this is then used to calculate copy number (copy pl™)
in the sample (Figures 1).

Statistical Analysis: Study data assessed using the
computerized analysis (SPSS) software program (version 28,
IBM, USA). Descriptive data were expressed as mean, standard
deviation (SD), minimum, maximum, and standard error.
Data normality tested by Shapiro-Wilk test which indicated a
non-parametric distribution; thus, multi-group comparisons
were conducted using the Kruskal-Wallis test and in case of
significance, additional intra-group comparisons were performed
using Dunn's test. ROC (receiver operating characteristic) and
AUC (area under curve) evaluate the diagnostic accuracy of the
studied markers. P-value of < 0.05 was significant.

Results.

Demographic and clinical data of participants:

The differences in age range and gender among the study
groups were statistically non-significant (P=0.3). Statistically,
significantly higher differences were observed in the percentage
of lost teeth, PLI, GI and BOP%, among the study groups (P
<0.001). PPD and CAL were assessed only in Group 111, as this
group exclusively included patients with severe periodontitis
(Table 2).

Salivary Level of PAD4 and Quantification of F. nucleatum
Bacteria

The current results showed a highly significant difference
(P <0.001) in the mean of PAD4 level among study groups,
patients with severe periodontitis recorded the highest mean
of the salivary PAD4 (46.2 +7.6 pg/ml) followed patients with
gingivitis and controls. The highest (P < 0.001) F. nucleatum



Table 1. Primers Used for F. nucleatum Detection.

Primers Sequence "5-3° Annealing Temp. (°C)
F. nucleatum -F GGATTTATTGGGCGTAAAGC
F.nucleatum -R GGCATTCCTACAAATATCTACGAA 50
F.nucleatum -P FAM-CTCTACACTTGTAGTTCCG
Table 2. The demographic data of the study population.

GI GII G I
Parameters All groups N=30 N=130 N=30 p value
Age, years 46.1+ 3.5 45.2+2.3 46.242.4 47.1+4.9 03N

16 (53.3%):14
Gender, Male: Female |54 (60%):36 (40%) (46.7%) 17 (56.7%):13(43.3%) 21 (70%):9 (30%) 0.3 NS
PLI - 0.2 £0.09 1.50.7 2.5+0.2 <0.001Hs
GI - 0.2 +£0.06 2304 2.6 0.1 <0.001"s
BOP, % of score 1 - 4.3% 51.4% 69.0% <0.0014s
PPD - NA NA 9.0 +0.7) -
CAL - NA NA 6.0 +0.7) -
Teeth loss, n(%) 12 (1.5%) 76 (9.1%) 143 (17.1%) <0.001H4s

PLI: Plaque Index, GI: Gingival Index, BOP: Bleeding on Probing, PPD: Probing Pocket Depth, CAL: Clinical Attachment Loss, NA: Not
Applicable, G: Group; N: Number; SD: Standard Deviation, %: Percentage, HS: Highly Significant, *Kruskal-Wallis Test,* Chi Square Test

Table 3. Levels of Salivary PAD4 and Subgingival F. nucleatum.

Parameters PAD4, pg/ml F. nucleatum
1 (n=30) 11.2 +8.0a 460.84+292.7a
Groups, mean+SD 1I(n=30) 29.0 £7.0b 1473.0+699.5b
1II(n=30) 46.2 £7.6¢ 4364000 £1438.4¢c
P value <0.001 <0.001

PADA4: Peptidyl Arginine Deiminase4, N: Number, SD: Standard Deviation, *Kruskal-Wallis Test, different letters indicate highly significant
differences using Dunn's test

Table 4. Correlation between PAD4 levels and clinical periodontal parameters.

PAD4
Parameters Gl G Gl

r P value r P value r P value
N. of lost teeth -0.3 0.08 0.02 0.8 -0.2 0.2
PLI 0.06 0.7 -0.01 0.9 -0.09 0.6
GI -0.07 0.6 0.1 0.3 0.1 0.5
BOP 1 % 0.08 0.6 -0.1 0.5 0.01 0.9
PPD - - - - -0.05 0.7
CAL - - - - -0.05 0.7

G: Group, PLI: plaque Index, GI: Gingival Index, BOP: Bleeding on Probing, %: Percentage, PPD: Probing Pocket Depth, CAL: Clinical
Attachment Loss, NS: Non-Significant, *r: Sperman rank correlation.

Table 5. The Correlations of F. nucleatum Counts with Salivary and Clinical Parameters.

F. nucleatum

GI GII GIII
Parameters

r P -value r P- value r P -value
N. of lost teeth -0.4 0.018 0.3 0.06 0.07 0.7
PLI 0.8 <0.001"8 0.7 <0.001HS8 0.6 <0.001Hs8
GI 0.7 <0.00148 0.3 0.02% 0.3 0.55
BOP 1 % 0.7 <0.001"8 0.4 0.01% 0.9 <0.001H8
PPD - - - - 0.7 <0.001H8
CAL - - - - 0.6 <0.001H48
PAD4 -0.003 0.9 0.08 0.6 0.07 0.6

G: Group, N: Number, PLI: Plaque Index, GI: Gingival Index, BOP: Bleeding on Probing, %: Percentage, PPD: Probing pocket depth, CAL:
Clinical attachment loss, S: Significant, HS: Highly Significant, *r: Spearman rank correlation
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Table 6. Diagnostic performance of F. nucleatum and PAD4 in differentiating oral health, gingivitis, and severe periodontitis based on ROC curve

analysis.

Biomarkers G AUC P-value
F. nucleatum 0.9 <0.001 18
PAD4 G-l 0.9 <0.001 18
F. nucleatum 1.0 <0.0011s
PAD4 GI-GI 0.98 <0.0011s

G: group, AUC: area under the curve, HS: highly significant

A

Normalised Fluorescence

Optimal cutoff  Sensitivity Specificity
755.500 0.80 0.80

18.1 0.96 0.90
1558000 1.0 1.0

30.2 0.96 0.97

Cycle

Figure 1. PCR curves (A) Amplification plot of F. nucleatum genomic DNA serial dilutions (B) F. nucleatum standard curve.

counts were observed in patients with severe periodontitis
(Group III) than that of gingivitis (Group II) and controls
(Group I) (Table 3).

Correlation between Salivary PAD4 Levels and Clinical
Parameters

The findings of this study demonstrated a non-significant
correlations regarding salivary PAD4 levels with periodontal
parameters among the study groups (P>0.05) (Table 4).

Correlation of F. nucleatum Counts with Measured
Parameters & Salivary PAD4

The present study used spearman’s coefficient correlation to
find the possible relationships among the studied parameters. In
control group, F. nucleatum bacterial count revealed a negative
significant correlation with the number of lost teeth (r=-0.4,
P=0.01), and positive highly significant correlation with PLI
(r=0.8, P<0.001), GI (r=0.7, P<0.001), and bleeding percentage
(BOP 1%) (r=0.7, P<0.001). Furthermore, in patients with
gingivitis, a positive highly significant associations were also
found between bacteria and PLI (r=0.7, P<0.001), and another
positive significant correlation regarding GI (r=0.3, P=0.02), and
BOP 1% (r=0.4, P=0.01), while the correlation with the number
of lost teeth was marginally non-significant (r=0.3, P=0.06).
Finally, in patients with severe periodontitis, F. nucleatum
count was strongly associated with PLI (r= 0.6, P<0.001), BOP
1% (r=0.9, P<0.001), PPD (r=0.7, P<0.001), and CAL (r=0.6,
P<0.001), respectively (Table 5).

Table (6) provides crucial data on the diagnostic accuracy
of F. nucleatum bacteria and salivary PAD4 in discriminating
between healthy controls (Group I) and gingivitis group
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(Group II), the biomarkers demonstrated excellent diagnostic
performance. F. nucleatum shown (AUC) of 0.90 (P< 0.001),
with an optimal cutoff value of 755.5 yielding 80% sensitivity
and 80% specificity. PAD4 achieved the highest accuracy in
this comparison, with an AUC of 0.90 (P< 0.001), an optimal
cutoff of 18.1, and a sensitivity of 96% with 90% specificity.
Interestingly, in comparison of healthy controls (Group I) with
severe periodontitis (Group III); again, F. nucleatum achieved
perfect discrimination with an AUC of 1.00 (P < 0.001) at a
cutoff of 1,558,000, resulting in 100% sensitivity and specificity.
While PAD4 showed an excellent diagnostic behavior with an
AUC 0f 0.98 (P <0.001), and at a cutoff value of 30.2, sensitivity
and specificity were 96% and 97%, respectively.

Discussion.

Periodontists should consider PAD4 as a critical nuclear
enzyme involved in the host--microbe interaction that drives
periodontal tissue breakdown. PAD4 activity is essential for
the process of histone citrullination, which facilitates chromatin
uncoiling and the release of extracellular nets (NETs) by
neutrophil. Although NETs be a constituent of the innate
immune defense system, excessive PAD4 activation has been
linked to collateral tissue injury and amplification of the local
inflammatory response within the periodontium [11,28].

At the same time, F. nucleatum continues to be among the most
consistent bacterial species associated with periodontal disease
progression. This microorganism acts as a bridge in subgingival
biofilms and possesses virulence factors capable of disrupting
epithelial barriers and stimulating pro-inflammatory cytokine
release [7,8]. More recently, experimental studies have indicated



that F. nucleatum may directly promote PAD4-mediated NET
formation, thereby strengthening the link between microbial
challenge and host-derived destructive pathways [29,30].

The results of this study demonstrated no-meaningful
differences among studied groups regarding to age and
gender, suggesting well-matched characteristics among the
study groups. The present study revealed that teeth loss was
minimal among healthy controls (1.5%), whereas patients with
periodontitis exhibited a higher proportion (9.1%), with the
greatest percentage observed in the severe periodontitis group
(17.1%). The intergroup differences were highly significant
(P<0.001). These outcomes highlight that advancing periodontal
disease is closely linked to an increased number of missing
teeth, underscoring the destructive effect of chronic periodontal
inflammation on the dentition and its supporting structures.
Comparable evidence from recent investigations has confirmed
that the degree of periodontal breakdown is positively associated
with teeth loss burden [31-34].

Regarding the clinical periodontal parameters, PLI, GI, and
BOP% showed statistically highly significant variations among
the examined groups. This outcome is consistent with the well-
established concept that dental plaque and gingival inflammation
represent the primary etiological factors in the initiation and
advancement of periodontal disease [35,36]. The stepwise
elevation in plaque scores was paralleled by increased GI
values, further supporting the close association between biofilm
accumulation and gingival tissue inflammation. Similarly, BOP
levels were markedly higher in diseased groups, confirming its
role as a dependable indicator of current inflammatory activity
and its predictive potential for future periodontal breakdown
[37,38].

Chronic inflammation in periodontal tissues stimulates a
cascade of host mediators, in which F. nucleatum has been
recognized as a central microbial player. This organism
possesses the ability to adhere, invade, and modulate immune
responses, thereby intensifying periodontal tissue destruction.
At the same time, PAD4 serves a crucial function in neutrophil
extracellular trap (NET) formation through histone citrullination,
a process that, while bactericidal, also causes collateral tissue
injury. The present study demonstrated that patients with
periodontitis exhibited significantly higher PAD4 expression
and F. nucleatum counts compared with controls, suggesting
that their interaction may accelerate periodontal breakdown.
These results consistent with earlier studies highlighting the
contribution of PAD4-mediated NETosis in inflammatory tissue
damage and the F. nucleatum role in enhancing neutrophil
activation and cytokine release [11,30]. Similar conclusions
have been reached by studies that linked PAD4 activity with
IL-6 and TNF-a upregulation during chronic inflammation [28].

In accordance with our study findings; Akkaya et al confirmed
that PAD4 play an essential role in periodontitis pathogenesis,
as the found in their study higher GCF PAD4 was found in
severe periodontitis/ stage III patients in contrast to healthy
controls [39], these results also agreed with another previous
clinical studies who reported that PAD4 levels were elevated in
gingival tissue samples, serum, gingival fluid, in periodontitis
patients compared to healthy controls [40-42]. Furthermore;
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Laugisch et al. proposed that citrullination and PAD activity are
responsible primarily for periodontal inflammation and bone
destruction [40].

Citrullination is involved in physiological processes, including
skin keratinization and physiological activity in the periodontal
epithelium [43]. These findings plus subclinical gingivitis condition
may describe PAD4 detection in the healthy controls [39].

In the current investigation, F. nucleatum was detected at a
much higher frequency and load in patients with periodontitis
compared with healthy individuals (P <0.001). Several molecular
studies have confirmed the usage of quantitative detection
methods, instead of simple presence/absence, increases the
accuracy of identifying the microbial contribution to disease
severity [29,8]. Our findings agree with recent evidence showing
that F. nucleatum colonization is significantly elevated in severe
periodontitis lesions compared to controls, supporting its role
as a keystone pathogen in periodontal pathogenesis [7,30].
In terms of correlation, PAD4 didn't show any significant
association with measured clinical parameters, these were in
accordance with findings of previous study [39], the lack of
significant correlation may be explained by that PAD4 have a
threshold dependent effect on NETs production; once a critical
enzyme level reached, additional PAD4 may not proportionally
intensify tissue damage. Alternatively, it may serve dual roles
participating in both immuno-physiological and pathological
inflammation which could clarify its elevation regardless
evident association with clinical periodontal parameters.

The present study demonstrated that F. nucleatum counts
exhibited consistent and significant associations with key
clinical periodontal parameters among healthy, gingivitis, and
severe periodontitis study groups. In the control group, bacterial
counts correlated positively with PLI, GI, and BOP%, indicating
that even in clinically healthy individuals, the presence of F.
nucleatum is linked to early signs of plaque accumulation and
gingival inflammation. Interestingly, a negative correlation with
tooth loss was observed, likely reflecting the preserved dentition
in healthy subjects.

In the gingivitis group, strong positive correlations persisted
between F. nucleatum and PLI, alongside weaker but significant
associations with GI and BOP%. These findings supported the
concept that F. nucleatum acts as a bridging organism within
biofilms, enhancing microbial co-aggregation and promoting
gingival inflammation. This is consistent with reports by
Dorison et al. (2024), who have emphasized the central role of F.
nucleatum in interspecies biofilm maturation and inflammatory
priming [44].

In severe periodontitis, F. nucleatum correlated not only with
plaque-related indices (PLI and BOP%) but also with measures
of tissue destruction, (PPD) and (CAL). The strong correlation
with BOP% (r=0.9) underscores the bacterium's association
with active inflammatory sites, while significant correlations
with PPD and CAL highlight its contribution to periodontal
breakdown. These observations align with recent evidence
from [45], who reported that elevated F. nucleatum levels in
subgingival plaque were strongly associated with deeper pockets
and higher attachment loss in periodontitis patients. Similarly,
a study by [46]. Dharmayanti et al (2025) linked F. nucleatum



burden with immune system dysregulation, reinforcing its
pathogenic role in periodontal tissue destruction [46]. Overall,
these findings suggested that the PAD4-- F. nucleatum axis
represents an important pathogenic pathway in periodontal
disease, where microbial challenge and host enzymatic activity
work synergistically to intensify tissue destruction.

In terms of diagnostic accuracy between periodontitis patients
and healthy controls, F. nucleatum demonstrated excellent
discriminatory efficacy with an AUC of 1.00 (P < 0.001),
achieving 100% sensitivity and 100% specificity. Similarly,
PAD4 provide outstanding diagnostic ability, with an AUC of
0.98 (P < 0.001); at the optimal cutoff value (30.2), sensitivity
reached 96% and specificity was 97%. These results highlight
the strong potential of both F. nucleatum detection and PAD4
expression as biomarkers for identifying periodontal disease.

When comparing severe periodontitis patients with healthy
individuals, the diagnostic strength remained highly significant.
F. nucleatum continued to show perfect discrimination
(AUC=1.00, P<0.001), while PAD4 maintained a robust
predictive value (AUC=0.98, P<0.001), further confirming their
role in distinguishing advanced periodontal destruction. These
results agreed with earlier research that emphasized the pathogenic
role of F. nucleatum in periodontal disease and the PAD4-mediated
host responses in disease progression [7,28-30,39].

The findings of the present study supported this biological
framework, where both PAD4 and F. nucleatum demonstrated
strong diagnostic performance in distinguishing periodontitis
cases from healthy individuals. These results emphasize that
the interaction between bacterial colonization and PADA4
upregulation is not incidental but may represent a pathogenic
axis central to periodontal disease. Further research should
investigate whether monitoring PAD4 expression alongside
F. nucleatum detection could function as a reliable biomarker
panel for early diagnosis and risk stratification clinically.

Study limitation that needs to be acknowledged, as the saliva
can be influenced by dilution, some enzyme degradation
that may affect the local enzymatic activity within pockets,
so the impact of PAD4 in periodontal inflammation would
be more evident if this study used gingival biopsy samples
(gingival connective tissue) rather than salivary samples,
the discrimination among groups may be more apparent. In
the present study, the case group consisted of patients with
clinically confirmed severe periodontitis, while the control
group included clinically healthy individuals without any signs
of periodontal inflammation. This sharp clinical contrast may
have contributed to the nearly perfect discrimination observed
in the ROC analysis. We acknowledge that this design likely
increased the apparent diagnostic performance and limited the
generalizability of the findings to broader clinical settings that
include mild or moderate cases. We also recognize that the cutoff
points and diagnostic metrics were derived and tested using the
same dataset, which may introduce overfitting. Unfortunately,
due to sample size limitations, an independent validation cohort
was not available at this stage.

Conclusion.

The interaction between F. nucleatum and PAD4 appears
to have essential role in periodontal disease pathogenesis. A
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bacterium’s ability to promote inflammatory cascades, together
with PAD4-mediated NET formation, provides a biological
explanation for the significant diagnostic accuracy observed
in this study. These findings indicated that the combined
assessment of microbial and host-derived markers may enhance
early detection and risk stratification of periodontitis. Further
investigations are warranted to clarify the mechanistic pathways
linking PAD4 activity with F. nucleatum colonization and to
evaluate their potential as integrated biomarkers in routine
periodontal practice.
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