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Objectives: The aim of this study was to evaluate age-related differences in periodontal inflammatory burden among 
systemically healthy patients with periodontitis using Periodontal Inflamed Surface Area (PISA) and conventional 
periodontal clinical parameters. 
Materials and Methods: This retrospective cross-sectional study included 72 systemically healthy patients aged 25–64 years 
who were diagnosed with Stage III–IV periodontitis. Participants were categorized into three age groups: 25–44, 45–54, and 
55–64 years. Plaque percentage (P%), bleeding on probing (BOP), probing pocket depth (PPD), clinical attachment level 
(CAL), and number of teeth were evaluated in all participants. PISA values were calculated using routinely recorded PPD and 
BOP data from six sites per tooth. Intergroup comparisons were performed using Kruskal–Wallis and Mann–Whitney U 
tests. Associations between variables were analyzed using Spearman correlation analysis. Multiple linear regression analysis 
was conducted to identify the determinants of PISA (p < 0.05). 
Results: Statistically significant differences were found among age groups in terms of BOP%, CAL, PPD, and PISA values (p < 
0.05). The 45–54 age group exhibited significantly higher PPD, CAL, and PISA values than the 25–44 age group. In contrast, 
the 55–64 age group showed significantly lower BOP% than both younger groups and lower PISA values than the 45–54 age 
group. Correlation analysis revealed significant positive correlations between PISA and P%, BOP%, PPD, and CAL (p < 0.05). 
Multiple linear regression analysis showed that age, BOP %, PPD, and number of teeth were independently and significantly 
associated with PISA (p < 0.05), whereas CAL was not a significant predictor (p > 0.05). 
Conclusions: Periodontal inflammatory burden did not increase with age and reached its highest level in the middle-aged 
group. Current inflammatory status was more strongly correlated with PD and BOP than with CAL, which reflects cumulative 
periodontal tissue destruction. PISA appears to be a useful and clinically relevant quantitative parameter for assessing 
periodontal inflammation. 
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Amaç: Bu çalışmanın amacı, sistemik olarak sağlıklı periodontitis hastalarında periodontal inflamatuvar yükteki yaşa bağlı 
farklılıkları Periodontal İnflamatuvar Yüzey Alanı (PİYA) ve geleneksel periodontal klinik parametreler kullanarak 
değerlendirmektir. 
Gereç ve Yöntemler: Bu retrospektif kesitsel çalışmaya, Evre III–IV periodontitis tanısı konmuş, 25–64 yaş aralığında toplam 
72 sistemik olarak sağlıklı hasta dahil edildi. Katılımcılar 25–44, 45–54 ve 55–64 yaş olmak üzere üç gruba ayrıldı. Tüm 
katılımcılarda plak yüzdesi (P%), sondalamada kanama yüzdesi (SKY%), sondalama cep derinliği (SCD), klinik ataşman seviyesi 
(KAK) ve diş sayısı değerlendirildi. PİYA değerleri, her diş için altı bölgeden rutin olarak kaydedilen PPD ve BOP verileri 
kullanılarak hesaplandı. Gruplar arası karşılaştırmalarda Kruskal–Wallis testi ve Bonferroni düzeltmeli Mann–Whitney U testi 
kullanıldı. Değişkenler arasındaki ilişkiler Spearman korelasyon analizi ile değerlendirildi. PİYA ile ilişkili faktörleri belirlemek 
için çoklu doğrusal regresyon analizi yapıldı. İstatistiksel anlamlılık düzeyi p < 0,05 olarak kabul edildi. 
Bulgular: SKY%, SCD, KAK, PİYA ve diş sayısı açısından yaş grupları arasında istatistiksel olarak anlamlı farklılıklar bulundu (p 
< 0,05). 45–54 yaş grubu, 25–44 yaş grubuna göre anlamlı derecede daha yüksek SCD, KAK ve PİYA değerleri gösterdi. Buna 
karşılık, 55–64 yaş grubunda SKY% değerleri her iki genç gruba göre anlamlı derecede daha düşükken, PISA değerleri 45–54 
yaş grubuna göre daha düşüktü. Korelasyon analizi, PİYA ile P%, SKY%, SCD ve KAK arasında anlamlı pozitif ilişkiler olduğunu 
gösterdi (p < 0,05). Çoklu doğrusal regresyon analizinde yaş, SKY%, SCD ve diş sayısının PİYAA ile bağımsız ve anlamlı şekilde 
ilişkili olduğu belirlendi (p < 0,05); KAK ise anlamlı bir belirleyici değildi (p > 0,05). 
Sonuçlar: Periodontal inflamatuvar yük yaşla birlikte doğrusal bir artış göstermemiş ve en yüksek değerine 45–54 yaş 
grubunda ulaşmıştır. Daha ileri yaş grubunda gözlenen düşük PiYA değerleri, gerçek inflamasyon azalmasından çok diş 
kaybına bağlı ölçülebilir periodontal yüzey alanındaki azalma ile ilişkili olabilir. PiYA, periodontal inflamasyonun kantitatif 
değerlendirilmesinde geleneksel klinik parametrelere ek bilgi sağlayabilecek güvenilir ve klinik açıdan yararlı bir parametre 
olarak görünmektedir. 
Anahtar Kelimeler: Periodontitis, periodontal inflamasyon, PISA, yaşlanma, periodontal enflame yüzey alanı. 
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Introduction 

Periodontitis is a chronic  inflammatory disease 
affecting the periodontal tissues and has a multifactorial 
etiology.1 It develops as a result of the host immune-
inflammatory response to microbial dental plaque biofilm, 
while genetic predisposition, systemic conditions, 
environmental factors, and behavioral habits also 
contribute to disease initiation and progression.2 Although 
periodontitis can occur at any  age, its  severity and clinical 
presentation may vary according to individual and age-
related factors.3 

Age is an important variable associated with 
periodontal disease; however, the nature of this 
relationship remains incompletely understood. Aging is 
characterized by chronic low-grade inflammation, referred 
to as immunosenescence and “inflammaging,” which may 
influence the response of periodontal tissues to microbial 
stimuli.4,5 Accordingly, the lower PISA values in older 
individuals may partly reflect reduced measurable 
periodontal surface area secondary to tooth loss rather 
than reduced inflammatory activity; however, this 
interpretation cannot be confirmed by the present cross-
sectional study.6 

Recent evidence suggests that immunological 
alterations associated with aging can influence the 
inflammatory response at the level of periodontal tissues. 
These changes may affect both the severity and 
characteristics of periodontal tissue responses to microbial 
challenges, potentially leading to distinct clinical 
presentations of periodontal inflammation across different 
age groups.  Parameters such as clinical attachment level 
(CAL), probing pocket depth (PPD), bleeding on probing 
(BOP), and plaque accumulation are commonly used in 
periodontal assessment.55 However, these parameters 
mainly reflect specific aspects of the disease status and may 
be insufficient for quantitatively assessing the overall  
inflammatory burden.  

In this context, the Periodontal Inflamed Surface Area 
(PISA) index has emerged as a more comprehensive 
method for quantifying periodontal inflammation PISA 
measures the surface area of ulcerated periodontal pocket 
epithelium exhibiting bleeding on probing in square 
millimeters, thereby providing a quantitative estimate of 
the inflammatory burden.7 Moreover, previous studies 
have demonstrated that PISA is correlated with 
conventional clinical periodontal parameters and may also 
be associated with systemic inflammatory status.8, 9 By 
expressing the cumulative ulcerated periodontal surface in 
square millimeters, PISA may provide a clinically meaningful 
estimate of the periodontal inflammatory interface 
potentially contributing to systemic inflammatory burden. 
While traditional periodontal measurements provide 
valuable clinical information, they may have limitations in 
accurately reflecting the extent of active periodontal 
inflammation. Therefore, accurate and quantitative 
assessment of the periodontal inflammatory burden is 
essential for a better understanding of the effects of age-
related biological changes on periodontal tissues. As a 
parameter reflecting active inflammatory surface area, PISA 
may provide a more direct evaluation of these alterations. 

However, the impact of age-related immunological and 
inflammatory changes on the periodontal inflammatory 
burden has not yet been sufficiently clarified, particularly 
through quantitative approaches such as PISA.  

However, the effect of age-related immunological and 
inflammatory changes on periodontal inflammatory 
burden has not yet been sufficiently clarified, particularly 
using quantitative approaches such as PISA. In light of this 
information, this study aimed to evaluate age-related 
differences in periodontal inflammatory burden using 
Periodontal Inflamed Surface Area (PISA) and conventional 
periodontal clinical parameters. 

Materials and Methods 

This research was approved by the Non-Interventional 
Studies Ethics Committee of Bolu Abant İzzet Baysal 
University (Approval No: 2026/157) and conducted in 
accordance with the principles of the p < 0.001 Declaration 
of Helsinki. This retrospective cross-sectional study was 
carried out between November 2024 and February 2026 in 
the Periodontology Departments of the Faculty of Dentistry 
at Bolu Abant İzzet Baysal University and Üsküdar 
University. The sample-size calculation was based on PPD 
values (Cohen’s d = 0.928) reported in a previous study 
investigating the relationship between periodontal 
inflammation and systemic status.10 PPD was selected 
because it was the periodontal parameter for which an 
effect size could be derived from the reference study. The 
final study population comprised 72 participants, with 24 
participants in each age group, allowing balanced 
intergroup comparisons.10 Accordingly, the study included 
72 individuals diagnosed with Stage III–IV periodontitis 
according to the 2017 World Workshop Classification of 
Periodontal and Peri-Implant Diseases and Conditions. 
Written informed consent was obtained from all 
participants regarding the use of their data for academic 
purposes before periodontal and radiographic 
examinations. Participants' systemic and dental histories 
were recorded, and their clinical and medical files were 
reviewed to assess eligibility according to the inclusion 
criteria. For comparative analyses, participants were 
categorized into three age groups: 25–44, 45–54, and 55–
64 years. These intervals were selected to represent 
younger adulthood, middle age, and later adulthood within 
the available study age range and to facilitate comparison 
sample among equally sized groups (n = 24 each). The study 
included systemically healthy, non-smoking, and non-
alcohol-consuming individuals. Individuals who regularly 
used anti-inflammatory drugs or corticosteroids or had 
received periodontal treatment within the previous year 
were excluded. No predefined minimum number of 
remaining teeth was used as an eligibility criterion; 
however, the number of remaining teeth was recorded for 
all participants. 

All present teeth, except third molars, were clinically 
examined as part of routine periodontal assessments using 
a Williams periodontal probe (Hu-Friedy, Chicago, IL, USA). 
In molar and maxillary premolar regions, a Nabers probe 
(PQ2N, Hu-Friedy, Chicago, IL, USA) was additionally used 
for furcation evaluation, when indicated in routine clinical 
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practice. Periodontal measurements were recorded at six 
sites per tooth, and the total number of teeth (excluding 
third molars) was documented. PPD and gingival margin 
position were measured at six sites per tooth, and CAL was 
calculated using accordingly, as part of standard 
periodontal charting procedures. In addition, Periodontal 
Inflamed Surface Area (PISA) scores were retrospectively 
calculated using a standardized Excel spreadsheet based on 
routinely recorded probing depth and BOP data from six 
sites per tooth.6 PISA represents the surface area (mm²) of 
ulcerated periodontal pocket epithelium exhibiting BOP. 

All clinical examinations had been performed by two 
calibrated periodontology specialists (KK and ZA) as part of 
routine clinical practice. Both examiners had previously 
undergone inter- and intra-examiner calibration in 
accordance with standard clinical protocols before the 
clinical data of the included patients were obtained, as part 
of a separate clinical trial. Calibration procedures were 
performed on 10 individuals with similar periodontal 
conditions. Inter-examiner agreement was assessed using 
intraclass correlation coefficients 9, which were 0.83 for 
PPD and 0.79 for CAL. Intra-examiner ICC values were 0.87 
for PPD and 0.84 for CAL for examiner KK, and 0.85 for PPD 
and 0.82 for CAL for examiner ZA. 

Statistical Analyses 
Data were analyzed using the Statistical Package for 

Social Sciences (SPSS). Data distribution was assessed using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Descriptive statistics were presented as median, minimum, 
and maximum values. Group comparisons were performed 
using the Kruskal-Wallis test, followed by post-hoc pairwise 
comparisons with the Mann–Whitney U test and 
Bonferroni correction. Categorical variables were analyzed 
using the Chi-Square test.  Associations between variables 
were evaluated using Spearman’s correlation analysis. 
Finally, multiple linear regression analysis was performed to 
examine the effects of age, periodontal parameters, and 
number of teeth on PISA (dependent variable). The 
statistical significance level was set at p < 0.05. 

Results 

A total of 72 individuals were included in the study and 
categorized into three age groups: Group 1 (25–44 years), 
Group 2 (45–54 years), and Group 3 (55–64 years). 
 The demographic characteristics of the participants are 
presented in Table 1. Gender distribution was similar across 
all age groups, with no statistically significant difference 
observed (p > 0.05). 

Table 1. Gender distribution of participants by group 
All participants (n = 72) Age p Female (n, %) Male (n, %) p 

Group 1 (n = 24) 37.83 ± 5.45 
39 (25-44) 

0.000†* 

9 (37.5%) 15 (62.5%) 

0.842‡ 
Group 2 (n = 24) 49.92 ±2.94 

51 (45-54) a 
10 (41.66%) 14 (58.33%) 

Group 3 (n = 24) 58.50 ± 3.05 
58 (55-64) ab 

11 (45.83%) 13 (54.66%) 

†: Kruskal–Wallis/Bonferroni-adjusted Mann–Whitney U test. Bonferroni correction α = 0.05/3 =0.016. Data are expressed as the mean±standard 
deviation, median (minimum-maximum). (a: Difference according to Group 1, b: Difference according to Group 2). 
‡: Pearson Chi-square test. 
*: p < 0.05 indicates statistically significant p<0.001 
n: number of indivudial; %: percentage. 
  

The comparative distribution of periodontal clinical 
parameters according to age groups is presented in Table 2. 
Significant differences were observed among age groups in 
BOP%, PPD, CAL, PISA, and number of teeth (p < 0.05). No 
significant difference was observed in P% among the age 
groups (p > 0.05). Specifically, Group 3 exhibited significantly 

lower BOP% values compared with both Group 1 and Group 
2 (p < 0.05). In addition, PPD, CAL, and PISA values were 
significantly higher in Group 2 than in Group 1 (p < 0 .05). PISA 
values were significantly lower in Group 3 than in Group 2 (p 
< 0.05). Furthermore, the number of teeth was significantly 
lower in Groups 2 and 3 compared with Group 1 (p < 0.05).

 
Table 2. Distribution of clinical parameters by group 

 Group 1 (n = 24) Group 2 (n = 24) Group 3 (n = 24) p 

P% 87.04 ± 16.75 
96.50 (50-100) 

84.29 ± 16.68 
87.50 (50-100) 

75.54 ± 17.59 
74.50 (35-100)  

0.078 

BOP% 83.42 ± 20.55 
91 (44-100) 

83.63 ± 17.72 
90 (46-100) 

68.17 ± 20.02 
72 (35-100) ab 

0.007* 

PPD (mm) 3.55 ± 1.01 
3.60 (1.35-6.14) 

4.36 ± 0.95 
4.41 (2.81-6.60) a 

4.08 ± 1.23 
3.80 (2.83-8.83)  

0.022 

CAL (mm) 4.63 ± 1.87 
4.16 (1.65-7.65) 

6.46 ± 1.91 
6.73 (3-10.5) a 

5.49 ± 1.65 
5.05 (3.3-9.85)  

0.005* 

PISA (mm²) 1304.13 ± 688.24 
1446.15 (156.68-2394.10) 

1777.20 ± 631.23 
1800.05 (581-3211) a 

1412.58 ± 658.86 
1189.45 (485-2965.70) b 

0.041 

Number of teeth 25 ± 2.76 
25.5 (18-28) 

22.67 ± 3.70 
23 (16-28) a 

22.46 ± 4.20 
22 (14-28) a 

0.042 

Data are expressed as the mean±standard deviation, median (minimum-maximum). 
Kruskal–Wallis/Bonferroni-adjusted Mann–Whitney U test. Bonferroni correction α = 0.05/3 =0.016. 
(a: Difference according to Group 1, b: Difference according to Group 2). 
*: p < 0.05 indicates statistically significant. 
n: number of indivudial; %: percentage; P%: plaque percentage; BOP%: percentage of bleeding on probing; PPD: probing pocket depth; CAL: clinical 
attachment level. 
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Correlation analysis among the clinical parameters is 
presented in Table 3. Age demonstrated a significant 
negative correlation with P%, BOP%, and the number of 
teeth (p < 0.05). P% was positively correlated with BOP%, 
PPD, and CAL (p < 0.05). PPD showed a positive correlation 
with CAL and a negative correlation with the number of 

teeth (p < 0.05). CAL was also negatively correlated with 
the number of teeth (p < 0.05). Moreover, PISA 
demonstrated significant positive correlations with P% (r 
= 0.488, p < 0.001), BOP% (r = 0.611, p < 0.001), PPD (r = 
0.589, p < 0.001), and CAL (r = 0.315, p = 0.007) (p < 0.05). 

 
Table 3. Correlation matrix showing the relationship between parameters 

 P% BOP% PPD (mm) CAL (mm) PISA (mm²) Number of teeth 

Age r -0.314** -0.372** 0.157 0.167 0.036 -0.267* 

p 0.007 0.001 0.187 0.169 0.763 0.024 

P% r  0.827** 0.256* 0.418** 0.488** 0.50 

p  0.000 0.030 0.000 0.000 0.676 

BOP% r   0.228 0.377** 0.611** 0.046 

p   0.054 0.001 0.000 0.698 

PPD (mm) r    0.299* 0.589** -0.173 

p    0.011 0.000 0.145 

CAL (mm) r     0.315** -0.297** 

p     0.007 0.011 

PISA (mm²) r      0.106 

 p      0.375 
n: number of indivudial; %: percentage; P%: plaque percentage; BOP%: percentage of bleeding on probing; PPD: probing pocket depth; CAL: clinical 
attachment level, PISA(mm): Periodontal Inflamed Surface Area 
 

The results of the regression analysis regarding the 
factors associated with PISA are presented in Table 4. Age, 
BOP%, PPD, and number of teeth were identified as 
significant predictors of PISA (p<0.05). Specifically, a one-
unit increase in age was associated with an 19.395-unit 
increase in PISA, while a one-unit increase in BOP% 

resulted in a 18.923-unit increase in PISA. Similarly, a one-
unit increase in PPD was associated with a 221.609-unit 
increase in PISA, and a one-unit increase in the number of 
teeth corresponded to a 14.380-unit increase in PISA. In 
contrast, CAL was not significantly associated with PISA in 
the regression model (p > 0.05). 

Table 4. Multiple linear regression analysis results according to PISA 
 Coefficients Standard 

Error 
Unstandardized 

B Value 
95% Confidence Interval for B 

(Lower Bound/ Up Bound) 
p 

Age 6.135 19.395 7.145/31.644 0.002* 

BOP% 2.858 18.928 13.222/24.635 0.000* 

PPD (mm) 48.222 221.609 125.331/317.886 0.000* 

CAL (mm) 30.026 33.255 -26.693/93.203 0.272 

Number of teeth 14.530 48.380 19.370/77.390 0.001* 
*: p < 0.05 indicates statistically significant. 
%: percentage; BOP%: percentage of bleeding on probing; PPD: probing pocket depth; CAL: clinical attachment level. 
 

Discussion 

In the present study, periodontal inflammatory status 
across different age groups was evaluated using 
conventional periodontal clinical parameters and PISA. 
Previous studies have shown that the prevalence and 
severity of periodontal diseases tend to increase with age 
and that periodontal clinical parameters may vary 
accordingly.11,12 However, this relationship is not always 
linear and may differ among age groups due to variations 
in biological, behavioral, and environmental factors.13 

Our findings demonstrated that the highest PPD, CAL, 
and PISA values  observed in the 45-54 year age group, 
suggesting that periodontal destruction and inflammatory 
burden may be most pronounced during middle age. In 
contrast, lower PISA and BOP values were detected in the 
55-64 year group. The lower BOP% in this group may also 
partly reflect a survivor effect, whereby older individuals 
retaining their teeth may represent a subgroup with 
relatively more favorable periodontal characteristics. This 
finding should not be interpreted as a reduction in 

periodontal inflammation with aging. Rather, it may 
indicate that the measurable inflammatory surface area 
becomes reduced due to tooth loss and age-related 
alterations in host immune response. Therefore, the 
middle-aged group may represent the period in which 
active periodontal inflammation and tissue destruction 
coexist most prominently. 

Although epidemiological studies consistently report 
an increase in periodontitis prevalence with advancing 
age, prevalence alone reflects the presence of disease 
rather than the magnitude of active inflammatory 
burden.14 PISA, on the other hand, quantitatively 
measures the inflamed periodontal surface area by 
incorporating BOP and pocket epithelium surface area, 
thereby providing an estimation of biologically active 
periodontal inflammation.7 The lack of a significant 
association between CAL and PISA in the regression model 
may reflect that CAL represents cumulative periodontal 
tissue destruction, whereas PISA may more directly 
reflects the current inflammatory burden. Previous 
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studies have demonstrated that while the inflammatory 
surface area is minimal in periodontally healthy 
individuals, it may increase substantially in patients with 
periodontitis.7 In the present study, the high mean PISA 
values observed particularly in the middle-aged group 
indicate a clinically relevant inflammatory burden. 
Accordingly, the lower PISA values in older individuals may 
primarily reflect reduced measurable periodontal surface 
area secondary to tooth loss rather than reduced 
inflammatory activity. This interpretation is supported by 
epidemiological data demonstrating higher rates of tooth 
loss and edentulism among older populations.15 These 
findings suggest that age alone may not be a direct 
determinant of periodontal disease progression, but 
rather interacts with cumulative lifetime exposure to local 
and systemic risk factors.16,17 Indeed, previous studies 
have shown that periodontitis may occur even in younger 
individuals,18 indicating that periodontal destruction can 
begin early in life. Nevertheless, several studies similarly 
reported that periodontal tissue destruction becomes 
more pronounced during middle age.19,20 Increased 
attachment loss and gingival recession observed in 
individuals between 31 and 50 years of age have been 
associated with cumulative tissue damage over time.19 
However, although some investigations identified 
correlations between age and periodontal parameters, 
others reported that age is not always an independent 
predictor of periodontal destruction.21,22 Collectively, 
these findings support the concept that middle age may 
represent a transitional period in which both active 
inflammation and cumulative tissue destruction become 
clinically more evident. 

The observed age-related differences may also reflect 
the complex immunological and biological alterations 
accompanying aging.23 Aging is associated with dysbiotic 
shifts in the subgingival microbiota and modifications in 
host immune response, both of which may contribute to 
increased periodontal destruction.24 The elevated PPD, 
CAL, and particularly PISA values observed in the middle-
aged group may therefore indicate a stage in which 
inflammatory burden reaches its peak before becoming 
limited by tooth loss in older age. 

Biological aging processes such as immunosenescence 
and inflammaging may further influence periodontal 
inflammatory responses.25 These mechanisms alter both 
the magnitude and characteristics of the host response to 
microbial stimuli, leading to a more chronic and 
dysregulated inflammatory profile in elderly individuals.26, 

27Aging has been associated with impaired neutrophil 
chemotaxis and phagocytic activity, while simultaneously 
promoting increased production of pro-inflammatory 
cytokines within periodontal tissues.28 Additionally, 
periodontal fibroblasts in older individuals may exhibit an 
exaggerated inflammatory response to microbial 
stimulation, further contributing to chronic low-grade 
inflammation.29 

Therefore, the lower PISA scores observed in older 
individuals may reflect not only reduced periodontal 
surface area due to tooth loss but also age-related 

alterations in immune and inflammatory responses that 
modify the clinical presentation of periodontal disease.28 
These findings indicate that periodontal inflammation 
changes with age both quantitatively and qualitatively. 
Consequently, periodontal evaluation in older adults 
should consider not only current inflammatory 
parameters but also tooth loss history and cumulative 
tissue destruction. Conversely, the high inflammatory 
burden observed in middle-aged individuals suggests that 
periodontal prevention, treatment, and maintenance 
strategies may need to be implemented more intensively 
during this period. Considering the established 
relationship between periodontal inflammatory burden 
and systemic diseases, effective periodontal management 
in middle age may also contribute positively to overall 
systemic health. 

Several limitations of this study should be 
acknowledged. First, the relatively small sample size may 
limit the generalizability of the findings. Second, detailed 
analyses of systemic conditions and additional 
confounding factors were not performed. In addition, the 
inclusion of only systemically healthy, non-smoking 
patients with Stage III–IV periodontitis may limit the 
generalizability of the findings to individuals with different 
periodontal severity or risk profiles. Furthermore, due to 
the retrospective cross-sectional design, causal 
relationships between age and periodontal inflammatory 
burden cannot be established. Therefore, longitudinal 
studies with larger populations are needed to confirm 
these findings and further clarify the effects of aging on 
periodontal inflammation. 

Conclusions 

In conclusion, the present study demonstrates that 
age is associated with differences in periodontal tissue 
status and inflammatory burden. PISA appears to be a 
useful quantitative tool for evaluating age-related 
differences in periodontal inflammation. These findings 
further suggest that prevalence data alone may be 
insufficient for assessing periodontal disease severity and 
that quantitative evaluation of inflammatory burden may 
provide important additional information for clinical 
decision-making and periodontal risk assessment. 
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