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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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PEPTIDYLARGININE DEIMINASE 4 AND FUSOBACTERIUM NUCLEATUM: A HIDDEN 
ALLIANCE IN PERIODONTAL DISEASE PROGRESSION
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Department of Oral Surgery and Periodontology, College of Dentistry, Mustansiriyah University, Baghdad, Iraq.

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 II) 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 

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 
PAD4-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 II, consisting of 30 patients with gingivitis have an 
intact periodontium (no CAL), PPD ≤3 mm, BOP >10% [16[ and 
group III severe periodontitis/stage III had detectable interdental 
(CAL) at ≥ 2 non-adjacent teeth, of ≥ 5mm 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 

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-HCl 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 μl-1) versus CT gives the standard 
curve, and this is then used to calculate copy number (copy μl-1) 
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 III, 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 µg/ml) followed patients with 
gingivitis and controls. The highest (P < 0.001) F. nucleatum 
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Primers Sequence `5-3` Annealing Temp. (°C)
F. nucleatum -F GGATTTATTGGGCGTAAAGC

50F.nucleatum -R GGCATTCCTACAAATATCTACGAA
F.nucleatum -P FAM-CTCTACACTTGTAGTTCCG

Table 1. Primers Used for F. nucleatum Detection.

Parameters All groups G I G II G III p valueN=30 N= 30 N= 30
Age, years 46.1± 3.5 45.2±2.3 46.2±2.4 47.1±4.9 0.3 NS

Gender, Male: Female 54 (60%):36 (40%) 16 (53.3%):14 
(46.7%) 17 (56.7%):13(43.3%) 21 (70%):9 (30%) 0.3 

NS

PLI - 0.2 ±0.09 1.5 0.7 2.5 ±0.2 <0.001HS

GI - 0.2 ±0.06 2.3 0.4 2.6 ±0.1 <0.001HS

BOP, % of score 1 - 4.3% 51.4% 69.0% <0.001HS

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%) <0.001HS

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 2. The demographic data of the study population.

Parameters PAD4, µg/ml F. nucleatum

Groups, mean±SD
I (n=30) 11.2 ±8.0a 460.8±292.7a
II(n=30) 29.0 ±7.0b 1473.0±699.5b
III(n=30) 46.2 ±7.6c 4364000 ±1438.4c

P value <0.001 <0.001
PAD4: Peptidyl Arginine Deiminase4, N: Number, SD: Standard Deviation, *Kruskal-Wallis Test, different letters indicate highly significant 
differences using Dunn's test

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

Parameters

PAD4
G I G II G III
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 4. Correlation between PAD4 levels and clinical periodontal parameters.

Parameters

F. nucleatum
G I G II G III
r P -value r P- value r P -value

N. of lost teeth -0.4 0.01S 0.3 0.06 0.07 0.7
PLI 0.8 <0.001HS 0.7 <0.001 HS 0.6 <0.001 HS

GI 0.7 <0.001HS 0.3 0.02 S 0.3 0.55
BOP 1 % 0.7 <0.001HS 0.4 0.01 S 0.9 <0.001 HS

PPD - - - - 0.7 <0.001 HS

CAL - - - - 0.6 <0.001 HS

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

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

(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 of 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 

Biomarkers G AUC P-value Optimal cutoff Sensitivity Specificity
F. nucleatum

G I – G II 0.9 <0.001 HS 755.500 0.80 0.80
PAD4 0.9 <0.001 HS 18.1 0.96 0.90
F. nucleatum

G I – G III 1.0 <0.001HS 1558000 1.0 1.0
PAD4 0.98 <0.001HS 30.2 0.96 0.97
G: group, AUC: area under the curve, HS: highly significant

Table 6. Diagnostic performance of F. nucleatum and PAD4 in differentiating oral health, gingivitis, and severe periodontitis based on ROC curve 
analysis.

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

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 



83

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 PAD4 
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 

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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